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Abstract 

No-take marine reserves (NTRs) are essential for scientific monitoring, help to avoid 

over-exploitation of targeted fish stocks, buffer against biodiversity loss due to climate 

change impacts, and provide public education, tourism and diverse economic benefits 

to local communities. However, the establishment of NTRs has been a contentious 

policy in many countries because of a perception that recreational fishers are opposed 

to reserves. In this thesis I aim to help improve decision making around the use of 

NTRs in the presence of recreational fishing. This is done using two related lines of 

inquiry.  

The first is developing empirically based tools for predicting recreational fisher 

behaviour, and quantifying the impacts of NTRs on recreational fishers. This is done 

using random utility models (RUMs) of recreational fishers’ site and target species 

choices. Whilst RUMs have been widely used to study recreational fishers’ site choices 

and simulate site closures, sites and simulated closures are usually defined as broad 

geographic regions (e.g. counties). As such, previous RUM applications are not 

capable of simulating real NTR networks which typically include closure of relatively 

small on-the-water locations. In Chapters 2, 3 and 4, I develop a RUM of fine-scale on-

the-water site and target species choice for boat-based line fishers in Western 

Australia. The RUM is used to simulate a range of NTR policy scenarios including 

implementation of the reserves in Australian Marine Parks network, Ngari Capes 

Marine Park, and hypothetical reserve networks. I find that most simulated reserve 

policies have relatively little economic welfare impact on recreational fishing. For 

example, implementing the NTRs in the Australian Marine Parks network, which 

corresponds to approximately 3% of fishable area in our study region, had a median 

welfare impact of less than one cent per year, and population-wide welfare impacts of 

A$46,478 per year across 126,600 fishers.  

The second line of inquiry is investigating Australian recreational fishers’ attitudes 

towards NTRs, and beliefs about their benefits and costs. Whilst several studies have 

assessed fishers’ attitudes towards multi-use zoning plans (i.e. marine parks), few 

studies have assessed attitudes to NTRs specifically, and none at a national level. 

Additionally, I investigate whether recreational fishers’ attitudes towards NTRs change 

over time after reserves are established. In Chapter 5, I report on surveys with 

recreational fishers in ten state managed marine parks around Australia to determine 
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their levels of support and perceptions about the benefits and costs of NTRs. A ‘space-

for-time’ approach is used to explore whether support is higher in older reserves. The 

results suggest that most recreational fishers who fish in established marine parks are 

supportive of the NTRs within them. On average, 63.3% of fishers support the NTRs in 

their marine park, and 17.8% are opposed. This support is accompanied by low 

perception of impacts on fishing (just 32.3% report any negative impacts), and high 

perceptions of environmental benefits of NTRs (74.5%). Further, recreational fishers’ 

support for NTRs increases markedly with reserve age. The results indicate that 

despite perceptions of opposition, most recreational fishers are supportive of NTRs 

within marine parks and that the level of support increases over time. 

These findings suggest that the common perception that most recreational fishers are 

opposed to NTRs because of impacts on fishing is unfounded. In fact, the opposite is 

true; most fishers support NTRs, and the modelled and perceived impacts on fishing 

are low. These findings put in doubt the rationale of policy decisions that have 

abandoned, delayed, or limited the use of NTRs to avoid opposition from recreational 

fishers. Given the miss-representation of fishers’ attitudes that tends to occur regularly, 

our findings suggest a need for enhanced socio-economic monitoring of fishers’ 

attitudes, and for improving the public’s understanding of the economic welfare impacts 

of NTRs using sound methods that use data which are representative of the entire 

fishing population. In their evaluation of alternatives conservation strategies, policy 

managers should also consider that recreational fishers are likely to become more 

supportive of NTR policies over time. 
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1.1 No-take marine reserves 

Globally marine environments face an increasing number of severe threats from human 

activities. Marine fisheries over the last half century have increased ten-fold in effective 

fishing effort (Watson et al., 2013), and have expanded in scope targeting previously 

unexploited species and habitats (Morato et al., 2006; Pauly et al., 2013). 

Simultaneously, climate change has changed the temperature and acidity levels of 

oceans at a global scale (Hoegh-Guldberg and Bruno, 2010). These threats along with 

a range of others (terrestrial runoff, plastic pollution, invasive species) affect every part 

of the ocean system (Halpern et al., 2008) and have resulted in large declines in the 

size of marine populations (Myers and Worm, 2003), and the stability of marine 

ecosystems (Worm et al., 2006; De'ath and Fabricius, 2010; Hoegh-Guldberg and 

Bruno, 2010). The changes in marine ecosystems resulting from human activities 

ultimately compromise the ocean’s ability to provide the wide array of values humans 

derive from marine environments.  

One way of countering the effects of human activities is to create no-take marine 

reserves (NTRs) defined as areas of the ocean in which all fishing, removal and 

disturbance is prohibited (Ballantine, 1991). By removing direct human disturbance, 

NTRs provide a situation in which the marine environment can recover to (or maintain) 

a relatively unexploited state. This state often includes an increase in the number, size 

and diversity of marine organisms (Lester et al., 2009). NTRs also alter the way 

ecosystems function, reversing the effects of fishing on the trophic structure of marine 

ecosystems by increasing the numbers of large predatory fish (Shears and Babcock, 

2002; Langlois and Ballantine, 2005). The ability of NTRs to reverse the impacts of 

human actions, has made them central to global conservation efforts, and has led to 

calls for a global network of NTRs (Ballantine, 1991; Ballantine, 1995; Lubchenco et al., 

2003; Worm et al., 2006; Lester et al., 2009; Edgar, 2011; Edgar et al., 2014; Costello 

and Ballantine, 2015).   

The importance of protected areas and NTRs to marine management is recognised 

globally. Under the United Nations Convention on Biological Diversity, 192 countries 

have committed to protect 10% of global oceans by 2020 (CBD, 2011). However, little 

progress has been made towards this goal. Currently just 0.8% of global ocean area is 
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protected in NTRs1 (Figure 1.1). Further, many of the worlds NTRs, and particularly the 

largest NTRs are sited in residual areas where no extractive activities previously 

occurred, leaving areas exposed to the greatest level of threat without protection 

(Devillers et al., 2015). Both the limited extent, and lack of protection for high threat 

areas, has led to the view that the worlds current NTR network is inadequate to protect 

marine environments (Edgar, 2011; Costello and Ballantine, 2015). 

 

Figure 1.1. Percentage of global ocean area in no-take marine reserves. Horizontal dotted line shows 

Convention on Biological Diversity targets of 10% protection by 2020 (CBD, 2011). Data from the World 

Database on protected Areas.  

The current state of NTR policy is that despite a vast literature demonstrating biological 

and conservation benefits (Gell and Roberts, 2003; Willis et al., 2003; Halpern et al., 

2009; Lester et al., 2009; Edgar et al., 2014), and global commitments to create 

protected areas (CBD, 2011), progress in implementing NTRs has been slow. A major 

reason for this slow progress is that NTRs often receive substantial opposition from 

extractive users, who would lose access to some areas if NTRs are created (Wescott, 

2006; Voyer et al., 2012; Devillers et al., 2015). Given the importance of extractive user 

in driving NTR policy, understanding how NTRs affect extractive users, and designing 

policy solutions should be a top priority for scientific and economic research on NTRs. 

Indeed, a vast literature has developed investigating how NTRs affect commercial 

fishers (Smith and Wilen, 2003; Hilborn et al., 2004; Grafton et al., 2006; Sanchirico et 

                                                
1 To determine the global ocean area in NTRs I followed the method of Costello and Ballantine (2015), 
using area zoned as IUCN Ia in the most up-to-date version of the World Database on Protected Areas. 
Other approaches have generated different estimates of current NTR coverage (e.g. Thomas et al., 2014). 
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al., 2006). However, much of the opposition towards NTRs globally has come from 

recreational fishers. 

1.2 Recreational fishers and no-take marine reserves 

I define recreational fishing as fishing primarily for enjoyment, including for sport, 

relaxation and spending time with friends and family. Recreational fishers have 

opposed creating NTRs in several countries. An Initial attempt to create NTRs in 

California in 2001 was met with outrage from recreational and commercial fishers who 

protested against the restriction the NTRs would place upon their fishing (Weible, 

2008). Shortly after policy makers abandoned the plan. Similar opposition has occurred 

in New Zealand, leading policy makers to establish reserves that allow some 

recreational fishing as opposed to fully protected NTRs (Denny and Babcock, 2004). In 

Australia, recreational fishers and their representative interest groups have opposed 

NTR policies by organising petitions, holding protests and lobbying governments, 

leading to a wide-range of policy changes (Wescott, 2006; Voyer et al., 2012). Most 

recently, a 2018 proposal to create an NTR network in Sydney Australia was 

abandoned just four weeks after being announced, seemingly due entirely to opposition 

from recreational fishers and their representative interest groups (Gerathy, 2018). This 

was despite the proposed plan still allowing fishing in over 97% of the coastline, 

suggesting that even modest proposals can receive substantial opposition (MEMA, 

2018). These cases of public opposition appear to have led to a perception amongst 

policy makers that recreational fishers are opposed to NTRs, and that to protect the 

interests of recreational fishers policy makers must minimise NTR use (Denny and 

Babcock, 2004; Wescott, 2006; Weible, 2008; Voyer et al., 2012).  

To understand the influence of recreational fishing on NTR policy, it is necessary to 

appreciate how important recreational fishing is for society. It is estimated that 225 

million people globally participate in recreational fishing (World Bank, 2012; Arlinghaus 

et al., 2015). This estimate is almost six times greater than the number of people 

employed in global commercial fisheries (40.3 million) (FAO, 2018). The economic 

contributions of recreational fishing are similarly substantial. Global expenditure on 

recreational fishing has been estimated at US$ 40 billion per year (Cisneros-

Montemayor and Sumaila, 2010) and US$ 190 billion per year (World Bank, 2012). 

Both estimates suggest recreational fishing is of similar economic importance to 

commercial fishing which generates US$ 100 billion per year in revenue (Swartz et al., 

2013). Though far less well quantified, recreational fishing is also thought to provide 
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important social, cultural and health benefits (Arlinghaus and Cooke; Hunt and 

McManus, 2016). Considering recreational fishing in the design of NTR policy is useful 

for preserving the substantial social and economic benefits recreational fishing 

provides to society.  

Given the conflict between recreational fishing and NTRs that is evident around the 

world, this thesis aims to improve decision making around the use of NTRs in the 

presence of recreational fishing. To do this, it explores two key pieces of information 

that under-ride current NTR decisions in the presence of recreational fishing: (i) the 

impacts of NTRs on recreational fishing, and (ii) the attitudes of recreational fishers 

towards NTRs and their beliefs about their benefits and costs. In the following two 

sections I discuss current understanding in relation to impacts, and fishers’ attitudes 

and beliefs, and identify research objectives based on gaps in the current literature. 

1.3 Measuring the impacts of no-take marine reserves on 

recreational fishing 

I define impacts of NTRs on recreational fishing as the difference in the quality of 

recreational fishing experience possible in a scenario with NTRs versus the 

counterfactual scenario with no NTRs. The quality of the recreational fishing 

experience encompasses all elements important for a quality fishing trip, which 

includes catch, cost, safety, scenic quality, weather and congestion (Hunt, 2005). A 

quality fishing experience may also include the realisation of less tangible elements of 

fishing including a sense of place attachment or cultural identity (Williams et al., 1992).  

There are three ways in which NTRs may impact the quality of recreational fishing 

experiences (illustrated in Figure 1.2). Firstly, NTRs prevent fishers from accessing a 

site and therefore fishers’ loose access to all the qualities that made that site a good 

place to fish. I refer to this as the ‘displacement costs’ of NTRs. Secondly, if fishing 

effort is not decreased when an NTR is created, then the NTR will concentrate fishing 

effort into a smaller area, increasing fishing intensity, and decreasing recreational catch 

rates; referred to as ‘concentration costs’2. Thirdly, if fish biomass increases within the 

NTR, some of this biomass may spill-over into adjacent areas as net movement of 

adults and/or larvae, increasing recreational catch rates; the ‘spill-over benefits’ of 

                                                
2 Here we refer to concentration costs as effects of effort concentration on fish stock and resulting catch 
rates. Some fishers value solitude in fishing sites, and the concentration of fishing effort can make these 
fishers worse-off independently of changes in catch rates. 



Chapter 1 Introduction 

21 
 

NTRs. Using this typology of NTR impacts, and evaluating impacts using a measure of 

the overall quality of the recreational fishing experience, NTRs provide net benefits to 

recreational fishing if the spill-over benefits outweigh the displacement and 

concentration costs. 

 

Figure 1.2. Typology of impacts of no-take marine reserves on the recreational fishing. 

In practice, policy makers and researchers have used three approaches to measure 

the impacts of NTRs on recreational fishing, labelled here as: catch rates, area-based 

methods and random utility models. These approaches are outlined in the following 

sections. The catch rate approach measures the impacts of NTRs on recreational 

fishing as the change in recreational catch rates resulting from the NTRs, generally 

measured using a before-after comparison (Roberts et al., 2001; Gell and Roberts, 

2003). The experienced change in catch rates reflects the balance of spill-over benefits 
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which increases catch rates, and concentration costs which decreases catch rates 

(Table 1.1). The catch rate approach has mainly been used to demonstrate benefits of 

NTRs for recreational fishers broadly rather than to inform specific NTR decisions 

(Roberts et al., 2001; Gell and Roberts, 2003). The lack of application to specific NTR 

policies reflects the difficulty of predicting ex-ante how a specific NTR proposal will 

affect recreational catch rates; catch rate changes result from poorly understood fine-

scale fisher and ecosystem processes (Sale et al., 2005). As catch rate changes are 

hard to predict, the catch rate approach is not generally used to inform NTR design and 

planning.  

Table 1.1. Measures of the impacts of NTRs on recreational fishers. Impacts evaluated refers to the three 

impact types identified in Figure 1.2.  

    Impacts evaluated  

Approach Description 
Predict 

impacts? 
Non-

market? D
is

p
la

c
e
m

e
n
t 

C
o
n
c
e
n
tr

a
ti
o

n
 

S
p
ill

-o
v
e
r 

Examples 

Catch rates 
Change in recreational catch 
rates 

 ✓  ✓ ✓ 
(Gell and Roberts, 
2003) 

Area-based 
methods 

% of trips or fishing footprint 
displaced by NTR 

✓  ✓   (Kenyon et al., 2011) 

Random 
utility model 

Change in recreational 
fishing quality associated 
with lost site access ($) 

✓ ✓ ✓   (Haab et al., 2008) 

  

      

Area-based methods gauge NTR impacts by measuring the proportion of recreational 

fishing trips, or fishing grounds, that are displaced by an NTR (GBRMPA, 2003; Lynch, 

2006; Watts et al., 2009; Klein et al., 2010; Kenyon et al., 2018). The result is an 

impact measure roughly equivalent to the displacement costs in Figure 1.2. The area-

based approach is based entirely on the pre-NTR fishing distribution, and can therefore 

be measured before an NTR is created (Table 1.1). This ability to predict NTR impacts 

ex ante has made area-based methods the approach of choice for policy makers 

interested in quantifying the impacts of NTRs on recreational fishers. For example, the 

percentage of displaced recreational fishing trips was used in socio-economic impact 

analysis for the Great Barrier Reef Marine Park (GBRMPA, 2003), and the percentage 

of recreational fishing grounds displaced was used to incorporate impacts on fishers 

into the design of California's current NTR network (Klein et al., 2008; Klein et al., 

2010).  
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Despite being widely used, there are two major limitations of area-based approaches. 

Firstly, the percentage of recreational fishing trips or fishing grounds displaced cannot 

be compared to other benefits and costs of NTR policies (e.g. non-use conservation 

values). As a consequence, when area-based measures are used to design NTRs, 

policy makers must assign relatively arbitrary weights to different marine uses, adding 

subjectivity to the decision making process (Watts et al., 2009; Klein et al., 2010; 

Moore et al., 2016). Secondly, area-based measures do not consider the 

substitutability of sites. Intuitively, the impact of an NTR on recreational fishers will be 

greater if the site has fewer substitutes. More importantly, the cost of closing a unique 

site will be disproportionate to its size, meaning that an area-based measure will under-

represent the cost of closure. As such, area-based methods may misrepresent the cost 

of NTRs and produce sub-optimal design solutions.  

The third approach, and the one explored in this thesis, is random utility models 

(RUMs) of recreational fishing site choice. RUMs use observations of fishers’ actual 

site choices to create a behavioural model that describes how fishers chose fishing 

sites. The theoretical grounding of the behavioural model is that fishers chose the site 

that will provide them with the best fishing experience or highest utility, and that the 

utility of a fishing site can be partially explained by attributes of the site such as 

expected catch rates and travel cost. Given the behaviour model, RUMs can be used 

to simulate how an NTR affects fisher behaviour, but also—through impacts on the 

quality of available fishing sites—the recreational fishing experience. The measure of 

NTR impacts on fishing is the compensating variation: the amount of money required to 

make an individual indifferent for the policy change. In the case of NTRs, the 

compensating variation equates to the displacement costs in Figure 1.2.  

RUMs provide solutions to many of the pitfalls of catch rate and area-based metrics of 

NTR impacts on recreational fishing. Unlike catch rates, RUMs can be used to predict 

the impacts of NTRs on fishers before the NTR is created, making RUMs useful for 

informing NTR design (Table 1.1). Additionally, unlike area-based measures, policy 

impacts from RUMs incorporates site substitution effects, and provides impact 

measures in monetary units allowing trade-offs to be made with impacts on other 

values of marine environments (e.g. non-use conservation values). RUMs are therefore 

ideal tools for capturing the impacts of NTRs on recreational fishing.  
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Despite their suitability, as far as I am aware RUMs of recreational fisher site choice 

have never been used to inform real NTR policies in marine settings3. Part of the 

reason is that in most RUM studies of marine recreational fishers’ site choice, 

destination sites are defined at broad spatial scales, including counties in many U.S. 

applications (Bockstael et al., 1989; Morey et al., 1991; McConnell et al., 1995; 

Schuhmann, 1998; Whitehead and Haab, 2000; Haab et al., 2012), or geographic 

regions (Raguragavan et al., 2013; Alvarez et al., 2014). Large site definitions limit 

these previous studies to simulating closing sites at these broad scales—e.g. closing 

an entire county to fishing. However, actual NTRs typically apply to relatively small on-

the-water locations (Fernandes et al., 2005; Thomas et al., 2014). Further, NTRs are 

particularly unlikely to apply to broad areas where recreational fishing is present, as 

NTR planning and consultation with fishers usually leads to smaller and more complex 

NTR networks (Watts et al., 2009; Devillers et al., 2015). As such, to simulate the 

effects of real NTR policies, RUMs must define sites as on-the-water locations of 

relatively fine spatial scale. To the best of my knowledge, Haab et al. (2008) is the only 

RUM recreational fishing site choice study that has simulated on-the-water site choices 

at relatively fine spatial scales, but even they simulate unrealistic NTR policies—the 

closure of all inshore locations in their study region. The development of fine-scale 

RUMs of on-the-water site choice, and simulation of realistic NTR policies, remains a 

substantial gap in the RUM literature. 

One barrier to implementing fine-scale on-the-water site choice models in recreational 

fishing is the difficult involved in producing fishers’ catch expectations. In RUMs, catch 

expectations are required not only for the site a fisher visited, but also for all other sites 

the fisher could have visited. Some studies derive expected catch by averaging 

realised catch over previous trips to each site (Morey et al., 1991; Greene et al.; Hunt, 

2005; Haab et al., 2012). However, as the size of site definitions decreases, the 

number of previous recorded trips to each site also decreases, making averages 

unreliable. An alternative suggested by McConnell et al. (1995) is to model catch on 

observed trips as a function of site attributes, and using the model to predict expected 

catch at all sites. McConnell et al. (1995), and the literature since, has largely used 

generalised linear models to model catch (Schuhmann, 1998; Whitehead and Haab, 

2000; Schuhmann and Schwabe, 2004; Hunt, 2005; Raguragavan et al., 2013). 

However, when sites are defined as on-the-water locations, spatial-autocorrelation will 

likely exist in any catch model due to failure to capture important variables that are 

                                                
3 Alvarez et al. (2014) provide a possible exception, simulating closures associated with the Deepwater 
Horizon oil spill in the Gulf of Mexico. 
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shared by neighbouring sites, or because the abundance of fish in one site directly 

affects the abundance in another due to fish movement (Legendre, 1993; Aidoo et al., 

2015). Spatial modelling techniques that capture spatial-autocorrelation have been 

developed in the ecology literature, and have been shown to vastly improve predictive 

performance over non-spatial models (Buckland and Elston, 1993; Leathwick et al., 

2006; Currie, 2007), but these techniques are yet to be integrated into catch predictions 

in the RUM literature.  

1.4 Recreational fishers’ beliefs and attitudes towards no-take 

marine reserves 

Research on fishers’ beliefs and attitudes towards NTRs has focused on two topics: the 

scale of opposition and support, and on understanding the reasons for fisher opposition 

or support. On the question of scale, a relatively wide literature has developed using 

surveys to elicit attitudes towards NTRs and related policies (Salz and Loomis, 2005; 

Sutton and Tobin, 2009; Stevenson et al., 2012; Arias and Sutton, 2013; Martin et al., 

2016; Hastings and Ryan, 2017). For the most part these studies suggest that despite 

perceptions of opposition, most fishers support NTRs and related policies. However, 

there remains a lack of understanding of fishers’ attitudes towards NTRs at national 

scales. This is because, most previous studies consider only a single location, and few 

studies consider attitudes towards established NTRs specifically—instead most studies 

consider attitudes towards hypothetical NTRs, or spatial policies more broadly (Salz 

and Loomis, 2005; McGregor Tan Research, 2008a; McGregor Tan Research, 2008b; 

Sutton and Tobin, 2009; Stevenson et al., 2012; Arias and Sutton, 2013; Martin et al., 

2016; Hastings and Ryan, 2017). Without studies of attitudes towards established 

NTRs at a range of locations it is difficult to gain a national perspective on fishers’ 

attitudes with which to inform national debates on the use of NTRs.  

Studies attempting to understand fishers’ opposition and support for NTRs have used a 

mix of qualitative and quantitative surveys to explore drivers of heterogeneity in opinion 

(Salz and Loomis, 2005; Sutton, 2008; Sutton and Tobin, 2009; Voyer et al., 2013; 

Voyer et al., 2014; Voyer et al., 2015a; Voyer et al., 2015b). For example, Voyer et al. 

(2014) used open ended surveys with fishers opposed to spatial zoning (including 

NTRs) in two areas in New South Wales (Australia), finding opposition to be a result of 

perceived impacts on fishing, but also perceptions that policy makers failed to be 

receptive to fishers’ opinions and local knowledge. Whilst these studies have provided 

important insights, they usually assess attitudes at a single point in time and fail to 
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consider how fishers’ attitudes might evolve over time after the reserve is created. Just 

one study has attempted to measure change in fishers attitudes over time (Sutton, 

2008), finding some evidence for increases in support for NTRs. However, their 

approach compared fishers’ current attitude towards NTRs to the attitude fishers 

recalled feeling when NTRs were created three years earlier. The reliance on recalled 

attitudes leaves this study vulnerable to a strong recall bias (Markus, 1986). As such, it 

is currently unclear how fishers’ attitudes towards NTRs change over time after 

reserves are established. 

1.5 Thesis case study: Australia and Western Australia 

The research presented in this thesis is conducted in Australia. Australia is an ideal 

place to study conflicts between recreational fishers and NTRs as NTR proposals have 

been widely met with public opposition from the recreational fishing community and its 

representative interest groups (Wescott, 2006; Voyer et al., 2012). This conflict reflects 

that Australia has one of the largest proportions of NTR area coverage in the world as 

well as high recreational fishing participation rates (16.8%), with most fishing occurring 

in marine environments (80%) where NTRs apply (Henry and Lyle, 2003; Arlinghaus et 

al., 2015). Within Australia, much of the research in this thesis is conducted in Western 

Australia which has a particularly high fishing participation rate (31.1%) and a large 

proportion of fishing effort in marine (as opposed to freshwater) environments (99%) 

(Ryan et al., 2017). 

Most NTRs in Australia are implemented within either state or federally managed multi-

use marine parks, which include NTRs adjacent to other forms of zoning (e.g. habitat 

protection zones). In this thesis I consider a wide range of current marine park policies, 

including the federally managed Australian Marine Parks network which was 

implemented in July 2018, the Western Australian (state) managed Ngari Capes 

Marine Park which has been designed but is not yet implemented, and a range of other 

state managed marine parks in Western Australia, Queensland, New South Wales and 

South Australia.  

1.6 Thesis aims and objectives 

The aim of this thesis is: 

Aim: to improve decision making around the use of NTRs in the presence of 

recreational fishing. 
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The review above highlights four major gaps in the current literature: (i) RUMs have not 

been used to model fine-scale on-the-water recreational fishing site choice and have 

therefore not been used to simulate realistic NTR scenarios, (ii) spatial ecology models 

have not been used to generate expected catch in RUMs, (iii) recreational fishers 

attitudes towards NTRs at national scales have never been studied, and (iv) it is 

unclear how fishers’ attitudes towards NTRs change over time after reserves are 

established. These gaps are addressed in this thesis in the following five research 

objectives: 

1. Develop robust spatial models of recreational fish catch that can be used to 

predict catch in on-the-water site choice models 

2. Develop a model of on-the-water recreational fishing site choice in Western 

Australia  

3. Use a site-choice model to estimate the impacts of creating no-take marine 

reserves on Western Australian fishers  

4. Quantify recreational fishers’ attitudes and perceptions towards no-take marine 

reserves at the Australian national scale  

5. Determine whether recreational fishers become more supportive of no-take 

marine reserves over time after establishment  

1.7 Thesis outline 

This thesis is presented as a series of journal articles, in accordance with the 

postgraduate and research scholarship regulations of the University of Western 

Australia. The current chapter introduced key concepts, highlights major relevant 

knowledge gaps, and outlines aims and objectives of the thesis. In Chapter 2, I use 

data from boat-based line fishers in south-west Australia to compare two spatial 

ecology methods to modelling catch rates: boosted regression trees and generalised 

additive models. The results inform the robust spatial modelling of recreational catch 

[Objective 1] which is used in the RUMs in subsequent chapters. The catch model 

comparisons have implications for a broad literature, and so are not presented in 

relation to random utility modelling specifically. However, a discussion on their 

relevance to RUMs is presented in the discussion chapter at the end of the thesis. In 

Chapter 3 I create a fine-scale on-the-water site and target species choice RUM for 

boat-based line fishers in south-west Australia [Objective 2] and use the model to 

simulate the NTRs in the recently implemented (July 2018) Australian Marine Parks 

network [Objective 3]. I also explore the importance of weather for on-the-water site 
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choices as well as complex patterns of species substitution using error components in 

a mixed error component logit model.  

In the process of constructing the site choice model and consulting with local fisheries 

managers, it became apparent that a major practical barrier to the use of RUMs for 

policy simulation was a lack of familiarity amongst agency staff, most of whom are 

fisheries scientists or ecologists. The review of Fenichel et al. (2013) suggested this 

barrier was widespread, as evident by a lack of cross-citations between economic and 

fisheries science literature on recreational fisher behaviour. As such, in Chapter 4, I 

attempt to bridge some of the barriers to using RUMs of recreational fishing in policy 

decisions. I provide a brief description of RUMs and how they differ from other 

behavioural simulation approaches. I also present policy simulations which include 

further NTR scenarios: I simulate the combined effects of NTRs in the Australian 

Marine Parks network and Ngari Capes Marine Park as well as a possible more 

restrictive future policy scenario in which approximately a quarter of coastal locations 

are closed to fishing [Objective 3]. To increase relevance to fisheries scientists, and as 

a point of comparison, I also simulate boat catch limits, and temporal closure policy 

scenarios.  

In Chapter 5, I present the results of attitude and perception surveys with recreational 

fishers in ten state managed marine parks around Australia. The surveys are used to 

determine Australian recreational fishers’ attitudes towards NTRs at a national scale 

[Objective 4]. Additionally, as the marine parks are of different ages, I use a ‘space-for-

time’ approach to explore whether fishers are more supportive of older NTRs versus 

younger ones and discuss implications for changes in fishers’ attitudes towards NTRs 

over time [Objective 5]. In Chapter 6, the findings of the different thesis papers are 

synthesised, and their collective research and policy implications discussed.  

Chapters 2 through 5 of this thesis represent papers that have been prepared, 

submitted or accepted for publication in peer-reviewed journals. These chapters can be 

read independently or as part of the whole thesis. As each chapter is a standalone 

document there is some repetition between chapters, particularly regarding the shared 

data source and case study area in Chapters 2 through 4. This thesis is multi-

disciplinary, with papers targeting marine science, marine policy, and marine 

economics journals. Due to disciplinary differences across these fields there are some 

inconsistencies across the chapters including the use of equations to show well 

established models and the use of fully-descriptive figure and table captions. 

