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Abstract

A primary focus of conservation efforts has beendhtablishment of protected areas, both by
governments and conservation non-government orgaois, to meet conservation
commitments. While most research to date has niegl@onsiderations other than biodiversity,
there is a growing recognition that the socio-ecoicacontext in which conservation actions are
ultimately applied influences the success of im@etation. This is reflected by increasing
prominence in the literature of considerationsmfservation costs. However, despite the
increased focus on cost-efficiency in conservatibere is still a lack of critical guidance on
techniques for estimating costs and the implicatimn conservation outcomes of using untested
surrogates for actual costs. The inclusion of gppate cost measures in conservation planning
is not only of academic interest but is relevargnguring that conservation plans accurately
reflect the social context and provide relevantqyohdvice to government and conservation
practitioners. The current knowledge gaps inclapleropriate methodologies for cost
estimation, ways of costing multiple conservatiotians, and consideration of costs that vary
between groups of stakeholders. These gaps miidiedeo ensure that conservation plans
translate into effective on-ground actions thatatequately funded and supported by local

communities.

The primary objective of my thesis is to identifyetappropriate costs of conservation given
particular socio-economic goals and the likely agded conservation actions, such as
acquisition of land for national parks or engagstakeholders in private land conservation
agreements. My thesis research explores thesesifsunree different types of conservation
planning exercises and then develops and apptiesotis economic methods for estimating the
costs of conservation. The three kinds of congenvglanning exercises are:
1. Acquiring land in a well defined land market fortexsion of an existing protected area
system, when acquisition costs are a key considerat
2. Protecting areas in the absence of a well definadket, when opportunity costs are a
better measure of the costs of conservation;
3. Conserving land on private property through chamgésnd management that involve
incremental changes in management costs.
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The second objective of my thesis is to incorpocatgs to multiple stakeholders and account for
multiple conservation strategies and stakeholdefepences. Most conservation plans will
involve engaging with a range of stakeholders amglementing different conservation
strategies, ranging from acquisition to stewardginggrams with private landholders. To
accurately reflect the true costs associated wvatiservation, the variable costs to different

stakeholders associated with different strategiestiine accounted for explicitly.

My third objective is to incorporate uncertaintiesny cost estimates into robust budgeting and
decision making. Studies to date have not adddelssw uncertainties associated with cost
assumptions can drive budget estimates and shagereation outcomes. Uncertainties arise
from many factors which remain unexplored in tierature. In addition, given an

understanding of the uncertainties associated eaighh estimates, there is no guidance in the
literature on how to make robust decisions, thadésisions that still give an acceptable outcome
despite uncertainty in parameters. Robust de@siequire better accounting for uncertainty in

the decision making process.

In Chapters 2 and 3, | examine the most commoncgtn of conservation planning in which
areas are selected for full protection in a fukyeloped land market and therefore the cost of
conservation is the acquisition cost of land atketvalue. | use the expansion of the protected
area system in Queensland as a case study fgi#msing context. The government has
committed to adding ~12 million ha to the reserygteam, ~4 million ha of which will be in
national parks, bringing the total area to 20 wiilha by 2020. But there have been no details
released on explicit conservation objectives, faiaallocations, or formal budgeting. | estimate
the costs associated with acquisition of land &tramal parks by first estimating sales value for
all properties with a geographically weighted resgren model. | then use this model, and
varying values for several key factors, to incogteruncertainties in my cost estimates into
robust budgeting and decision making. | use twdoes to explore uncertainty: sensitivity

analysis and information-gap modelling.

In Chapter 2, | explore the challenge of budgetirggiori for protected area expansion in the

face of uncertainty, specifically considering théufe expansion of protected areas in
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Queensland, Australia. | use Marxan to estimatetists of potential reserve designs with data
on actual land value, market value (including land improvements), transaction costs, and
tenure status. With scenarios, | explore threecgsuof budget variability: size of biodiversity
objectives; subdivision of properties; and legajuasition routes varying with tenure. Depending
on the assumptions made, the estimated budgesvesia $214 million to $2.9 billion. |
demonstrate how a rigorous analysis can informudisions about the expansion of systems of

protected areas, including the identification aftéas that drive budget variability over time.

In Chapter 3, | again use the Queensland protectsiexpansion as a case study and apply an
info-gap model as a second method for addressiogrtainty. In contrast to Chapter 2, in

which | use Marxan to select comprehensive segsayerties, this chapter applies a common
prioritization strategy by calculating benefit-coatios and targeting those properties with the
highest ratio value. In recent applications of BC8urrogate measures of the full benefits and
costs of conservation projects, such as measuregyd vegetation types or using land value as
a surrogate for acquisition cost, have been usethis chapter | demonstrate the potential
limitations of applying BCRs with surrogate measutecompare the performance of BCRs
based on two surrogate measures of both benefits@sts with the performance of

prioritization based only on benefits. In additibexplore the robustness of my BCR allocation,
defined as the proportion of properties misalloddte investment due to uncertainties about the
benefits and costs of projects, using an infornrmgap model (info-gap). | find that BCR
allocations are more efficient than benefit allowas, and protect more regional ecosystems at a

minimum level of 10%, and are generally more roltiah benefit-only allocations.

The second conservation planning context that ingxa is the case of selecting areas for full
protection in regions where markets are not fullyeloped and therefore opportunity costs are a
better measure of the full costs of conservationChapters 4 and 5, | consider opportunity costs
in marine and terrestrial contexts. In Chapterebrisider the planning region of Kubulau

district, Vanua Levu, Fiji Islands, where the commityiis considering extending or re-
configuring the marine protected area (MPA) netwdrkresent a novel method for calculating
the opportunity costs to fishers from their displaent by MPAs. | model opportunity costs as a

function of food fish abundance and probabilitycafch, based on gear type and market value of
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species. | also develop a profit model to investighe effect of restricted access to transport on
costs to fishers. | then include the opportunitgtenodel in Marxan to examine potential MPA
configurations for Kubulau District, Fiji Islands® minimize costs to local communities. |
identify optimum areas for protection in Kubulauhvi(a) the current MPA network locked in

place; and (b) a clean-slate approach.

In Chapter 5, | use the Mbaracayu Forest BiospReserve in Paraguay as a case study. The
biosphere reserve has been identified as a highitgrarea for conservation interventions
compared to other similar regions in Paraguayhoke the biosphere reserve as my study region
because of the availability of high-resolution datecosts and vegetation types. In this chapter
| partition land costs into three distinct opportyrcosts to smallholder agriculture, soybean
agriculture, and ranching. | demonstrate that djpynity costs to single stakeholder groups can
be inaccurate measures of true opportunity costan inadvertently and disproportionately
displace conservation costs to groups of stakemoldbo have not been considered.
Additionally, | examine how spatial correlationgween costs as well as size of conservation
objectives affect the performance of opportunitgtsdo single stakeholder groups as surrogate
measures of true opportunity costs. | concludeplatning with opportunity costs to single
stakeholder groups can result in cost burdensher @roups that could undermine the long-term
success of conservation. Thus, an understanditigecdpatial distributions of opportunity costs
that are disaggregated to groups of stakeholdersasssary to make informed decisions about

priority conservation areas.

In Chapters 6 and 7, | consider the third consemagilanning context: the case of selecting
areas, not for full protection, but for particiatiin incentive programs that might only partially
reduce production or require only marginal chartgesanagement regimes. In Chapter 6, |
estimate the potential costs of a stewardship pragn the Daly River catchment, Northern
Territory, which would underwrite the cost diffecenbetween routine land management and the
additional requirements of conservation managemBated on survey responses from
landholders, | first assess the current costsraf faanagement in the catchment and use
regression to identify key drivers of spatial véida in both routine land management costs and

total land management costs (defined as land mamagecosts to meet objectives for both



routine property management and conservatiofen estimate the additional costs of
conservation management over and above routinen@mhgement at an average of $1.99 per
ha. Much of the cost-effectiveness of stewardphayments would come from their ability to

leverage the costs of routine land managementdyineeet by landholders.

In Chapter 7, | apply the cost estimates develap&hapter 6 but also look at additional design
criteria for a stewardship program in the Daly @atent including the probability of

landholders participating in the program. | useicé modelling to estimate the probability of
participation in two legal arrangements - conseovatovenants and management agreements -
based on payment level and proportion of propetyired for management under the
agreement. | then spatially predict landholdersbability of participating at the resolution of
individual properties and incorporate these spatiatlictions into conservation planning
software to examine the potential for the stewaplplogram to meet conservation objectives. |
find that there is a tension between planning foost-effective program and planning for a

program that targets properties with the highegbability of participation.

Overall, my thesis highlights the importance ofistaexplicit socio-economic objectives.
Explicit objectives are at the heart of systemedinservation planning; however, objectives
associated with social and economic values are oféglected. The recent rush to include
socio-economic costs in conservation planning magdht to the forefront the importance of
considering the social context for conservatiomn #e lack of established methods for
accounting effectively for costs underlies muchhef current debate in the literature. Of the
studies that have included cost metrics, relatifely link them to explicit objectives and most
have not been based on rigorous economic methdgigshesis provides techniques for
rigorously estimating costs in three broad typesitofations that have to be addressed in

conservation planning, while also accounting focartainties in cost estimates.
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Chapter 1 General Introduction

There is growing recognition that the socio-ecoraantext in which conservation actions are
ultimately applied influences the success of thmplementation. However, there is still a lack
of critical guidance on techniques for estimatiogts and the implications for conservation
outcomes of using untested surrogates for actsiscim this chapter | provide an introduction
to the limitations of the body of literature thatorporates economic costs into conservation
planning. | also provide an outline for my thesis objectives and structure.



Socio-economic Costs of Conservation: A systemationservation planning approach

With increasing demands on natural resources ssictean water, food and fuel, it is becoming
critical that we manage ecosystems to sustainupplg of these goods and services. A primary
focus of conservation efforts to date has beere#h@blishment of protected areas to meet the
goals of agencies or non-government organizations meet global commitments through
international mandates such as the Convention olo@ical Diversity (IUCN 2009; UNEP
2002). Countries are increasingly establishing pestected areas to complement their existing
networks and so ensure protection of a representativef s8t lsiodiversity features, including
ecosystems, species and populations. The fietdmm$ervation planning focuses on the task of
selecting areas for protection that contributentiost to conservation objectives at the least cost

or within a set budgetary constraint (Margules &$2ey 2000).