Abbreviations and terminology remain unique to each chapter. Numbering of sections, 
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tables and figures was modified from the original papers to be consistent across the 

thesis. Further, references have been converted to a common style and are presented 

at the end of each chapter. In matters other than style, the paper contained in each 

chapter is presented exactly as it has been prepared, published or submitted for 

publication. 
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2.1 Abstract 

Marine recreational fisheries are often highly spatially heterogenous, with effort 

concentrated into small areas, and fisheries spanning large environmental gradients. 

However, spatially resolved catch data are rarely collected in marine recreational 

fisheries, preventing the study of spatial heterogeneity in catch. This study uses 

recreational catch reported in 10x10 nm blocks across eight degrees of latitude in 

Western Australia to map spatial predictions of the probability of a recreational catch on 

an average trip for two key species: West Australian dhufish (Glaucosoma hebraicum) 

and snapper (Chrysophrys auratus). Two spatial modelling techniques are compared 

for the analysis, generalised additive models (GAMs) and boosted regression trees 

(BRTs). We find that BRTs outperform GAMS, but performance gains are small. We 

also find marked spatial variations in recreational catch probabilities: high catches of 

dhufish are found in the north of the study area, and low catches in the Perth 

Metropolitan area and in the south; snapper catches are highest in north and low in the 

south. These patterns are used to identify important spatial processes in the fishery. 

The analysis also suggests that modelling approach (GAMs or BRTs) has only a minor 

effect on outcomes of spatial catch analysis in marine recreational fisheries. 
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2.2 Introduction 

Recreational fishing is a popular activity across the world, with an estimated 10% of 

populations in developed countries participating (Arlinghaus et al., 2015). In light of this 

popularity, the social and economic importance of recreational fishing is increasingly 

being recognised (Henry and Lyle, 2003; Hunt et al., 2013; Griffiths et al., 2017), as is 

the potential for recreational fisheries to impact ecological systems (Post et al., 2002; 

Coleman et al., 2004). Recent research on recreational fisheries has emphasised the 

need to integrate human-dimension and biological research, and reframe recreational 

fisheries as coupled social-ecological systems (Fenichel et al., 2013; Hunt et al., 2013; 

Elmer et al., 2017).   

Marine recreational fisheries (MRFs) typically operate over large geographic areas and 

are highly spatially heterogenous. In many MRFs fishing effort is concentrated near 

population centers and access points (Ryan et al., 2017; Mitchell et al., 2018). 

Similarly, environmental gradients across fisheries affect species distributions, 

reproduction, growth rates, and feeding behaviour (Austin, 2002; Stoner, 2004; 

Wakefield et al., 2015). These spatial processes can affect stock sustainability, fisher 

behaviour and fisher satisfaction, and are therefore critical to managing MRFs as 

social-ecological systems (Hunt et al., 2013). However, spatially resolved catch and 

effort data that could be used to study spatial trends in recreational fisheries are rarely 

collected.  

In commercial fisheries, where spatially resolved catch data are available, spatial 

trends in catch have been studied (Bigelow et al., 1999; Yu et al., 2013; Lan et al., 

2015; Martinez-Rincon et al., 2015; Hahlbeck et al., 2017). For example, Hahlbeck et 

al. (2017) map expected by-catch rates of sunfish and bluefin tuna in a Californian 

gillnet fishery, using generalised additive models (GAMs) and spatial environmental 

predictors including sea-surface temperature, rugosity and longitude. Whilst a range of 

spatial modelling approaches are available, GAMs and boosted regression trees 

(BRTs) are often used to model spatial catch trends in commercial fisheries (Bigelow et 

al., 1999; Yu et al., 2013; Lan et al., 2015; Martinez-Rincon et al., 2015; Hahlbeck et 

al., 2017). GAMs and BRTs are particularly well suited to spatial analysis of patchy 

fishery-dependent data as environmental variables aid predictions in areas with few 

observations (Yu et al., 2013).  

The boat-based recreational fishery in Western Australia provides a good case study to 

model spatial trends in catch for a marine recreational fishery as suitable data exists in 
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10x10 nm blocks across eight latitudinal degrees from three 12-month survey years. In 

this study we use spatial models to predict the probability of a recreational catch on an 

average trip across the fishery for two key species: West Australian dhufish 

(Glaucosoma hebraicum; Richardson, 1845) and snapper (Chrysophrys auratus; 

(Forster, 1801)). As few studies have modeled spatial catch in MRFs, we compare 

GAMS and BRTs, examining differences in predictive performance and predictor 

effects. Martínez-Rincón et al. (2012) compare these two approaches in a commercial 

purse-seine fishery, finding BRTs to perform marginally better. However, GAMs and 

BRTs treat noise and variable interactions differently, meaning their performance is 

likely context dependent (Leathwick et al., 2006). This study provides insights about 

important spatial processes for each species and is the first to compare GAMs and 

BRTs for spatial catch analysis in a recreational fishing context.  

2.3 Methods 

2.3.1 Study area 

The study area spans approximately 1,500 km of coastline across two broad fisheries 

management areas in Western Australia: the West Coast and South Coast Bioregions 

(Figure 2.1). Data on recreational catch were collected in phone diary surveys 

conducted in 2011/12, 2013/14, and 2015/16 (Ryan et al., 2013; Ryan et al., 2015; 

Ryan et al., 2017). Separate panels of respondents were randomly selected for each 

survey from a database of fishers with a Recreational Boat Fishing Licence (RBFL) 

using a probability-based survey design with proportional sampling from residential 

strata and similar selection probabilities amongst strata. The sampling frame included 

all licence holders above five years of age that had a RBFL in the 12-months prior to 

the survey and intended to fish in the survey period. Each month for the 12-month 

survey period participants were called by trained interviewers and details of each boat-

based fishing trip in the month recorded. Trip details included: effort (party size, hours 

fished, target species), fishing location (in 10x10 nm blocks), and retained and released 

catch by species. This study considers a subset of the survey data that included fishing 

trips in the study area (Figure 2.1) that were launched at a public boat ramp, fished in 

marine or estuarine waters, and used line fishing gear (including bait and lures). This 

data subset included 10,919 fishing trips by 3,062 fishers over the three survey years. 

Almost half (48%) of all fishing trips were adjacent to the state capital and major 

population centre of Perth (Figure 2.1).  
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Figure 2.1. Study area showing the West Coast and South Coast Bioregions in Western Australia, 

separated by the dashed line, and 10x10 nm blocks that defined fishing locations reported by boat-based 

recreational fishers. 

This study focuses on two key recreational species from the study region: West 

Australian dhufish (hereon referred to as dhufish) and snapper (Fairclough et al., 2014; 

Ryan et al., 2017). These species are contrasting in terms of biogeographic range: 

dhufish is a range-restricted endemic species which occurs from Shark Bay (113° E , 

26° S) to the Recherche Archipelago (122° E , 34° S), whilst snapper is cosmopolitan 

and broad ranging, including across the West Coast and South Coast Bioregions 

(Gomon et al., 2008). The two species are targeted by recreational fishers as well as 

commercial and charter fishing vessels. In 2007, stock assessment revealed dhufish 

and snapper were being overfished in the West Coast Bioregion leading to 

management reform in 2009 (Wise et al., 2007; Crowe et al., 2013). Currently, 

recreational catch is managed through a combination of bag and size limits which are 

set at the bioregional level, and an annual two-month temporal closure in the West 

Coast Bioregion. Spawning aggregations of snapper adjacent to the Perth Metropolitan 

area are also protected by a spatio-temporal closure.  

2.3.2 Statistical methods 

Catches of dhufish and snapper were modeled as a function of environmental, fisher, 

and trip variables using two approaches. The first, generalised additive models (GAMs) 

are an extension of generalised linear models (GLMs) that replace the linear parameter 

effects with additive smooth functions. The main advantage over GLMs is that GAMs 
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can accommodate complex non-linearities in predictor effects (Hastie and Tibshirani, 

1986). We fit a generalised additive mixed model (GAMM), which introduces a random 

variable to account for multiple trips made by the same fisher.  

The second modelling approach was boosted regression trees (BRTs) (Friedman et al., 

2000; Elith et al., 2008). BRTs differ from GAMs and GLMs in that rather than fitting a 

single model, BRTs fit many models in the form of regression trees, that are combined 

to describe the predictors-dependent variable relationship. Each regression tree divides 

observations of the dependent variable into groups with similar values and describes 

group membership using a set of binary rules based on the predictors. Regression 

trees are fit successively to the residuals of previous trees, explaining the variance that 

previous trees failed to capture. Additional trees are added until a priori stopping 

criteria is achieved to avoid overfitting. In a practical sense BRTs are like GAMs in that 

complex non-linear predictor effects are captured in model fitting. However, unlike 

GAMs, predictor interactions in BRTs are also captured in model fitting, rather than 

having to be specified in the model.  

2.3.3 Model comparison 

Comparisons of the GAMMs and BRTs followed methods used by Leathwick et al. 

(2006). For each species, two GAMMs were fit: one with no predictor interactions, and 

one allowing interactions. Interactions in BRTs are controlled by a tree-complexity 

parameter that specifies the order of interactions (e.g. one implies no-interactions, two 

implies pairwise-interactions, and so on). To match the GAMMs, we fit a no-interaction 

and a pairwise-interaction BRT by setting the tree-complexity to one and two 

respectively. Higher order interactions were also tested by fitting a BRT with tree-

complexity of five.  

GAMMs were fitted using the ‘gamm4’ package in the R statistical software (Wood and 

Scheipl, 2014). Log and square root transformations were applied to continuous 

predictors as needed to increase their uniformity. Model selection for each GAMM was 

based on forward stepwise selection using the lowest Akaike’s information criterion 

(AIC) score for the converging models. In some instances, convergence problems 

arose that appeared related to random effects, due to using data from many fishers but 

with few replicates per fisher. Despite this, the dhufish and snapper GAMMs included 

six and seven predictors, respectively, which is at the upper end of the number of 

predictors typically included in GAMMs in the literature (Fisher et al., 2018). 
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The BRTs were fit using the ‘dismo’ package in the R statistical software (Hijmans et 

al., 2017). Optimal settings for the learning-rate (controlling weighting of previous 

versus subsequent regression trees) and bag-fraction (controlling stochasticity) were 

explored, with a learning-rate of 0.01 and a bag-fraction of 0.7 providing the best all 

round performance for all BRTs. A key output of BRTs is the relative importance of 

each variable, which is scaled to sum to 100% across variables, and reflects the 

average over all trees of the number of times the variable is used in a regression tree, 

weighted by the resulting squared improvement in model fit.  

Ten-fold cross-validation was used to determine the optimal number of trees in each 

BRT model and subsequently to compare the predictive performance of the BRTs and 

GAMMs. For each fold, a model was fit to 90% of the data and predictive performance 

assessed against the hold-out 10% by calculating fit metrics against the model 

predicted values. This process was repeated ten times without replacement of the hold-

out data set (i.e. rotating through the data set), and overall model performance was 

determined by averaging fit metrics across the ten folds (Leathwick et al., 2006). The 

optimal number of trees in each BRT was determined by adding trees until cross-

validated residual deviance no longer improved. Having identified optimised GAMMs 

(by lowest AIC) and BRTs (by cross-validation), the predictive performance of the 

models were compared using cross-validated residual deviance, deviance explained 

relative to a null model, and area under the receiver curve (AUC) (Leathwick et al., 

2006). AUC is a measure of the ability of the model to discriminate between catch and 

no-catch events, with higher values indicating better discriminatory ability. 

2.3.4 Model variables 

Dhufish and snapper catch were modeled as binary dependent variables describing the 

probability of a catch, based on whether either species was caught and retained on a 

given fishing trip (hereon in referred to as catch). We chose to model retained catch as 

both species have high release rates (dhufish 68%, snapper: 76%) predominantly due 

to fish being below their legal minimum lengths (dhufish: 78%, snapper: 76%) (Ryan et 

al., 2017). Therefore, retained catch was thought to be a better reflection of success in 

the fishery. Using a binary variable removed the need to account for bag limits which 

truncate the catch distribution, and reflects that catch of more than one dhufish and 

snapper is uncommon due to the low bag and boat limits for the two species.  

Predictor variables were categorised as belonging to: the fishing trip, the fishers 

themselves or environmental variables related to the fishing location (Table 2.1). Trip 
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variables included: targeting, fisher hours, month, year, time-of-day and gear type. 

Fisher hours was calculated as the product of the number of hours spent fishing and 

the number of licensed fishers in the party. Whilst individual target species were 

recorded (i.e. dhufish and snapper), we defined targeting using the demersal suite of 

species as fishers often report their most frequently caught species as their target 

(Maunder and Punt, 2004). Fishers were considered to target dhufish and snapper if 

they reported targeting any demersal species, which includes dhufish and snapper, but 

also other species commonly associated with inshore demersal habitats. Fisher 

variables included the fishers’ age and self-reported avidity recorded as the number of 

fishing trips in the last 12 months.   

Environmental variables were determined from the 10x10 nm grid location reported for 

each fishing trip (Figure 2.1). Environmental variables included: temperature 

approximated from grid centroid according to daily mean sea surface temperature 

satellite records in 0.25 x 0.25° grids from the US National Oceanic and Atmospheric 

Administration (Reynolds et al., 2007); inverse distance weighted average swell (within 

a three-hour window from the trip start time) from four in-situ wave-rider buoys 

(Department of Transport, Western Australia); average depth according to standard 

Australian bathymetry (Whiteway, 2009); and rugosity from standard Australian 

topography (Whiteway, 2009) using the benthic terrain modeller in the arcGIS software 

applying a 900x900m analysis window (Walbridge et al., 2018). Latitude and longitude 

were also included to capture the effect of missing spatial variables, and were based 

on the centroid of each grid. 
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Table 2.1. Dependent and predictor variables and sample averages (n=10,919) used to model trip-level 

catch of dhufish and snapper from a boat-based fishery in south-west Australia 

Variable Metric used in models (trip % for categorical variables) Mean (range) 

Dependent variables  

Dhufish catch = 1 if a dhufish was caught (1=17%)  

Snapper catch = 1 if a snapper was caught (1=11%)  

   

Predictor variables  

Trip variables:  

Targeting = 1 if fisher was targeting a demersal species (1=42%)  

Fisher hours 
Number of licensed fishers on the fishing trip multiplied by 
number of hours fished (hours) 

7.9 (0.0–65) 

Month Month of fishing trip  

Year Survey year: 2011/12 (38%); 2013/14 (33%); 2015/16 (29%)  

Time of day Time of day fishing started rounded to nearest hour  

Gear type Fishing method used: bait (80%); lure (8%); both (12%)  

Fisher variables:  

Fisher age Age of fisher (years) 47.9 (5–91) 

Avidity 
Stated number of fishing trips reported by fisher for the 12 
months prior to the survey: 0–10 (23%); 10–20 (27%); 20+ 
(50%) 

 

Environmental variables:  

Longitude, 
latitude  

Latitude and longitude of the centroid of the 10x10 nm block 
the fisher reported to have fished (degrees Lambert) 

 

Temperature Sea surface temperature (°C) 21.0 (15.3–28.2) 

Swell Interpolated swell height (m)  1.7 (0.2–6.4) 

Depth 
Average depth across the 10x10 nm block the fisher reported 
to have fished (m) 

15.82 (0.6–706.0) 

Rugosity Average rugosity index measured across the 10x10nm block 1.4 (0.0–7.1) 

   

Spatial predictions of dhufish and snapper catch were made using the model with the 

highest cross-validated performance. Predictions were limited to grids with a mean 

depth of less than 200 m. For prediction, all non-spatial predictors were kept at their 

means for normally distributed continuous variables, median for skewed continuous 

variables, or modes for discrete variables. Predictions are based on trips targeting 

demersal species. Mean annual temperatures for each grid-cell were used. Confidence 

intervals are asymmetric as they apply to probabilities which are bounded by one and 

zero. Color ramps are from the ‘viridis’ package in the R statistical software (Garnier, 

2018). 
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2.4 Results 

2.4.1 Comparison of model predictive performance 

Predictor variables associated with catch of dhufish and snapper varied between 

species and to a lesser extent modelling approach (Table 2.2). The BRTs consistently 

performed marginally better in the cross-validation tests than the GAMMs (Table 2.3). 

For dhufish, when no interactions were included, the BRT (tc=1) explained 2.9% more 

deviance than GAMM1 and had a higher AUC score indicating better discriminatory 

ability. For models with pairwise interactions, the BRT (tc=2) had a higher AUC score 

and explained 1.8% more deviance than GAMM2. Overall, for dhufish the best 

performing GAMM included pairwise interactions (GAMM2) but was outperformed by 

the best performing BRT which allowed up to fifth-order interactions (tc=5) and 

explained 2.1% more deviance (Table 2.3).  
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Table 2.2. Comparison of outcomes for predictor variables used to explain variability in recreational catch 

using GAMMs and BRTs. For the GAMMs, the X’s show variables included in the lowest AIC model for a 

no interaction model (GAMM1) and a pairwise interaction model (GAMM2). Importance scores of variables 

are shown for the BRT by tree complexity level (tc). Variables are ordered based on average importance 

scores across the BRT models. 

  
Variable 

GAMM  BRT 

 GAMM1 GAMM2  tc = 1 tc = 2 tc = 5 

Dhufish Targeting X X  46.5 44.3 38.7 

 Longitude    20.6 19.9 18.4 

 Latitude X X  14.4 11.0 08.6 

 Fisher hours X X  07.5 07.4 07.9 

 Month    01.4 03.3 05.5 

 Year X X  02.6 02.6 02.8 

 Time of day X X  02.1 02.6 03.0 

 Temperature    01.1 02.1 03.4 

 Swell    01.0 01.8 03.4 

 Depth X X  01.0 01.7 03.0 

 Fisher age    00.6 01.4 02.7 

 Rugosity    00.4 00.8 01.3 

 Gear type    00.6 00.6 00.6 

 Avidity    00.3 00.3 00.7 

 Targeting × Fisher hours  X     

Snapper Targeting X X  47.0 38.9 32.9 

 Fisher hours X X  16.8 14.4 13.3 

 Temperature X X  08.1 09.3 09.0 

 Month X X  04.5 08.8 011.0 

 Longitude X X  08.0 08.0 07.1 

 Time of day X X  05.8 06.3 07.1 

 Latitude    02.7 03.4 04.0 

 Swell X X  01.7 03.2 04.2 

 Depth    02.5 02.6 03.2 

 Fisher age    01.7 02.4 04.0 

 Rugosity    01.1 01.5 02.2 

 Year    00.0 00.6 00.9 

 Avidity    00.0 00.6 00.8 

 Gear type    00.1 00.2 00.2 

 Targeting × Fisher hours  X     

 
       

For snapper, comparing the no interaction models (GAMM1 vs tc=1), the BRT 

explained 1.7% more deviance, but both models had identical AUC score. For pairwise 

interaction models (GAMM2 vs tc=2), the BRT marginally outperformed the GAMM 

model explaining 0.7% more deviance and with virtually identical AUC scores. Overall, 

for snapper the best performing GAMM had no interactions (GAMM1) but was 

outperformed by a BRT with no interactions (tc=1) explaining 1.7% more deviance but 

with identical AUC scores to the GAMM (Table 2.3).  
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Table 2.3. Comparison of predictive performance of GAMMs and BRTs of varying complexity (i.e. degree 

of predictor interactions) for analysis of recreational fishing catch. Predictive performance was assessed 

using ten-fold cross validation with AUC and residual deviance calculated for each fold and averaged. The 

deviance of a null model is 0.964 for dhufish and 0.726 for snapper. The best performing model is shown 

in bold. 

Species Method Complexity  No. of trees 
Cross-validated AUC 

(SE) 
Cross validated 

residual deviance (SE) 
Deviance 

Explained D2 

Dhufish GAMM 1 (GAMM1) - 0.854 (0.010) 0.711 (0.030) 0.262 

 BRT 1 (tc=1) 2500 0.862(0.009) 0.683 (0.027) 0.291 

 GAMM 2 (GAMM2) - 0.855 (0.010) 0.702 (0.029) 0.271 

 BRT 2 (tc=2) 2100 0.864 (0.009) 0.686 (0.027) 0.289 

 BRT 5 (tc=5) 1450 0.865 (0.009) 0.683 (0.026) 0.292 

Snapper GAMM 1 (GAMM1) - 0.801 (0.007) 0.615 (0.019) 0.153 

 BRT 1 (tc=1) 2300 0.801 (0.008) 0.602 (0.019) 0.170 

 GAMM 2 (GAMM2) - 0.802 (0.007) 0.609 (0.019) 0.161 

 BRT 2 (tc=2) 1450 0.801 (0.008) 0.604 (0.019) 0.168 

 BRT 5 (tc=5) 900 0.802 (0.008) 0.605 (0.019) 0.167 

       

2.4.2 Predictor effects on catch 

Comparing the GAMM and BRT with the highest predictive performance for each 

species shows some discrepancies in predictor effects for dhufish (GAMM2 vs tc=5; 

Figure 2.2), but broadly similar predictor effects for snapper (GAMM1 vs tc=1; Figure 

2.3). The trip variables, targeting and fisher hours were important in explaining dhufish 

catch in both models (Figure 2.2). Further, month was important in the BRT, and year 

and time-of-day in the GAMM. Both models show that fishers targeting demersal 

species were more likely to catch dhufish than those that weren’t, although this effect 

was more pronounced in the BRT. Dhufish catch also increased with the number of 

fisher hours, but the effect plateaued in the BRT above 23 fisher hours. Whilst 

important, month in the BRT showed no clear pattern in catch. The GAMM showed that 

catch for dhufish increased across sample years, and that catch was highest in the 

early morning hours. Similar year and time-of-day effects were found in the BRT model 

(Supplementary material) but were not included in Figure 2.2 due to low importance 

scores (<5%).  

For environmental predictors driving dhufish catch, both models showed latitude to be 

important. Further, longitude was important in the BRT, and depth was important in the 

GAMM. The GAMM showed dhufish catch increased with depth, particularly between 0 

and 50 m. The implied geographic trends of latitude in the GAMMs and latitude and 
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longitude in the BRT were similar, showing (geographically speaking) a bi-modal 

distribution in dhufish catch with peaks separated by the Perth Metropolitan area (115° 

E, 32° S). In the BRT, a northern peak was observed at low longitudes, dropping east 

of 115° E, whilst a southern peak was observed at high latitudes, dropping north of 

32° S. The same trend is shown in the GAMM using just latitude, with one peak at 

30° S and another at 34° S with a low again centring around the Perth Metropolitan 

area at 32° S.  

 

Figure 2.2. Variations in probability of catching a dhufish using BRT (left) and GAMM (right). Shaded area 

shows 95% confidence intervals. Confidence intervals were calculated for the BRT by bootstrapping 

(n=1,000). For the BRT, only variables with an importance score of more than 5% are shown. ‘n.s.’ 

indicates predictor variable was not significant. 

For snapper, both models found the trip variables targeting, fisher hours, and time-of-

day to be important, whilst month was also retained in the GAMM (Figure 2.3). Both 

models show that targeting increases snapper catch, particularly in the BRT. Fisher 

hours also increased snapper catch in both models, though—as for dhufish—the effect 

plateaued in the BRT, at 36 fisher hours in this case. Time-of-day in both models 
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showed early morning and late afternoon trips to be the most successful. The GAMM 

also showed month to be important, with snapper catch increasing slightly in the 

Austral winter months (Figure 2.3). A similar trend was observed in the BRT 

(Supplementary material) but was of low importance (<5%).  

For environmental predictors of snapper catch, both models found temperature and 

longitude to be important, whilst swell was also retained in the GAMM (Figure 2.3). 

Both models show high snapper catch in low temperature conditions. A second peak in 

high temperatures is also suggested—particularly by the BRT—but there is a high 

degree of error associated with this peak. Both models show a similar pattern with 

respect to longitude with high snapper catch at lower longitudes. The GAMM also 

identified swell as an important predictor, with snapper catch increasing with swell size, 

but confidence intervals were large at high swells. A similar effect of swell is observed 

in the BRT (Supplementary material) but was of low importance (<5%).  

 

Figure 2.3. Variations in probability of catching a snapper using BRT (left) and GAMM (right). Shaded area 

shows 95% confidence intervals. Confidence intervals were calculated for the BRT by bootstrapping 

(n=1,000). For the BRT, only variables with an importance score of more than 5% are shown. ‘n.s.’ 

indicates predictor variable was not significant. 
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2.4.3 Spatial predictions of catch 

Spatial predictions for dhufish were made using the BRT with tc=5 (Figure 2.4). Dhufish 

catch probabilities ranged from 0.11 to 0.56, with estimated confidence intervals widths 

from 0.06 to 0.41. The highest catch occurred in the north of the study area, between 

29° S and 30° S, with catch probabilities between 0.43 and 0.56. Similarly, high catch 

probabilities were found north of 28.5° S, but predictions in this area were very 

uncertain (confidence interval range up to 0.41). Lowest catch occurred adjacent to the 

Perth Metropolitan area between 31.5° S and 32.5° S and on the south coast (east of 

115.5° E), both with catch probabilities less than 0.2.  

 

Figure 2.4. Dhufish recreational catch likelihood predictions and confidence interval range (based on 

bootstrapping n=1,000 times) from a BRT model using trip, fisher and environmental predictors. 

Spatial predictions for snapper were made using the BRT with tc=1 (Figure 2.5). 

Snapper catch probabilities ranged from 0.11 to 0.73 with confidence interval widths 

ranging from 0.06 to 0.57. The predictions identified that snapper catch was generally 

higher in the north of the study area than the south. The highest catch probabilities 

were found north of 29° S with predictions of 0.62 to 0.73; however, some of this area 

was characterised by high uncertainty (confidence interval width up to 0.57). Medium 

catch probabilities (0.3 to 0.5) were found between 32.5° S and 29° S, and in offshore 
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locations between 34° S and 32.5° S. Catch in the remainder of the study area was 

broadly similar between 0.11 and 0.3.  

 

Figure 2.5. Snapper recreational catch likelihood predictions and confidence interval range (based on 

bootstrapping n=1,000 times) from a BRT model using trip, fisher and environmental predictors. 

2.5 Discussion 

2.5.1 Model comparison 

We found that BRTs performed slightly better in cross-validation predictive tests than 

GAMMs for spatial analysis of recreational fishing catch. This matches findings of a 

previous study that found BRTs to offer superior predictive performance over GAMs for 

modelling spatial patterns in biodiversity (Leathwick et al., 2006). However, in our study 

the performance margin of BRTs was relatively low, particularly for snapper. This is 

probably because higher order interactions, whose inclusion is a major advantage of 

BRTs, were not useful in explaining the likelihood of catching snapper. Where 

interactions are not relevant or are not explored, other studies have also found only 

minor performance gains from BRTs (Martínez-Rincón et al., 2012).  

The predictor effects differed somewhat between BRTs and GAMMs for dhufish but 

were broadly similar for snapper. Discrepancies for dhufish are likely due to the ability 
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of BRTs to capture high-order interactions important for explaining dhufish catch. For 

example, month was only important in the BRT with fifth-order interactions, suggesting 

dhufish catch depends on complex interactions with month that were not captured by 

the pairwise GAMM. Additional differences between the predictor effects is likely due to 

the BRTs ability to fit models with correlated predictors allowing inclusion of all 14 

predictors in the BRTs, whereas only a subset of predictors could be used in the 

GAMM.  

Overall, our results suggest that whilst BRTs perform marginally better than GAMS at 

predicting recreational catch, performance gains were small. Additionally, predictor 

effects were similar across the approaches. As such, the analysis suggests that choice 

of modelling approach (GAMs or BRTs) has only a minor effect on outcomes of spatial 

catch analysis in MRFs. A possible exception is when high order interactions are 

important, in which case BRTs may perform better.  

2.5.2 Variable effects on catch 

Whilst our focus was on predictive performance and spatial mapping, predictor effects 

for both species were consistent with other research findings. Time spent fishing (fisher 

hours) and whether the fisher targeted demersals (targeting) were both positively 

related to catching dhufish and snapper, as has been found in other recreational catch 

analysis (Pope et al., 2016). The pattern of high early morning and evening catch for 

both species correlates with observations of crepuscular feeding patterns, which 

potentially enhance catchability (Helfman, 1986). High evening catch of snapper may 

also be the result of increased evening targeting of snapper that occurs in the Perth 

Metropolitan area in August and September leading up to snapper spawning (Crisafulli 

et al., 2018).  

The effect of year and month differed between species. Dhufish catch increased with 

survey year (2011/12 to 2015/16) in the GAMM. The most recent stock assessment for 

dhufish showed small increases in standardised catch rates for dhufish between 2008 

and 2011, immediately prior to the start of our time-series (Fairclough et al., 2014). 

Thus, the year effect in our analysis may reflect a continued increase in dhufish 

numbers, possibly resulting from management reforms in 2009 in response to 

overfishing (Crowe et al., 2013). For snapper, a smooth month trend was observed with 

a peak in the Austral winter possibly due to increased snapper targeting in the winter 

(Crisafulli et al., 2018), or higher catchability in winter for reasons not captured by other 
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variables in the model. For example, snapper diets vary seasonally due to prey 

availability, and potentially affect  snapper catchability (French et al., 2012).  

Both species also showed influence from environmental variables. It is important to 

note that environmental variables in our analysis were correlated with latitude/longitude 

and month, and so their effects on catch may not be well represented. This reflects our 

focus was on predictive performance, not modelling predictor effects. Nevertheless, the 

GAMM showed dhufish catch to increase with fishing depth, matching the species 

depth distribution (Hesp et al., 2002). High snapper catch was found in low 

temperatures and in high swell conditions. These trends may be related to increased 

winter catches of snapper discussed above. Additionally, it is widely thought amongst 

fishers that catchability of snapper is higher during or immediately after storm events 

(Crawford, 2016).  

2.5.3 Spatial predictions of catch 

Overall a high degree of spatial structure was found in catch for both dhufish and 

snapper. Higher catches of dhufish were found in the north of the study area (between 

29° S and 30° S), and lower catches in the inshore waters of the Perth Metropolitan 

area and the south coast. These findings largely match those reported by Aidoo et al. 

(2016) who analysed the 2011/12 subset of the same survey data using soft-indicator 

kriging, though the south coast was outside their study scope. Low recreational catch in 

the inshore waters of the Perth Metropolitan area also matches anecdotal reports from 

recreational and commercial fishers documented a decade prior to the start of our data 

series (Hesp et al., 2002). 

A hotspot of snapper catch was found in the north of the study area (north of 29° S), 

and to a lesser extent between 33° S and 29° S, and in offshore locations between 

34° S and 33° S. Aidoo et al. (2016) also identified the northern hotspot; however, their 

analysis suggested lower catches off the southern west coast (west of  115° S) which is 

not confirmed in this study. This discrepancy appears to be the result of year-to-year 

variation rather than analytical approach; Aidoo et al. (2016) only analysed data for 

2011/12, and raw catch data in the south was higher in 2013/14 and 2015/16.  

Spatial trends in recreational catch represent the combined effects of fish population 

size and behaviour, fisher behaviour, and fisheries management. The confounding 

effect of these factors, particularly in the way they vary over space and time makes it 

difficult to determine the cause of spatial trends in recreational catch. However, the 
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latitudinal gradient in snapper catch across the study region suggests that latitudinal 

correlated processes are important drivers of snapper catch in the fishery. 

Temperature, which decreases with latitude in the study region, has been linked to 

snapper growth and reproduction in this fishery and may be important for producing the 

observed latitudinal catch trend (Wakefield et al., 2015). Dhufish catch on the other 

hand appears to be substantially lower in the inshore Perth Metropolitan area. Possible 

causes include lower fish abundance in the Perth Metropolitan area, spatial variability 

in fisher behaviour (e.g. practicing catch-and-release), or reduced catchability due to 

the localised effect of high fishing intensity on hook-avoidance behaviour in fish (Alós et 

al., 2015).  

Regardless of mechanism, spatial catch variability can have important sustainability 

implications. Anecdotal reports suggest that fishers have responded to low dhufish 

catch in the Perth Metropolitan area by fishing in deeper waters (Hesp et al., 2002), 

subjecting released dhufish to higher mortality rates (dhufish release mortality 

increases with depth from 21% in 0-14 m to 86% in 45-59 m (St John and Syers, 

2005)). As release rates are high (68%) and a large portion of the effort in the fishery 

occurs near the Perth Metropolitan area (Ryan et al., 2017), the causes of low 

recreational catch in the waters of the Perth Metropolitan area, and the behavioural 

response of fishers, warrants further research. 
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2.7 Supplementary material 

 

Figure 2.6. Full effects plot showing variations in probability of catching a dhufish using a boosted 

regression tree. Shaded area shows 95% confidence intervals calculated by bootstrapping (n=1,000).  
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Figure 2.7. Full effects plot showing variations in probability of catching a snapper using a boosted 

regression tree. Shaded area shows 95% confidence intervals calculated by bootstrapping (n=1,000).  
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3.1 Abstract 

Global ocean area zoned for biodiversity conservation (or marine protected areas), has 

increased 2.7 times in the last decade. However, the effects of these spatial policies on 

recreational fishing is poorly understood. Random utility models (RUMs) have been 

used to estimate the economic impacts of hypothetical spatial policies on recreational 

fishers and particularly hypothetical no-take marine reserves (i.e. site closures), but 

broad-scale definitions of fishing sites in those studies are typically too large to mimic 

reserves realistically. In this study we create an on-the-water site choice model of boat-

based recreational fishers in south-west Australia, and use it to simulate site closures 

recently implemented in the Australian Marine Parks network. Our fine-scale model of 

on-the-water recreational fishing site choice covers a far greater area, more fishing 

sites, and more fishing trips than previous fine-scale RUM studies. The importance of 

including weather variables, and complex patterns of target species substitution in on-

the-water site choice, are also explored. We find that median fisher welfare impacts 

from implementing the NTRs in the Australian Marine Parks network are less than 

A$ 0.01 per year, and population total welfare impacts are estimated at A$ 46,478 per 

year. The welfare estimates were similar for models that account for weather and target 

species substitution, suggesting that RUM based simulations of spatial closures are 

relatively robust to model specification. To the best of our knowledge this is the first 

recreational fishing RUM study to simulate actual NTR policies, that apply to fine-scale 

on-the-water locations. Our findings suggest that the NTRs in the south-west portion of 

the Australian Marine Parks network have relatively low impacts on recreational fishing.  
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3.2 Introduction 

Global ocean area zoned for biodiversity conservation (or marine protected areas) has 

increased 2.7 times in the last decade, and was recently estimated at 12.5 million 

square kilometres (Lubchenco and Grorud-Colvert, 2015). Many of these areas impact 

upon recreational fishing. For example, no-take marine reserves (NTRs) exclude all 

recreational fishing (along with other extractive activities) from an area, reducing 

access for recreational fishers. Understanding how much NTRs impact recreational 

fishers is essential to inform trade-offs in the design of NTRs (placement and size) 

(Stewart and Possingham, 2005; Klein et al., 2008), and to inform the underlying 

rationale for creating NTRs using socio-economic reporting and benefit cost analysis 

(Grafton et al., 2011; Börger et al., 2014).  

To date, the most widely used metric of NTR impacts on recreational fishers is the 

proportion of recreational fishing trips, or the fishing footprint, that is displaced by an 

NTR (GBRMPA, 2003; Lynch, 2006; Watts et al., 2009; Klein et al., 2010; Kenyon et 

al., 2018). Such area-based metrics have been used to inform the design of NTR 

networks (Klein et al., 2008; Klein et al., 2010) and in economic impact analyses for 

finalised NTR plans (GBRMPA, 2003; Lynch, 2006; Kenyon et al., 2018). However, this 

approach has two major limitations. Firstly, area-based metrics cannot be compared to 

other benefits and costs of NTR policies (e.g. non-use conservation values), as the 

units of measurement differ. This makes it difficult to evaluate trade-offs; NTR planners 

using area-based measures must allocate often arbitrary weights to different marine 

values, adding subjectivity to the decision making process (Watts et al., 2009; Klein et 

al., 2010; Moore et al., 2016). Secondly, area-based methods may misrepresent the 

costs of site closures for recreational fishers as the substitutability of sites is not 

considered, and so the higher costs of closing unique sites is not captured. Given these 

limitations, alternative metrics are needed to quantify the impacts of NTRs on 

recreational fishers.  

One option is to use random utility models (RUM) of recreational fishing site choice to 

estimate the welfare impacts of site closures. RUMs quantify impacts on fishers in 

monetary terms supporting trade-offs between recreational fishing and other marine 

uses. RUMs also capture site substitutability when evaluating the costs of closing a 

site. These properties make RUMs well suited to calculating NTR impacts on 

recreational fishers. However, the application of recreational fishing RUMs to NTRs has 

been limited by the broad-scale definitions of sites, such as county-scales in US 
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applications (Bockstael et al., 1989; Morey et al., 1991; McConnell et al., 1995; 

Schuhmann, 1998; Whitehead and Haab, 2000; Haab et al., 2012). In defining sites 

broadly, previous RUM applications have limited ability to simulate real NTR policies 

which usually apply to fine-scale on-the-water locations, particularly where recreational 

fishing is important; it is rarely politically acceptable to close large sites in the presence 

of recreational fishing (Devillers et al., 2015). To our knowledge, just one study has 

considered fine-scale on-the-water site choices, but even they simulate large scale site 

closures (all inshore waters) (Haab et al., 2008). In this study we create a fine-scale 

RUM of recreational fishers’ on-the-water site choice and use it to simulate the effects 

of a real NTR policy. 

As on-the-water site choices are rarely considered, we make two further contributions 

to the literature. Firstly, we explore the role of weather in determining fishers’ on-the-

water site choice. Previous applications have used weather to explain fishers’ decisions 

to go fishing on a given day (Provencher and Bishop, 2004), or land-based site choices 

(Haab et al., 2008), but never on-the-water fishing location. We expect that fishers will 

adjust their on-the-water fishing locations by selecting sheltered locations on rough 

days, and venturing further offshore on calm days. We develop a novel method to 

capture the sheltering effect of land on wind and swell intensity using commonly 

available data from weather stations and wave buoys. 

Secondly, we explore complex patterns of target species substitution. In marine 

recreational fisheries, multiple target species are often available to fishers, meaning 

that fishers make a joint decision of both site and target species. Previous RUM studies 

have incorporated target species by specifying a nested logit model, to reflect that 

alternatives (target species and site combinations) that share the same target species 

are likely to be better substitutes for each other than alternatives with different target 

species (Hauber and Parsons, 2000; Haab et al., 2012). Here we go a step further, 

recognising that between target species, fishers likely also view some target species as 

better substitutes for each other than other target species. To accommodate such 

complex patterns in target species substitution we use a mixed error components logit 

(Brownstone and Train, 1999). To the best of our knowledge, this is the first application 

of a mixed error component logit in modelling recreational fishing site and target 

species choices.  

Using a rich data set of 10x10 nm site choices from over 10,000 boat-based fishing 

trips across 1,500 km of coastline in south-west Australia, we develop a RUM of on-

the-water site and target species choice. This is the largest application to date of on-
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the-water recreational fishing site choice, covering a far greater area, more fishing 

sites, and more fishing trips than previous applications (Milon, 1988; Haab et al., 2008). 

We simulate the effects of the newly established Australian Marine Parks network, 

providing the first estimate of changes in fishing effort and recreational fisher welfare. 

We also investigate the importance of weather and complex patterns of target species 

substitution.  

3.3 Econometric model 

This study uses the random utility framework to model recreational fishers’ choice of 

target species and fishing site. Within the framework, each fisher i is assumed to select 

the fishing site and target species alternative j with the highest expected utility Uij, 

expressed as:  

𝑈𝑖𝑗 = 𝛽′𝑥𝑖𝑗 + 𝑒𝑖𝑗 (1) 

where xij is a vector of the observed attributes of the alternative, β is the vector of 

coefficients associated with these attributes, and eij is an error term.  

If the errors are assumed to be independent and identically distributed (iid) extreme 

values, then the probability that a site and target species combination is selected can 

be expressed using the conditional logit formula: 

𝑝𝑟𝑜𝑏𝑖𝑗 =
exp(𝛽′𝑥𝑖𝑗)

∑ exp(𝛽′𝑥𝑖𝑗)
𝐽
𝑗=1

 (2) 

There are two important limitations of this approach. Firstly, all respondents are 

assumed to have the same preferences or β parameter values. However, previous 

research has shown that recreational fishers site preferences are highly heterogeneous 

and that accounting for differences improves model fit and resulting interpretation 

(Train, 1998; Johnston et al., 2010; Haab et al., 2012). Secondly, assuming that errors 

are iid extreme values imposes constraints on the patterns of substitution implied by 

the model; the relative probability that a fisher chooses site and target species 

combination A over B is assumed to be independent of the attributes of all other site 

and target species options. This is known as the independence of irrelevant 

alternatives (IIA) (McFadden, 1974). Whilst IIA is not always a problem, options in an 

individual’s choice set with the same target species might share unobserved traits. For 

example, targeting sport fish is generally high energy with a focus on skill, whilst 
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targeting smaller table fish can be relaxing. As such, fishers might switch between 

alternatives targeting sport and table fish less than the model thus far implies. 

To account for preference heterogeneity and the relaxing of IIA for target species, we 

use a mixed error component logit (MECL). In a MECL, fishers’ preference 

heterogeneity is captured by replacing the fixed common preferences β with individual 

specific parameters βi modelled as random variables with distributional parameters θ* 

(Brownstone and Train, 1999). The distribution can theoretically take any form; 

however, normal distributional assumptions are common (Train, 2003).  

To accommodate more complicated patterns of alternative substitution, the MECL 

model can be used to introduce correlation by adding shared error components into the 

utility function: 

𝑈𝑖𝑗 = 𝛽′
𝑖𝑥𝑖𝑗 + 𝜇′

𝑖𝑧𝑖𝑗 + 𝜀𝑖𝑗 (3) 

where zij is a vector describing the hypothesised correlation patterns between 

alternatives, and μi is modelled as a normally distributed random variable with a mean 

of zero and density function g(μ | Ω). To introduce an error structure equivalent to a 

nested logit, with separate nests for each target species, zij is defined as a set of 

dummy variables equal to one if the alternative involves targeting species s, and zero 

otherwise. In doing so, alternatives within the same target species, share a common 

error component in their utility functions thus introducing correlation between 

alternatives. More complicated correlation patterns are possible by adding additional 

error components, and a range of hypothesised correlation patterns between target 

species are explored. As suggested by Herriges and Phaneuf (2002), μi is kept 

constant across choice occasions, thus capturing each fishers’ individual target species 

preferences in the nesting structure.  

With the utility function described in Equation 3, the unconditional choice probability is 

expressed as the integral of the conditional logit (Equation 2) across the distributions of 

the two sets of random variables, f(β | θ*) and g(μ | Ω) (Train, 2003): 

𝑝𝑟𝑜𝑏𝑖𝑗 = ∫
exp(𝛽′

𝑖𝑥𝑖𝑗 + 𝜇′
𝑖𝑧𝑖𝑗)

∑ exp(𝛽′
𝑖𝑥𝑖𝑗 + 𝜇′

𝑖𝑧𝑖𝑗)
𝐽
𝑗=1

𝑓( 𝛽 ∣∣ 𝜃∗ )𝑔( 𝜇 ∣∣ Ω ) 𝑑𝛽𝑑𝜇 (4) 

For repeated samples of the same fisher, the unconditional choice probability for the 

sequence of target species and site choices y is given by (Train, 2003): 
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𝑝𝑟𝑜𝑏𝑖𝑦 = ∫ ∏
exp(𝛽′

𝑖𝑥𝑖𝑗𝑡 + 𝜇′
𝑖𝑧𝑖𝑗𝑡)

∑ exp(𝛽′
𝑖𝑥𝑖𝑗𝑡 + 𝜇′

𝑖𝑧𝑖𝑗𝑡)
𝐽
𝑗=1

𝑇

𝑡=1

𝑓( 𝛽 ∣∣ 𝜃∗ )𝑔( 𝜇 ∣∣ Ω ) 𝑑𝛽𝑑𝜇 (5) 

where t indexes the individual choice occasions (i.e. fishing trips).  

No closed form solution exists for the integral in Equation 5, so estimation is done 

using simulation; taking the average choice probability from a sequence of halton 

draws for the distributions of f(β | θ*) and g(μ | Ω). 

3.4 Welfare evaluation 

Once the parameters are estimated, the MECL model can be used to calculate the 

welfare change and choice probabilities associated with a change in conditions from 

𝑥𝑖𝑗𝑡
0  to 𝑥𝑖𝑗𝑡

1 . Whilst the population distribution of the random variables can be used to do 

this, individuals’ past site and target species choices reveals something about their 

preferences and substitution patterns, and incorporating this information into policy 

evaluation has been shown to improve fit and welfare estimation (Revelt and Train, 

2000; von Haefen, 2003; Greene et al., 2005; Sillano and de Dios Ortúzar, 2005; 

Franceschinis et al., 2016). Denoting: xi as the collection of all values of xijt for all 

alternatives and choice occasions faced by fisher i, zi as the collection of all values of 

zijt for fisher i, and yi as the observed sequence of choices for fisher i, the conditional 

distribution of an individual’s β and μ is given by (Train, 2003): 

ℎ( 𝛽, 𝜇 ∣∣ 𝑦𝑖 , 𝑥𝑖, 𝑧𝑖 , 𝜃∗, Ω ) =
𝑝𝑟𝑜𝑏( 𝑦𝑖 ∣∣ 𝑥𝑖, 𝑧𝑖 , 𝛽, 𝜇 )𝑓( 𝛽 ∣∣ 𝜃∗ )𝑔( 𝜇 ∣∣ Ω ) 

𝑝𝑟𝑜𝑏( 𝑦𝑖 ∣∣ 𝑥𝑖, 𝑧𝑖 , 𝜃∗, Ω )
  (6) 

Equation 6 describes the conditional density distribution of each individual’s values for 

β and μ. The mean of this conditional density function for β and μ can be estimated by 

taking r independent halton draws from the distributions of f(β | θ*) and g(μ | Ω) and 

evaluating (Train, 2003): 

�̌�𝑖 = ∑ 𝑤𝑟

𝑅

𝑟=1

𝛽𝑟 (7) 

and, 
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�̌�𝑖 = ∑ 𝑤𝑟

𝑅

𝑟=1

𝜇𝑟 (8) 

where 𝑤𝑟 =  
𝑝𝑟𝑜𝑏( 𝑦𝑖 ∣∣ 𝑥𝑖 , 𝑧𝑖, 𝛽𝑟, 𝜇𝑟 )

∑ 𝑝𝑟𝑜𝑏( 𝑦𝑖 ∣∣ 𝑥𝑖, 𝑧𝑖 , 𝛽𝑟, 𝜇𝑟 )𝑅
𝑟=1

 (9) 

The conditional mean estimates �̌�𝑖 and �̌�𝑖 are used in Equation 2 to evaluate choice 

probabilities or calculate welfare effects on individuals. Willingness-to-pay for changes 

in conditions from 𝑥𝑖
0 to 𝑥𝑖

1 can be evaluated as the change in expected utility divided 

by the marginal utility of money or cost. 

𝑊𝑇𝑃𝑖 =
𝑙𝑛 ∑ exp(�̌�𝑖𝑥𝑖

0 + �̌�𝑖𝑧𝑖)
𝐽
𝑗=1 − 𝑙𝑛 ∑ exp(�̌�𝑖𝑥𝑖

1 + �̌�𝑖𝑧𝑖)
𝐽
𝑗=1

�̌�𝑇𝐶,𝑖

 (10) 

where, �̌�𝑇𝐶,𝑖 is the conditional mean estimate of the coefficient describing the effect of 

an increase in travel cost on utility.  

3.5 Expected catch model 

The catch fishers expect at each site strongly determines site choices. However, 

including expected catch in site choice models requires estimating expected catch at 

every possible site in the fishers’ choice set, not just the sites the fisher actually visited. 

To generate catch expectations McConnell et al. (1995) suggest fitting generalised 

linear models (e.g. a Poisson model) to observed catch data and using the model to 

predict catch expectations at all sites. We use the general fit-predict approach of 

McConnell et al. (1995), but modify it to account for spatial autocorrelation in 

recreational catch present when sites are defined at fine-scales (Aidoo et al., 2015); 

spatial autocorrelation may result from missing shared variables for neighbouring sites 

driving catch rates or physical movement of fish across sites. Our approach borrows 

from the spatial ecology literature by modelling catch using boosted regression trees 

(BRT) that include latitude and longitude as independent variables to capture spatial-

autocorrelation (Leathwick et al., 2006). BRTs automatically accommodate complex 

non-linear effects, and can therefore capture the usually complex effects of latitude and 

longitude on catch (Elith et al., 2008). BRTs have been widely used in the analysis of 

commercial and recreational catch data (Martínez-Rincón et al., 2012; Heermann et al., 

2013).  
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BRTs attempt to find a function F(x) that minimises a loss function L(y, F(x)) measuring 

deviation from the dependent variable. BRTs consist of a series of M regression trees 

that are successively fit to the residuals of the trees that came before. As such, 

subsequent trees attempt to explain the variation that preceding trees did not. Each 

regression tree divides observations of the dependent variable f(x) into J discrete 

nodes with similar values, and describes node membership using a set of binary rules 

based on the predictors (Friedman, 2001): 

𝑓(𝑥) = ∑ 𝑏𝑗

𝐽

𝑗=1

⋅ 𝐼(𝑥 ∈ 𝑅𝑗) (11) 

where 𝐼(𝑥 ∈ 𝑅𝑗) is an indicator function taking a value of 1 if x is in region Rj, and bj is 

the expected value of f(x) in Region Rj . Regions (Rj) can be defined based on 

combinations of independent variables, allowing interactions in the regression trees.  

As additional trees are fit, they are added to the BRT function Fm(x) by (Friedman, 

2001):  

𝐹𝑚(𝑥) = 𝐹𝑚−1(𝑥) + 𝜌𝑚 ∑ 𝑏𝑗𝑚

𝐽

𝑗=1

⋅ 𝐼(𝑥 ∈ 𝑅𝑗𝑚) (12) 

where 𝜌m is a scaling factor determining the weight given to each tree. The parameters 

defining the node regions Rjm, the node expected values bjm, and scaling factor ρm of 

each additional tree is determined by selecting the model that minimises the loss 

function L(y, f(x)). The loss function is selected to match the data distribution—as our 

data are counts, we use a Poisson loss function. Additional trees are added until a 

stopping criterion is met: we use the criteria that additional trees do not improve cross-

validated residual deviance.  

The sequence of regression trees is combined into a single BRT model by taking the 

sum over the M individual trees weighted by the scaling factors ρm (Friedman 2001):  

𝐹(𝑥) = ∑ 𝜌𝑚𝑓𝑚(𝑥)

𝑀

𝑚=1

 (13) 

The main advantage of BRTs over traditional approaches is their predictive 

performance. BRTs have been shown to outperform other models in validated and 

cross-validated predictive tests (Leathwick et al., 2006). In a separate study, BRTs 
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were found to have better predictive performance than other approaches for our data 

(Chapter 2). Predictive performance is important as minimising predictive error is 

critical to avoid errors-in-variable bias often present in catch variables in recreational 

fishing RUMs (Morey and Waldman, 1998; Train et al., 2000).  

3.6 Data description 

Data was collected from a bi-annual phone diary survey of boat based recreational 

fishers conducted by the Western Australian Department of Primary Industries and 

Regional (DPIRD) (Ryan et al., 2013; Ryan et al., 2015; Ryan et al., 2017). Each 

survey year a separate panel of respondents are recruited using a database of 

Recreational Boat Fishing Licences4. The sample is drawn using a stratified random 

approach with strata based on residential area, and similar probabilities of selection 

between strata.5 The sampling frame for the survey is all fishers holding a current 

Recreational Boat Fishing Licence, over five years-old, and who intended to fish in the 

survey year. 

All recruited fishers were asked to keep diary records with details of trips taken, and 

fishers were contacted on the phone once a month by trained interviewers to report trip 

details for the preceding month. In terms of sites, each respondent was asked for the 

boat ramp they launched at, and their on-the-water fishing location using 10x10 nm 

grids (approximately 18x18 km). Numbers of retained and released fish by species 

were also recorded for each trip, along with the primary target species of the trip.  

From this data set, trips were extracted for three survey years: 2011/12, 2013/14 and 

2015/16. In terms of scope, we considered trips across approximately 1,500 km of 

coastline in the south-west of Australia, encompassing the most densely populated 

area of the state (Figure 3.1). We also focus exclusively on boat-based line fishing in 

marine waters. As the location of marinas and private boat launches was not obtained, 

only trips launching at known public boat ramps were used. Approximately 2% of the 

trips in scope had more than one trip recorded by the same fisher on that day; in the 

survey, unique trips are recorded for changing target species, fishing gear, or location. 

As it could not be determined whether the fisher had retrieved and then relaunched 

their boat between trips, all but the longest trip for the day were removed. Finally, to 

                                                
4 In Western Australia at-least one individual on board each vessel must have a current licence in order to 
fish.  

5 Larger samples were selected from some stratum to ensure a minimum sample of 200 licence holders in 
each strata. 
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keep choice sets to a reasonable size, we removed trips with a one-way travel distance 

of more than 100 km on-the-water (1% of total sample) and trips to sites of more than 

200m depth (10 trips in total). The final dataset consisted of 10,243 fishing trips taken 

by 2,972 fishers across the three sampling years. 

 

Figure 3.1. Study area showing 10x10 nm blocks that defined fishing locations. Delineation between West 

Coast and South Coast Bioregions are shown by the dashed line. Major population centres are also 

indicated.  

The study region spans the West Coast and South Coast Bioregions of Western 

Australia which form the primary spatial management units for existing recreational 

fishing regulations (Figure 3.1). For each region a range of individual species and 

mixed species bag and boat limits are used to limit recreational catch. Mixed species 

limits are primarily based on four species suites: demersals, pelagics, nearshore and 

other, reflecting the main habitat in which each species is found. The West Coast 

Bioregion is also managed by a two-month closure on the capture of demersal species 

from the 15th of October to the 15th of December each year.6  

For the purposes of defining target species alternatives, and expected catch site 

attributes, the approximately 150 species reported in the survey were grouped into the 

four species groups used to set bag limits: demersals, pelagics, nearshore, and other. 

This species grouping is suitable for modeling target species choice as the groups are 

defined by habitat, and represent distinct modes of fishing. They are also suitable for 

                                                
6 Full details of recreational fishing regulations in both regions are available from 

http://rules.fish.wa.gov.au/ (accessed October 11, 2018). 

http://rules.fish.wa.gov.au/
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defining expected catches as they allow current bag limit rules to be incorporated into 

the model. However, within each of the four species groups, we suspected that not all 

species would be perceived as valuable (or at-least equally valuable) by recreational 

fishers. Therefore, we limited expected catch to species within each group we thought 

were valuable. Additionally, catch of two prize fish species from the demersal suite 

were extracted separately: the endemic West Australian dhufish (Glaucosoma 

hebraicum; Richardson, 1845) (hereon referred to as dhufish) and snapper 

(Chrysophrys auratus (Forster, 1801)). Both are prize recreational species in the study 

area and are likely strong drivers of site choice decisions among recreational fishers. 

Overall, expected catches were calculated for two individual species: dhufish and 

snapper; and four species groups: high value demersals, high value pelagic, high value 

nearshore and high value other. 

For each species group, a BRT model was fit explaining retained catch on each 

observed trip as a function of fisher, trip and environmental variables. The fitted BRT 

models were then used to predict expected trip catch for every target species and site 

alternative in a fishers’ choice set. In fitting BRTs four key parameters must be 

specified: the learning rate (the degree to which initial models are weighted in the 

model), the bag fraction (the proportion of data that is excluded to add random noise to 

the fit of each regression tree), the tree complexity (the number of binary splits allowed 

in a tree), and the number of regression trees in the BRT. For each species, parameter 

settings were determined using an extensive grid search of all combinations of 

plausible parameters, and choosing the setting with the lowest average ten-fold cross-

validation residual deviance. This optimised BRT model was then used to predict the 

retained catch at all sites in the fishers’ choice set. Further details of the catch analysis 

are provided in the Supplementary material.  

Travel cost is also an essential variable in RUMs of site choice as it forms the basis of 

welfare calculations (Equation 10). Due to the complex coastline shape of the study 

area (Figure 3.1), the straight-line distance from ramp to the centroid of each grid block 

will underestimate the distance travelled. As such, water based distances were 

calculated by creating a visibility graph of the coastline and the grid centroids 

(connecting all visible nodes), and calculating the shortest path from each ramp to each 

grid centroid using the visibility graph as a network (Lee and Preparata, 1984). On 

average this distance was 16% shorter than the straight-line distance. On-the-water 

travel distances were converted to travel cost by applying a flat A$ 0.56/km conversion 

rate to the round-trip distance. The conversion rate was based on an average fuel 
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consumption of 2.5 km per litre based on boat fuel consumption reports (Honda, 2018), 

and a fuel cost of A$ 1.40/litres which was an average fuel price in the study region for 

2011 to 2016 (DMIRS, 2018). Boat depreciation costs were not included as we 

suspected they were viewed as fixed costs, as they are for car depreciation (Hang et 

al., 2016), particularly as periodic running of boat engines likely slows depreciation. 