It is widely recognized that conservation featuaesvariable across space at broad scales (e.g.
biodiversity hotspots or global 200 priorities Bkscet al. 2006) and within regions (e.g. Pressey
2004). Over the last 25 years or so, technicalt@silto design systems of protected areas based
on biological data have improved (Margules & Prgs2#00), but most research to date has
neglected considerations other than biodiversitys Ts despite the increasing recognition that
the socio-economic context in which conservatidmas ultimately take place has a large role

in the determining the effectiveness of conservati@nagement (Naidoo et al. 2006). This
increased focus on the socio-economic context méexvation decisions is demonstrated by the
addition of five stages to the systematic conse@wmgilanning framework of Margules and
Pressey (2000), the new stages being focused predotty on the social, economic and

political context for the technical aspects of piag (Pressey & Bottrill 2009).

Naidoo et al. (2006) recently reviewed progresaatuding economic costs into conservation
planning and highlighted key factors that make eoaaio costs a central consideration. They also
identified remaining research questions such astbagtimate and include economic costs in
conservation planning. Conservation costs careparated into five components: acquisition,

management, opportunity, transaction, and damagel@d et al. 2006). Acquisition costs are

! | use protected areas and reserves interchangemblyghout my thesis to refer to areas under ptioreeneeting
the IUCN class I-VI categories of protection.



the costs of acquiring a parcel of land and areetbee relevant to terrestrial conservation
planning but much less so in the marine contextaddition, in the case of communally owned
land acquisition costs are less relevant than irketa where land rights are assigned to a single
individual. Acquisition costs can be estimatedrirbistoric land valuation data or, in developing
countries where records can be less reliable, tirtlie estimation of opportunity costs.
Opportunity costs are costs of forgone opportusidied should reflect purchase value because
they represent, in principle, the highest-valuegastive use for a piece of land. | recognize that
opportunity costs might be reflected in managernaedttransaction costs. However, | conform
to established usage in the conservation literatinieh focuses on opportunity costs from lost
production (hereafter simply referred to as ‘oppoity costs’). Opportunity costs are important
in both marine and terrestrial planning and cande to reflect the social costs of conservation

actions to stakeholders by considering differentagtive uses by stakeholder groups.

Management costs are those associated with theeanaimce of a conservation program and can
be broken down into fixed costs, which are independf the amount of conservation effort,
and variable costs, which are proportional to yfpe tor amount of conservation management.
Management costs can be a significant portiontal tonservation costs and are therefore often
considered in developing conservation plans. Taeti@n costs are those associated with
negotiating an economic exchange, for exampledagal land negotiation costs of purchasing a
parcel of land from a private landholder for resgion. These costs can be substantial,
particularly when negotiations last for severalrgeowever, they are often difficult to estimate
because they depend upon characteristics of ingavidndholders and the kinds of conservation
arrangements being put in place. Damage costh@se associated with damages to economic
activities from conservation management. For exampldlife exiting a reserve might damage
neighboring crop lands or livestock. Much likensaction costs, damage costs can be difficult

to estimate and have seldom been recorded.

Cost data have been used in conservation planninggithe process of selecting potential
protected areas, by shifting selections towardelarsas that are relatively inexpensive, while
still achieving all conservation objectives (e.gld3ky et al. 2001; Richardson et al. 2006;

Stewart & Possingham 2005). Including costs insiection of areas can save subsequent



extensive reconfiguration of initial plans whenamaelected when ignoring costs prove to have
less expensive replacements. Case studies haveefbon acquisition, opportunity and
management costs. A full accounting of conservatmsts would include consideration of all
five components, but this can be difficult or impitde because of limited data. The relative
importance of these costs varies across terreatréimarine environments, with acquisition
costs being the most common type of cost data deresil in terrestrial studies to date and
opportunity costs the predominant cost data fedturenarine studies (Ban & Klein 2009). In
general, cost data should be carefully aligned explicit cost objectives to ensure that the
desired cost savings are delivered. For examipleeiobjective is to minimize purchase costs
for the government, then acquisition costs wouldheemost appropriate measure. In
comparison, if the objective is to minimize longrtecosts to the management agency, then
management costs would be a more accurate measure.

Systematic conservation planning can be describddam operational model in which data are
gathered and summarized, explicit objectives areobgectives and data are incorporated into a
decision support tool, priority areas are selecdad, conservation actions are then allocated to
areas during implementation (Figure 1.1). As shawfigure 1.1, because of the relative
difficulty of estimating damage and managementsagtriori, the ability to integrate and assess
conservation costs depends on initial estimatiomiscarrections at multiple stages in the

planning process.

Figure 1.1 emphasizes that the first step in tiséesyatic conservation planning process is
stating explicit objectives for both conservatiomd@conomic goals. These objectives will then
be translated into data layers that reflect theseoration and socio-economic features of
concern and quantitative targets should be assignexflect potentially qualitative objectives.

At the initial estimation stage it is likely thatwill only be possible to estimate acquisition,
opportunity and transactions costs because manageme damage costs will depend on the
extent and spatial configuration of areas selefdegrotection. The data would then be used in
conjunction with a conservation decision suppoot {fbuse Marxan throughout my thesis) to
select potential reserve designs. Once poterdgidigurations have been selected, management

and damage costs can be estimated and the totalafa®nservation can be assessed and



reserve designs can be altered iteratively if reetb reduce total cost estimates. After a final
desktop assessment of potential reserves is cosadpligte conservation plan would then be used
to guide on-ground conservation actions, whiclikisly to involve significant stakeholder
engagement and reconfiguration of selected areasodmplementation constraints and
opportunities that are revealed through this engege (Knight & Cowling 2007; Pierce et al.
2005). In addition, implementation often occurgioa series of years. Therefore, over this time-
frame, data may need to be re-assessed as on-grdandation informs and updates previous
desktop estimates, or as new data are collectet,asilandholders’ willingness to participate in

conservation actions.

Define explicit conservation and economic objectives

. 4

Biodiversity data Costs (acquisition,
and setting targets opportunity, transaction)

v
-

Reserve design: decision support tools

Potential reserve designs

'

Assess management
and damage costs:
estimate total costs

. 4

Conservation implementation

Figure 1.1 Operational model for systematic conservation glagfrom data scoping through conservation
implementation.



Literature trends and research gaps

| identified all studies that included socio-econorpsts in conservation planning with a Web
of Science search (“cost” or “efficient” or “socezonomic” and “conservation” or “reserve” and
“planning” or “site selection” or “prioritizationdr “design”). | reviewed the 93 studies
identified by my search and recorded the typesotervation costs considered, the cost
estimation techniques used, and other relevanbssmmnomic variables considered, such as
landholder characteristics. Based on these 93estuidexamined trends in the number of annual
publications that included socio-economic coststagnids in types of costs considered. | also

compared the numbers of studies covering terrésinh marine environments (Figure 1.2).

Following the seminal publication by Ando et al998), which demonstrated that cost-effective
selection strategies achieve the same speciesagevat lower costs compared to solutions that
seek to minimize the total area of selected sitese has been a rapid increase in publications
incorporating costs into conservation planning (iFégl.2). As discussed by Ban & Klein
(2009), the development of marine conservationrptanhas lagged behind terrestrial
conservation planning. The first publication tolude socio-economic costs in marine
conservation planning was in 2003, 7 years aftefitkt terrestrial publication that considered
costs. To date, marine studies account for on% d8all studies considering socio-economic

costs in conservation planning.

Despite the increased focus on cost-efficiencyomservation (Figure 1.2), there is still a lack of
critical guidance on cost estimation techniquestaedmplications of failing to use rigorous
economic data for conservation planning (Naidoal €2006; Polasky 2008). In a review of the
literature, Newburn et al. (2005) addressed thestipre “Do conservation biologists currently
offer effective methods to prioritize spending émnservation programs on private lands?”.
While their review of the literature focused onvaite lands specifically, their conclusions
regarding the incorporation of economic factors icbnservation planning are applicable more
generally. They concluded that the literaturd ptibvided inadequate methods and rigorous
guidance on rigorous derivation and applicationadt data and highlighted trends in research

gaps which | have summarized below (Gaps 1 and 2).
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Figure 1.2 Number of publications that include socio-econounasts in conservation planning, by year, classified
as marine or terrestrial studies. *This literattereiew was conducted in July 2010 and thus recfand2010 are
incomplete.

I have complemented these with additional resega@s identified in my review of the literature

(Gaps 3 and 4). The four important research gags ar

1. The lack of appropriate methodologies, either dgwedl uniquely to answer conservation
problems or adapted from standard economic methodstimate components of
conservation costs. For example, hedonic mod&iagstandard economic method for
estimating land values. However there is only go@ieation of this method in the
conservation literature. In other cases, whera dave been derived with standard
methods or from standard data sources such avéundtion data bases, there is still a
strong tendency to use aggregate measures ratrefitle-resolution metrics (for

example averaging land values across regions thstieasing individual property



values). The tendency to use aggregate measusebena part due to conservation
planners using standardized planning units ratiear property boundaries. In addition,
available land valuation data often have missidge&or valuations at variable dates, so
conservation planners who are unfamiliar with stadceconomic methodologies for
estimating missing values choose to aggregateadiyatstead.

2. The persistent focus of conservation planning decti@g priority areas for strict
reservation, thereby neglecting other mechanisepecally those applicable to private
land, into decision making. Strict reservationimdy one of many conservation options
available and it is regularly complemented by eerve conservation on private lands.
There is a need to account for private land comrgem explicitly which means
understanding the costs to private land holdefss ihcludes using property boundaries
in planning exercises to represent actual landihgél understanding legal routes for
acquisition or covenanting dependent on land terauré estimating variable costs
associated with different types of private constovasuch as opportunity and
management costs.

3. The failure to explicitly link cost metrics to exgt socio-economic objectives. Explicit
socio-economic objectives will reflect the sociahtext of the planning region and thus
are likely to reflect specific objectives regardiiferent stakeholder groups in study
regions and might also reflect different conseorastrategies. Therefore, it is important
to understand how costs relate to socio-economedsions, in particular how to
account for variable impacts to multiple groupstaikeholders on whom conservation
costs fall differently.

4. The failure to address the impact of uncertairdgesociated with economic costs on
financial estimates of achieving conservation dibjes or the configurations of selected
priority areas. Understanding how we take intaoaot uncertainty in our estimates has
two associated questions that remain unanswergHtofa do we report on the
uncertainties associated with our financial estewatand (b) How do we make robust

decisions given the uncertainties associated witlestimates?

| summarized the key research gaps identified bylen et al. (2005) and measured the

percentage of studies covered by my review thatesded these issues prior to 2005 and after



2005 (Table 1.1). | categorized the studies d@srpo’ and ‘after’ Newburn et al. (2005) to
determine whether the trends observed in 2005 blaaeged with the increased number of
publications over the last five years. The onlgstantial change is a decrease in the percentage
of studies using aggregated mean or median langksalcross large areas (Table 1.1). This
indicates that the research gaps identified by Newkt al. (2005) are not a dominant focus of
studies that include socio-economic costs in caradien planning. Accordingly, little headway

is being made to provide effective methods forqimng conservation spending based on

sound economic methods.

As indicated by Table 1.1, the costs being includezbnservation planning are still rudimentary
cost estimates with more than a third of the stud&ng aggregated mean or median land values
rather than implementing standard economic methmdstimate values of individual parcels.

At the time of their study, Newburn et al. (20098}ed that no studies had implemented standard
economic methods such as hedonic models, the moshon economic technique for land
valuation. In my review of the literature, onlyestudy has implemented hedonic models for
land valuation (Newburn et al. 2006). Additionaliglatively few studies include more than one

component of conservation costs.

Table 1.1A review of key trends in 93 studies identifiechity search of the primary literature. | have meagur
percentage of studies ‘Prior to’ and ‘After’ Newhuat al. (2005) to analyze whether the focus ofeovation
planning studies has changed in the last five years

Characteristic Prior to After

Incorporating costs based on land valuation dattasrdard

economic methodologies 36% 35%
Estimating costs at fine resolution (e.g. singtedlparcels)

versus aggregating to mean or median costs a@ags dreas

such as regions 56% 67%
Considering boundaries of individual land parcels 2%1 13%
Considering private land conservation strategies % 16 12%

Thesis objectives
The primary objective of my thesis is to identifyetappropriate costs of conservation given
stated socio-economic goals and the likely assediabnservation actions for three different

types of conservation planning exercises and thelevelop and apply rigorous economic



methods for estimating those costs. | achievelthisxamining three types of planning exercises
and estimating the appropriate costs: 1. Acquilamgl in a well defined land market for

extension of an existing protected area systemnu{aitipn costs); 2. Protecting areas where there
is not a well defined market and opportunity c@stsa better measure of conservation costs; and
3. Conserving land on private property through desnn land management (incremental
changes in management costs). The second objedtiag thesis is to use cost estimates to help
fill the other research gaps identified. In paraeul address how to incorporate costs to multiple
stakeholders and how to account for multiple coregt@n strategies and stakeholder
preferences. My third objective is to incorporateertainties in cost estimates into robust

budgeting and decision making.

Objective 1: Develop cost metrics for inclusiondgonservation planning based on standard
economic methods

Consistent methods for estimating management apdramity costs are still lacking in the
studies reviewed. Naidoo & Adamowicz (2006) andddea & lwamura (2007) provided a
method for estimating opportunity costs in teriasgnvironments. However, this method has
not been applied in other studies. Similarly, Biaird et al. (2003) provided a global study
estimating management costs of terrestrial parkanfMar method has only been applied at a
local scale by one study (Frazee et al. 2003is dtear that further development and applications
of these methods are needed, and rigorous econpetitods such as those presented in these
studies should be commonplace in studies ratherttiteexception. Furthermore, most studies to
date have only considered one component of consanveosts, which fails to provide planners
with a full picture of the financial costs assoedtvith conservation actions. Consistent
methods for accounting for all conservation costsreeeded so that more rigorous financial

estimates can be constructed for conservation plans

Objective 2: Examine the impacts of socio-economimensions, such as accounting for
tenure structures, stakeholder values and preferepand differential costs to stakeholders, on
conservation costs and decisions.

The cost measures included in the planning prosiessid be directly aligned with the cost

objectives. Conservation plans will likely be iraplented more effectively by working with a
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range of conservation strategies, ranging from iadepn to stewardship agreements with private
landholders, and requiring engagement with multgiédeholders. The more information that is
known a priori about stakeholder preferences du&si the better our estimates of costs of
conservation can be. This is because actual caktsenmpacted not only by market values but
also by the perceived costs of conservation thiihtance stakeholders’ willingness to participate
in conservation agreements. In addition, the colst®nservation are likely to vary between
stakeholder groups. Thus, an understanding asplagial distributions of opportunity costs that
are disaggregated to groups of stakeholders isseapeto make informed decisions about
priority areas for conservation. To date, there lbeen relatively little research on variable costs
between stakeholder groups or on stakeholder gmdes for different conservation actions on
their land. As these types of information are otetd, the more likely conservation planners are

to achieve cost-efficient strategies.

Objective 3: Examine potential sources of uncerttinn cost estimates and assess the impacts
of these uncertainties on financial budget estimste

To date there has been some research on how t@ipegander constrained budgets, but we still
know relatively little about how much it will cost total, to achieve conservation objectives.
The lack of studies and methodologies for estingadifiull financial accounting of protected area
expansion remains a hurdle in applying conservaaence to achieve real-world outcomes. In
addition to the difficulties of estimating finantlaudgets for conservation, studies have not
addressed how uncertainties associated with cestrggtions can shape budget estimates and
conservation outcomes. Uncertainties arise fromynsaurces, but the main factors that remain
unexplored in the literature are: legal acquisitiontes dependent on tenure; whether properties
can be subdivided; and size of biodiversity objedi An example of the first source of
uncertainty is on freehold (private) land in Qudand where areas can be established either
through acquisition at market value or voluntartabshment of a nature refuge which has no
associated acquisition cost. Therefore, the cgstfra parcel of land depends on its tenure and
assumptions about the expected acquisition routeyn depending on the preferences of
landholders. No framework exists for budgetingdonservation actions while including a
complete accounting of costs and associated umageta A better accounting of conservation

costs could help bridge the planning-implementagiap by helping to lobby for adequate funds.
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In addition, given an understanding of the uncetias associated with cost estimates, there is no
guidance in the literature for how to account fos uncertainty to make robust decisions. It is
critical to understand not only the potential ut@ieties associated with cost estimates, but also

how to make robust conservation decisions regasdiethese uncertainties.

Thesis Outline

This thesis is presented as a series of chapterafted for publication in peer-reviewed
journals. Figure 1.3 shows the overall structdrthe thesis. The six data chapters are structured
as three sets of two chapters, with each set asldgea different socio-economic context and
different type of cost accounting. The first chamtkeach set addresses objective 1 by applying
economic methods to estimate conservation costss&bond chapter in each set applies these
costs in conservation planning to address objestvand 3. Authorship of chapters for
publication (Chapters 2-7) is shared with membéraythesis committee, Bob Pressey
(Chapters 2-7) and Natalie Stoeckl (Chapters 67yell as several contributing co-authors:
Daniel Segan (Chapter 2), Morena Mills (Chapteitacy Jupiter (Chapter 4), and Robin
Naidoo (Chapter 5). Several government agencigged spatial data and | have identified
and cited the custodians of data within the relechapters. Tables and figures are shown
throughout the text and additional supporting meéshand figures are provided in the

appendices.
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ea system? opportunity costs to | costs: the first step mn
Some critical multiple gear types designing a stewardship
determining factors and in both fished and program for the Northern
ranges of costs for currently unfished Territory
Queensland areas
¢ ¢ h 4
Chapter 3: Applications Chapter 5: Chapter 7: Estimating
and limitations of Opportunity costs: landholders’ probability of
benefit-cost ratios in who really pays for participating in a stewardship
conservation planning conservation? program, and the implications
for spatial conservation
priorities

Chapter 8: General Discussion

Figure 1.3Chapter structure for this thesis.

Chapter 1 (this chapter) provides an introduction to theitiations of the body of literature that

incorporates economic costs into conservation ftan

Chapter 2 conducts a sensitivity analysis on the financialdet for expanding Queensland’s
protected area estate, focusing on three sourdasdgfet variability: legal acquisition routes
dependent on tenure; subdivision of properties;sirel of biodiversity objectives. Spatial data
were provided under license by the Queensland Govent Department of Environment and
Resource Management. Daniel Segan assisted iniloogrgdl spatial data and formatting the

data for use in the conservation planning softaexan. | conducted the analysis and wrote
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the chapter, and Daniel Segan and Bob Presseyeaksighe interpretation of results and
editing.
Publication:
How much does it cost to extend a protected ars@s)y? Some critical determining factors
and ranges of costs for Queensland. Adams, V.MjageD.B., Pressey, R.L. PLoS ONE, In

Review.

Chapter 3 applies an information-gap model to explore thderaffs in cost efficiency and
robustness of budget allocations when benefit4aigis are used to allocate funds. The
mathematical development of the information-gap ehdglpublished in the peer reviewed
conference proceedings for the 2011 Internatiomaif€ence on Vulnerability, Risk Assessment
and Management (ICVRAM 2011). The applicationhe info-gap model to expanding
Queensland’s protected area estate has been sedbfoittpublication in a peer reviewed journal.
Spatial data were provided under license by theeQsland Government Department of
Environment and Resource Management. | condubtedralysis and wrote the chapter and
Bob Pressey assisted in the interpretation of tesud editing.

Publications:

An info-gap model to examine the robustness of-effgtient budget allocations. Adams,

V.M. and Pressey R.L. 2011. ICVRAM 2011: 1st Intgronal Conference on Vulnerability

and Risk Assessment and Management, April 11-1B] 20niversity of Maryland, College

Park, pp.971-979.