Other site attributes for which additional data were required included: wind speed, swell 

height and offshore distance. At the scale of the site choices (10’s of kilometres) 

relatively sparse weather stations and wave buoys imply very little site-to-site variation 

in conditions. However, if the wind is offshore (coming from the land) on-the-water wind 

and swell will be much lower at sites close to shore as they are shielded by the land. 

To capture the shielding effect for wind and swell we calculated the wind fetch and 

swell fetch for all sites at the time of the fishing trip as the distance from each grid 

centroid to the land in the direction the wind/swell was coming from. Fetch was then 

integrated with wind speed and swell height to capture on-the-water weather 

conditions.  

Three hourly wind speed and direction data were obtained from 16 coastal weather 

stations across the study area. Similarly, hourly swell height and direction was obtained 

from four wave rider buoys across the study area. In some cases, the frequency of 

sampling varied, so the record was standardised by taking averages over three-hourly 

blocks. For wind speed and swell height scalar averages were used, and for directions, 

unit-vector averages. Single missing time blocks were imputed using linear 

interpolation at the same station (temporal imputation) whilst larger gaps were imputed 

using data from other stations by making use of the missForest package in the R 

statistical software (Stekhoven and Bühlmann, 2012). The complete three-hourly wind 

speed, wind direction, swell height and swell direction observations at each station 

were related to the on-the-water fishing locations and trip time by calculating inverse-

distance-weighted average observations for the fishing time block.  

Using the wind and swell directions for each trip the wind fetch and swell fetch was 

calculated for each trip using the fetchR package in the R statistical software (Seers, 

2017). Recognising that shielding from the land acts over a shorter distance for wind 

than it does for swell, fetch indexes for each site were calculated for wind fetch and 

swell fetch by rescaling the fetch distance (km) such that 0 represents no exposure, 

and 1 represents full exposure: 
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𝐹𝐼𝑤 = {

𝐹𝑤

𝐷𝑆𝑤
      𝑖𝑓 𝐹𝑤 < 𝐷𝑆𝑤

1             𝑖𝑓 𝐹𝑤 > 𝐷𝑆𝑤

 (14) 

, and 

𝐹𝐼𝑠 = {

𝐹𝑠

𝐷𝑆𝑠
      𝑖𝑓 𝐹𝑠 < 𝐷𝑆𝑠

1             𝑖𝑓 𝐹𝑠 > 𝐷𝑆𝑠

 (15) 

where FIw and FIs are the fetch indexes for wind and swell respectively, Fw and Fs are 

the fetch length in km (conditional on wind direction), and DSw and DSs are the fetch 

distances at which shielding no longer has an effect. DSw and DSs were determined 

empirically by investigating model fit, with DSw = 30 (km) and DSs = 300 (km) found to 

explain site choice best7. By multiplying the wind and swell fetch indexes by the station 

recorded (and interpolated) wind speed and swell height, a gradient of weather 

conditions was introduced across the sites.   

For each fishing trip the available choice set consisted of the combination of all 

10x10 nm grids whose centroid was within 100 km of the launching boat ramp and 

whose mean depth was less than 200 m8, along with each of the four target species 

groups. A ban on targeting or retaining demersal fish is imposed in the West Coast 

Bioregion from the 15th of October to 15th December each year. As such, the demersal 

target alternative was removed where the ban applied. There were between 105 and 

240 alternatives in an individual's choice set (mean 180), depending on the presence of 

the demersal ban, the complexity of the coastline where the boat was launched, and 

the width of the continental slope in the region.  

All site attributes are described in Table 3.1. Travel cost was measured using round-trip 

boat fuel costs. Expected number of fish caught for each species group was predicted 

using the BRTs, and diminishing marginal utility of catch was captured using quadratic 

terms for all species groups. The natural log of the size of sites was included as a 

geographic attribute, reflecting that larger sites are more likely to be visited. Other 

geographic variables included the log of distance offshore (log transformations were 

used to reflect a non-linear correspondence between distance offshore and safety), 

and a dummy variable indicating if the grid intersected with an offshore island. The 

                                                
7 A range of shielding distances were tried including: 20 km, 30 km, 40 km, 50 km, 200 km, 250 km, 300 
km and 350 km. 

8 As outlined above just 10 trips were to grids >200m deep. 
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effect of weather on site choice was captured by interacting wind speed and swell 

height with their corresponding fetch indexes.  

Risk preference heterogeneity was included by specifying as random variables: 

offshore distance (LN_OFFDIST), and weather conditions (WIND*FIW, SWELL*FIS). 

Additionally, heterogeneity in fishers’ utility of money was captured by specifying the 

travel cost (T_COST) as a random variable. Normal distributions were used to define 

all random parameters. 

Table 3.1. Variable descriptions. Mean and range are for observed trips. 

Label Description Mean Range 

T_COST Travel cost (boat fuel A$) 14.06 0.41 – 107.32 

Expected catch:     

C_DHUFISH Predicted retained catch of dhufish 0.24 0.00 – 2.00 

C_SNAPPER Predicted retained catch of snapper 0.19 0.00 – 8.68 

C_DEMERSAL Predicted retained catch of high value demersal fish 0.18 0.00 – 4.41 

C_NEAR Predicted retained catch of high value nearshore fish 1.95 0.11 – 23.46 

C_PELAGIC Predicted retained catch of high value pelagic fish 0.11 0.02 – 3.16 

C_OTHER Predicted retained catch of high value other fish 4.36 0.10 – 75.87 

Geographic site attributes:     

LN_OFFDIST Natural logarithm of the distance offshore (km) 1.03 –1.60 – 4.06 

LN_AREA Natural logarithm of the size of the site (km2). Whilst grids 
are 10x10 nm some intersect with land reducing their size 

4.89 1.55 – 5.71 

ISLAND Presence of a major island (0,1) 0.10    

Weather conditions:     

WIND*FIW Wind speed times wind fetch index 10.95 0.00 – 60.90 

SWELL*FIS Swell height times swell fetch index 0.32 0.00 – 5.95 

Error components:     

EC (TAR_XXX) Alternative targeting XXXX fish (0,1)     

    
  

3.7 Results 

The results of the expected catch models are presented first, followed by description 

and results of the RUMs, and lastly the results of policy evaluation from the RUMs.  

3.7.1 Expected catch models 

Fishers’ catch of each species group depended on a range of trip, environmental and 

fisher variables (Supplementary material). For trip variables, catch of all species was 

higher when that species was being targeted (Supplementary material). Catch of 

snapper, dhufish and pelagics increased with fishing time. For dhufish, snapper and 
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demersals, catch increased with number of licenced fishers on-board up to 

approximately six, above which catch decreased.  

For environmental variables, catch displayed species-specific non-linear trends with 

latitude and longitude (Supplementary material). Catch of demersal and pelagic fish 

increased with sea-surface temperature, whilst catch of snapper was increased at high 

and low temperatures. Catch of demersals and pelagics showed non-linear trends with 

depth, with catch for both species peaking around 70 m9. Catch of nearshore fish 

peaked at low and high rugosity levels. In terms of fishers’ attributes, older fishers 

caught more nearshore and other fish, while younger fishers caught more pelagic fish. 

Self-reported avidity had little influence on catch for all species groups.  

3.7.2 Random utility model 

Three increasingly complex models are presented to explore the effect of target 

species substitution and weather variables on site choice and welfare impacts (Table 

3.2). The base model is a mixed logit with no error-components and no weather 

variables (ML_NoWeather). In the second model, species substitution effects are 

introduced by adding error-components for target species (EC_NoWeather). The third 

model builds on the second by adding weather variables (EC_Weather).  

All models showed relatively consistent parameter estimates and expected signs. A 

likelihood ratio test shows that that the error components included in EC_NoWeather 

model significantly improved model fit compared to the base mixed logit model 

(ML_NoWeather) (𝜒2 = 2735, df = 5, p < 0.001), suggesting that the error structure 

significantly improves the description of site and target species choice. The introduction 

of weather variables in the EC_Weather model significantly improved model fit again 

over EC_NoWeather (𝜒2 = 158, df = 4, p < 0.001), suggesting that accounting for 

weather conditions is important for modelling on-the-water site choice. The discussion 

of parameters below relates to the best fitting model which includes error components 

and weather (EC_Weather).  

Likelihood of visiting a site decreased with travel cost and increased with expected 

catch for all species, but with decreasing marginal utility of catch for all species except 

pelagics. In terms of geographic attributes, larger sites (LN_AREA), and sites with 

                                                
9 Catch of demersals was also high above 150 m depth, but few trips were taken in these depths and so 

this finding may be unreliable.  
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offshore islands (ISLAND) were more likely to be visited, whilst sites further offshore 

(LN_OFFDIST) were less likely to be visited. 

On-the-water weather conditions had a significant effect on recreational fishers’ site 

choices. Significant negative interactions between wind speed and its fetch index as 

well as between swell height and its fetch index suggests that fishers were less likely to 

visit sites experiencing high wind or swell conditions. That the coefficients on wind and 

swell were significant and showed the expected signs lends empirical support to our 

method of estimating on-the-water wind and swell conditions using data from weather 

stations and wave buoys.  
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Table 3.2. Parameter estimates for random utility model of recreational fishers’ on-the-water site choice.  

Variables 

ML_NoWeather  EC_NoWeather  EC_Weather 

Coeff. S.E.  Coeff. S.E.  Coeff. S.E. 

T_COST –0.227  *** 0.004  –0.207  *** 0.003  –0.203 *** 0.003 

SD (T_COST) 0.128  *** 0.004  0.114  *** 0.003  0.102 *** 0.003 

Expected catch:            

C_DHUFISH 5.827  *** 0.179  6.823  *** 0.237  7.056 *** 0.236 

C_DHUFISH2 –2.238  *** 0.112  –2.587  *** 0.141  –2.668 *** 0.140 

C_SNAPPER 1.713  *** 0.141  1.648  *** 0.172  1.529 *** 0.167 

C_SNAPPER2 –0.216  *** 0.038  –0.186  *** 0.039  –0.171 *** 0.038 

C_DEMERSAL 1.272  *** 0.158  1.342 *** 0.175  1.170 *** –0.173 

C_DEMERSAL2 –0.259  *** 0.049  –0.253  *** 0.051  –0.211 *** 0.050 

C_NEAR 0.531  *** 0.018  0.528  *** 0.027  0.467 *** 0.029 

C_NEAR2 –0.012  *** 0.001  –0.012  *** 0.002  –0.011 *** 0.002 

C_PELAGIC 0.022  0.122  0.602  *** 0.159  0.505 ** 0.154 

C_PELAGIC2 0.034  0.024  –0.062   0.046  –0.040  0.042 

C_OTHER 0.139  *** 0.005  0.148  *** 0.009  0.151 *** 0.009 

C_OTHER2 –0.001  *** 0.000  –0.002 *** 0.000  –0.002 *** 0.000 

Geographic site attributes: 

LN_OFFDIST –0.921  *** 0.028  –0.921  *** 0.026  –0.848 *** 0.027 

SD (LN_OFFDIST) –0.529  *** 0.026  –0.469  *** 0.026  –0.290 *** 0.032 

LN_AREA 1.231  *** 0.031  1.172  *** 0.029  1.134 *** 0.028 

ISLAND 1.347 *** 0.031  1.363  *** 0.049  1.340 *** 0.051 

Error components: 

EC (TAR_DEM)     1.300  *** 0.072  1.494 *** 0.081 

EC (TAR_NEAR)     –1.385  *** 0.070  –1.624 *** 0.076 

EC (TAR_PEL)     –0.219   0.098  –0.386 *** 0.098 

EC (TAR_OTH)     1.571 *** 0.073  1.389 *** 0.075 

EC (TAR_CASUAL)     –1.193 *** 0.100  0.583 *** 0.097 

Weather conditions: 

WIND*FIW         –0.012 ** 0.004 

SD (WIND*FIW)         0.092 *** 0.005 

SWELL*FIS         –0.112 ** 0.033 

SD (SWELL*FIS)         –0.003  0.060 

LL –25,143.89  –23,776.43  –23,697.28 

      

Significant preference heterogeneity was found for travel cost (SD (T_COST)), offshore 

distance (SD (LN_OFFDIST)), and wind (SD (WIND*FIW)), but not swell (SD 

(SWELL*FIS)). Significant heterogeneity for preferences of offshore distance and wind 

suggest that future applications of on-the-water site choice should attempt to capture 

this variability either through random variables or the inclusion of observed attributes 

such as boat size. 
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A range of error component structures were explored to capture observed patterns of 

target species substitutability. Separate error components were found to exist for each 

of the target species groups. This supports the intuition of the nested logit models often 

used in the literature to capture increased substitution within a target species. Our 

model further suggests error correlations between choice of targeting nearshore and 

other species (labelled TAR_CASUAL in Table 3.2). This suggests that whilst 

‘nearshore’ and ‘other’ are distinct targeting modes, they share some similarities which 

makes them better substitutes for each other than for demersal or pelagic targeting 

alternatives. Most likely, this reflects that the nearshore and other species groups 

mainly comprise small species in nearshore environments.  

Part-worth estimates for the value of fish can be estimated by dividing the expected 

utility of a given amount of expected catch by the conditional travel cost parameter. We 

report the value of the first and second fish, as well as the mean value of reported 

caught fish in Table 3.3. The ranges of values for all species sit within the range 

reported by the meta-analysis study of Johnston et al. (2006) and match well with 

previous studies in Western Australia, though species groupings differ somewhat 

(Raguragavan et al., 2013).  

The negative quadratic term in the RUM indicates diminishing marginal utilities for 

retention of all species, and this is reflected in their part-worth’s (Table 3.3). Most 

species demonstrated relatively small diminishing marginal utilities; however, the 

diminishing effect was extremely strong for dhufish, with the first fish worth A$22.53, 

and the second fish having a negative marginal utility of A$–4.87 (based on 

EC_Weather). This well exceeds levels of diminishing utilities reported by other studies 

(e.g. Gillig et al. (2000)) and estimates for other species in this study. The negative 

utility of the second fish is difficult to explain. It is tempting to ascribe this disutility to the 

bag limits of one dhufish per licenced fisher, and two per boat in the West Coast 

Bioregion; however, as expected catch was constrained to fall within these bag limits, 

the negative disutility of the second dhufish reflects a genuine disutility, and not that the 

second fish could not be retained. An alternative explanation is that fishers, most of 

whom are averse to releasing dhufish because of high release mortality rates, avoid 

areas where they might catch lots of dhufish for fear of having to release some due to 

bag and size limits. 
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Table 3.3. Part-worth’s (A$/fish) for the first, second, and mean number of fish caught by species group. 

Variables 

ML_NoWeather  EC_NoWeather  EC_Weather 

First Second Mean  First Second Mean  First Second Mean 

Dhufish 22.03 –5.44 11.22  36.47 –8.08 14.65  22.53 –4.87 15.50 

Snapper 9.18 6.53 5.86  12.59 9.39 6.37  6.97 5.22 6.04 

Demersal 6.22 3.03 3.60  9.37 5.02 4.33  4.92 2.76 3.94 

Nearshore 3.18 3.03 2.02  4.44 4.24 2.21  2.34 2.23 1.99 

Pelagic 0.35 0.77 0.35  4.65 3.60 2.41  2.39 1.98 2.16 

Other 0.85 0.82 0.51  1.26 1.23 0.59  0.77 0.74 0.62 

            

3.8 Policy simulation 

Using the three RUMs, we simulate the effects of NTRs in the newly established 

Australian Marine Parks network. To do this, seven site choice options that intersected 

with the NTRs in the Australian Marine Parks network were removed, corresponding to 

approximately 3% of the model area. Whilst our RUM is of fine-scale, there was some 

spatial mismatch between the proposed reserves and the 10x10 nm grid that defined 

sites (Supplementary material). In general, the closures we simulated are larger in area 

than the actual NTRs in the Australian Marine Parks network.  

We found that the NTRs resulted in relatively small (<1%) changes in the number of 

trips targeting each species group. All three models showed that the number of trips 

targeting demersals increased, whilst trips targeting all other species groups decreased 

Table 3.4).  
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Table 3.4. Percentage change in demand for trips of each target species group with implementation of the 

Australian Marine Parks network. 

Variables ML_NoWeather EC_NoWeather EC_Weather 

Demersal 0.663 0.487 0.469 

Nearshore –0.083 –0.117 –0.054 

Pelagic –0.235 –0.287 –0.208 

Other –0.980 –0.660 –0.713 

    

The spatial pattern of changes in number of trips showed extremely similar patterns for 

all models, suggesting that changes in trip demand for on-the-water sites under reserve 

scenarios are robust to model specification. Due to the similarities we only show 

changes for EC_Weather (Figure 3.2). Most displaced trips were allocated to adjacent 

grids, and the greatest increases in trip numbers occurred where there were few 

adjacent grids (e.g. when coastal grids were closed). This substitution pattern seems 

realistic, and reflects that adjacent grids share many attributes in common.  

 

Figure 3.2. Change in predicted number of trips (relative to the status quo) using the EC_Weather model 

with implementation of the no-take marine reserves (NTRs) in the Australian Marine Parks network. 
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Table 3.5 shows welfare changes for boat-based line fishers due to implementation of 

the NTRs in the Australian Marine Parks network within our study region. Overall 

welfare changes were relatively low and heterogeneous across the population. Median 

welfare change for all models was less than A$ 0.01 per year, but approximately 16.7% 

of fishers experienced a welfare change of more than A$ 1 per year, and these fishers 

account for 94% of the welfare effects. Given the low welfare estimates, we sought to 

validate our model against Haab et al. (2008) who estimate mean per trip welfare 

losses of US$ 10.61 for the closure of all coastal grids in Oahu, Hawaii. Re-running our 

analysis with a similar closure scenario to Haab et al. (2008) (closure of all coastal 

grids within 10 nautical miles of shore) yielded comparable, but slightly higher, welfare 

losses of A$ 30 per trip (US$ 22 per trip). We are therefore confident that the low 

welfare estimates for the welfare effects of the Australian Marine Parks network are 

reasonable. Scaling the welfare estimates to the entire population of RBFL license 

holders suggests the NTRs in the south-west Australia portion of the Australian Marine 

Parks network has resulted in a reduction in boat-based line fishing welfare of 

A$ 46,478 per year based on the EC_Weather model.  

Table 3.5. Welfare changes due to implementation of the no-take marine reserves in south-west Australian 

portion of the Australian Marine Parks network. Calculations based on n=2,972 fishers in sample over 

three years, and a sampled population ratio of 1:42.6. Medians are shown instead of means due to 

skewed welfare changes. 

Model 

Number of 
fishers 

affected 

Median Welfare 
change 

(A$/person/year) 
IQR 

Number with 
welfare 

change more 
than A$1/year 

In sample total 
welfare change 

(A$/year) 

Population 
total welfare 

change 
(A$/year) 

ML_NoWeather 
2,291 

(77.1%) 
–0.00 

(–0.27 - 0.00) 
492 (16.6%) –1,190 –50,682 

EC_NoWeather 
2,293 

(77.2%) 
–0.00 

(–0.34 - 0.00) 
495 (16.7%) –1,116 –47,551 

EC_Weather 
2,297 

(77.3%) 
0.00 

(–0.37 - 0.00) 
496 (16.7%) –1,091 –46,478 

      

3.9 Concluding remarks 

This study models on-the-water site and target species choices of boat-based 

recreational fishers in south-west Australia. It develops a novel approach for including 

weather conditions in on-the-water site choice models, and explores the use of error 
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components to account for complex patterns of target species substitution. The 

importance of both innovations is tested in the context of calculating welfare estimates 

for NTRs in the newly established Australian Marine Parks network within our study 

region. 

We find that accounting for target species substitution patterns and weather conditions 

significantly improves model fit. However, the models predict similar welfare impacts 

from the NTR scenario. We suspect that including complex patterns of species 

substitution had little impact on welfare estimates because, faced with spatial closures, 

fishers tended to switch sites rather than target species. As such, accounting for target 

species substitution is likely more important for assessing the effects of policies that 

affect a single target species such as bag limit changes. Future research should 

consider whether the policy of interest is likely to lead to target species switching in 

deciding whether to account for complex patterns of species substitution. Where 

switching is likely to occur, and some target modes are more similar than others, we 

demonstrate that error components can be used to capture complex patterns in target 

species substitution. 

A surprising result of this study is that weather conditions had little impact on welfare 

estimates of NTRs. We expected that accounting for weather conditions would 

emphasise the uniqueness of sheltered sites, decreasing site substitutability, and 

increase welfare losses from NTRs. However, we found the opposite: accounting for 

weather decreased welfare losses slightly. A likely explanation is that many of the 

NTRs simulated were offshore in un-sheltered conditions. As such, accounting for 

weather may have increased the substitutability of neighbouring sites, decreasing 

welfare loss estimates. We expect that accounting for weather conditions would be 

more important in NTR scenarios affecting sheltered sites and this should be 

considered in future studies. We have demonstrated that widely available data from 

weather stations and wave buoys can be combined with site specific fetch 

measurements to introduce weather conditions into on-the-water site choices.  

There are several ways for future research to expand on the themes of target species 

switching and weather conditions explored in this paper. Future applications could use 

spatial meteorological models to generate on-the-water weather conditions rather than 

using fetch to scale conditions from weather stations and wave buoys. Spatial 

meteorological models would most likely better capture conditions experienced on the 

day. Additionally, whilst our study shows preference heterogeneity for wind conditions, 

future applications might attempt to explain this heterogeneity using observed variables 
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such as boat size and skipper experience. On the topic of substitutability of target 

species, a critical issue that we did not explore is the restrictions boat size can impose 

on target species. For example, smaller boats are generally not suitable for targeting 

large pelagic species, and as such, future research could explain target species choice 

using boat size.  

In this study we estimate that the NTRs in the Australian Marine Parks network within 

our study region will result in a welfare loss for current boat-based line fishers of 

A$ 46,478/year, with median fisher level impacts of less than A$ 0.01/year. These 

welfare estimates are very low, suggesting that the Australian marine Parks network 

has a minimal overall impact on recreational fishing. This may reflect that the network 

was designed, through community consultation to minimise fishing impacts (Buxton 

and Cochrane, 2015).  

To evaluate the merit of the NTRs, welfare losses from recreational fishing could be 

compared to the potential benefits of the NTRs, particularly those from biodiversity 

conservation (Grafton et al., 2011). It is also important to note that the private losses a 

fisher experiences due to loss of fishing access, may be offset by values they attach to 

the conservation benefits of an NTR. In surveys of Australian recreational fishers 63% 

of fishers expressed support for established NTRs despite just 10% perceiving benefits 

of the reserve for fishing (Navarro et al., 2018), suggesting that impacts on fishing 

alone does not explain support. Quantifying the biodiversity benefits of NTR policies, 

and exploring how these benefits interact with changes in welfare from recreational 

fishing to form a fisher’s overall net welfare change we believe is an area that warrants 

further attention.  

A limitation of our NTR simulations, is that spatial mismatch occurred between 

10x10 nm sites in the model and the actual reserves in the Australian Marine Parks 

network (Supplementary material). In general, the simulated reserves are larger than 

the actual reserves, and so our model likely over-estimates welfare impacts. Future 

studies could reduce spatial mismatch by collecting finer scale site data, and defining 

sites based on habitats recognising that many MSP projects are designed around 

underlying marine habitats (Fernandes et al., 2005). Defining sites based on habitats 

can also reduce site aggregation bias by increasing within site homogeneity (Berman, 

2007; Hynes et al., 2016).  

Another potential limitation of our simulations is that the RUM imposed constraints on 

fisher behaviour. We assume that fishers faced with NTRs do not change the boat 
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ramp they launch at, the timing of their trip, or the number of trips they conduct. The 

overall effect of these behavioural constraints is difficult to predict, and reflects the net 

effect of two opposing mechanisms: (i) a reduction in fishers’ ability to substitute away 

from policy affected sites, increasing welfare estimates, and (ii) an under-estimation in 

the number of fishers affected by an NTR, decreasing welfare estimates (Haab and 

Hicks, 1999; Parsons et al., 2000). Overall, it is difficult to determine the extent of any 

bias in our welfare estimates caused by restricting fisher behaviour.  

One of the aims of this paper was to demonstrate how RUMs of on-the-water site 

choice can be used to be used to inform NTR policy. We chose to simulate the 

reserves in the Australian Marine Parks network in our study region. Similar simulations 

could be constructed for other policies and other regions using our model structure. 

Policy simulations from RUMs could be used to provide welfare estimates to inform the 

design of NTRs, and allow recreational fishers to be integrated into social cost benefit 

analyses. We believe RUMs would provide a more accurate estimate of the impacts of 

NTRs on recreational fishing than currently used area-based methods, and allow 

comprehensive cost-benefit analyses of NTR projects across sector groups. 
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3.11 Supplementary material 

3.11.1 Boosted regression tree methods 

To generate expected catch attributes in the random utility model (RUM) we used 

boosted regression trees to model realised catch (numbers retained) on a fishing trip 

as a function of fisher, trip and environmental variables. A separate boosted regression 

tree model was fit to each of the six species groups: Western Australian dhufish, 

snapper, high-value demersals, high-value nearshore, high-value pelagic and high-

value other.  

The independent variables for the analysis are shown in Table 3.6. The methods for 

deriving these variables largely follow those from an independent study for the same 
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fishery (Chapter 2). Trip and fisher variables were recorded in the survey of 

recreational fishers. Environmental variables were based on the 10x10 nm grid location 

in which each trip took place: temperature was approximated from the grid centroid 

using satellite records of sea surface temperature in 0.25 x 0.25° grids from the US 

National Oceanic and Atmospheric Administration (Reynolds et al., 2007); swell was 

based on inverse distance weighted swell height from four in-situ wave-rider buoys 

(Department of Transport, Western Australia); depth was calculated by averaging 

depth over the grid using standard Australian bathymetry (Whiteway, 2009); rugosity 

was averaged over the grid and was estimated using standard Australian topography  

(Whiteway, 2009) and the benthic terrain modeller in the arcGIS software applying a 

900x900m analysis window (Walbridge et al., 2018); latitude and longitude were based 

on the centroid of each grid. 

Table 3.6. Independent variables used to model number of fish caught for six species groups using 

boosted regression trees.  

Dependent variable Metric used in models 

Trip variables: 

Target species Self-reported target species (demersal, pelagic, nearshore and other) 

Fishing time Fishing time length (min) 

Licenced fishers Number of licenced fishers on board 

Month Month of fishing trip 

Year Survey year (2011/12, 2013/14, 2015/16) 

Time of day Time of day fishing started rounded to nearest hour 

Gear type Fishing method used (bait, lure, both) 

Fisher variables: 

Fisher age Age of fisher (years) 

Avidity 
Stated number of fishing trips reported by fisher for the 12 months prior to the 
survey: 0–10, 10–20, 20+ 

Environmental variables: 

Longitude, latitude  
Latitude and longitude of the centroid of the 10x10 nm block the fisher reported 
to have fished  

Temperature Sea surface temperature (°C) 

Swell Interpolated swell height (m)  

Depth 
Average depth across the 10x10 nm block the fisher reported to have fished 
(m) 

Rugosity Average rugosity index measured across the 10x10nm block 

  

A grid search was used to determine optimal boosted regression tree settings for the 

learning rate, tree complexity and bag fraction. For each species, all combinations of 

settings in Table 3.7 were trialled (n=60), and the combination with the lowest ten-fold 

cross-validated residual deviance was used in the final model. The optimal number of 

trees for each model in the grid search and the final model was determined by adding 
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additional trees (in steps of 50) until the cross-validated residual deviance no-longer 

improved. The BRTs were fit using the ‘dismo’ package in the R statistical software 

(Hijmans et al., 2017). Optimal settings for each species are shown in Table 3.8. 

Table 3.7. Levels of boosted regression tree settings trialled in grid search to model expected catch.  

Parameter Levels 

Learning rate 0.01, 0.05, 0.1, 0.5 

Tree complexity 1, 2, 5, 10 

Bag fraction 0.4, 0.5, 0.6, 0.75, 1.0 

 

Table 3.8. Boosted regression tree settings using in final model of expected catch for each species group.  

Species group Learnings rate Tree complexity Bag fraction 
Cross-validated residual 

deviance 

Dhufish 0.01 2 0.75 0.55 

Snapper 0.05 2 0.75 0.70 

High value demersal 0.05 1 0.75 0.57 

High value pelagic 0.01 1 0.75 1.30 

High value nearshore 0.05 1 0.60 3.80 

High value other 0.01 2 0.60 9.23 

     

Having fit the boosted regression trees to each species, the models were used to 

predict expected catch at all on-the-water fishing sites and for all trips in a fishers’ 

choice set. 

3.11.2 Boosted regression tree results 

This section presents the results of the boosted regression tree analysis. Effects plots 

are shown for each species group for the six most influential predictors, based on 

boosted regression tree importance scores: the average over all trees of the number of 

times the variable is used in a regression tree, weighted by the resulting squared 

improvement in model fit. 
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Figure 3.3. Effects plot for number of Western Australian dhufish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown.  

 

Figure 3.4. Effects plot for number of snapper caught on a fishing trip modelled using boosted regression 

trees. Only the six most important variables are shown. 
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Figure 3.5. Effects plot for number of high-value demersal fish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown. 

 

Figure 3.6. Effects plot for number of high-value nearshore fish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown. 
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Figure 3.7. Effects plot for number of high-value pelagic fish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown. 

 

Figure 3.8. Effects plot for number of high-value other fish caught on a fishing trip modelled using boosted 

regression trees. Only the six most important variables are shown. 
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3.11.3 Spatial mismatch in reserve scenario 

 

Figure 3.9. Map of study area comparing simulated no-take marine reserves and actual reserves in the 

Australian Marine Parks network.  
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4.1 Abstract 

A key challenge in the management of recreational fisheries is predicting fishers’ 

behavioural responses to policy intervention. While economic models of fisher 

behaviour exist and have been widely used in socio-economic analyses, disciplinary 

barriers have meant that such models have not been well integrated into the fisheries 

sciences or applied in recreational fisheries management. In this paper, we highlight 

the potential of an economic modelling technique known as random utility models 

(RUMs) to predict the behavioural responses of recreational fishers to management 

policies. We provide a non-technical summary and discuss how RUMs differ from other 

approaches to modelling fisher behaviour commonly used in fisheries science. Using 

data of Western Australian fishers’ on-the-water site choices, we demonstrate how 

RUMs can be used to help design more effective policies to reduce the catch of a 

species whilst minimising unintended negative impacts. Tasked with reducing the catch 

of demersal fish in the study area we simulate the effects of boat limits, temporal 

closures, and no-take marine reserves. We quantify how effective each policy is at 

reducing demersal catch. We also show that most policies had unintended effects, 

including impacts on catch of other stocks, impacts on adjacent areas, and impacts on 

fishers themselves. Our policy simulations highlight the importance of considering 

recreational fisher behaviour and show that RUMs are an effective tool for considering 

fisher behaviour in the design of policy interventions. 
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4.2 Introduction 

Fisheries management primarily seeks to alter fisher behaviour to ensure resource 

sustainability and maximise long run fishery benefits (yields or profits in commercial 

fisheries). However, the tools used by fisheries managers which include restrictions on 

fishery inputs (gear, effort, area, time) or outputs (catch) are often coarse and may 

have unintended behavioural effects. For example, seasonal closures aimed at 

reducing fishing effort are often unsuccessful, as effort is simply concentrated into 

shorter periods (Briand et al., 2004). Similarly, species-specific spatial closures and 

stricter bag limits can displace effort to adjacent and sometimes more vulnerable 

species or areas (Fogarty and Murawski, 1998; Rijnsdorp et al., 2001; Dinmore et al., 

2003; Claramunt et al., 2009). Successful fisheries policy therefore requires predictions 

of the behavioural responses of fishers to management (Hilborn, 1985; Fulton et al., 

2011; Arlinghaus et al., 2013). Nevertheless, systematic modelling of behavioural 

responses to policy remains rare.  

The potential for unintended outcomes in recreational fisheries management is 

arguably even greater than in commercial operations. Recreational fisheries require 

managers to regulate tens of thousands of fishers with diverse motivations and catch 

rates, who can dynamically switch target species and fishing locations, with potentially 

unforeseen and usually un-monitored consequences (Johnston et al., 2010; Haab et 

al., 2012; Arlinghaus et al., 2015). Developing and applying formal models to account 

for this behavioural heterogeneity should be a key element of recreational fisheries 

policy development. 

Random Utility Models (RUMs) developed in the economics literature were first used to 

model fisher behaviour over three decades ago (Milon, 1988), and in a recent review 

accounted for 35% of all published literature on recreational fisher behaviour (Fenichel 

et al., 2013). However, RUMs have been poorly integrated into the fisheries sciences, 

with just one-third of papers on recreational fisher behaviour published in the fisheries 

sciences citing any economics literature at all (Fenichel et al., 2013). This failure to 

integrate RUMs into the fisheries sciences has likely also limited the use of RUMs in 

applied recreational fisheries management. 

Several factors are thought to have contributed to the poor integration of RUMs into 

recreational fisheries sciences. Firstly, very few recreational fishing RUM studies are 

motivated by solving applied management problems, instead emphasising theoretical 

advancement in modelling approach (Hunt, 2005; Fenichel et al., 2013). By focussing 
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on model development, the potential of RUMs to contribute to applied recreational 

fisheries management is rarely fully explored. A second reason for poor integration is 

that in RUM studies, economists often emphasise the measurement of the social 

benefits and costs of policies for fishers, and downplay the ability of RUMs to simulate 

fisher behaviour (Fenichel et al., 2013). It is the behavioural simulation function of 

RUMs, and its implications for resource sustainability, that most directly responds to 

the research needs of fisheries scientists (Hilborn, 1985; Fulton et al., 2011; Arlinghaus 

et al., 2013). 

The aim of this article is to facilitate the integration of RUMs into recreational fisheries 

science and management by demonstrating how RUMs can incorporate fisher 

behaviour into policy evaluation for recreational fisheries. We first provide a summary 

of RUMs, and discuss how they differ from other behavioural approaches commonly 

used in fisheries science. We then demonstrate how RUMs can be used in applied 

recreational fisheries management using a Western Australian case study. Working 

with the Western Australian Department of Primary Industries and Regional 

Development, we use a RUM to simulate the effects of a range of policies, including 

boat limits, species-specific temporal closures, and no-take marine reserves. For each 

we show how RUM simulations can generate information on the catch reductions 

achieved as well as unintended impacts, including impacts on catch of other stocks, 

impacts on adjacent areas, and impacts on fishers themselves. We end with advice for 

fisheries scientists and managers on how to incorporate RUMs into recreational 

fisheries management.  

4.3 Literature review 

4.3.1 Random utility modelling 

In economic studies of recreational fishing, RUMs have typically been used to describe 

how fishers choose fishing sites, though other behaviours have also been modelled, 

including choice of target species, number of trips, trip timing and trip length 

(Provencher and Bishop; Hunt, 2005; Fenichel et al., 2013; Raguragavan et al., 2013). 

In this review, we focus on modelling recreational fishing site choices, but in the policy 

simulations we extend our model to consider both site and target species choices.  

RUMs of recreational fishing site choice calculate the probability that a fisher will visit a 

site based on a weighting of site characteristics the importance of which are 

determined empirically through model fit to observed individuals’ site choices. Figure 
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4.1 illustrates application of a RUM to determine the probability a fisher chooses a site 

based on the site’s characteristics. In the illustration, a fisher is observed to select a 

single fishing site from 20 potential sites (the choice set) each with characteristic travel 

costs, wind speeds, and expected catch. The first step in linking the site characteristics 

and the site choice is to create a relative measure of the quality (or attractiveness) of 

each potential fishing site. Relative site quality for each site is calculated by estimating 

weights (WTC, WWS, WEC) for each of the three site characteristics, with the weights 

reflecting the relative importance that this fisher attaches to each characteristic in 

determining overall site quality. The relative site quality (relative to all options in the 

choice set) is then calculated by taking the weighted sum over the three site 

characteristics for each site. Finally, the probability of visiting a site is typically 

calculated by dividing the 100% certainty of picking any one site (the one fishing trip) 

between all available sites proportionally to the exponential of each site’s quality.  

The second step in constructing a RUM is to fit the above model process to data on 

observed site choices. To do this, a model fitting algorithm is used to estimate site 

characteristic weights (WTC, WWS, WEC) that maximises the predicted joint probability of 

visiting the site that the fisher actually did visit. Whilst this illustration considers a single 

site choice, in real applications the model is fit to multiple observed trips from a sample 

of fishers, generally assuming that the site characteristic weights apply universally to all 

fishers or can be explained by fishers’ characteristics. 

 

Figure 4.1. Illustration of the framework for a Random Utility Model (RUM). 

Once the site characteristic weights have been estimated, the model can be used to 

simulate the effects of a policy on fishers’ site choices. For example, if a no-take 

marine reserve is created and a fishing site is closed, that site can be removed from 

the choice set, and the probability of visiting the remaining sites will increase according 
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to their site characteristics. Similarly, if bag limits are lowered the expected catches can 

be truncated at the new limit, and fishers’ site probabilities will adjust. In this way, 

RUMs can predict behavioural changes of fishers in response to different policies. 

Given an appropriate model of recreational fishing catch rate, the RUM can also be 

used to predict how the number of fish caught changes in response to the policy. 

Aside from modelling changes in effort and catch, RUMs can also predict how much a 

policy worsens or improves the recreational fishing experience, expressing changes in 

monetary units. Ratios between the estimated site characteristic weights describes the 

rate at which fishers will trade-off between the site characteristics. For example, 

– WWS/WEC is the rate fisher’s trade-off a one unit increase in wind speed for an 

increase in expected catch expressed in numbers of fish. When the denominator of the 

ratio is measured in monetary terms (such as travel cost), then the unit of the trade-off 

is monetary. For example, – WEC/WTC is the rate at which fisher’s trade-off catching fish 

and travel cost expressed in monetary units, i.e. the amount fishers are willing-to-pay to 

catch an extra fish. Similar calculations can be used to monetize impacts from fisheries 

policies such as site closures that reduce the quality that the set of site options 

available provides (at least in the short term). The calculated impact from these policy 

simulations is the amount fishers are willing-to-pay to avoid the policy, and therefore 

represent the cost of the policy to the fisher (referred to below as welfare impacts). 

These costs are not captured in financial market transactions, but are still economic 

costs to be considered in policy decisions.  

4.3.2 How does random utility modelling compare to other models of 

fisher behaviour? 

Table 4.1 provides a summary of the attributes of different models used to simulate 

recreational fishing site choice. The simplest model, at least in terms of data 

requirements, are ideal free distribution models (IFD). IFD models typically model 

aggregate fleet behaviour, allocating effort spatially to equalise some measure of site 

quality—often catch per unit effort. IFDs are relatively simple and only require data on 

the one measure of the site quality across sites. Although they have been widely used 

in fisheries science and economics (Sanchirico and Wilen, 2001; Cox et al., 2003), they 

ignore any site characteristics (including distance to site) besides the chosen quality 

measured. 
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Table 4.1. Comparison of recreational fisher behavioural models used in the fishery sciences and 

economics to model fishers’ site choice. 

Model 
Site variables allowed 
common examples 

Individual 
level 

Individual 
heterogeneity? 

Empirically 
fit to data 

(level) Examples 

Ideal free 
distribution  

1x pos. site quality 
Catch rates 

   (Cox et al., 2003) 

Gravity models 
1x pos. site quality,  
1x neg. site quality 
Lake size, distance 

  
✓ 

(fleet) 

(Leung et al., 2006; 
Bossenbroek et al., 
2007) 

Decision rule 
models 

Unlimited pos./neg. site 
qualities 
market value of 
expected catch, fuel cost 

✓ ✓  (Little et al., 2014) 

Random utility 
models  

Unlimited pos./neg. site 
qualities 
expected catch, fuel 
cost, facilities 

✓ ✓ 
✓ 

(individual) 

(Train, 1998; Haab et al., 
2012) 

      

Gravity models have also been widely used to simulate fisher behaviour, most notably 

within the ecospace modeling software (Christensen and Walters, 2004). Gravity 

models determine the number of individuals that move from an origin site (place of 

residence) to a destination site taking into account: (i) a positive quality feature of the 

destination such as catch rates, and (ii) the distance to the site (a negative site quality) 

(Leung et al., 2006). The model is fit to data on either the number of trips leaving the 

origin, or the number of trips arriving at a destination. The relative importance of the 

positive and negative site qualities can be determined empirically by fitting to observed 

aggregate behaviour (Leung et al., 2006). Like IFDs, gravity models allocate fishing 

effort at the entire fleet level, rather than modelling individual choices. They also 

assume that there is only one positive site quality measure and that the only relevant 

negative site quality variable is ‘distance to site’.  

Fisher behaviour has sometimes also been modeled using a priori specified decision 

rules (decision rule models). Typically, applications of decision rule models have been 

at the individual fisher level, with a focus on tracking the experiences of individuals, and 

incorporating learnt information into future decisions (van Putten et al., 2012). Whilst a 

number of studies have used decision rule models in commercial fisheries (van Putten 

et al., 2012), to the best of our knowledge the only application to recreational fishing is 

the effects of line fishing simulator (ELF-SIM) (Thébaud et al., 2014). Decision rule 

models often have low data requirements, particularly considering they model 

individual behaviour. However, they usually require that the analyst pre-specify the 
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rules that determines how individual fishers will behave rather than relying on observed 

choices. 

Relative to the above approaches, RUMs provide a data driven and flexible approach. 

They require information on site choices of individuals and a range of site attributes. 

RUMs offer several advantages over all of the above models: (i) site choice is made 

based on a weighting of multiple site characteristics whose importance is determined 

empirically through model fit to observed individuals’ site choices; (ii) RUMs represent 

site choice decisions at the individual level and can thus allow for differences in site 

preferences between fishers; and (iii) RUMs can be used to calculate the impacts of 

changes in fishing opportunities on recreational fishers (welfare impacts) in monetary 

term. By quantifying welfare impacts, RUMs allow social objectives to be directly 

integrated into recreational fishing management strategy evaluation. 

Another key advantage of RUMs over other behavioural approaches is that the 

methodology has been refined by a vast literature spanning several decades. Major 

extensions in recreational fisheries applications include: modeling how much and when 

to fish (Morey et al., 1993; Provencher and Bishop; Gao and Hailu, 2011); capturing 

preference heterogeneity amongst fishers for site attributes (Train, 1998; Haab et al., 

2012); and integrating fisher behaviour with fish population dynamics (Massey et al., 

2006; Gao and Hailu, 2011). A long development history also means that functions to 

fit RUMs are available in common statistical software including R, SAS, GAUSS, 

MATLAB and SPSS.  

4.4 Methods 

4.4.1 Site description and policy scenarios 

To demonstrate the benefits of RUMs for recreational fisheries management we report 

on a model of recreational fishing site and target species choice across 1,500 km of 

coastline along the south-west of Western Australia (Figure 4.2). Recreational fishing is 

extremely popular in Western Australia with approximately 31% of the population 

fishing at least once each year (Ryan et al., 2017). A key recreational species group in 

the south-west are a suite of long-lived demersal fish including the West Australian 

dhufish (Glaucosoma hebraicum; Richardson, 1845) and snapper (Chrysophrys 

auratus (Forster, 1801)). Stock assessments conducted in 2007 and 2009 revealed 

that these demersal species were being overfished in the West Coast Bioregion (Figure 

4.2) (Wise et al., 2007; Lenanton et al., 2009), and management changes were 
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enacted to halve the commercial and recreational catch of demersal fish (Department 

of Fisheries, 2013). More recent stock assessments in 2013 suggest that management 

changes were successful in reducing fishing mortality; however, mortality levels at the 

time remained above their sustainable management thresholds (Department of 

Fisheries, 2013). 

 

Figure 4.2. Map of Western Australian coastline showing grids used to define individual on-the-water 

fishing sites for model of recreational fisher site choice. The dashed line shows division of the West Coast 

and South Coast Bioregions.  

In this context, we use a RUM to simulate the effects of further policy intervention to aid 

the recovery of demersal fish populations. In consultation with the West Australian 

Department of Primary Industries and Regional Development, we developed a range of 

hypothetical policy interventions: (i) introducing boat limits on demersal species; (ii) 

extending a current two-month closure on the capture of demersal species; and (iii) 

implementing networks of no-take marine reserves. The boat limits and temporal 

closures were designed specifically to reduce catch of demersal fish. The no-take 

marine reserve scenarios are not designed to reduce demersal catch, but rather as 

tools for biodiversity conservation. Nevertheless, no-take marine reserves can interact 

with recreational fisheries management objectives and are therefore included here. For 

each policy type (boat limits, temporal closure, reserves) we developed two policy 

interventions corresponding to a small and a large change from the status quo (Table 
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4.2). For boat limits, we simulate implementing a mixed demersal boat limit in the West 

Coast Bioregion of four fish for the small change scenario (Boat limitSMALL), and one 

demersal fish per boat for the large change (Boat limitLARGE). Note that the mixed 

demersal boat limit refers to the total boat retained, aggregate catch of dhufish, 

snapper, and all other species in the demersal suite. The temporal closure scenarios 

involved extending the current closure (October to December) on the capture of 

demersal species in the West Coast Bioregion (Figure 4.2) to four months (September 

to December: Temporal closureSMALL) or to six months (July  to December: Temporal 

closureLARGE). Finally, the small change marine reserve scenario (Marine reserveSMALL) 

approximates the reserves in the soon to be implemented Ngari Capes Marine Park, 

and recently implemented Australian Marine Parks network. The large change marine 

reserve policy (Marine reserveLARGE) is identical to the small change reserve policy but 

with additional reserves including approximately 20% of coastal locations throughout 

the study area (Table 4.2). Each of the six policies were implemented independently.  
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Table 4.2. Description of policies simulated in this study. Status quo is included for comparison. Boat limits 

shown in bold highlight changes from the status quo. 

Policy type Status quo  Small change scenarios 
Large change  
scenarios 

Boat limits 

Fisher limits: 
Pink snapper            
Dhufish 
Mixed demersal fish 
 
Boat limits: 
Dhufish 
Mixed demersal fish  
(set by fisher limits) 

 
2 
1 
2 
 
 
2 
~ 

Fisher limits: 
Pink snapper            
Dhufish 
Mixed demersal fish 
 
Boat limits: 
Dhufish 
Mixed demersal fish 
 

 
2 
1 
2 
 
 
2 
4 

Fisher limits: 
Pink snapper            
Dhufish 
Mixed demersal fish 
 
Boat limits: 
Dhufish 
Mixed demersal fish 

 
1 
1 
1 
 
 
1 
1 

Temporal demersal 
closure 

Landings of demersal 
species prohibited: 
15 Oct - 15 Dec 

Landings of demersal 
species prohibited: 
15 Sept - 15 Dec 

Landings of demersal 
species prohibited: 
15 July - 15 Dec 

No-take marine 
reserve 

 
 

 

 

  

4.4.2 Data and model description 

The data used for the construction of the RUM were obtained from three sets of 12-

month phone diary surveys of recreational fishers conducted in 2011/12, 2013/14, and 

2015/16 by the Western Australian Department of Primary Industries and Regional 

Development (Ryan et al., 2013; Ryan et al., 2015; Ryan et al., 2017). A separate 

panel of fishers were recruited into each 12-month survey from a list of Recreational 

Boat Fishing Licence (RBFL) holders. The sample frame included all fishers over 5 

years old, holding a RBFL licence in the 12-months prior to the survey, and who 

intended to fish in the survey period. Each month during the survey period, participants 

were called by trained interviewers and details of each boat-based fishing trip taken in 

the month prior were recorded. Trip data included details of effort (party size, hours 

fished, target species), fishing location (boat ramp and on-the water location), and 

retained and released catch by species. For the purpose of this study, we considered 
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all trips taken to the study area, launching at a public boat ramp, and using line fishing 

gear (including bait and lures). This included 10,243 fishing trips taken by 2,972 fishers 

across the three sampling years.  

For each trip, given the boat ramp the fisher launched at, fishers reported a discrete 

fishing site defined by a 10x10 nm grid (Figure 4.2). In total there were 576 grids 

available; however, for the RUM we limited the options of fishing sites to grids within 

100 km one-way travel distance from the boat ramp. Fishers also reported a target 

species which were classified into four species groups (demersal, nearshore, pelagic, 

and other). This resulted in fishers making a choice between, on average, 180 fishing 

site and target species combinations. Given that fishers already chose from a large 

number of site and target species options, we do not model other potential changes in 

fisher behaviour such as changes in boat ramp, changes in trip timing, or changes in 

number of trips.   

The attributes defining each site and the coefficients (weights) of the estimated RUM 

can be found in the Supplementary material. The travel cost variable is the two-way 

boat fuel cost assuming consumption of 2.5 L/km and fuel cost of $1.40/L. Expected 

catch (numbers per trip) is used in the model as a site characteristic driving fisher site 

choice, but also to estimate the catch the fisher takes given their behaviour. Expected 

catch for each species was based on predictions from a boosted regression tree fit to 

reported catch of each species group from the same data used to fit the RUM 

(Supplementary material). Predicted on-the-water swell and wind conditions were also 

included in the model. We estimate a variant of the RUM known as a mixed-error 

component logit model which allows for heterogeneity in fishers’ preferences for site 

characteristics, and for complex patterns of substitution between target species 

alternatives. Full details of the model estimation can be found in Chapter 3. 

4.5 Results 

4.5.1 Effects on catch of demersal species 

We evaluate the effect of each policy in Table 4.2 on the catch of demersal fish by 

using the RUM to simulate the induced change in effort (relative to the status quo), and 

evaluating the resulting change in catch using boosted regression trees. The 

simulations show marked variations in the ability of the six policies to reduce demersal 

catch (Figure 4.3). In terms of catch of the entire demersal suite (reported as ‘dem’), 

the greatest reduction was achieved by the one demersal fish boat limit (Boat 
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limitLARGE) (31.1%; CI: 28.8% – 33.5%). The second greatest reduction was achieved 

by the six-month temporal closure (Temporal closureLARGE) reducing demersal catch by 

17.7% (CI: 16.6 – 18.7%), followed by the four-month temporal closure (Temporal 

closureSMALL) (8.6% reduction; CI: 8.0 – 9.1%). The four demersal fish boat limit (Boat 

limitSMALL) was ineffective at reducing demersal catch (<2%), as were the marine 

reserves (<1%).  

Differences were also apparent in the effects of each policy on the catch of dhufish and 

snapper specifically (Figure 4.3). The temporal closures were slightly more effective in 

reducing snapper and dhufish catch compared to the catch reductions for the entire 

demersal suite. In particular, the six-month closure (Temporal closureLARGE) reduced 

snapper catch by 25.7% (CI: 23.1 – 28.4%), whilst only reducing catch of all demersals 

by 17.7%. The added effectiveness of the six-month closure for reducing snapper catch 

likely reflects the prevention of snapper fishing in the Austral winter months when 

snapper catch-rates are high (Chapter 2). In contrast to the temporal closures, the one 

demersal fish boat limit (Boat limitLARGE) reduced catches of demersals in general more 

than dhufish and snapper specifically (Figure 4.3): the catch of dhufish was reduced by 

just 18.8% (CI: 15.9 – 21.7%) whereas demersal catch in general was reduced by 

31.1%. 
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Figure 4.3. Percentage change from the status quo in boat-based line fishers recreational catch of species 

groups in the south-west of Western Australia. Changes in demersal catch (Dem) include snapper and 

dhufish along with all other demersal species. Boat limitSMALL and Boat limitLARGE refer to the introduction of 

a mixed demersal species boat limit of four and one fish, respectively. Temporal closureSMALL and 

Temporal closureLARGE involves the extension of a closure on the catch of demersal species from the two-

month status quo to four-months and six-months respectively. Marine reserveSMALL approximates marine 

reserves in the recently implemented Australian Marine Parks network and soon-to-be implemented Ngari 

Capes Marine Park, and Marine reserveLARGE includes these reserves, but with additional reserves in 

coastal locations. Error bars are 95% confidence intervals estimated by: (i) resampling random utility 

model coefficient estimates (n=1,000) using an adaptation of the Krinsky and Robb procedure detailed in 

Haab and McConnell (2002), and (ii) bootstrapping catch predictions from the boosted regression trees 

(n=1,000). 
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4.5.2 Unintended effects on catch and effort 

Most of the simulated policies had effects on catch and effort beyond the intended 

reduction of demersal catch. Nearshore catch increased by 3.1% (CI: 2.5 – 3.6%) for 

the four-month temporal closure (Temporal closureSMALL), and 6.7% (CI: 5.5 – 7.9%) for 

the six-month temporal closure (Temporal closureLARGE) (Figure 4.3). In contrast, the 

one demersal boat limit (Boat limitLARGE) increased pelagic catch by 6.0% 

(CI: 1.8 – 11.6%) (Figure 4.3). That the temporal closures caused an increase in 

nearshore targeting, whilst the boat limits resulted in pelagic targeting may reflect the 

fact that the temporal closure affected demersal effort in winter when pelagic catch 

rates are low, whilst the boat limits mainly affected summer trips, as most demersal 

fishing trips took place in summer.  

The marine reserves had only a small effect on overall catch and effort, but led to a 

concentration of fishing effort spatially (Figure 4.4). Fishers displaced by reserves 

tended to fish in adjacent grid cells, with preference given to adjacent coastal locations. 

This increased the number of trips in several coastal locations, with the greatest 

increases occurring where reserves are concentrated into small areas. For example, in 

both scenarios closing a large area of Geographe Bay (–33.5° S) resulted in the largest 

trip increases in adjacent cells (~480 trips). Larger offshore reserves (e.g. those at 

114.5° E) and reserves in sparsely populated areas (East of 116° E) produced 

relatively little displaced effort. 
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Figure 4.4. Change from the status quo in the number of recreational fishing trips under two no-take 

marine reserve (NTR) policy scenarios. Marine reserveSMALL approximates NTRs in the recently 

implemented Australian Marine Parks network and soon-to-be implemented Ngari Capes Marine Park, and 

Marine reserveLARGE includes these NTRs, but with additional reserves in coastal locations. 

4.5.3 Effects on the recreational fisher welfare 

Using the RUM, it is also possible to evaluate how much the policies affect recreational 

fisher welfare. The estimated population total welfare impacts in Figure 4.5A provide an 

indicator of how much each policy affects the approximately 126,000 recreational 

fishers in our study area. It is often also relevant to consider how these impacts are 

distributed across a population. Figure 4.5B shows Lorenz curves for the six simulated 

policies, providing indicators of how evenly welfare impacts are spread across the 

population. The further a policy sits from the 45-degree line, the more unevenly welfare 

impacts are distributed across fishers.  

Together, the total welfare impacts (Figure 4.5A) and their distribution (Figure 4.5B) 

show distinctive patterns for each policy. The four demersal fish boat limit (Boat 

limitSMALL) had the lowest welfare impacts by far; however, it also had the most unequal 

distribution of welfare, with all welfare changes being borne by just 3% of the 

population. This impact distribution reflects that very few fishers (3%) caught enough 

demersal fish to be affected by a four demersal boat limit which explains why 



Chapter 4 Random utility models for recreational fishery management 

113 
 

reductions in demersal catch were so low for this policy (Figure 4.5A). In contrast, the 

one demersal fish boat limit produced an intermediate level of welfare impacts, which 

were more evenly spread, affecting 70% of fishers. The four-month temporal closure 

(Temporal closureSMALL) and the small change marine reserve policy (Marine 

reserveSMALL) caused comparable total welfare losses of approximately $100,000 per 

year10. However, the marine reserve policy distributed these impacts more evenly over 

the population than the temporal closure. The highest welfare impacts were for the six-

month temporal closure (Temporal closureLARGE) and large change marine reserve 

policy (Marine reserveLARGE). Again, the impacts were more evenly spread across the 

population for the marine reserve relative to the temporal closure. These estimated 

welfare impacts can be used to select policies that minimise the cost to recreational 

fishers, and distribute costs evenly across the fishing population.  

 

Figure 4.5. Welfare impacts of six policies on boat-based line fishers in the south-west of Western 

Australia. Figure 4.5A shows the total welfare impacts across the population of fishers, calculated by 

converting the sample total (n= 2,972 fishers) annual welfare impacts to a population total given a sample 

fraction of approximately 2.3%. Error bars are 95% confidence intervals estimated by resampling the 

random utility model coefficient estimates (n=1,000) using an adaptation of the Krinsky and Robb 

procedure detailed in Haab and McConnell (2002). Figure 4.5B shows the distribution of these welfare 

impacts across the population using Lorenz curves. The further policies sit from the black 45-degree line 

the more unequally the welfare impacts are distributed amongst the population. 

In Figure 4.6, we show the sample total welfare change associated with a 1% catch 

reduction for demersals in general, and dhufish and snapper specifically. This cost is 

interpretable as the efficiency of the policy at reducing demersal catch whilst 

                                                
10 Welfare impacts are expressed in Australian dollars for the survey period (2011-2016)  
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minimising impacts on fishers. This information can be used to guide more efficient 

policy decisions. We only show the three policies that led to significant reductions in 

demersal catch: Boat limitLARGE, Temporal closureSMALL, and Temporal closureLARGE. 

Figure 4.6 shows that the boat limit is more efficient than both temporal closure policies 

for reducing demersal and snapper catch but was not significantly different from the 

temporal closures in reducing dhufish catch. 

 

Figure 4.6. Cost in terms of recreational fisher welfare for achieving a 1% catch reduction of demersal fish 

for three policy scenarios. Boat limitLARGE refers to the introduction of a mixed demersal species boat limit 

one fish. Temporal closureSMALL and Temporal closureLARGE involve the extension of a closure on the catch 

of demersal species from the two-month status quo to four- and six-months respectively. Error bars are 

95% confidence intervals estimated by: (i) resampling the random utility model coefficient estimates 

(n=1,000) using an adaptation of the Krinsky and Robb procedure detailed in Haab and McConnell (2002), 

and (ii) bootstrapping catch predictions from the boosted regression trees (n=1,000). 