Applications and limitations of benefit-cost ratsoim conservation planning. Adams, V. M.,

and R. L. Pressey. Conservation Letters, In Review.

Chapter 4 develops and applies a method for estimating oppiyt costs to multiple
stakeholders in a marine environment. Stacy Jupitected the field data in Kubulau district,
Vanua Levu, Fiji Islands. Morena Mills helped cantlanalysis of the catch per unit effort data
collected by Stacy Jupiter. | conducted the amsabysd wrote the chapter, and Stacy Jupiter,
Morena Mills and Bob Pressey assisted with modelpretation and editing.

Publication:
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Improving social acceptability of marine protectgda networks: a method for estimating
opportunity costs to multiple gear types in bo#ihéd and currently unfished areas. Adams,
V.M., Mills, M., Jupiter, S.D., Pressey, R.L. 20Biological Conservation 144: 350-361.

Chapter 5 estimates the impacts on total costs as well as to®ther stakeholders when
conservation planning only includes opportunitytsde a single stakeholder group. Robin
Naidoo developed the spatial data used. | condubeanalysis and wrote the chapter, and
Robin Naidoo and Bob Pressey assisted with intengréhe results and editing.

Publication:

Opportunity Costs: Who really pays for conserva@idams, V.M., Pressey, R.L., Naidoo,

R. 2010. Biological Conservation 143: 439-448.

Chapter 6 develops a model for land management costs in #ig &tchment, Northern
Territory and uses this model to estimate the aofsésconservation stewardship program which
would underwrite the difference between routineperty management and conservation
management. Spatial data were provided underdecby the Northern Territory Department of
Natural Resources, Environment, Arts and Sportllécted all social data used to inform the
models by mail surveys and in-person interviewsorducted the analysis and wrote the
chapter, and Natalie Stoeckl and Bob Pressey edsisthe survey design, model interpretation
and editing.

Publication:

Estimating land management costs: The first stefesigning a stewardship program for the

Northern Territory. Adams, V.M., Pressey, R.L.,&fki, N. Biological Conservation, In

Review.

Chapter 7 uses the model from Chapter 6 in conjunction wittkeholder preferences for
different stewardship agreements to design a dlyagieplicit conservation plan that accounts for
multiple conservation actions. Spatial data weowipled under license by the Northern
Territory Department of Natural Resources, EnvirentArts and Sports. | collected all social

data used to inform the models by mail surveysiafgerson interviews. | conducted the
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analysis and wrote the chapter, and Natalie StamukiBob Pressey assisted in the survey
design, model interpretation and editing.
Publication:
Estimating landholders’ probability of participagim a stewardship program, and the
implications for spatial conservation prioritiesdamns, V.M., Pressey, R.L., Stoeckl, N. In

Review.

Chapter 8 provides a summary of the previous chapters andcaigssion of the contributions
made to advance the cross-disciplinary field ofsesumation planning with economic
considerations. In this chapter, | also highlitite opportunities and constraints of addressing

the research gaps identified in Chapter 1 and dgsmlithrough Chapters 2 — 7.
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Chapter 2 How much does it cost to expand a protected areastgm? Some
critical determining factors and ranges of costs foQueensland

Many governments have recently gone on record miogiilarge-scale expansions of protected
areas to meet global commitments such as the GBsystems of protected areas are expanded
to be more comprehensive, they are more likelygarbplemented if planners have realistic
budget estimates so that appropriate funding caregeested. Estimating financial budgats
priori must acknowledge the inherent uncertainties arslinagtions associated with key
parameters, so planners should recognize thesetainties by estimating ranges of potential
costs. | explore the challenge of budgetngriori for protected area expansion in the face of
uncertainty, specifically considering the futurepamsion of protected areas in Queensland,
Australia. The government has committed to addiig million ha to the reserve system,
bringing the total area protected to 20 milliondya2020. | used Marxan to estimate the costs of
potential reserve designs with data on actual \eahde, market value, transaction costs, and land
tenure. With scenarios, | explored three sourcedbuwfget variability: size of biodiversity
objectives; subdivision of properties; and legalguasition routes varying with tenure.
Depending on the assumptions made, my budget desmanged from $214 million to $2.9
billion. Estimates were most sensitive to assuomgtimade about legal acquisition routes for
leasehold land. Unexpected costs (costs encoanbgr@lanners when real-world costs deviate
from assumed costs) responded non-linearly to litabd subdivide and percentage purchase of
private land. | demonstrate how a rigorous analgan inform discussions about the expansion
of systems of protected areas, including the ifieation of factors that influence budget
variability.

‘ Chapter 1: General Introduction |

| Define explicit conservation and economic objectives |

[ l |

l Incremental costs? |

Efficient market: market
value, e.g. Sales value
of properties

|

No market:
opportunity costs

Valuation of incremental
change in costs (e.g. change
in opportunity or
management costs)

l

Chapter 2: How much
does it cost to expand a
protected area system?
Some critical
determining factors and
ranges of costs for
Queensland

Chapter 4: A method
for estimating
opportunity costs to
multiple gear types
in both fished and
currently unfished

Chapter 6: Estimating land
and conservation management
costs: the first step in
designing a stewardship
program for the Northern

'

areas
'

Territory

Chapter 3: Applications
and limitations of
benefit-cost ratios in
conservation planning

Chapter 5:
Opportunity costs:
who really pays for
conservation?

Chapter 7: Estimating
landholders” probability of
participating in a stewardship
program, and the implications
for spatial conservation

N priorities

‘ Chapter 8: General Discussion ‘

'Adams, V. M., D. B. Segan, and R. L. Pressey. 26tbiv much does it cost to expand a protected astam?
Some critical determining factors and ranges ofscfis Queensland. PLoS ONE, 6, e25447.
doi:25410.21371/journal.pone.0025447.

17



Introduction

International mandates such as the Convention olo@cal Diversity have become prominent
in debates about extending protected areas (UNBR)2@ountries that sign the CBD commit
to effectively protecting a portion of all theirasystems. A recent study assessed progress
towards the goal of protecting 10% of each ecoregyp2010 and found that half of the world’s
ecoregions had not met this target (Jenkins & J@®0®). Around the Conference of the Parties
2010, there have been notable political promisesxXpanded protected areas. For example, in
2008, the Demaocratic Republic of Congo announceaitld double its protected area extent to
30 million ha (Herkenrath 2008). More recentlye turopean Union promised to protect at
least 20% of land by 2020, also doubling its curpntected area estate (European Parliament
2010). Unfortunately there is often a gap betwaaitical promises and the actual funding
available to achieve them. This could reflectgbevasive underfunding of conservation
activities globally (James et al. 1999a). Howetee,shortfall in funding could also derive from

the lack of comprehensive financial estimates afdescale expansions of protected areas.

Constraints on funding for conservation have megéigaglobal financial analyses to estimate the
costs of conservation commitments (Balmford e2@03; Naidoo & Iwamura 2007). However,
these have rarely been complemented by fine-sstileaes of the spatially variable
conservation costs based on mapping of the ecosgsieother features that should be
represented (but see Ferraro 2002; Frazee et@).20any planning studies have
demonstrated that conservation objectives can ltenoee cheaply with data on spatially
variable costs. However, these studies rely onymatested assumptions about factors
influencing cost estimates. For example some stuapply global scale estimates to local scale
problems (Carwardine et al. 2009; Kark et al. 2af¥%gssume acquisition of only native
vegetation within properties (Carwardine et al. 20€lein et al. 2009c). To estimate the actual
costs of expanding protected areas, planners nmg tmeyond single estimates based on
dubious assumptions. Several frameworks for cenisig uncertainty, both ecological and
financial, have been proposed (Langford et al. 200i80n et al. 2009) and the uncertainty of
cost estimates associated with specific consenvaimtions has been assessed (e.g. Knoke et al.
2008; McCarthy & Lindenmayer 2007). However, thieas been no systematic exploration of

the uncertainties associated with estimating tts ecbexpanding protected areas.
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Table 2.1Factors known or likely to affect the acquisitiorsts of protected areas. The three factors corid#rectly in this study are shaded and bold.dfact
in italics were considered indirectly through legetjuisition routes and subdivision of propertfatsidies with asterisks estimated the effects ambéishment
costs as the number and/or total extent of coniervareas, which are likely to translate into eféeon financial costs in all or most regions.

Factor

Notes

References

Amount of biodiversity
data

More complex data increase the total extent of eordion areas required to achie
conservation objectives because of imperfect dpairaelations between features.

(Pressey et al. 20; Pressey & Loga
1995; Rodrigues & Gaston 2001,
Warman et al. 2004)*

Rarity and nestedness
species occurrences

Higher rarity of species (less spatia-occurrence of species) increases the total exfe
conservation areas required to represent them.drigbstedness of species (more spatial co
occurrence of species) reduces the total extecwmmgervation areas required to represent the

(Pressey et al. 19; Rodrigues & Gasto
- 2001)*
2m

Size of biodiversity
objectives

Larger conservation objectives for features sucépasies and vegetation types increast
total extent and total cost of conservation aresslad to achieve them.

(Justus et al. 20, Warman et al. 200*
(Adams et al. 2010)

Size of planning units
(considered with

landholder willingness
to subdivide property)

Smallerplanning units require smaller total extents ofsgmation areas to achieve the si
conservation objectives because they lead to lemsrepresentation of objectives.

(Pressey & Logan 194 Rodrigues &
Gaston 2001)*

Spatial variability in cost:
of planning units

Efficiency gains of including costs in the plannimgpcess are ongly related to the relati
variability of conservation costs.

(Pressey et al. 19)*
(Adams et al. 2010; Naidoo et al. 2006

Spatial correlatior
between biodiversity
values and costs

Efficiency gains of including costs in the planniorgpcess are strongly related to the correle
between conservation costs and benefits.

(Adams et al. 207; Babcock et al. 19
Naidoo et al. 2006)

Connectivityof
conservation areas

Grouping planning units so that they achieve objestfor connectivity (e.g. compactne
alignment to provide movement corridors) increabegotal extent of conservation areas
required to achieve other conservation objectived &s representation of species and
vegetation types.

(Nicholls & Margules 199; Stewart &
Possingham 2005)

Uncertainty abou
establishment costs of
individual planning units

The actual establishment costs (e.g. opportunigcquisition costs) of all planning units
seldom or never known with certainty, particulabross large regions. Typically, these cost
must be estimated with surrogates (e.g. agriculpotential) or modeled from a limited numb
of data points (e.g. sales prices).

No studies have explicitly consider
suncertainty of cost estimates, but sever
estudies have developed framewaorks for

2009; Wilson et al. 2009)

Legal acquisition routes
for protection of
different tenures

Depending on the tenure of land parcels, diffelegal routes are probably available for plac
the parcel under protection (e.g. conservationreaseor nature reserve programs for freehg
land; stewardship requirements and payment progfanieasehold land). The total costs of
achieving conservation objectives will vary strgnigetween different legal routes.

(Messer 200)
Id

=

considering uncertainties (Langford et al.

Landholder willingnes

Landholdersvary in their inclination to engage with consergatbrganizations. Issues inclu
willingness to sell, willingness to negotiate ponts of properties to be sold (i.e. willingness t
subdivide property for sale), and willingness tdtiggate in nature refuge or conservation

(Knight et al. 201; Messer 200)

|=)

management programs.
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| identified ten factors likely to affect the cadtexpanding protected areas (Table 2.1). Some of
these relate to biological variables and are redtiwell understood; but socio-political factors
are also likely to be important determinants oftg€o§his study examines how three socio-
political factors affect the expected cost of exgiag protected areas in Queensland, Australia

(Figure 2.1).

Y

Il Protected Areas
Bioregion

300 150 0 300 km

Figure 2.1 The state of Queensland, protected areas, anelgims.

In 2008, the Queensland government promised te-d@dnillion ha to the network of protected
areas, 4 million ha of which would be acquiredriational parks, bringing the total estate to 20
million ha by 2020 (Anna Bligh Premier of Queensl&®08). There is flexibility in how this
promise could be fulfilled, and different approashall have different financial implications.
The current 7.6 million ha of national parks wecgudred over 100 years. The promised

expansion therefore represents an unprecedentedfratdition of protected areas.
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The primary objective of my study was to conduihancial analysis of how much it will cost

to expand the Queensland protected area estatejrdty for uncertainties around assumptions
that make a range of potential costs more useful ¢hsingle figure. | therefore used a
sensitivity analysis to examine two aspects of uag&y in financial estimates: 1. the possible
range of financial budgets required, dependingitiardnt assumptions made, termed “expected
costs” and 2. the possible “unexpected costs” gdepartures from assumptions in the face of
real-world constraints. | focused my study on é¢hfiagctors: the size of biodiversity objectives;
willingness to subdivide properties; and legal asitjon routes dependent on tenure (Table 2.2).
| selected these factors to reflect socio-econ@ssumptions that involve considerable
uncertainty in the expansion of protected ared&3ueensland.

Table 2.2Factors (3) included in this study, associatedaimes (4) used in my calculations, and ranges lokgao

indicate uncertainties. The full factorial desigquired 200 scenarios to consider all combinatainslues
(2x2x5x10).

Factor Variable considered Range of uncertainties
Biodiversity objectives Size of objectives for 10%/1,000 ha or scaled objectives (2
regional ecosystems values)

Landholder willingness to No subdivision / No subdivision requires acquisition of

subdivide property subdivision entire property. Subdivision allows for
acquisition of only remnant vegetation (2
values)

Legal acquisition routes for Freehold acquisition 0-40% of properties purchased (in 10%

protection of different tenures routes increments), with the remainder placed

in Nature Refuge (5 values)
Leasehold acquisition 0-90% of properties purchased (in 10%
routes under the increments), 5% of property leases under
Delbessie Agreement terminal lease renewal, with the
remainder placed in Nature Refuge (10
values)

| used sensitivity analysis because the promisedafeexpansion of the protected area estate is
unprecedented and not reflective of previous adipis. It was therefore not possible to derive
accurate financial estimates from historic datastdfically, parks have not been located
strategically, but rather in response to politiogberatives, such as the Wet Tropics World
Heritage Area, or based on ad hoc responses ttabwNigy of land and lengthy negotiations with
landholders. Furthermore, future expansion ofgmietd areas in Queensland will involve recent
legal initiatives with uncertain applications. Qufehese initiatives is the Nature Refuge

program which allows landholders to voluntarilygdgortions of their properties under
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conservation covenants. The covenants are attdoHadd titles in perpetuity, stipulate nature
conservation as the primary use and constitute Ild&tdgory VI protected areas. Nature
refuges therefore contribute to the national ressgpstem and to meeting global commitments
such as the CBD. However, NatureAssist, which Ive® competitive bidding by landholders to
support management of Nature Refuges, providddstsound of funding only in 2007. Itis
unclear whether the last 5 years of funding wille& future funding, or whether this will be
sufficient incentive to engage many more landhadArsecond recent legal initiative is the
Delbessie Agreement, legislated in the last 5 yaadsuntested in implementation. The
Delbessie Agreement is a framework of legislatfmrlicies and guidelines supporting the
environmentally sustainable, productive use oflng@asehold land for (DERM 2007). The
lessees with properties identified as having corsgem value can enter into a Nature Refuge
agreement and be rewarded with a 10-year leasasate Alternatively, they can elect to have
their properties acquired. The percentage of &sssbhoosing either option is very difficult to
estimate. Given the Government’'s commitment tapédrexpansion of protected areas in
Queensland and these two relatively untried leggthiments, | set out to explore the effects on

costs of uncertainties around several influentilables.

Methods
Planning region

The study region included the whole state of Quleeds Australia, with a total area of 185
million ha of which approximately 8 million ha isqitected (Figure 1.2). | implemented my
sensitivity analysis by estimating the total finehcost of the protected area expansion for
incremental changes in four variables, associatddmy three key factors (Table 2.2). |
selected the four variables and appropriate vdhrethem based on expert interviews conducted
with the Queensland Department of Environment aesbRrce Management (DERM). | then
used Marxan (Ball et al. 2009), a reserve desigh to estimate the total financial costs for each
scenario (see Reserve Design section). Marxacaesremonly used conservation planning
software that uses a simulated annealing algorithfimd good solutions to selecting a set of
areas, in this case properties, that meet the reanisof achieving representation targets at a
minimum “cost”. The objective function can includests of areas, total boundary length of
areas, and penalties for failing to meet consesmatbjectives. For each scenario, | used

Marxan’s best run (the run with the smallest olectunction) and calculated the total area
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selected and total expected costs. To ensuré éxalored ranges of each variable while
holding all other variables constant, | used afadktorial design resulting in 200 reservation

scenarios (Table 2.2). Details on methods for edi¢che variables are below.

Biodiversity objectives

Based on conversations with DERM | developed twfedint methods for setting conservation
objectives that reflected the department’s thinkang minimum policy requirements for the
Commonwealth Government to achieve 10% protectiall dioregions. | do not endorse these
objectives as ecologically adequate, but presemh there to illustrate their effect on costs of

protected areas.

At the core of Australia’s biodiversity conservatistrategy are the goals for protected areas to
be comprehensive, adequate, and representativepi€bensiveness refers to the need to
sample all bioregions; adequacy relates to thegierse of biodiversity; and representativeness
indicates how well ecosystems are sampled withoneigions (ANZECC 1997). To address both
comprehensiveness and representativeness, | us€lutdensland Herbarium’s regional
ecosystem mapping of remnant vegetation at 1:50@@entify my conservation features
(DERM 2009). Regional ecosystem mapping is thetmasiprehensive, fine-scale data on
vegetation formations available for Queenslandas§ification of regional ecosystems considers
bioregional boundaries, vegetation structure, ggglandform, and soil (Neldner et al. 2005;
Sattler & Williams 1999). There are thirteen bgions (Figure 2.1) and over 1300 regional
ecosystems mapped across Queensland. | usedithated pre-clearing extent of each regional
ecosystem for setting biodiversity objectives (@ationale, see Pressey et al. 2003), although my

selections of new areas were based on remnanenagpetation.

The first method for defining objectives (“10%/1000a”) was derived from minimal policy
requirements (National Objective and Targets fadBiersity Conservation 2001-2005 2001;
UNEP 2002). | used a base objective of 10% ofstanated pre-clearing extent of each
regional ecosystem. If this percentage was lems 1000 ha, | set the objective to 1,000 ha. If
the pre-clearing extent was less than 1,000 het, the objective to the pre-clearing extent (i.e.
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100%). |then expressed these objectives as tenofant vegetation. If the remnant area of a

regional ecosystem was smaller than its objectitrenmed the objective to the remnant area.

The second method (“scaled objectives”) used a punetion to scale objectives based on
extent of vegetation. This method reflects thé flaat a very extensive ecosystem might not
need 10% protection to ensure long-term viabilithiereas a small, heavily cleared ecosystem
could need a much larger percentage protectetthe [pre-clearing extent was less than 1,000 ha,
the objective was set to pre-clearing extent {i08%). If the pre-clearing extent was 1,000 ha

or larger, | used the following equation with a mswalue ofp=0.5:

p
Xk
K

p
Xy
1

wherety is the objective for regional ecosyst&nmexpressed as a proportignis the power, and

x is the pre-clearing extent of regional ecosyskeriviore extensive regional ecosystems
(representing larger proportions of total pre-dlegrvegetation) therefore had larger objectives,
but the power function produced a diminishing &tencrease in objectives with increasing pre-
clearing extent. | multiplied each objective bg{mlearing extent to express it in ha and, if

necessary, trimmed it to total remnant area.

Objectives for the 10%/1,000 ha method totalledudli@.5 million ha compared to about 10.6
million ha for scaled objectives. However, the negls differed more importantly in their
objectives for individual regional ecosystems. Canegl to the 10%/1,000 ha objectives, scaled
objectives gave larger values to regional ecosystgithh smaller pre-clearing extents and

smaller values to regional ecosystems with largergbearing extents (Figure 2.2).
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Figure 2.2 Objectives for regional ecosystems plotted agassinated pre-clearing extents for both methods.