4.6 Discussion 

The need to consider behaviour in recreational fisheries management is becoming 

increasingly apparent (Hilborn, 1985; Fulton et al., 2011; Arlinghaus et al., 2013). 

However, disciplinary boundaries have meant that a rich economics literature on 

recreational fisher behaviour has largely been overlooked (Fenichel et al., 2013). In this 

article we aim to highlight the contributions RUMs of recreational fisher behaviour can 

make to recreational fisheries management. RUMs can be used to simulate the 

behavioural response of recreational fishers to most commonly used policy 

interventions—we have shown application to boat limits, species-specific temporal 

closures, and no-take marine reserves. Simulating the effects of these policies using 

RUM allows fisheries managers to forecast changes in fishing effort (across space and 
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across target species), changes in catch of species, and changes in recreational fisher 

welfare. These outputs together make RUMs a comprehensive tool for designing 

effective policy solution, and respond to the need to incorporate fisher behaviour in 

recreational fisheries management (Hilborn, 1985; Fulton et al., 2011; Arlinghaus et al., 

2013).  

In this paper, we illustrate the benefits of RUMs by applying them to a core challenge of 

recreational fisheries management: designing a policy intervention that reduces the 

catch of a species group whilst minimising unintended negative consequences. 

Simulating boat-based line fishers’ choices of site and target species in Western 

Australia we evaluate the effects of boat limits, temporal closures, and spatial closures 

for reducing catch of demersal fish. The simulations showed that the six policies tested 

varied dramatically in their ability to reduce catch of the target species group, with a 

one demersal fish per boat limit achieving the greatest catch reductions. This one 

demersal fish limit was also the most efficient, in terms of reducing catch of demersal 

fish at the lowest social cost to recreational fishers. The RUM also highlighted that all 

policy interventions had unintended consequences: boat limits tended to increase catch 

of pelagic species, temporal closures on capture of demersal fish increased catch of 

nearshore species, and no-take marine reserves concentrated fishing effort spatially. 

The findings of unintended effects of the simulated policies potentially pose resource 

sustainability concerns, highlighting the need to integrate fisher behaviour into policy 

evaluation.  

It is also important to note that extensions of the model used here are available. For 

example, we only consider fishers choice of on-the-water site and target species, but 

extensions of RUMs are available that model decisions about, boat ramp used (Haab 

et al., 2008), the timing of trips, and the number of trips (Morey et al., 1993; Provencher 

and Bishop; Gao and Hailu, 2011). Further, RUMs can be integrated with fish or 

ecosystem models to capture feedbacks in the system (Massey et al., 2006; Gao and 

Hailu, 2011). These model extensions can be used to alleviate some of the strongest 

assumptions in our analysis; for example, that fish populations do not recover following 

policy intervention, and that fishers do not adjust their trip timing in response to 

policies.  

Given their potential for policy evaluation we think RUMs should be widely applied in 

the day-to-day management of recreational fisheries. However, we also perceive there 

to be two major barriers to the widespread use of RUMs. The first barrier is availability 

of suitable data. RUMs of fishing site choice at a minimum require data on actual sites 
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chosen at the individual trip level (Cooke and Cowx, 2004). Whilst this data is often not 

available, globally efforts to monitor recreational fishing catch and effort are expanding 

and in many cases this data can be co-opted for use in a RUM as it was for the 

simulations conducted in this paper (Ryan et al., 2017; Holdsworth et al., 2018). 

However, simulating spatial policies will require finer scale data than is typically needed 

to monitor catch and effort. As such, when designing monitoring programs, managers 

should consider collecting finer scale site choice data than they might otherwise.  

A second obstacle to integrating RUMs into recreational fisheries management is 

disciplinary differences and expertise. The economics literature developing RUMs has 

often focussed on methodological developments rather than application, resulting in an 

intimidating array of modelling options the importance of which can be difficult to judge 

for those unfamiliar with the wider literature (Fenichel et al., 2013). In general, the most 

basic RUMs (e.g. logit or nested logit) provide a suitable starting point as they are 

simple to estimate and often perform surprisingly well, sometimes outperforming more 

complicated models (Provencher and Bishop, 2004). Alternatively, fisheries managers 

interested in RUMs should collaborate with economists. Fenichel et al. (2013) showed 

that most RUM applications in the fisheries science literature had at least one 

economic co-author, suggesting that for now at least seeking out economists to 

collaborate with is a wise option. Finally, economists should consider developing RUMs 

with the explicit objective of addressing applied fisheries management problems. Doing 

so would further facilitate the adoption of RUMs, and therefore fishery behaviour, into 

recreational fisheries management. 

4.7 Conclusions 

RUMs of recreational fishing site choice address the urgent need for incorporating 

recreational fisher behaviour into day-to-day recreational fisheries management. RUMs 

can be used to simulate most commonly used policy interventions, and provide 

recreational fisheries managers with much needed information about the intended and 

unintended consequences of a policy. However, RUMs have been poorly integrated 

into recreational fisheries sciences and management. In this study, we illustrate the 

potential of RUMs to contribute to recreational fisheries management by simulating the 

effects of changes in boat limits, temporal closures and no-take marine reserves with 

the aim of reducing catch of demersal fish in a recreational boat-based line fishery in 

Western Australia. Our simulations show that a one-demersal fish boat limit produced 

the greatest demersal catch reduction and was efficient in reducing catch with minimal 
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impacts on recreational fishers. We also find that most policies had unintended 

consequences that can be anticipated using a RUM: boat limits increased catch of 

nearshore species, temporal closures increased catch of pelagic fish, and spatial 

closures increased fishing effort in nearby locations. It is the ability of RUMs to predict 

these unintended consequences of policies that makes them an ideal tool for 

incorporating fisher behaviour into recreational fisheries management. 
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4.9 Supplementary material 

4.9.1 Details of random utility model 

This section contains details of the random utility model (RUM) of recreational site 

choice used to conduct policy simulations. The RUM was developed in an independent 

study (Chapter 3). The variables in the model are described Table 4.3, and the 

parameter estimates are provided in Table 4.4.  

Table 4.3. Variable descriptions for random utility model of recreational fishing site choice used for policy 

simulations.  

Label Description 

T_COST Travel cost (boat fuel A$) 

Expected catch: 

C_DHUFISH Predicted retained catch of dhufish 

C_SNAPPER Predicted retained catch of snapper 

C_DEMERSAL Predicted retained catch of high value demersal fish 

C_NEAR Predicted retained catch of high value nearshore fish 

C_PELAGIC Predicted retained catch of high value pelagic fish 

C_OTHER Predicted retained catch of high value other fish 

Geographic site attributes: 

LN_OFFDIST Natural logarithm of the distance offshore (km) 

LN_AREA 
Natural logarithm of the size of the site (km2). Whilst grids are 10x10 nm some intersect 
with land reducing their size 

ISLAND Presence of a major island (0,1) 

Weather conditions: 

WIND*FIW Wind speed times wind fetch index 

SWELL*FIS Swell height times swell fetch index 

Error components: 

TAR_DEM Alternative targeting demersal fish (0,1) 

TAR_NEAR Alternative targeting nearshore fish (0,1) 

TAR_PEL Alternative targeting pelagic fish (0,1) 

TAR_OTH Alternative targeting other fish (0,1) 

TAR_CASUAL Alternative targeting either nearshore or other fish (0,1) 
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Table 4.4. Parameter estimates for random utility model of recreational fishers’ on-the-water site choice 

used for policy simulations. 

Variables Coeff. S.E. 

T_COST –0.203 *** 0.003 

SD (T_COST) 0.102 *** 0.003 

LN_OFFDIST –0.848 *** 0.027 

SD (LN_OFFDIST) –0.290 *** 0.032 

LN_AREA 1.134 *** 0.028 

ISLAND 1.340 *** 0.051 

C_DHUFISH 7.056 *** 0.236 

C_DHUFISH2 –2.668 *** 0.140 

C_SNAPPER 1.529 *** 0.167 

C_SNAPPER2 –0.171 *** 0.038 

C_DEMERSAL 1.170 *** -0.173 

C_DEMERSAL2 –0.211 *** 0.050 

C_NEAR 0.467 *** 0.029 

C_NEAR2 –0.011 *** 0.002 

C_PELAGIC 0.505 ** 0.154 

C_PELAGIC2 –0.040  0.042 

C_OTHER 0.151 *** 0.009 

C_OTHER2 –0.002 *** 0.000 

EC (TAR_DEM) 1.494 *** 0.081 

EC (TAR_NEAR) –1.624 *** 0.076 

EC (TAR_PEL) –0.386 *** 0.098 

EC (TAR_OTH) 1.389 *** 0.075 

EC (TAR_CASUAL) 0.583 *** 0.097 

WIND*FIW –0.012 ** 0.004 

SD (WIND*FIW) 0.092 *** 0.005 

SWELL*FIS –0.112 ** 0.033 

SD (SWELL*FIS) –0.003  0.060 

LL –23,697.28 

  

4.9.2 Expected and realised catch analysis 

The species groupings used in the RUM of fisher behaviour were based on high-value 

species within four suites of species used to set recreational fishing rules in the study 

area (demersal, nearshore, pelagic other). Whilst high-value species are well suited as 

drivers of fisher behaviour and used as such in the present study, additional catch-rate 

models are required in this analysis to estimate how the policies affect realised catch of 

all species in each species suite (including high and low value species). 

To do this we extended upon the previous analysis (Chapter 3) by estimating catch 

models for four additional species groups: low-value demersal, low-value nearshore, 
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low-value pelagic and low-value other. The effects plots for the six most influential 

predicts for each species are shown below.   

To simulate the introduction of a mixed demersals boat limit, expected catches of 

demersals (now including high-value demersals, low-value demersals, dhufish and 

snapper) were truncated at the boat limit. Where the sum over the four species groups 

exceeded the boat limit, expected catch was allocated in order of species value as 

indicated by the RUM. Catch was first allocated to dhufish, then snapper, then high-

value demersals and finally low-value demersals. These now adjusted catch 

expectations at each site were used to simulate fisher behaviour conditional on the 

policy change.  

Realised total catch of each species group (demersals, nearshore, pelagic other) 

conditional on fisher behaviour was calculated by summing over the sub-species 

groups. For demersals this included summing of expected catch of dhufish, snapper, 

high-value demersals and low-value demersals. For nearshore, pelagic and other 

species groups sums were taken over the high and low value species. Where any bag 

limits were exceeded catch was again allocated by species value, allocating to high 

and then low value species.  

 

Figure 4.7. Effects plot for number of low-value demersal fish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown. 
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Figure 4.8. Effects plot for number of low-value nearshore fish caught on a fishing trip modelled using 

boosted regression trees. Only the six most important variables are shown. 

 

Figure 4.9. Effects plot for number of low-value pelagic fish caught on a fishing trip modelled using boosted 

regression trees. Only the six most important variables are shown. 
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Figure 4.10. Effects plot for number of low-value other fish caught on a fishing trip modelled using boosted 

regression trees. Only the six most important variables are shown. 
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5.1 Abstract 

No-take marine reserves are essential for scientific monitoring, likely to contribute to 

the sustainability of targeted species, help to buffer biodiversity loss due to climate 

change impacts, and provide public education, tourism and diverse economic benefits 

to local communities. However, the establishment of no-take marine reserves has been 

a contentious policy in several countries because of a perception that recreational 

fishers are opposed to reserves. Nevertheless, it is unclear whether negative 

perceptions about reserves are widespread amongst recreational fishers, and whether 

perceptions change after the reserve has been created. In this study, recreational 

fishers were surveyed in ten Australian marine parks to determine levels of support and 

beliefs about the benefits and costs of no-take marine reserves. A ‘space-for-time’ 

approach was used to explore whether support is higher in older reserves. The results 

suggest that most recreational fishers who fish in established marine parks are 

supportive of the no-take marine reserves within them. On average, 63.3% of fishers 

support no-take marine reserves in their marine park, and 17.8% are opposed. Further, 

recreational fishers’ support for no-take marine reserves increases markedly with 

reserve age. This research indicates that most recreational fishers are supportive of 

no-take marine reserves within marine parks and that support increases over time. 
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5.2 Introduction 

No-take marine reserves (NTRs) are areas of the sea set aside from all fishing, 

removal, and disturbance. NTRs have been demonstrated to be essential for scientific 

monitoring (Langlois and Ballantine, 2005), likely to contribute to the sustainability of 

targeted species (Russ, 2002; Grafton et al., 2009), help to buffer biodiversity loss due 

to anthropogenic impacts (Graham et al., 2008), and provide public education, tourism 

and diverse economic benefits to local communities (Hunt, 2008). However, despite 

international commitments to protect 10% of the world's oceans by 2020, just 0.59% of 

the global ocean area is currently protected by NTRs (CBD, 2011; Thomas et al., 

2014). 

Failure to gain the support of key stakeholders has been a major factor limiting the 

establishment of NTRs (Salmona and Verardi, 2001; Taylor and Buckenham, 2003; 

Wescott, 2006; Weible, 2008; Voyer et al., 2012; McClenachan, 2013). In particular, 

recreational fishers and their representative interest groups have often opposed NTR 

proposals (Wescott, 2006; Weible, 2008; McClenachan, 2013). The resulting 

perception that recreational fishers are opposed to NTRs has led policy makers to limit 

or delay the use of NTRs. Examples include: failure of initial attempts to create a NTR 

network in California (Weible, 2008), concessions allowing some recreational fishing in 

reserves in New Zealand (Denny and Babcock, 2004) and a recent reduction in the use 

of NTRs in Australia’s Commonwealth Marine Reserve network (now Australian Marine 

Parks network) (Hunt and Colbeck, 2013; Director of National Parks, 2018). 

Fishing is an important recreational activity; it is estimated that—across the developed 

world—10.5% of the population engage in recreational fishing (Arlinghaus et al., 2015). 

Recreational fishing also has considerable associated health, social, and cultural 

benefits (McManus et al., 2011). As such, it is not surprising that the opinions of 

recreational fishers should be given due weight in the decisions about the 

implementation of NTRs (Voyer et al., 2012; Voyer et al., 2015). 

However, accurately gauging the preferences of recreational fishers on NTR policies is 

challenging. Policy makers often go to great lengths to engage recreational fishers in 

NTR decisions. For example, the creation of the Great Barrier Reef Marine Park 

(GBRMP) in Australia involved over 600 consultation meetings (Osmond et al., 2010). 

However, there are at least two reasons why the feedback received in community 

consultations during NTR planning could be misleading. First, fishers participating in 

these consultations may not represent the interests of the wider fishing community. For 
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example, fishers who attended meetings during the formation of the GBRMP were 

more likely to oppose NTRs compared to the wider recreational fishing community 

(Sutton, 2006). Second, by definition, consultations take place before fishers have had 

the chance to experience or understand the true consequences of the NTRs, meaning 

that fishers’ opinions could change over time, and the outcomes of these consultations 

may not represent the long-run opinions of the group they are trying to gauge. 

While there are studies aimed at understanding recreational fishers' attitudes NTRs 

(Salz and Loomis, 2005; McGregor Tan Research, 2008a; McGregor Tan Research, 

2008b; Sutton and Tobin, 2009; Stevenson et al., 2012; Arias and Sutton, 2013; 

Hoelting et al., 2013; Martin et al., 2016; Hastings and Ryan, 2017) two key research 

gaps remain. First, there is a lack of conclusive evidence at national levels about 

recreational fishers’ attitudes to established no-take marine reserves specifically. Many 

studies assess attitudes to hypothetical NTRs, or attitudes to broader spatial 

management policies such as marine parks (MP) —which often include NTRs but also 

contain other forms of spatial zoning (Salz and Loomis, 2005; Sutton and Tobin, 2009; 

Stevenson et al., 2012; Arias and Sutton, 2013; Martin et al., 2016; Hastings and Ryan, 

2017). Further, all previous studies have focused on single case studies, making their 

results of limited use in informing a nation-wide NTR debate. Secondly, only one study 

has examined whether fishers’ support for MPs increases over time (Sutton, 2008); 

however, their findings are unreliable as fishers were asked to recall previous level of 

support, a task subject to strong recall bias (Markus, 1986). 

This study focuses on the case of Australian recreational fishers’ attitudes towards 

NTRs. The Australian case study is of interest because of its high fishing participation 

rates (Arlinghaus et al., 2015), and the level of controversy that has accompanied NTR 

proposals (Wescott, 2006; Voyer et al., 2012). Australia also has a suite of NTRs in 

which to study fishers’ attitudes, most of which are implemented in state-managed 

MPs. 

This paper presents the outcomes of surveys with recreational fishers in ten Australian 

MPs, gauging their opinions and attitudes about the NTRs in their MP. This is the first 

multi-MP study of recreational fishers’ attitudes to NTRs in Australia, and as such 

provides three major contributions over previous literature. First, by considering a 

range of MP contexts, the study contributes to the NTR policy debate in a way that 

previous single MP studies could not. Second, it addresses a lack of studies examining 

fishers’ attitudes to established NTRs. Third, considering multiple MPs allows tests of 

whether support for NTRs increases over time. Specifically, a ‘space-for time’ approach 
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is used, testing whether support for NTRs is higher in older MPs, and therefore whether 

support is likely to grow over time.  

5.3 Methods 

5.3.1 Study sites 

Ten MPs of varying ages were selected for inclusion in this study: four MPs greater 

than ten years old, two MPs between 5 and 10 years, two MPs less than 5 years, one 

MP with an unenforced but completed zoning plan (Ngari Capes MP), and one 

proposed MP (Sydney). There is currently no MP formally planned in Sydney. 

However, in 2014, the NSW labour party promised to create a Sydney MP if elected in 

the 2015 state elections (Foley, 2014). For this study, the outer boundaries of that 

Sydney MP promise (Pittwater to Port Hacking) and a scenario in which 20% of the MP 

area would be allocated to NTRs was used (Figure 5.1) 

 

Figure 5.1. Surveyed locations. Marine parks are detailed in Table 5.1. 

To increase comparability across the sample, the selected MPs are all relatively large 

(greater than 200 km2), multi-use (i.e. NTRs accompanied by other zoning measure), 

have a significant proportion of their area allocated to NTRs (more than 9%), and are 

near population centres. These criteria excluded MPs in Victoria, Tasmania, and the 

Northern Territory. Together the ten selected MPs include four Australian states and 

span ages from early stages of planning to 14 years old (Table 5.1).  
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Table 5.1. Attributes of Marine parks (MP). Marine parks locations are shown in Figure 5.1 

Marine park State 
Date enforcement 
commenced 

MP age at 
survey 
(years) 

Total MP 
Area 
(km2) 

Area in 
NTR (%) 

1. Proposed Sydney MP NSW N/A   N/A 472 20.0 

2. Ngari Capes MP WA N/A    N/A 1,238 10.9 

3. Encounter MP SA Oct 2014 a 2.5 3,124 9.0 

4. Upper Southeast MP SA Oct 2014 a 2.5 904 9.6 

5. Moreton Bay MP QLD Mar 2009 8.1 540 15.9 

6. Port Stephens Great Lakes MP NSW Apr 2007 9.8 985 18.0 

7. Ningaloo MP WA Sep 2005 11.8 873 33.4 

8. Great Barrier Reef MP QLD Jul 2004 13.0 344,400 33.3 

9. Jervis Bay MP b NSW Oct 2002 b 14.3 215 19.7 

10. Solitary Islands MP b NSW Aug 2002 b 14.4 724 12.1 

a 

b 

MPs were introduced in November 2012; however, enforcement did not commence until October 2014. 

In 2011 Jervis Bay and Solitary Islands MPs were rezoned, but the zoning was reversed to the original 2002 zoning 
after three months. 

5.3.2 Survey design and administration 

A survey was designed to elicit fishers’ opinions about NTRs. Fishers were first asked 

about the number of days they spent fishing in the last year, and the number of years 

they had fished in the MP area. To measure perceived threats to bio-physical health of 

the MP, fishers were then asked to classify seven potential threats as ‘no threat’, ‘minor 

threat’, or ‘major threat’. Following Sutton (2008),  the threats were: coastal 

development, climate change, invasive species, marine tourism, commercial fishing, 

recreational fishing and pollution 

The second section asked for fishers’ attitudes about the NTRs in the MP. Fishers were 

presented with a map of the MP and reminded that the NTRs referred to the MP zones 

where all forms of fishing are prohibited. The potential benefits and costs of the NTRs 

were not described so as not to influence fishers’ attitudes. Fishers were asked to rate 

their support for the NTRs in the MP on a five-point scale—from strongly opposed to 

strongly supportive. Following previous research (Sutton, 2008), fishers’ beliefs and 

perceptions about the NTRs were also measured. This was done across two 

dimensions: (i) fishers’ beliefs about the environmental benefits of the NTRs, and (ii) 

the perceived impacts of the NTRs on the fishing experience. Belief in environmental 

benefits were investigated using six questions based on Sutton (2008) with responses 

recorded on a five-point scale from strongly disagree (1) to strongly agree (5). The 
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wording of these questions can be found in the Appendix A. Also following Sutton 

(2008), perceived impacts on fishing were measured by asking if the NTRs had 

increased or decreased four aspects of respondent’s fishing experience: satisfaction 

with catch, overall satisfaction with recreational fishing, amount of time spent fishing, 

and ability to access quality fishing sites. Responses were recorded on a five-point 

scale from strongly decreased (1) to strongly increased (5). For both dimensions, a 

single index was constructed by taking the average response to the questions. The 

resulting environmental benefits and fishing impact indexes are composite measures of 

fishers’ beliefs/perceptions ranging from one to five. Reliability analysis indicated 

acceptable degrees of internal consistency for both indexes (Cronbach's alpha >0.80).  

The final section of the survey measured fishers’ general attitudes towards the 

environment and socio-demographic variables. General environmental attitudes were 

measured using a subset of eight questions from Milfont and Duckitts’ environmental 

attitudes inventory (Milfont and Duckitt, 2010). These questions were selected from the 

utilisation and preservation dimensions of the inventory (see Appendix A).  

Within each MP, surveys were conducted over a seven-day period between January 

and August 2017. Peak boating periods were targeted by surveying during school 

holidays or long weekends of months with weather suitable for boating in the region. 

Focusing on school holidays and long weekends was practical, maximising the number 

of surveys conducted; however, this may have introduced sample bias as some fishers 

avoid busy periods (Hailu and Gao, 2012). Within each MP, sampling effort was 

allocated relatively evenly amongst three to four major boat ramps. Where possible, 

ramps were selected to capture the entire geographic range of the MP; however, due 

to the large extent of the Great Barrier Reef MP this was not possible, and so the 

survey was limited to ramps adjacent to the major population centres of Cairns and 

Townsville. 

Potential respondents were approached to be interviewed at the boat ramps prior to or 

after launching or retrieving their boat and asked to take part in the survey. If they 

agreed screening questions were asked. Fishers were screened out if they were under 

18 years of age, had not fished in the MP in the preceding 12 months, or if they were 

not aware of the MP or the no-take marine reserves. This process yielded a total of 895 

eligible respondents of which 778 completed the survey, giving an overall response 

rate of 87%. Across MPs, the number of completed surveys varied between 38 and 

107 (Table 5.2). 
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Table 5.2. Sample description of surveys conducted with recreational fishers (n=778). 

Marine park n 
Response 
rate (%) 

Age 
mean (sd) 

range 
Males 

% 
Fishing club 

% 

Fishing 
avidity 

mean (sd) 
range 

Years fished 
in MP 

mean (sd) 
range 

Average 
threat level 
mean (sd) 

range 

Proposed 
Sydney MP 

95 77 
44.1 (12.5) 

19–71 
100.0 16.8 

30.2 (37.5) 
1–200 

20.8 (14.4) 
0–60 

2.1 (0.4) 
1.3–2.9 

Ngari Capes 
MP 

82 88 
50.9 (15.8)  

18–86 
97.6 4.9 

21.6 (34.3) 
1–200 

22.5 (16.3) 
1–70 

1.9 (0.4) 
1.0–2.9 

Encounter MP 83 95 
49.6 (15.0)  

20–78 
96.4 7.2 

28.8 (41.2) 
1–300 

18.7 (14.9) 
1–60 

1.7 (0.4) 
1.0–2.7 

Upper 
Southeast MP 

38 95 
57.5 (15.3)  

24–79 
100.0 26.3 

40.0 (43.9) 
1–200 

29.1 (17.3) 
1–63 

1.5 (0.29) 
1.0–2.1 

Moreton Bay 
MP 

77 93 
51.1 (15.0)  

18–79 
98.7 13.0 

45.2 (59.2) 
1–300 

22.1 (17.0) 
1–60 

2.0 (0.4) 
1.0–2.9 

Port Stephens 
MP 

80 72 
47.4 (13.4)  

18–75 
98.8 24.0 

27.1 (42.2) 
1–300 

17.8 (15.9) 
0–60 

1.9 (0.5) 
1.0–2.9 

Ningaloo MP 107 97 
46.8 (15.2)  

21–86 
92.5 13.1 

10.2 (13.8) 
1–70 

11.8 (10.2) 
0–45 

1.5 (0.4) 
1.0–2.4 

Great Barrier 
Reef MP 

71 93 
43.3 (12.1)  

19–70 
98.6 4.2 

11.2 (11.6) 
1–50 

13.9 (12.6) 
0–54 

1.9 (0.4) 
1.0–2.9 

Jervis Bay MP 69 90 
45.7 (14.5)  

18–79 
94.2 15.9 

17.7 (27.8) 
1–156 

17.3 (14.5) 
0–50 

1.7 (0.4) 
1.0–2.9 

Solitary Islands 
MP 

76 80 
44.7 (13.7)  

23–80 
97.4 27.6 

26.0 (32.4) 
1–150 

17.9 (14.1) 
1–50 

2.0 (0.4) 
1.3–2.9 

         

Statistical test for differences between MPs: 

Test statistic   𝑭 = 5.11a 𝝌2 = 16.64b 𝝌2 = 36.6 b 𝑾 = 88.53c 𝑾 = 55.37 c 𝑾 = 168.34 c 

P-value   <0.01 0.05 <0.01 <0.01 <0.01 <0.01 

         

TOTAL 778 87 
47.6 (14.6) 

18–86 
97.2 14.7 

24.8 (37.5) 
1–300 

18.5 (15.1) 
0–70 

1.8 (0.5) 
1.0–2.9  

a One-way ANOVA 

b Chi squared test 

c Kruskal-Wallis test 

5.3.3 Regression analysis 

To test the effect of MP age on level of fisher support for NTRs, ordinal regression was 

used (McKelvey and Zavoina, 1975). Cross-tabulation tables of the five-point support 

scale with variables of interest revealed empty cells, which cause problems with ordinal 

regression (Peterson and Harrell, 1990). As such, the dependent variable ‘support’ was 

collapsed to a three-point scale and coded: opposed (1), neutral (2), and supportive 

(3). Two versions of the model were estimated. The first is a base model that includes 

variables describing the MP and respondent characteristics. The second model 

accounts for respondent beliefs about the environmental benefits and perception of 

fishing impacts of NTRs. As such, Model 2 investigates whether changes in support are 
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due to changes in beliefs/perceptions. If they are, the effect of MP age on support 

should be captured by these belief/perception measures, and so the MP age variable 

will be not significant in Model 2. Descriptions of the model variables are provided in 

Table 5.3, with values for continuous variables centred around the sample mean.  

Table 5.3. Variables used in ordinal regression analysis to determine the effect of marine park (MP) age on 

level of fisher support for no-take marine reserves. 