Subdivision of properties

Willingness of landholders to subdivide properfiessale is likely to be highly variable and
difficult to estimatea priori for large numbers of properties managed by pewjiteno previous
contact with DERM. Acquisition of whole propertissmore expensive and will often involve
purchase of land without native vegetation. Aciiois only of native vegetation is less
expensive and more targeted. To bound my estinohiessts, | compared two subdivision
scenarios, one without subdivision and one inv@\sabdivision to protect only remnant native
vegetation. In scenarios with subdivision, | assdrhomogeneous cost across each property
(below) and pro-rated the cost for remnant vegatalin places, my subdivision assumption will
underestimate costs, with protection of only unstighlly small patches of native vegetation.
However, it reflects assumptions made in the litesa(Carwardine et al. 2008; Klein et al.
2009a).

Legal acquisition routes
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| explicitly considered the multiple acquisitiorutes for freehold (privately owned) land (Table
2.3). Freehold land can be purchased by the dtatarket value. Alternatively, the owner can
retain the property with a voluntary Nature Refaggenant on all or part of it, with no
acquisition cost. The two acquisition routes feehold land mean that estimates of
establishment costs are uncertain, depending amgs®ns about willingness of landholders to
sell or negotiate Nature Refuges. Additionally Queensland Government’s commitment to an
eight-fold increase in participation in the Nat&®efuge program might not reflect the actual
willingness of landholders. Based on the relatiost of freehold, leasehold and state land, |
assumed that the government would purchase at406swf freehold land at market price and
the remainder would be negotiated as Nature Ref{iggse 2.2). This reflects the fact that
freehold land can be very expensive and many fildgihoperties are unsuitable as national
parks because they are small and heavily clearddoniy fragments of native vegetation
remaining. This reasoning reflects DERMs approaolmy range of acquisition assumptions

(0-40%) likely reflects the scenarios consideredjbyernment.

Table 2.3Pathways of land into the Queensland protectedsyrgam and associated costs in relation to tenure.

Annual

Pathway into protected area management
system Cost of acquiring Transaction cost costs
Freehold voluntary purchase Market value $20,000 per sale fo$8.12 per ha
to create new park coastal properties,

$15,000 elsewhere
Leasehold voluntary purchaseMarket value $20,000 per sale foAs above
to create new park coastal properties,

$15,000 elsewhere
Leasehold Future Value of improvements $20,000 per sale for As above
Conservation Area (FCA):  (difference between coastal properties,

terminal 30-year lease with market and unimproved $15,000 elsewhere
transfer to parks system at  land value)

expiry
State Forests or other State None None As above
land transfer to parks system
Freehold converted to Nature None $20,000 per sale for$3.82 per ha
Refuge by covenant coastal properties,

$15,000 elsewhere
Leasehold converted to None $20,000 per sale forAs above
Nature Refuge by covenant coastal properties,

$15,000 elsewhere
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| also considered the multiple acquisition routasléasehold land (land owned by the State and
leased for set periods for agricultural or grazigiggble 2.3). Under the Delbessie Agreement
(DERM 2007), landholders with leases currently aprénewal identified as conservation
priorities have three options: immediate sale atketasalue; 30-year terminal lease with
payments for improvements at the end of this temmal renewal of lease with a covenanted
Nature Refuge on part of the property. If the lawlder elects to sell immediately, the
Queensland government is required to purchasertpefy at market value. While
conversations with DERM indicate that 30% of leadaérs are expected to sell, with the
remainder negotiating renewed leases with Natufages, this assumption is untested. Little is
known about leaseholders’ responses to the Detbdggeement, so the establishment costs
associated with leasehold purchases and renevealsgirly uncertain. | therefore explored
acquisition levels up to 90% at market price, with remainder negotiated as Nature Refuges
(Table 2.2).

For each level of assumed acquisition of freehaldllaasehold properties, | calculated the
expected cost of properties ascostNRy* costpurchasewherex andy are the percentages
assumed for Nature Refuge and acquisition, respgtiandcostNRandcostpurchaseare the
costs of Nature Refuge and acquisition, respegtivEbr both freehold and leasehold land, |
avoideda priori allocation of properties to individual acquisitiooutes to avoid idiosyncratic

correlations between cost and particular examdlesgional ecosystems.

Planning units and conservation costs

Legal properties are the units with which managaeement conservation actions, but previous
analyses of conservation costs have rarely usesstratiboundaries. To more accurately
estimate the costs and extent of land needed tb obgtives, | used legal property boundaries
to define planning units (NRW 2008a). My subdiersiscenarios involved selection of

properties but costing only of native vegetation.

For each property, | used data on tenure, unimpréared value, and sales prices (NRW 2008a,

b, c) to estimate the cost of acquisition, consmeall acquisition routes (Table 2.3). Dates of
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land valuation and sales data varied, so | adjusitadlues to 2008 dollars using published
annual interest rates (RBA 2009). | estimated ntaréiries from recent sales of properties in
Queensland from 2000-2008 with hedonic modellingwHurn et al. 2006) (see Appendix 1 for
details). | considered a standard ordinary leqisaies (OLS) model as well as a geographically
weighted regression model (for comparison of ressée Appendix 1 for details). | tested the
OLS residuals for spatial autocorrelation usingiueran | Statistic, which rejected the null
hypothesis that there was no spatial autocorrelfpe0.01). | therefore modelled sales value
with geographically weighted regression in ArcGIS,9vhich analyses spatially variable
relationships between the dependent and indeperdaables (for full details of variables

considered see Appendix 1).

For my geographically weighted regression, | fowtsidered the entire state. However, because
coastal properties in Queensland have differentacheristics to those elsewhere (for example,
average size of coastal properties is 1/40 thatha#drs), analysing the entire state led to local
multi-collinearities in coastal properties. | tafre applied geographically weighted analysis

for coastal properties and the remainder of priggegeparately. For coastal properties, the only
predictor without strong local correlations wag(cleared area, ha) The local R for coastal
properties was lower than for others because ditleof predictors available to capture

potential for coastal development (adjustéa&R.688). For the remainder of properties,
predictors werdéog(land value per haJog(cleared area, ha)og(soil, ha)andlog(distance to
nearest town, kn{adjusted R=0.904).

The spatially variable coefficients ftog(cleared area, haandlog(land value per haand the

final predicted sales values are in Figure 2.3e @tefficient folog(cleared area, hais of

interest because this was the only predictor useasa the entire state (including coastal areas).
The coefficient fotog(land value per hais of interest because land value is typicallydhby

type of cost data used to estimate acquisitiorsaostther academic studies for Australia
(Carwardine et al. 2008; Klein et al. 2009a). Tinalfsales values are easily interpreted for the
state. Noticeable low-cost regions along the tcoasesponded to defence properties. High-
cost inland properties followed the major inlandhway and clustered around agricultural and

mining towns.
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For each property in each scenario, | calculateddtal costTC) as an expected value based on

the respective percentage acquisition assumptusnsy the following equation:

TC =x * costNR+Yy * costpurchae+x * managemerR +y * managememP + transactio

wherex andy were the percentages assumed for Nature Refugacapusition, respectively,
costNRandcostpurchasevere the costs of Nature Refuge and acquisitespectively,
managementNBndmanagementNRere the one-year increase in management cosktatore
Refuge and national park, respectively, tadisactionwas the transaction cost (Table 2.3).
Transaction costs were based on estimates by DER&hagement costs were based on gross
hectares added, current average annual manageostsino $8.12 per ha of national park (from
the most recent available financial expenditurab@atime of analysis, 2006-7), and average
annual NatureAssist cost for Nature Refuges of 3B ha (from the most recent available
financial expenditures at the time of analysis,Z00-or properties in the expanded protected

area system, | considered management costs fagke siear with no discounting.

Reserve design

| accounted for the contribution to objectives wiséing protected areas by locking them into the
solutions in all scenarios. | used Marxan to desidditional reserves that met the remaining
portions of all objectives while minimizing totabsts (Ball et al. 2009). For each of my 200
reservation scenarios, | ran Marxan with 100 rep@at and no configuration constraints
(boundary length modifier or BLM set to 0). Sphtiasign criteria should reflect differences in
regional ecosystems, population density, and manageobjectives, so applying universal

criteria across the entire state of Queenslandavieave been inappropriate.

Analysis of reserve design solutions

| compared the scenarios by recording for eaclm fitee ‘best’ solution (with the smallest
objective function across 100 repeat runs), thed @ttent of selected areas, excluding existing
reserves, and their total cost.
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Figure 2.3Maps of spatially variable coefficients based oaggaphically weighted regression conducted for @dasd non-coastal regions of Queensland.
Current protected areas are shown in black foreefe. White areas in the north-west have no végatmapping. (a) Coefficient of log(cleared area) from
the geographically weighted regression for coastdl non-coastal regions. White areas in the scaghage properties without remnant vegetation aad a
excluded from my analysis. (b) Coefficient of llagnd value per ha) from the geographically weightsgtession for non-coastal regions. The additional
continuous white area along the eastern seaboamhial Queensland, excluded from this model.tiNafrthis excluded region is Cape York Peninsula,
considered separately in the model. (c) Prediaig(shle value per ha) for properties with remnaugfetation. White areas in the south-east are piepe
without remnant vegetation and are excluded fromamslysis.
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| used a two-step process to assess the sensaivityst estimates to values of my variables.
First, | calculated the total cost that would appBll assumed values of key variables held
true (“expected cost”). Expected costs would apijolyexample, if areas were selected on
the assumption that no subdivision of propertiesldde possible and, after negotiation with
landholders, this proved to be the case. | reabtde expected cost for each run and
regressed expected cost against my four variapégsentage acquisition route for freehold
land (percentage, 0-40), percentage acquisitioterau leasehold land (percentage, 0-90),
type of objective (binary, 10%/1,000 ha or scaled) subdivision (binary, yes or no).
Second, | calculated the cost of each scenariodififbrent amounts of deviation from
scenario assumptions (“unexpected costs”). Famela areas might be selected and total
costs estimated on the assumption that 50% ofteéd@roperties would be purchased. If
the percentage requiring purchase was actually @@86,10% of properties expected to be
inexpensive would prove to be otherwise and uneeplecosts would apply. The increase in
total cost would be greater than if 60% acquisitiad been expected initially, which would
have shifted selections more towards propertiels lwiver acquisition costs. | calculated

both the absolute and percentage differences betexgeected and unexpected costs.

This approach to estimating sensitivity to key ables is important becauaeoriori
assumptions about values of variables, no matteniell informed, will always be
inaccurate to some extent. My approach “commits’agency to configurations of new
reserves based on assumptions holding, even #gtiemptions prove incorrect. In reality,
the agency would revise configurations accordinglfhough it might not be able to revise its
financial estimates so easily. Nonetheless, myagmh indicates how inaccurate cost

estimates can be if values of key factors deviate fexpected.

Results

For each of my 200 scenarios | used Marxan (Ball.2009) to select properties to meet my
conservation objectives and calculated the totd aelected and total expected costs. | then
calculated the potential unexpected costs for thasaselected in each scenario given certain
deviations from assumptions. The total additiarak of land required to achieve objectives
was much larger than the government’s promised il®mha. The minimum area added to
the reserve system across all scenarios was 1i®mriilh and the maximum was 29 million ha

with an average of 23 million ha. In all scenaritbe full extent of available State land (~2.3
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million ha) was selected by Marxan due to its lmstacompared to other tenures. Total costs
ranged from $214 million to $2.9 billion, with lagcosts associated with larger percentage

acquisition assumptions.

| identified the scenarios most likely to reflelsetgovernment’'s commitment to acquire 4
million additional ha of national park, which | al;terpreted as 33% of the total expanded
area required to meet objectives. Given an avesfg88 million ha of additional protection
needed, adding only 4 million ha to the nationakpestate would mean that covenants on
private land would be relied upon heavily to mesiservation objectives. On the
assumption that the government will commit to acg8i3% of the required land to meet
conservation objectives, the area needing acquis#ictually ranged from about 6 to 10
million ha. The total expected costs of scenanueslving an additional 4 million ha or 33%
acquisition for national parks ranged from $250iomil to $1.6 billion. The minimum cost
estimate of $250 million was based on the 10%/1@06bjectives and assumed property
subdivision, 30% freehold acquisition, and 0% |bat# acquisition. However, given the
uncertainties about implementation of the DelbeAgjieeement and the potential need to
purchase larger amounts of leasehold land, themmaxiexpected cost could rise to $2.3
billion (based on the scaled objectives with nodsuikion, assuming 0% freehold acquisition

and 90% leasehold acquisition).

Total expected costs were 50-80% larger for scalgeictives which required ~17% more
area (Figure 2.4). For both sets of objectives ekpected costs of subdivision scenarios
were 5-30% lower than those without subdivisiorg(ife 2.4). Biodiversity objectives
interacted with percentage acquisition assumptiomsfluence expected costs. Expected
costs responded linearly to increasing percentafjesth freehold and leasehold land
purchased for both sets of objectives (Figure 2ldxhe multiple regression of total cost
against all factors, objectives and subdivision thedlargest effects (Table 2.4). On average,
scaled objectives were about $489 million more azpe than 10%/1,000 ha objectives.
Subdivision of properties for purchase of only raminvegetation reduced total costs on
average by $225 million. Percentage purchaseastleold land had almost three times the

effect on total cost as percentage purchase dfidtddand.
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Total Cost ($ x 10 9)

Figure 2.4 Total cost (billions of Australian dollars) as anfition of variable percentages of leasehold and
freehold land purchased. Expected total costspéwded on the z-axes, percentages of leasehold (LH
purchased are on the y-axes, and percentagesetiofce (FH) purchased are on the x-axes. (a) 1@@dlha
objectives and no subdivision of properties; (baled objectives and no subdivision of propertias); (
10%/1,000 ha objectives and subdivision of propsrt{d) scaled objectives and subdivision of priger
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Table 2.4Multiple regression model of total cost. All vasias are highly significant (p < 0.001). Coeffidien
represent the dollar change in total cost.

Independent Variables (coefficiett,

Intercept PG ° pctey® Subdivision Scaled objectives  Overafl R
242 124 199, 1 538 538 297, 455 236 918, -225607 405, 489 342 331,
Total cost 104.13 518.9 75.60 -132.46 287.3 0.949

@ pcty Percent leasehold assumption was expressed ionticmyal form (i.e. 10% coded as 0.10). Therefore,
the coefficient indicates that a 10% increase aséhold purchase gives a dollar change in cos6881538

297 x 0.1 or 153 835 829.

® ety Percent freehold assumption was expressed in giopal form (i.e. 10% coded as 0.10). Therefdhme,
coefficient indicates that a 10% increase in fréelpoirchase gives a dollar change in total cogSaf 236 918
x 0.1 or 45 523 691.

Predictably, unexpected ability to subdivide prdjesrreduced costs and unexpected inability
to subdivide properties increased costs, but thgoaeses were non-linear across scenarios
(Figure 2.5). The largest reductions in costs wdesumed inability to subdivide proved
incorrect were for 40% freehold purchase and 0%eleald purchase for the 10%/1,000 ha
objectives, and 40% freehold purchase and 90%Hhe&$@urchase for the scaled objectives
(Figure 2.5a,b). Similar combinations of purchgs@gluced the largest increases in costs
when assumed subdivision was not possible. Tlgesaincreases occurred for 40% freehold
purchase and 20% leasehold purchase for the 1006/h#® objectives, and 40% freehold

purchase and 80% leasehold purchase for the sohjectives (Figure 2.5c¢,d).

The sensitivity of total costs to unexpected 10%seases in purchases of leasehold land
increased with larger expected percentage purcldge=ehold land and decreased with
larger expected percentage purchases of leasemad Table 2.5). However, the sensitivity
was larger for the scaled objectives, with a maxmincrease of $279 million compared to
$217 million for the 10%/1,000 ha objectives. Tpposite trend applied to unexpected 10%
increases in purchase of freehold land. Sensitdacreased with larger expected percentage
purchases of freehold land and increased with tagpeected percentage purchases of
leasehold land (Table 2.6). Average increasesstsovere higher for the 10%/1,000 ha
objectives for 0% freehold purchase but, for dtlestfreehold percentage purchase scenarios,
average increases in cost were higher for the dcddgctives.
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Figure 2.5Percentage change in total cost due to unexpseatetivision conditions as a function of variable
percentages of leasehold and freehold land purdhdercentage deviations from expected total @sts
plotted on the z-axes, percentage purchases afHebs(LH) are on the y-axes, and percentage paeshaf
freehold (FH) are on the x-axes. (a) Percentagiecten in cost if all properties can be unexpelsted
subdivided under the 10%/1,000 ha objectives ansubdivision assumption; (b) Percentage reductiacost
if all properties can be unexpectedly subdividedarrthe scaled objectives and no subdivision assampc)
Percentage increase in cost if all properties aexpectedly impossible to subdivide under the 1006/ ha
objectives and subdivision assumption; (d) Pergentacrease in cost if all properties are unexjidgte
impossible to subdivide under the scaled objectaressubdivision assumption.

35



Table 2.5Sensitivity to 10% change in expected purchaseadéhold land for both objectives (10%/1,000 ha
on left and Scaled on right), holding all otheruamptions constant. Sensitivity is expressed agitrease
(AUD$ million) in total cost for an unexpected 10f6rease in purchase of leasehold. The expected
percentages of leasehold (LH) and freehold (FHIpase that serve as baselines for the increasgivareas
rows and columns, respectively. For example, detdues in the row corresponding to 20% leasehold
correspond to an unexpected need to purchase 308aswhold land. No changes in expected purcluses

freehold land apply here. (a) assuming no subdirisif properties; (b) assuming subdivision and pase only

of remnant vegetation.

(a)
10%/1,000 ha objectives Scaled objectives

LH, LH,

FH 0 10 20 30 40 FH 0 10 20 30 40
0 186 210 216 218 217 0 249 266 276 279 279
10 152 163 172 175 177 10 212 223 228 234 233
20 141 147 155 159 162 20 202 209 213 219 219
30 138 142 146 152 155 30 201 206 210 212 217
40 135 138 142 147 150 40 198 202 206 209 210
50 134 137 140 143 145 50 199 202 205 208 210
60 133 135 138 140 144 60 197 199 202 205 241
70 133 135 136 139 142 70 196 199 201 203 206
80 132 133 135 135 138 80 195 198 200 202 204
90 130 130 133 143 136 90 196 231 233 242 237

(b)

10%/1,000 ha objectives Scaled objectives

LH, LH,

FH 0 10 20 30 40 FH 0 10 20 30 40
0 133 153 156 159 160 0 179 193 197 204 204
10 116 124 142 133 137 10 160 167 184 175 178
20 109 113 119 122 126 20 158 163 165 170 172
30 108 110 114 119 121 30 155 160 162 165 168
40 105 107 110 113 116 40 155 159 160 163 165
50 105 107 109 123 113 50 155 157 160 174 167
60 103 104 106 107 110 60 153 155 157 158 159
70 103 103 105 107 108 70 152 154 155 157 158
80 101 102 103 105 106 80 153 154 156 157 185
90 102 102 103 105 106 90 152 153 155 156 157

36



Table 2.6Sensitivity to 10% change in expected purchaseeaffold land for both objectives (10%/1,000 ha on
left and Scaled on right), holding all other asstions constant. Sensitivity is expressed as tbease (AUD$
million) in total cost for a 10% increase in purshaf freehold. The expected percentages of letbéH)

and freehold (FH) purchase that serve as basdbnéise increases are given as rows and columspgeotively.
So, for example, dollar values in the column cqroesling to 20% freehold correspond to an unexpeacted

to purchase 30% of freehold land. No changes peebed purchases of leasehold land apply herasgiming

no subdivision of properties; (b) assuming subdiviand purchase only of remnant vegetation.