Variables Type Values Description 

Dependent variable    

Support Ordinal 
Oppose (1), 
Neutral (2), 
Support (3) 

Stated level of support for no-take marine reserves 

Independent variables    

Marine park variables:    

Established MP Binary 
Yes (1), No 

(0) 
Dummy variable indicating MPs that are not yet 
implemented 

MP age Nominal 1—14.4 Age of the marine park in decimal years 

Reserve area Nominal 0—33.3 Percentage of the MP in no-take marine reserves 

World heritage Binary 
Yes (1), 
No (0) 

Dummy variable indicating world heritage sites 

Fisher variables:    

Fishing avidity Nominal 1—300 
Number of fishing trips taken per month in the last 12 
months 

Fishing years in MP Nominal 0—7 Number of decades experience fishing in the MP 

Threat level Interval 1—3 
Average level of threat reported across seven 
potential threats to the MP. High values indicate the 
MP is under greater environmental stress 

Fisher age Nominal 18—86 Fishers' age in years 

Fishing club Binary 
Yes (1), 
No (0) 

Member of a fishing club 

Male Binary 
Male (1), 

Female (0) 
Gender 

Environmental attitudes Nominal 1—5 
Composite measure of fishers' attitudes towards the 
preservation and utilisation of nature in general. High 
values indicate pro-conservation attitudes 

Environmental index Nominal 1—5 
Composite measure of fishers' beliefs in statements 
about the environmental benefits of NTRs in their MP 
(see Section 4.5.1) 

Fishing index Nominal 1—5 
Composite measure of fishers' perceptions about the 
impacts of the NTRs on their recreational fishing (see 
Section 4.5.2) 

    

Three statistical issues were addressed in the ordinal regression models. First, 

respondents to the survey were nested within ten MPs. To account for the possibility 

that unobserved variables related to different MPs affect support, a random effects 

model was estimated. Second, standard ordinal regression assumes a constant odds 



Chapter 5 Recreational fishers’ support for no-take marine reserves 

135 
 

ratio across the entire support range, with one estimated coefficient set describing both 

the neutral/opposed odds ratio and supportive/neutral odds ratio. This is known as the 

proportional odds assumption (Peterson and Harrell, 1990). To test statistical support 

for the proportional odds model, we estimated a more flexible model allowing 

coefficients to vary between the support thresholds and used likelihood ratio tests to 

check if the added complexity is justified. Third, fishers who are more familiar with the 

NTRs are likely to be more consistent in their responses to questions about it, and so 

have a smaller error variance—i.e. errors may be heteroskedastic. To account for this 

we model error variance as a function of individual fisher characteristics (Alvarez and 

Brehm, 1995). 

5.4 Results 

5.4.1 Sample description 

Most respondents were males (97.2%) and were on average 47.6 years old. 

Respondents reported to have fished an average of 24.8 times in the previous year and 

had 18.5 years of fishing experience in the MP area. Just under fifteen percent (14.7%) 

of respondents reported being a member of a fishing club (Table 5.2). 

Statistical tests indicated that fisher characteristics varied significantly between MPs 

(Table 5.2). In the Upper Southeast MP, Moreton Bay MP, and Ngari Capes MP, 

fishers tended to be older than in the other areas. Similarly, fishing avidity and fishing 

experience across the MPs varied. Fishers in the Upper Southeast MP and Moreton 

Bay MP tended to be more avid and have fished in the MP for longer compared to 

fishers in other MPs. Conversely, the least avid fishers, and those with the least fishing 

experience were found in Ningaloo MP and Great Barrier Reef MP (Table 5.2). 

Ningaloo and GBR are popular fishing holiday destinations that may attract occasional 

fishers. 

Differences between MPs were also observed in fishers’ perceptions of the level of 

anthropogenic threats to the MP (Table 5.2). Threats were perceived to be the most 

severe in Sydney MP and Moreton Bay MP, and least severe in Ningaloo MP and 

Upper Southeast MP (Table 5.2). 
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5.4.2 Support and opposition for no-take marine reserves 

Averaging across MPs, 63.3% of fishers were supportive of the NTRs in their MP, with 

18.9% neutral and 17.8% opposed. Support exceeded opposition in all cases except 

for the proposed Sydney MP. A Kruskal-Wallis test revealed that fisher support for the 

NTRs differed between MPs (Kdf=9 = 156, p < 0.001). Particularly high levels of support 

were found in Ningaloo MP with 30 fishers supportive of the NTRs for every one-fisher 

opposed, and the Great Barrier Reef MP (with a ratio of support at about 20 to one). 

The support ratios for several other MPs were also high: Solitary Islands MP (6.7 times 

more supporters), Moreton Bay MP (6.4 times more supporters), and Jervis Bay MP 

(5.4 times more supporters). In all cases, except the Encounter MP, statistical tests 

indicated responses were significantly different from neutral (Figure 5.2). 

 

Figure 5.2. Stated levels of support for no-take marine reserves in the 10 Australian marine parks (MP). P-

values indicate outcomes of Wilcoxon signed rank tests showing significant departures from neutral in all 

cases except for the Upper Southeast MP. 
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5.4.3 Beliefs about environmental benefits and perception of fishing 

impacts 

Belief in the environmental benefits of NTRs was generally high amongst recreational 

fishers. On average (across MPs), 74.5% of fishers expressed some belief in the 

environmental benefits of the NTRs, 23.2% believed the reserves have no 

environmental benefits, and 2.3% were neutral (Figure 5.3). Most fishers perceived no 

impacts of NTRs on their fishing. On average (across MPs) 58.1% of fishers indicated 

no impacts on their fishing, 32.2% reported negative impacts, and 9.7% reported 

positive impacts (Figure 5.3).  

Differences were observed between MPs in beliefs about the environmental benefits of 

NTRs (Kdf=9 = 104, p < 0.001), and the perceived impacts on fishing (Kdf=9 = 67, p < 

0.001). Positive belief about the environmental benefits of NTRs were most common in 

the Great Barrier Reef MP (93.0%), Ningaloo MP (92.5%), Moreton Bay MP (80.5%), 

and Solitary Islands MP (80.2%). Fishers in the proposed Sydney MP and Upper 

Southeast MP were particularly unconvinced about the environmental benefits of the 

NTRs (Figure 5.3). Negative perceptions about fishing impacts were most common in 

the proposed Sydney MP (67.4%), Port Stephens Great Lakes MP (42.5%), and Ngari 

Capes MP (36.6%).  
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Figure 5.3. Recreational fishers’ beliefs about the environmental benefits and recreational fishing impact of 

no-take marine reserves in each marine park (MP). Classification based on average response to multiple 

aspects of environmental benefits and fishing impacts.  

5.4.4 Fishers’ support and reserve age 

Model 1 shows that support for NTRs is higher in older MPs (Table 5.4). In addition to 

MP age, the proportion of the MP area zoned as NTR was an important predictor of 

support (Table 5.4). NTR area had a larger influence on opposition than it did on 

support (-0.095 vs -0.043). For example, increasing reserve area from 15% to 20% 

decreases initial support by just 8%, but increases initial opposition by 18%. 

Counteracting this, the MP being a world heritage site (an indicator of perceived 

environmental significance) resulted in a greater reduction in opposition than increase 

in support (Table 5.4). 

Fisher-variables associated with support included: perceptions that the MP was under 

greater threat, being older, and valuing conservation of nature over its utilisation (Table 

5.4). Variables that didn’t affect support or opposition were mainly associated with the 

respondents recreational fishing activity. These include avidity, number of years fishing 

in the MP, and whether the respondent is in a fishing club (Table 5.4). 
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Table 5.4. Generalised ordered probit model to explain support for no-take marine reserves. Model 1 is the 

base model used to detect the effect of marine P\park (MP) age. Model 2 is identical to Model 1 with 

additional control for fishers’ beliefs / perceptions about the reserves. 

 model 1  model 2 

Variable Coefficient z  Coefficient z 

MP characteristics:      

MP age 0.059 5.37***  0.043 3.53*** 

MP age^2 -0.006       -2.07**   -0.001 -0.45*** 

World heritage: Opposed|Neutral 2.345 6.47***  1.392 2.94*** 

World heritage: Neutral|Supportive 1.174 3.85***  0.301 0.83*** 

Reserve area: Opposed|Neutral -0.095 -5.86***  -0.067 -3.15*** 

Reserve area: Neutral|Supportive -0.043 -2.93***  -0.012 -0.69*** 

Fisher characteristics:      

Fishing avidity -0.002 -1.70***  0.000 0.16*** 

Fishing years in MP -0.007 -1.74***  -0.002 -0.56*** 

Threat level 0.283 2.43***  -0.037 -0.27*** 

Fishing club -0.140 -1.04***  0.147 0.91*** 

Male -0.357 -1.06***  -0.653 -1.42*** 

Fisher age 0.001 3.25***  0.001 2.92*** 

Environmental attitudes 0.732 8.74***  0.371 3.72*** 

Environmental index    0.685 10.88*** 

Fishing index    -1.317 -9.55*** 

      

Cut points:      

Opposed|Neutral 2.378 4.55***  -2.149 -2.73*** 

Neutral|Supportive 2.867 5.47***  -1.144 -1.47*** 

      

Scale coefficients (Log SD)      

Fishing years in MP 0.012 2.84***  0.002 0.62*** 

Random effects:      

Marine park (intercept) 0.003   8.159e-19  

      

n 778   778  

Log likelihood -566.24   -380.43  

*p<0.1; **p<0.05; ***p<0.01      

      

Based on Model 1, predictions were generated for the probability of an average fisher 

being supportive and opposed to NTRs if 15% of the MP area would be zoned as NTR 

(Figure 5.4). Under this scenario, the probability of an average fisher being supportive 

is predicted to be 38% in a newly created MP, compared to 56% for a 4-year old MP 

and 72% for a 14-year old MP. The non-linear trend in Figure 5.4 suggests the greatest 

increases in support with MP age occur during the early periods of a MP, suggesting a 

rapid increase in support and decreased opposition after a MP is established. 
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However, this initial increase in support is not as rapid if the proposed Sydney MP is 

excluded from the analysis (see Appendix B).  

Model 2 shows that fishers who believe more in the environmental benefits of NTRs 

are more supportive, whilst fishers who perceive greater impacts on their fishing are 

less supportive (Table 5.4). While MP age is still a significant predictor of support, 

accounting for beliefs/perceptions somewhat changed the relationship between support 

and MP age. In particular, the slope of support with MP age is lower in the first years 

after the MP is established for Model 2 compared to Model 1. This suggests that the 

observed relationship between support and MP age is partly, though not fully, due to 

changing beliefs/perceptions about the NTRs. 

 

Figure 5.4. Effect of marine park (MP) age on the probability of an average fisher being supportive and 

opposed without controlling for beliefs (Model 1) and when controlling for beliefs (Model 2). Predictions are 

based on ordinal regression models of support for no-take marine reserves (Table 5.4). 

5.5 Discussion 

This study found that recreational fishers within Australian MPs generally have high 

levels of support for NTRs. On average, 63.3% of fishers supported the NTRs in their 

MP, 18.9% were neutral, and 17.8% were opposed. These findings concur with 

previous studies of single MPs that have shown high levels of support amongst 

recreational fishers for MPs and NTRs in Australia (McGregor Tan Research, 2008a; 

McGregor Tan Research, 2008b; Sutton and Tobin, 2009; Arias and Sutton, 2013; 

Martin et al., 2016; Hastings and Ryan, 2017) and overseas (Stevenson et al., 2012; 
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Hoelting et al., 2013). Further, this study has shown that support for NTRs is higher in 

older MPs, suggesting that support for NTRs grows over time.  

High levels of support found in this study were accompanied by positive 

beliefs/perceptions about the NTRs. On average 74.5% of fishers indicated the MP had 

positive environmental benefits, and most fishers (57.9%) indicated no impacts on their 

fishing. These results are in line with previous work showing high levels of positive 

expectations about environmental benefits and relatively minimal fishing impacts of 

MPs (Sutton and Tobin, 2009; Arias and Sutton, 2013). The results further suggest that 

high levels of support are mainly associated with positive attitudes about the 

environmental benefits of NTRs. Therefore, when assessing the impacts of NTRs on 

recreational fishers, environmental benefits of NTRs and the associated use and non-

use values that fishers hold for these benefits are highly relevant.  

Controlling for beliefs/perceptions reduced the effect of MP age on support levels, 

suggesting that part of the reason fishers are more supportive in older MPs is because 

they change their beliefs and perceptions as they learn from experience about the 

environmental benefits or fishing impacts of NTRs. Changing support levels over time 

due to changing beliefs is consistent with expectations in the international literature. In 

particular, anecdotal reports suggest that fishers initially over-estimate negative 

impacts and under-estimate reserve benefits (Ballantine, 1991; Taylor and Buckenham, 

2003). Further, changing beliefs over time is consistent with the nature of reserve 

benefits and costs, in that most of the costs are incurred up-front as fishers must find 

new sites. However, once new sites are located, the costs reduce and may even 

become benefits if spillover effects are perceived at the new sites (Halpern et al., 2009; 

Smith et al., 2010). Similarly, environmental benefits of reserves take several years to 

arise, but once they do fishers may begin to attribute improvements in the environment 

to the NTRs (Edgar et al., 2014). 

It is also important to discuss alternative explanations for the observed increase in 

support with reserve age that would challenge our suggestion that support increases 

over time. For example, fishers who were opposed to an older MP may have stopped 

fishing in it, or at least fish less, a phenomenon that could explain the reduced 

opposition. However, considering the eight established MPs from this study, just 4% of 

fishers opposed to the NTRs reported to fish less because of them, suggesting that 

fishing less was not a common response by opposers. This is consistent with aerial 

surveys in Moreton Bay MP showing that fishing effort was in fact greater after the MPs 

designation than before (Kenyon et al., 2011). In general, recreational fishing 
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participation is thought to be relatively inelastic to changes in conditions (Prayaga et 

al., 2010), and is mainly determined by time constraints (Fedler and Ditton, 2001). 

Given this, it is unlikely that higher support in older MPs can be explained by 

decreased fishing trip propensity for those fishers who were opposed to NTRs.  

Another challenge to our conclusion may arise if the policy decision of when and where 

to create MPs is influenced by the level of local support. Indeed, it cannot be ruled out 

that the MPs are created first where there exists greater public support. However, 

media coverage during the time some of the older MPs were proposed suggests that 

there was strong opposition to some of the oldest MPs during their planning phases. 

This would mean that governments do not simply choose the path of least resistance. 

For example, Ningaloo MP was found to have the highest current level of NTR support 

even though there was considerable public opposition to Ningaloo MP when it was 

created (Northcote and Macbeth, 2008).  

This study's findings cannot be directly compared with previous research in the same 

locations because we measured support for NTRs specifically rather than MPs overall. 

Our findings are therefore likely to show more conservative levels of support. Further, 

all of the comparisons with previous studies are with MPs that are more than 4 years 

old, thus after the period in which the greatest increase in support is thought to occur. 

Nevertheless, this study found marginally higher levels of support than previous studies 

in the Great Barrier Reef MP (Sutton and Tobin, 2009; Arias and Sutton, 2013), Solitary 

Islands MP (McGregor Tan Research, 2008b), and Port Stephens Great Lakes MP 

(Martin et al., 2016). Overall, however, comparisons with previous research do not 

show substantial changes in support level, with this study's findings matching previous 

research within a 5% range.  

Overall, it is most likely that the observed higher levels of support in older MPs is due 

to increased support over time. Such an increase in support over time has been 

observed for other policies such as traffic congestion charges and waste collection 

charges in Europe and Canada (Brown and Johnstone, 2014; Börjesson et al., 2016). 

Both of these, like NTRs, involve some personal costs and long-term environmental 

benefits. Nevertheless, to conclusively confirm the finding that recreational fisher 

support for NTRs changes over time, future research would need to conduct a 

longitudinal study of attitudes towards NTRs over time (before zoning and for several 

years following). Importantly, the current study provides baseline information for such a 

future assessment.  
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In summary, this study clearly demonstrates that implementing NTRs in MPs is unlikely 

to create long lasting opposition from recreational fishers. In fact, most recreational 

fishers are supportive of the NTRs in their MP. Although our study was conducted in 

Australia, the mechanisms driving increased support for NTRs over time are likely to be 

universal. Indeed, increased support over time has been observed for NTRs amongst 

other stakeholder groups in New Zealand and Kenya (Cocklin et al., 1998; McClanahan 

et al., 2005), and for similar policies in Europe and Canada (Brown and Johnstone, 

2014; Börjesson et al., 2016). High level of support amongst recreational fishers for 

NTRs have also been found internationally (Stevenson et al., 2012; Hoelting et al., 

2013). These results suggest that the perceived conflict between the majority of 

recreational fishers and NTRs does not exist when representative samples of fishers 

adjacent to established NTRs are considered. As such, current policy directions limiting 

the use of NTRs do not appear to reflect the preferences of recreational fishers as 

intended. The inconsistency between fishers’ preferences about NTRs and the policy 

response suggests a reconsideration is needed of how NTRs are planned. In particular, 

consultation efforts should incorporate representative sampling approaches in order to 

best reflect the interests of the wider recreational fishing community and other 

stakeholders. Additionally, policy makers should consider that fishers are likely to 

become more supportive of NTRs over time. 
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5.7 Appendix A 

Example survey taken from Ningaloo Marine Park 

Q1 Agreed to initial questions? 

o Yes  (1)  

o No  (2)  

 

Q2 In 2004 the Ningaloo reef was rezoned to increase the protection of marine life. Are you 

aware that Ningaloo has zones where different activities are allowed? 

o Yes  (1)  

o No  (2)  

 

Q3 Are you aware of the Sanctuary Zones in the Marine Park - where fishing is not allowed? 

o Yes  (1)  

o No  (2)  

 

Q4 Thinking about the last 12 months, on how many separate days did you go fishing? Please 

include boat and shore fishing in Australia or overseas. 

________________________________________________________________ 

 
This is a map of the Ningaloo Marine Park [show respondent prompt sheet]. The park extends 

from Red Bluff in the South to the Muiron Islands in the North. 

Q5 Lets now focus on the Ningaloo Marine Park 

You said that you went fishing on (Q4 response) days in the past 12 months. How many of 

these days were in the Ningaloo Marine Park? 

________________________________________________________________ 

 
If respondent answers No to Q2 or Q3, or Q5 = 0 then screen out of survey. 
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Q6 These first questions are about how you use the Ningaloo Marine Park. First, for how many 

years have you been fishing in the Marine Park Area? 

________________________________________________________________ 
Q7 What is your favourite species to catch in the Marine Park? 

________________________________________________________________ 

 

Q8 People go fishing for different reasons. I am going to read out each of these reasons, and I 
would like you to tell me how important each is to you as a reason you go fishing.  
 
You can just give me a number on a scale of 1 to 5, where 1 is not important and 5 is very 
important. 

 

 
Not 

Important (1) 

Slightly 

Important (2) 

Moderately 

Important (3) 

Quite 

Important (4) 

Very 

Important (5) 

to relax or unwind (1)  o  o  o  o  o  
to be outdoors, in the fresh 

air, to enjoy nature (2)  o  o  o  o  o  
to be on your own, to get 

away from people (3)  o  o  o  o  o  
to spend time with family 

and friends (4)  o  o  o  o  o  
to compete in fishing 

tournaments (5)  o  o  o  o  o  
for the enjoyment or sport 

of catching fish (6)  o  o  o  o  o  
to catch fresh fish for food 

(7)  o  o  o  o  o  
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Q9 In the last 12 months, 

 Yes (1) No (2) 

Have you been diving or snorkeling in the Marine Park? (1)  o  o  
Have you been swimming or surfing in the Marine Park? (2)  o  o  
In the last 12 months, have you done any leisure boating in the 

Marine Park? This is just cruising for fun without fishing. (3)  o  o  
were you employed in the boating or fishing industry. (7)  o  o  

Display This Question: If In the last 12 months, = Have you been diving or snorkeling in the 
Marine Park? = Yes 

Q10 In the last 12 months, on how many separate days did you go diving or snorkeling in the 

Ningaloo Marine Park? 

________________________________________________________________ 

Display This Question: If In the last 12 months, = Have you been swimming or surfing in the 
Marine Park? = Yes 

Q11 In the last 12 months on how many separate days did you go swimming or surfing in the 

Ningaloo Marine Park? 

________________________________________________________________ 

Display This Question: If In the last 12 months, = In the last 12 months, have you done any 
leisure boating in the Marine Park? This is just cruising for fun without fishing. = Yes 

Q12 In the last 12 months on how many separate days did you go leisure boating in the  

Ningaloo Marine Park? 

________________________________________________________________ 
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Display This Question: If In the last 12 months, = were you employed in the boating or fishing 
industry. = Yes 

Q13 How were you employed in the boating or fishing industry? What kind of role did you 

have? 

o Captain of fishing vessel  (1)  

o Deckhand on fishing vessel  (2)  

o Catch processor  (3)  

o Employed in boat sales  (4)  

o Employed in a tackle shop  (5)  

o Other (make note)  (6)  

Display This Question: If How were you employed in the boating or fishing industry? What kind 
of role did you have? = Other (make note) 

Q14 Other... 

________________________________________________________________ 
Q15 People have different views about whether the Ningaloo Marine Park is being threatened 

or not, and what activities are contributing to this.  

I am going to read out some potential causes of environmental damage. I would like your 

opinion about whether you think these causes pose a threat to the Ningaloo Marine Park area 

or not. The options are No Threat, Minor threat or major threat.  

 No Threat (1) Minor Threat (2) Major Threat (3) 

Pollution, marine debris, litter (1)  o  o  o  
Over-fishing by recreational fishers (2)  o  o  o  
Over-fishing by commercial fishers (3)  o  o  o  
Marine tourism (4)  o  o  o  
Invasive species (5)  o  o  o  
Climate change (6)  o  o  o  
Coastal development (7)  o  o  o  
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Q16 Is there anything that I have not listed, that you think is a major threat to the Ningaloo 

Marine Park area? 

________________________________________________________________ 
The next three questions are about your thoughts on the Ningaloo Marine Park and the 

Sanctuary Zones. 

Q18 I would like to know how you feel about the Sanctuary zones in the Ningaloo Marine Park. 

These are the areas were fishing is not allowed. 

Are you opposed, neutral or supportive of the sanctuary zones in the Ningaloo Marine Park?  

[if opposed/supportive] are you somewhat or strongly [opposed/supportive] 

o Strongly opposed  (1)  

o Somewhat opposed  (2)  

o Neutral  (3)  

o Somewhat supportive  (4)  

o Strongly supportive  (5)  

 

Q19 Thank you. This next section is about the Sanctuary Zones, and whether you think they 

have impacted your fishing. On a scale of 1 to 5, please indicate if the Sanctuary Zones have 

increased or decreased different aspects of your fishing activity. 1 is strongly decreased and 5 

is strongly increased. 

 

Strongly 

decreased 

(1) 

Slightly 

decreased 

(2) 

No change 

(3) 

Slightly 

increased (4) 

Strongly 

increased (5) 

The first one is...your overall 

satisfaction with the fish you 

catch (consider species, 

numbers and size) (1)  

o  o  o  o  o  

Your overall satisfaction with 

recreational fishing (2)  o  o  o  o  o  
The total amount of time you 

spend fishing (3)  o  o  o  o  o  
and finally... your ability to 

access quality fishing sites? (4)  o  o  o  o  o  
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Q20 People have different opinions about the Sanctuary Zones and what they do or don’t 

achieve. I am going to read out several statements about the Sanctuary Zones.  

Could you indicate if you agree or disagree with these statements on a scale from 1 to 5. 1 is 

strongly agree, and 5 is strongly disagree.  Please pay close attention to the questions as they 

can be a little tricky to answer 

 

 

Strongly 

Disagree 

(1) 

Somewhat 

Disagree 

(2) 

Neither 

Agree nor 

Disagree 

(3) 

Somewhat 

Agree (4) 

Strongly 

Agree (5) 

The Sanctuary Zones help maintain the 

Ningaloo Marine Park in a healthy 

condition (1)  
o  o  o  o  o  

The Sanctuary Zones won’t increase fish 

numbers (R) (2)  o  o  o  o  o  
The Sanctuary Zones won’t protect 

vulnerable species (R) (3)  o  o  o  o  o  
The Sanctuary Zones help ensure fishing 

in the Ningaloo Marine Park area is 

sustainable (4)  
o  o  o  o  o  

The Sanctuary Zones are the best 

option for long-term protection of the 

Ningaloo Marine Park area (5)  
o  o  o  o  o  

The Ningaloo Marine Park area would 

have been fine without the Sanctuary 

Zones (R) (6)  
o  o  o  o  o  

 

Q21 Do you donate money to or volunteer for any environmental organisations? 

o Yes  (1)  

o No  (2)  
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Q22 Are you a member of a recreational fishing club? 

o Yes  (1)  

o No  (2)  

 

 

Q23 The next question is about your overall opinions of nature. I am going to read some 

general statements about people’s attitudes to nature. Could you tell me on a scale from 1 to 5 

if you agree or disagree with the statement. Like before, 1 is strongly disagree and 5 is strongly 

agree. 

 

 

Strongly 

Disagree 

(1) 

Somewhat 

Disagree 

(2) 

Neither 

Agree nor 

Disagree 

(3) 

Somewhat 

Agree (4) 

Strongly 

Agree (5) 

I really like going on trips into nature, for 

example to forests or state parks (1)  o  o  o  o  o  
I don't think I would volunteer to raise 

funds for environmental protection (R) (2)  o  o  o  o  o  
Conservation is important, even if it 

lowers people's standard of living (3)  o  o  o  o  o  
When nature is uncomfortable and 

inconvenient for humans, we have every 

right to change it to suit our needs (R) (4)  
o  o  o  o  o  

Humans were created, or evolved, to 

dominate the rest of nature (R) (5)  o  o  o  o  o  
Protecting people’s jobs is more 

important than protecting the 

environment (R) (6)  
o  o  o  o  o  

Nature is valuable for its own sake (7)  o  o  o  o  o  
The balance of nature is very delicate and 

easily upset (8)  o  o  o  o  o  
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Q25 Now a few remaining questions for classification purposes. Could you please tell me your 

home postcode? 

________________________________________________________________ 
 

Q26 In what year where you born? 

________________________________________________________________ 
 

Q27 The sheet shows letters corresponding to different income categories. Both annual and 

the equivalent weekly incomes are shown.    

Could you please tell me which letter best describes your combined household income before 

tax? Please consider all sources of income for all members of your household. 

o A 0 - 20,799 (0 - 399)  (1)  

o B 20,800 - 51,999 (400 - 999)  (2)  

o C 52,000 - 77,999 (1,000 - 1,499)  (3)  

o D 78,000 - 129,999 (1,500 - 2,499)  (4)  

o E 130,000 - 181,999 (2,500 - 3,499)  (5)  

o F Greater than 182,000 (> 3,500)  (6)  

 

Q28 Before we finish, is there anything that I missed that has shaped your views on fishing in 

the marine park and about the Sanctuary Zones? 

________________________________________________________________ 
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5.8 Appendix B 

Alternative model 1 results excluding proposed Sydney Marine Park from the analysis. 

Without Sydney Marine Park the MP age^2 term is no longer significant, indicating that 

a linear rather than non-linear increase in support over time.  

Table 5.5. Generalised ordered probit model showing the effects of Marine Park (MP) age on support for 

no-take marine reserves. Excludes respondents in proposed Sydney MP. 

 model 1 

Variable Coefficient z 

MP characteristics:   

MP age 0.043 2.90*** 

MP age^2 -0.003       -1.09***                                              

World heritage: Opposed|Neutral 1.923 3.98*** 

World heritage: Neutral|Supportive 0.754 1.84*** 

Reserve area: Opposed|Neutral -0.071 -2.83*** 

Reserve area: Neutral|Supportive -0.018 -0.82*** 

Fisher characteristics:   

Fishing avidity -0.001 -0.90*** 

Fishing years in MP -0.003 -0.71*** 

Threat level 0.262 2.15*** 

Fishing club -0.065 -0.45*** 

Male -0.335 -1.02*** 

Fisher age 0.001 3.25*** 

Environmental attitudes 0.013 3.42*** 

Environmental index   

Fishing index   

   

Cut points:   

Opposed|Neutral 2.094 3.90*** 

Neutral|Supportive 2.580 4.82*** 

   

Scale coefficients (Log SD)   

Fishing years in MP 0.015 3.01*** 

Random effects:   

Marine park (intercept) 9.333e-20  

   

n 683  

Log likelihood -480.64  

*p<0.1; **p<0.05; ***p<0.01   
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6.1 Introduction 

Establishing NTRs has been controversial in many regions of the world due to 

perceptions that recreational fishers are opposed to NTRs. In several cases this 

perceived opposition has led policy makers to abandon, delay, or limit the use of NTRs 

(Denny and Babcock, 2004; Wescott, 2006; Weible, 2008; Voyer et al., 2012). The aim 

of this thesis is to improve decision making around the use of NTRs in the presence of 

recreational fishing. This aim was fulfilled using two lines of inquiry: (i) develop a fine-

scale random utility model (RUM) of on-the-water site and target species choice for 

boat-based line fishers in Western Australia and use the model to simulate a range of 

NTR policy scenarios (Chapters 2 to 4) and (ii) survey recreational fishers in 

established state marine parks around Australia investigating recreational fishers’ 

attitudes towards NTRs, and beliefs about their benefits and costs Chapter 5. 

The findings of the thesis are discussed in more detail in this chapter. I first discuss the 

research findings, including a description of the RUM developed and its potential use 

as a decision support tool, the methodological findings related to the RUM, findings of 

the modeled and perceived impacts of NTRs on recreational fishing, and findings of 

fishers’ levels of support for NTRs. This is followed by a discussion of the limitations, 

suggestions for future research and the management implications of the thesis. 

6.2 Research findings 

6.2.1 Random utility model: a decision support tool 

In Chapters 2, 3, and 4, I develop a RUM to simulate fine-scale on-the-water site 

choices of boat-based recreational fishers in south-west Australia. By defining sites at 

fine-scales the RUM can simulate real NTR policies at relevant spatial scales. This 

contrasts with most previous RUM applications to recreational fishing which define 

sites as broad spatial areas, and can therefore only simulate closing large areas of a 

fishery (Bockstael et al., 1989; Morey et al., 1991; McConnell et al., 1995; Schuhmann, 

1998; Whitehead and Haab, 2000; Haab et al., 2012; Raguragavan et al., 2013; 

Alvarez et al., 2014). The ability of the RUM developed in this thesis to simulate real 

NTRs makes it a useful decision support tool for informing NTR policy in south-west 

Australia. Specifically, the RUM can be used to simulate different arrangements of 

NTRs across the south-west, generating outputs useful for informing NTR design 

(welfare impacts, fishing effort distributions). The RUM can also be used to understand 
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how already designed NTR networks impact recreational fishing, as was done in this 

thesis for the recently established Australian Marine Parks network (Chapter 3) and 

Ngari Capes Marine Park (Chapter 4).  

As a measure of the impacts of NTRs on recreational fishers, the RUM simulated 

welfare impacts account for the substitutability of fishing sites, and therefore improve 

upon current approaches such as measuring the proportion of fishing effort that is 

displaced by an NTR (Klein et al., 2008; Klein et al., 2010). RUM simulated welfare 

impacts can be used to improve socio-economic reporting of the impacts of NTRs on 

recreational fishers. Additionally, as impacts are in monetary units, they can be used in 

benefit-cost analysis to evaluate the merits of NTR networks (Grafton et al., 2011).   

As was demonstrated in Chapter 4, the RUM developed in this thesis can also simulate 

traditional recreational fisheries management policies such as bag limits and seasonal 

closures. As such, it is a useful decision support tool for managing recreational 

fisheries in the south-west of Australia. The RUM addresses two pervasive 

management challenges in recreational fisheries management: (i) incorporating fisher 

behaviour into policy decisions; and (ii) measuring the impacts of policies on fishers 

(Hilborn, 1985; Fulton et al., 2011; Irwin, 2011; Arlinghaus et al., 2013; Fenichel et al., 

2013). Currently, no formal analytical approaches are used to account for these 

problems in managing the recreational fisheries of Western Australia (Crowe et al., 

2013). Previous studies have developed RUMs in our study region that could fulfil this 

role (Raguragavan et al., 2013); however, the RUM in this thesis adds the capability to 

evaluate fine-scale spatial processes. These fine-scale processes can be important as 

was demonstrated in Chapter 2 by findings of high spatial variability in the recreational 

catch of key species in the fishery. Additionally, the RUM presented in this thesis was 

developed in collaboration with fishery managers, and therefore better reflects current 

management frameworks, particularly in the way fish species are grouped. Fishery 

managers in Western Australia are aware of these advantages and have interest in 

incorporating the developed RUM into their management decisions.  

6.2.2 Random utility model: methodological findings 

As few previous recreational fishing RUMs consider on-the-water site choices, several 

methodological questions were explored in the process of developing the RUM in this 

thesis. Firstly, in Chapter 2 I investigate generalised additive models (GAMs) and 

boosted regression trees (BRTs) for predicting expected catch at each site in the RUM. 

Chapter 2 was written for publication in a marine science journal, and therefore 
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relevance of the findings for RUMs were not discussed within the chapter and are 

instead discussed here. I found that both GAMs and BRTs are well suited to modelling 

expected catch for on-the-water locations. Both use spatial environmental variables, 

and spatial autocorrelation (captured through latitude/longitude) to generate catch 

expectations across the fishery. This is a suitable approach as accounting for spatial 

autocorrelation is likely to improve predictions by capturing the effect of missing spatial 

variables (Bahn and McGill, 2007; Currie, 2007). Further, GAMs and BRTs likely 

perform better than spatial interpolation methods that use spatial autocorrelation alone 

as spatial environmental variables aids predictions in areas with few fishing trips (Yu et 

al., 2013). Given that recreational catch data is usually spatially patchy, this is likely to 

be an important advantage of GAMs and BRTs (Hunt et al., 2011; Mitchell et al., 2018). 

In Chapter 2, I compared the predictive performance of GAMs and BRTs for modelling 

recreational catch. Accurately predicting catch is important in RUMs to ensure the 

effect of catch on fishers’ site choices is captured, and errors-in-variable bias is 

avoided (Morey and Waldman, 1998). I found that BRTs predicted recreational catch 

slightly better than GAMs in cross-validation tests, and therefore used BRTs for the 

RUM. In addition to better predictions, BRTs are also simpler and faster to fit: variables 

and their interactions are selected automatically, and BRTs require no distributional 

assumptions (De'ath, 2007; Elith et al., 2008). This makes BRTs particularly well suited 

to developing RUMs in multi-species recreational fisheries as researchers are required 

to estimate multiple catch models (Raguragavan et al., 2013). A disadvantage of BRTs 

is that errors are not estimated, and must be bootstrapped if desired (Elith et al., 2008); 

however, this may not be a serious constraint as errors in catch variables are rarely 

integrated into RUMs (but see Morey and Waldman (1998)). Overall, I found that both 

GAMs and BRTs are suitable modelling approaches for generating expected catch 

estimates for on-the-water recreational RUMs, but BRTs are easier to fit and are 

slightly better at predicting catch.  

A second methodological question addressed is the importance of accounting for 

weather conditions for on-the-water site choices. In Chapter 3, I developed a novel 

method for estimating on-the-water weather conditions using wind and swell data 

commonly available from weather stations and wave buoys. The approach takes 

inverse-distance weighted wind speeds and swell heights from nearby stations and 

buoys, and scales it to reflect the degree of sheltering provided by land masses 

conditional on the wind/swell direction. This procedure introduces site-to-site variations 

in weather conditions necessary to estimate a RUM of site choice. The RUM 
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coefficients showed that fishers were less likely to visit a site with high wind and/or 

swell conditions. Previous research has shown weather conditions to drive fishers’ 

decisions to go fishing on a given day (Provencher and Bishop, 2004), or their land-

based site choices (Haab et al., 2008). My research expands on these findings 

suggesting that weather also drives fishers’ on-the-water site choices.  

Chapter 3 also tests whether recreational fishers are more likely to substitute between 

some target fish species groups than others. This is expected if fishers view some 

target species groups (e.g. large fish) as better substitutes for each other than other 

species groups. Complex species substitutions were tested by introducing correlation 

in the utility between target species alternatives using error components (Brownstone 

and Train, 1999). The best model included separate error components for each species 

(like a nested logit), but table fish and the ‘other’ fish targeting option were also found 

to be good substitutes. This reflects that both table and ‘other’ species groups contain 

small fish species that can be caught close to shore in small boats. The findings 

suggest that recreational fishers do exhibit complex patterns in target species 

substitution, and that these patterns can be captured in a RUM using error 

components.  

Whilst both weather and target species substitution improved model fit, this does not 

necessarily mean they are important for simulating the impact of NTR policies. In 

Chapter 3 I found that accounting for weather reduced welfare impact estimates from 

an NTR scenario by just 6%, and accounting for complex target species patterns by a 

further 3%. The models also predicted similar patterns in fishing effort changes across 

target species and fishing sites. The model comparison suggests that the added 

complexity of accounting for on-the-water weather conditions and complex target 

species substitution in recreational fishing RUMs is probably not worthwhile for 

researcher simulating NTRs. However, weather conditions may be more important for 

simulating NTRs in sheltered locations.  

6.2.3 Impacts of no-take marine reserves on recreational fishing 

A key question for improving NTR decisions in the presence of recreational fishing is: 

to what extent do NTRs negatively impact the recreational fishing experience? In this 

thesis I measured both the modeled (Chapter 3 andChapter 4) and perceived (Chapter 

5) impacts of a range of Australian NTRs on recreational fishing.  
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The modeled impacts were the RUM simulated welfare impacts of NTRs in south-west 

Australia. In Chapter 3 I simulated the NTRs in the recently implemented Australian 

Marine Parks network, finding relatively low impacts on recreational fishing; population 

total welfare impacts were estimated at just A$ 46,478 per year in the study area, and 

median (per-fisher) impacts were estimated at less than A$ 0.01 per year. The impacts 

were also highly heterogeneous across fishers, and approximately 16.7% of fishers 

experience welfare losses of more than A$ 1 per year. That the Australian Marine Park 

network had little impact on recreational fishers may partly reflect that the network was 

designed to minimise impacts on fishing through community consultation (Buxton and 

Cochrane, 2015). However, in Chapter 4 I simulated more restrictive NTRs, including 

closing approximately 20% of coastal grids in the study area. I found that welfare 

impacts were still relatively low; population wide welfare losses were A$ 183,819 per 

year, and median impacts remained below A$ 1 per year.  

Previous RUM research has simulated the effects of closing large geographic areas 

and therefore generated larger welfare impact estimates (Whitehead and Haab, 2000; 

Haab et al., 2012; Raguragavan et al., 2013). For example, Haab et al. (2008) estimate 

that closing all coastal locations in Oaho Hawaii would generate mean losses of 

US$ 140 per year per fisher. As far as I am aware this thesis is the first study to use a 

recreational fishing RUM to simulate closing a set of small discrete on-the-water fishing 

sites, reflecting how NTRs are designed in practice. The results suggest that the 

welfare impact estimates from these more realistic NTR scenarios are modest.  

These findings of low impacts of NTRs on recreational fishing are consistent with the 

research results based on the lived experience of recreational fishers. In Chapter 5 I 

surveyed recreational fishers in ten state marine parks around Australia, asking how 

NTRs impact their recreational fishing. On average, just 32.2% of fishers reported 

negative impacts, 58.1% reported no impacts and 9.7% reported the NTRs improved 

their fishing. Sutton and Tobin (2009) found very similar results with 30% of fishers 

reporting negative impacts on fishing from the rezoning of the Great Barrier Reef 

Marine Park (also one of our study sites). The ten state marine parks included in the 

surveys in Chapter 5 are amongst the most restrictive in Australia, with at least 9% of 

their area in NTRs, and being close to population centres. These findings show that 

most recreational fishers in areas with NTRs do not perceive negative impacts on their 

fishing. 

Together the modeled and perceived NTR impacts in this thesis show that NTRs, to the 

extent they are being implemented in Australia, have relatively little impact on 
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recreational fishing. Whilst the reason is difficult to determine, anecdotally several 

fishers reported that they ‘simply fish somewhere else’, suggesting that the NTRs leave 

enough alternative sites for fishers to access. This substitution is also likely to be 

driving low welfare impacts in the RUMs, with simulations in Chapter 3 andChapter 4 

showing that most displaced fishing effort moved to adjacent locations, which appeared 

to be reasonable substitutes for the closed sites. As such, NTRs that close only a 

fraction of fishing sites—that is most NTRs established in the presence of fishing—

seem to have only minor impacts on recreational fishing. 

6.2.4 Support for no-take marine reserves 

In Chapter 5, I also investigated recreational fishers’ level of support and opposition for 

NTRs in ten state marine parks around Australia. I found that most recreational fishers 

(63%) supported the NTRs in their marine park. This confirms previous research 

findings of high levels of support for marine protected areas, and NTRs in individual 

marine parks, but extends the context to the Australian national level (Sutton and 

Tobin, 2009; Arias and Sutton, 2013; Martin et al., 2016; Hastings and Ryan, 2017). 

Interestingly, the high level of support for NTRs amongst fishers occurred even though 

few fishers perceived the NTRs to benefit their fishing (9.7%). Instead support 

appeared to be related to strong perceptions of environmental benefits of the NTRs 

(74.5%). As such, fishers’ overall attitude towards NTRs appears to be a trade-off 

between impacts on fishing and perceived environmental benefits. I found that most 

fishers perceived neutral fishing impacts, and high environmental benefits, and overall 

were supportive of the NTRs.  

In Chapter 5, I also show that fishers’ support for NTRs increases with reserve age, 

inferring that fishers become more supportive of NTRs over time. I predicted that 

fishers’ support for NTRs in an average marine park increases from 38% when it is first 

created to 72% when it is 14-years old. Some, but not all, of this change appears to be 

explained by changes in beliefs about the environmental benefits of NTRs and their 

impacts on fishing; controlling for these beliefs reduced the effect of marine park age 

on support. A likely explanation for the remaining portion of increase in support is 

status-quo bias, whereby losses are weighted more than gains. Status quo bias was 

found to explain increased support over time for congestion charges, and is more 

generally recognised to be a prevalent bias in human cognition (Tversky and 

Kahneman, 1991; Börjesson et al., 2016). These results highlight that fishers are likely 

to become more supportive of NTRs over time.  
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6.3 Limitations and future research 

This section discusses limitations of the research, and particularly those that have 

implications for the thesis findings. I also discuss suggestions for future research. 

6.3.1 Random utility model 

The RUM developed in Chapters 2, 3, and 4 was developed using existing data 

designed to monitor recreational catch and effort, rather than to construct RUMs. Using 

this existing data gave me access to a sample size far beyond the scope of any 

purpose-built survey. But it also limited the analysis in several ways. Firstly, the RUM 

assumed that fishers respond to policy scenarios by changing their on-the-water fishing 

location only, ignoring other potentially important elements of fisher behaviour—e.g. 

choice of boat ramp, trip timing, and number of trips. This assumption was necessary 

as the survey did not record whether a fishing trip was a single-day or part of a multi-

day trip, potentially with non-fishing aspects. As such, it was not possible to calculate 

an appropriate land-based travel cost, preventing modelling of boat ramp choice. 

Additionally, as boat ramps provide the link between the decision to go fishing and the 

on-the-water location, trip numbers and timing also could not be modeled.  

Assuming fishers only change their on-the-water fishing location is likely to have had 

two offsetting effects on the welfare impacts calculated for the NTR scenarios: a 

substitution effect and a market extent effect (Haab and Hicks, 1999; Parsons et al., 

2000). The substitution effect results from the model restricting fishers’ ability to 

substitute policy-affected sites for non-policy-affected sites, potentially leading to over-

estimated welfare impacts. For example, in the model fishers that launch at a boat 

ramp adjacent to a large number of NTRs are unable to limit their losses by choosing to 

launch at a different ramp. Similarly, by not including trip numbers/timing, fishers are 

unable to limit losses by staying home (or engaging in other activities) instead of going 

fishing. The market extent effect refers to the fact that by limiting fisher behaviour, the 

number of fishers with policy affected sites in their choice set is reduced, and welfare 

impacts are underestimated. For example, in my RUM, fishers launching at a boat 

ramp with no adjacent NTRs (within 100 km) experienced welfare losses of zero; 

however, if boat ramp choice was also simulated, these fishers would likely have had at 

least one NTR in their choice set, and experienced some welfare loss (Parsons et al., 

2000). A similar effect occurs for trip numbers/timing, which if included would have 

increased the number of choice-occasions across which fishers were affected.  
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The net of the substitution and market extent effects has been studied in the context of 

limiting choice set extents (spatially), excluding modes of fishing, and modelling trip 

timing and quantity (Morey et al., 1993; Jones and Lupi, 1999; Hicks and Strand, 2000; 

Parsons et al., 2000). However, the net effects are inconsistent, with some studies 

finding the substitution and market extent effects cancel each other out, while in other 

cases one effect dominates and welfare impacts are over- or under-estimated. As 

such, it is unclear whether the RUM findings would change significantly if fishers’ 

choice of boat ramp and trip numbers/timing were included in the analysis. 

The RUM analysis also assumes that in choosing a site, fishers are not affected by 

their past site choices. The effect of past site choices on future choices is referred to as 

state dependence (Heckman, 1981), and result from two mechanisms: fishers 

becoming attached to a site personally (‘place attachment’) (Moore and Graefe, 1994), 

and fishers learning additional information about a site that is not captured in the model 

(‘information effects’) (Smith, 2000). Both mechanisms increase the welfare impacts of 

NTRs: place attachment increases utility of the closed site if it was previously visited, 

increasing the welfare impacts of its closure (Williams et al., 1992); information effects 

cause fishers to act sluggishly in their response to an NTR, selecting sub-optimal sites 

initially (in terms of utility) rather than simply choosing their second best site after the 

NTR is created (Swait et al., 2004; Smith, 2005). To capture state dependence in 

RUMs researchers often use lagged variables; for example, a lagged dummy variables 

indicating if the site was previously visited (Holland and Sutinen, 2000; Swait et al., 

2004; Smith, 2005). Unfortunately, the time-series of fishers’ site choices in our data 

was not long enough to calculate lagged variables, with over a third of fishers (36%) 

taking only a single trip. As state dependence could not be accounted for, the RUM in 

this thesis may underestimate the welfare impacts of NTRs.  

Another consideration not explored in this thesis is the effect that NTRs may have on 

congestion in on-the-water fishing sites. Timmins and Murdock (2007) showed that 

congestion was important for simulating site closures in a lake/river fishery as 

displaced fishers increase congestion in remaining open sites, generating additional 

welfare losses. However, whether these findings hold for on-the-water sites in a marine 

recreational fishery is unclear, particularly as congestion levels are likely lower due to 

the availability of space. Additionally, Schuhmann and Schwabe (2004) showed that 

some congestion can actually be favourable for safety reasons, and so additional 

congestion generated by NTRs in marine recreational fisheries may not necessarily 

generate disutility. Incorporating congestion into RUMs has proved a difficult task, as 
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congestion is an endogenous site quality, being linked to fishers anticipated congestion 

levels given the choices of other fishers (Moeltner and von Haefen, 2011). A solution to 

the endogeneity problem was proposed by Timmins and Murdock (2007), who model 

congestion (measured as a sites market share) using a general equilibrium framework. 

Future research should consider using Timmins and Murdock’s approach to explore 

how congestion in on-the-water site choices affects the welfare impacts of NTRs in a 

marine setting.  

The RUM in this thesis also assumed that fish populations, and therefore recreational 

catch rates were unaffected by the NTR. NTRs are likely to have two effects on fish 

populations: (i) by concentrating fishing effort, the NTRs will likely increase fishing 

mortality in adjacent areas; and (ii) fish populations are likely to build up in the NTR and 

(on-net) export adult fish and larvae (Roberts et al., 2001; Halpern et al., 2004; Halpern 

et al., 2009). Whilst these fish population dynamics are likely important for 

understanding the welfare impacts of NTRs, they also require long-term (temporally) 

and fine-scale (spatially) measures of fish abundance (e.g. catch-per-unit-effort) to be 

modelled empirically. Such data do not exist in the Western Australian case study, but 

on-the-water bio-economic RUMs may be a fruitful area for research in other contexts. 

Critical questions to be answered by such an analysis include: under what 

circumstances is the increase in fishing mortality due to effort concentration offset by 

the spill-over benefits? And under what circumstances does the resulting change in 

catch rates offset the welfare impacts of lost site access?  

Spatial mismatch occurred between the actual NTR policies (e.g. Australian Marine 

Parks network), and the NTR scenario simulated. This was because the boundaries of 

the 10x10 nm grid used to collect fishing location in the data do not line up exactly with 

the boundaries of the real NTR networks (Chapters 3 and 4). Spatial mismatch is only 

a limitation with respect to how well the simulations reflect the actual NTR networks, 

and is not a limitation of our finding of low welfare impacts from NTR scenarios in 

general. The simulated scenarios were larger than the real NTR policies, and so we 

expect that the welfare impacts are over-estimated. To reduce spatial mismatch future 

research could collect precise recreational fishing location, providing flexibility in site 

definitions. Mitchell et al. (2018) demonstrated that collecting precise fishing location 

from fishers is possible in boat-ramp surveys using a tablet device. Alternatively, many 

NTRs are bounded by habitat boundaries, and so, defining sites in RUMs using habitat 

may reduce spatial mismatch (e.g. Hynes et al. (2016)). A further solution is to test 

whether the utility functions of on-the-water site choice can be transferred to different 
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site shapes and sizes. Utility functions reflect fishers’ internal preferences for site 

attributes and should therefore be able to be fit to one set of site definitions (e.g. the 

10x10 nm grid used in this thesis) and transferred to an alternative set of fishing site 

definitions in the same location that capture the shape of NTR policies. Testing the 

empirical validity of this utility transfer approach would alleviate the spatial mismatch 

problem and greatly enhance the relevance of on-the-water site choice models to NTR 

policy.  

An additional area for future research is to consider ways in which on-the-water RUMs 

can be incorporated into NTR design. One possibility is to integrate RUM estimated 

welfare impacts into spatial optimisation software (e.g. MARXAN) (Watts et al., 2009). 

Doing so would improve on the area-based metrics currently used to measure impacts 

on recreational fishing (Klein et al., 2008; Klein et al., 2010), and ensure that RUM 

results contribute directly to policy decisions. A second potentially important avenue is 

to use the RUM welfare impacts which are expressed in monetary units to evaluate 

trade-offs in NTR design. Currently spatial optimisation methods use arbitrary 

weighting of different marine uses to evaluate trade-offs (Watts et al., 2009). This along 

with subsequent consultation often leads NTRs to be placed in residual locations, 

where they have little impact on extractive users, but also fail to protect the most 

threatened areas (Devillers et al., 2015). As RUMs express NTR impacts in monetary 

units, non-market valuation techniques could also be used to measure the value of 

conservation benefits in monetary units, allowing trade-offs to be evaluated in a 

common unit reflecting societal preferences.  

6.3.2 Fishers’ attitudes 

The surveys of fishers’ attitudes in Chapter 5 were based on self-report, and are 

therefore susceptible to a range of self-report biases (Podsakoff et al., 2003). One 

potentially important self-reporting bias is social desirability reporting: the over-

reporting of socially desirable opinions. In our case, social desirability reporting may 

mean that some fishers report supporting NTRs even if they are neutral or opposed 

(Chapter 5) (Paulhus, 1984; Podsakoff et al., 2003). However, the importance of social 

desirability reporting for our results is difficult to determine. In relation to general 

environmental attitudes, some studies have found that social desirability reporting is an 

important bias (Hartig et al., 2001; Wiseman and Bogner, 2003), whilst others find it is 

not (Milfont, 2009). The importance of social desirability reporting for fishers’ attitudes 

towards NTRs has never been studied and is therefore even less clear. A potentially 
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important consideration is that fishers are generally perceived to be opposed to NTRs 

anyway (Wescott, 2006; Voyer et al., 2012). As such, the weight of any perceived 

social-norm of NTR support is likely to be low. Nevertheless, a bias towards support in 

our results cannot be ruled out, and is probably more likely in ecologically important 

marine parks such as the world heritage Great Barrier Reef Marine Park and Ningaloo 

Marine Park, possibly explaining why these two marine parks received the highest 

levels of support. 

My findings on fishers’ attitudes towards NTRs also suggest several directions for 

future research. Firstly, they suggest that fishers’ attitudes towards NTRs are a balance 

of beliefs about environmental benefits and impacts on fishing. This inference is drawn 

because few fishers reported NTRs benefiting their fishing, but most perceived 

environmental benefits of NTRs and supported NTRs. Future research could 

investigate this trade-off further. For example, researchers could conduct choice 

experiments to assess how fishers trade-off impacts on fishing and environmental 

benefits of NTRs. Similarly, the trade-off could be evaluated by studying how belief in 

impacts on fishing and environmental benefits drive pro-NTR or anti-NTR actions such 

as complying with NTR rules or attending protests against NTR proposals.  

Future research could also expand upon my findings that support for NTRs increases 

over time by investigating the mechanisms behind this change. I found some evidence 

that part of the reason for increased support is changing fisher beliefs about the 

benefits and costs of NTRs; however, further research is needed to isolate different 

causal factors. Understanding mechanisms behind increased support would provide 

insights for policy makers on ways of fostering support for NTRs. For example, if initial 

opposition is due to fishers over-estimating impacts on their fishing, then documenting 

and communicating the experienced effects of NTRs on fishers in similar locations may 

help correct over-estimates of fishing impacts. Similarly, status quo bias may be 

countered in communicating NTRs by changing the reference point against which a 

policy is described—e.g. stating the area in which fishing is still allowed, rather than the 

area in which fishing is excluded (Hurlstone et al., 2014). 

Finally, the research conducted here was applied within the Australian and Western 

Australian case studies; however, recreational fisher opposition to NTRs has been 

experienced in several countries around the world (Denny and Babcock, 2004; Weible, 

2008). Future research should consider testing the findings of this thesis in other 

countries. For example, it would be interesting to test fishers’ attitudes towards NTRs at 

a national or state level in New Zealand or the United States where the political framing 
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and history of NTR policy is different (Voyer et al., 2012; Ballantine, 2014), and fishers 

potentially hold different environmental values (Wesley Schultz and Zelezny, 1999). It 

would also be relevant to know if fishers in these countries also change their attitudes 

towards NTRs after they are created. If increasing support for NTRs over time is 

universal, then understanding the causes could help countries create more effective 

NTR networks. 

6.4 Management implications 

The aim of this thesis was to improve decision making around the use of NTRs in the 

presence of recreational fishing. In public debates, recreational fishers are often 

perceived to be opposed to NTRs. In this thesis I show that perceived and modeled 

impacts of NTRs on recreational fishing is low, and that most fishers in areas with 

established NTRs within Australia support NTRs. These findings challenge common 

perceptions of fishers opposing NTRs, or NTRs imposing significant costs on fishers, 

and raise questions about the rationale behind decisions that delay, limit, or abandon 

the use of NTRs because of perceived impacts on recreational fishing (Denny and 

Babcock, 2004; Wescott, 2006; Weible, 2008; Voyer et al., 2012).  

The inconsistency between fishers’ preferences and tendencies in policy responses 

suggests that policy makers need to reconsider how NTRs are planned. Currently, 

public meetings and public comment periods are used to gauge the preferences of the 

community and stakeholders, including recreational fishers (Wescott, 2006; Weible, 

2008; Voyer et al., 2012). Whilst consultation is important (Pomeroy and Douvere, 

2008; Weible, 2008), the current consultation process requires fishers to ‘opt-in’ and 

have been shown to be biased towards the opinions of fishers opposed to policy 

interventions (Sutton, 2006; Hunt et al., 2010). This bias has probably contributed to 

the false perception that most recreational fishers are opposed to NTRs. To remedy 

this situation more representative consulting approaches could be used. For example, 

citizen juries in which a panel of representative recreational fishers are invited and 

incentivised to deliberate on an issue could more accurately capture recreational 

fishers sentiments towards NTRs (Kenyon et al., 2003). Further, conducting surveys to 

elicit fishers’ attitudes towards, and preferences for, NTR design during consultation 

could also ensure preferences are more accurately captured in the decision-making 

process.  
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Given the evidence that fishers support for NTRs likely increases over time, policy 

makers should be prepared for possible initial opposition to NTRs and plan to be 

persistent (Wescott, 2006). Recent experiences with creating NTRs in Sydney Australia 

suggest that this may be easier said than done, as policy makers were made aware of 

my finding that fishers support for NTRs increases over time, but still backed away from 

an NTR proposal because of fisher opposition. The short-term incentives created by 

three-year election cycles in Australia could mean that knowledge of increasing support 

has little effect on decisions. To overcome this, policy makers might consider creating 

NTRs early in their term. 

Another important finding of this thesis is that fishers appear to support NTRs because 

of their environmental benefits rather than just fishing benefits. In describing the merits 

of NTRs to recreational fishers, policy makers, scientists, and environmental groups 

frequently emphasise that NTRs will enhance fishing in remaining open areas through 

spill-over benefits (Roberts et al., 2001; Halpern et al., 2009). However, I find that less 

than 10% of fishers perceive NTRs to benefit their fishing, and instead perceived 

environmental benefits are highly relevant in determining fishers’ overall attitudes 

towards NTRs. Therefore, communications on the merits of NTRs should also 

emphasise benefits for the marine environment. In particular, communicating to fishers 

the outcomes of research showing recovery of fish population inside NTRs would likely 

go a long way to making any perceived sacrifices in terms of lost fishing opportunities 

seem worthwhile.  

Additionally, my finding that fishers’ value environmental benefits has important 

implications for NTR design. Currently, systematic conservation planning in the 

presence of recreational fishing has led NTRs to be sited in residual locations 

minimising impacts on fishing, but arguably resulting in no change in environmental 

outcomes (Edgar et al., 2014; Devillers et al., 2015). This approach presumes that 

fishers prefer NTRs with low fishing impacts and low environmental benefits. However, 

that fishers care about environmental benefits suggests they may be supportive of 

more restrictive NTRs than decision makers expect.   

Broadly this thesis suggests that recreational fishers’ preferences for NTRs are not 

being represented accurately in policy responses. Fishers are often presumed to be 

opposed to any policy that restricts their fishing. But in this thesis, I have shown that 

NTRs have relatively little effect on recreational fishing, and, for fishers, these effects 

are often outweighed by the conservation benefits of NTRs. The challenge moving 

forward for researchers and policy makers is to better capture and understand fishers’ 
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preferences for NTRs and to integrate this knowledge into NTR planning. This will likely 

deliver greater environmental and socioeconomic outcomes from NTR networks than 

current approaches that presume fishers to be opposed to any NTRs. 
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