(@)

10%/1,000 ha objectives Scaled objectives

LH, LH,
FH 0 10 20 30 40 FH 0 10 20 30 40
0 137 23 19 19 21 0 117 58 54 51 51
10 142 38 25 22 23 10 139 67 59 56 56
20 157 44 30 25 26 20 141 72 66 58 58
30 156 51 39 30 27 30 147 79 68 65 59
40 158 53 42 33 30 40 148 84 71 66 64
50 154 57 45 38 35 50 149 89 75 68 63
60 156 60 46 41 36 60 150 89 77 70 66
70 157 57 50 42 37 70 152 88 81 74 67
80 161 63 48 47 42 80 150 89 82 76 71
90 161 64 51 39 44 90 146 92 82 71 70
(b)
10%/1,000 ha objectives Scaled objectives
LH, LH,
FH 0 10 20 30 40 FH 0 10 20 30 40
0 88 14 12 11 11 0 79 34 30 28 27
10 106 24 18 12 12 10 91 41 39 32 30
20 103 32 19 16 14 20 96 45 39 33 32
30 113 36 26 17 16 30 96 46 42 37 33
40 116 37 27 23 19 40 92 49 44 39 36
50 111 38 31 27 22 50 98 53 43 43 37
60 115 39 31 28 25 60 106 54 46 42 40
70 114 43 34 28 27 70 99 55 48 42 41
80 107 42 35 29 30 80 101 58 48 45 39
90 107 43 38 32 29 90 106 60 50 46 43
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Discussion

While governments commonly identify lofty multi-ye@onservation goals, it is uncommon
for them to estimate the required costs. Whemfire estimates are released, they might be
serious underestimates, reflecting the pervasigblpm of under-funding conservation. The
Queensland government estimated the cost of itsreonent of 20 million ha of protected
areas by 2020 at $120 million (Anna Bligh PremieQoeensland 2008). Recognizing that
my cost estimates include increases in fundingrfanagement while the government
estimate was strictly for acquisition, the figufeb@20 million is still well below my

expected cost range (Figure 2.4). My lowest teséiimate was $214 million and required
several extremely optimistic assumptions, includimeg all land would be acquired through
Nature Refuges, and that remnant vegetation wduldys be subdivided out of properties to
more efficiently achieve objectives. In the ramfscenarios that best matched the political
promise by the Queensland government to acquirélibmha or 33% of the expanded area,

the minimum cost estimate was $250 million.

Cost variability

Total costs across my 200 scenarios varied by der @f magnitude from $214 million to
$2.9 billion. All of the factors tested influenctds variation, with objectives and
subdivision the most important. Cost was lineanfjuienced by percentage leasehold
acquisition, which is to be expected because ofitiear increments in percentage of
properties acquired. However, when | considerekpeeted costs, they responded non-
linearly to unexpected inability to subdivide aretgentage purchase of freehold. This is
because freehold properties are small, much mgrersstve per ha than leasehold properties
and have smaller proportions of native vegetatiamtieasehold properties. The wide range
of cost estimates, the influence of underlying ag#ions, interactions between assumptions,
and non-linear responses makpriori estimates and general rules of thumb difficult to

derive.

Many of the effects of key factors are difficultdaticipate without the kinds of analyses
presented here. For example, scaled objectivesda@iosts by 50-80% despite the targeted
area being about 2 million ha smaller. There viexereasons. First, rarer regional
ecosystems had larger proportional objectives thighscaled method and these ecosystems

were more expensive to protect per unit area. Eagddn correlation between log(regional
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ecosystem area) and log(regional ecosystem aveosg@er ha) was -0.117 (p<0.001). The
second reason was that larger scaled objectiveseddspatial flexibility for representing
rarer regional ecosystems, providing few or norafteves to more expensive properties.
The costs of conservation can therefore be mor&tsento objectives for individual

biodiversity features than to aggregate area gaalk as percentages of a state.

Dealing with uncertainty about costs

The amplitude of unexpected increases and redwscitiocosts could help to guide what
assumptions are the most conservative. | defmanfiially conservative assumptions here as
those that safeguard against large cost incredsis alowing for potential financial
windfalls. | measured uncertainty by estimatingvlexpected costs were changed when
assumptions did not hold true. The largest desmatirom expected costs occurred when
very low acquisition assumptions (~0-20%) proveatourate. When acquisition
assumptions were low, property values were effettismoothed to obscure spatial
variability in purchase costs. This can resuketection of expensive properties and expose
planners to large unexpected costs if landholdersess receptive to Nature Refuges than
assumed. Selections of properties under largarisitign assumptions recognized variability
in costs and avoided expensive properties, where tlvere choices, so unexpected costs
represented smaller increases when assumptiomotitbld (Table 2.6). Therefore, a
conservative approach would use larger acquisagsumptions to allow the selection

algorithm to avoid expensive properties where [mssi

Unexpected costs or savings resulting from inacewsabdivision assumptions indicated that
potential costs far outweighed potential saving$en subdivision unexpectedly occurred
after selection of areas, costs were reduced by-€#%. In contrast, when subdivision
unexpectedly did not occur, costs increased by ~4B%onservative approach — assuming
no subdivision - therefore resulted in only a stk of efficiency but avoided a large
financial risk. Unexpected increases or reductiarnsts related to subdivision also
interacted with assumptions about percentagesehtld and leasehold land that would be

acquired (Figure 2.5), so potential increases wpr® 50% in my analyses.

Lessons for Queensland
Expanding the Queensland protected area systerd caulr a wide range of financial costs,

depending on biodiversity objectives and sociotfmali conditions encountered. While this
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variation might be reduced by estimating plaust@ands for key factors, a single exact
estimate cannot be provided because there willy@wa uncertainty associated watlpriori
assumptions. The narrowed range of scenarios lmstte acquisition promise of 4 million
ha or 33% still resulted in costs varying by aneorof magnitude due to unavoidable
uncertainty around the responses of leaseholddéhetDelbessie Agreement. Because the
Queensland government is required under this Ageaéto immediately purchase leasehold
properties with conservation value, | exploredftiilerange of leasehold percentage
purchases, resulting in a wide cost range. Eveg é&xperience with acquisition of
individual properties, sometimes involving protethegotiations, does not necessarily
equip an agency to accurately cost a massive expaasprotected areas across many
hundreds of properties, involving many hundred&oflholders who have not previously
dealt with agency officers, while implementing newmd largely untested, legislation.

To avoid undesirable surprises in Queensland, plashould not assume that large
percentages of land will be protected through NaRefuges at low cost to the government.
Similarly, they should use conservative assumptadbwut subdivision. Assumptions of
larger percentages purchased and smaller propsribproperties subdivided will cause the
selection algorithm (in my case, Marxan) to avoigensive properties with extensive
clearing of native vegetation. While increasing@sted budgets, this would avoid large
unexpected increases in costs. The selected piegeould then be analyzed in detail with
respect to remnant vegetation and attitudes ohlalgers to narrow the range of expected

costs, targeting specific properties for subdivisamd acquisition routes.

Narrowing the range of potential costs of an expdnolrotected area system in Queensland
requires a better understanding of landholdersredts in selling their properties in whole or
part, negotiating leases, or participating in tfauxe Refuge program, and how these
interests vary geographically and by land use.elyikevels of participation in conservation
programs as well as potential costs can be deteththrough local-scale experiments such
as tendering processes or closed-bid auctions ¢Magk 2007; Stoneham et al. 2003). This
in-depth analysis would, however, be very difficaiid costly across Queensland. Reducing
variation in financial estimates might also be iy decision rules such as only
considering properties with at least 50% remnativeaegetation (Messer 2006).
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Particular care should also be given to settingrint versus long-term objectives, especially
for the small regional ecosystems that can infleeswsts and for any regional ecosystems
threatened by further reductions in extent. AcimgVonger-term, scientifically defensible
targets, which might have high financial costghi@ context of continuing, incremental
depletion of native vegetation, requires an expéitategy for scheduling conservation

actions (Pressey et al. 2004), not evident in car@eensland policy.

General conclusions

Although my analysis focused on Queensland, theedaotors are likely to affect the cost of
conservation in other parts of the world. My fimgls are generic, in that the estimated costs
of expanding protected area systems to meet pgbeys or political commitments are likely
to vary widely and to be highly sensitive to asstions about influential factors.

In my study, subdivision and conservation objeciwere particularly important in
influencing the costs of conservation for very eiéint reasons. The ability to subdivide
properties dramatically affected the amount of Ieegliired to meet the conservation
objectives. This result is general and not corsgecific and has been noted previously in
relation to the total extent of selected areassgtng & Logan 1998; Rodrigues & Gaston
2001). Conservation planners should be awareeo$énsitivity in their spatial selections and
subsequent financial estimates when assumingahdhblders will be willing to subdivide
properties. Conservation objectives affected thewarhof land acquired, the total cost of
achieving conservation objectives, and the sp#dézibility in achieving those objectives.

The spatial options available to meet objectivescantext-specific, but other studies have
found effects of conservation objectives on totahaand costs (Justus et al. 2008; Warman et
al. 2004).

Comparisons of the potential political pathwaysdoquiring and protecting land have been
largely neglected in the literature. However, vilik recent increase in conservation
programs on private lands (Claassen et al. 20@6&nRan et al. 2007; Stoneham et al. 2003),
the cost differences between the traditional adipmsroute and alternative approaches to
protection are likely to become more apparent.s ileans that, when budgeting for
conservation, assumptions regarding how landsrategied will become increasingly
important. The factors | selected provide impatriasights into the types of impacts that

assumptions can have on estimated financial co$tsvever, conservation planners should
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evaluate the context-specific assumptions they rhaked on the potential of those
assumptions to change conservation requiremerts nieans that factors not discussed here

might be important in other studies.

While conservation planners cannot be expecteadve imfallible foresight into the
accuracies of their assumptions, they can be eggdotbe transparent about their
uncertainties (Bottrill et al. 2008). Given thelghl under-funding of conservation (James et
al. 2001) and recent commitments to extensiveuhabsted, expansions of protected area
systems, planners must be forthright in providiegistic estimates and avoiding

underestimates that could compromise both thedilolldéy and conservation outcomes.
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Chapter 3 Applications and limitations of benefit-cost ratiosin
conservation planning

Benefit-cost ratios (BCRs) have been applied tseoration decisions to promote cost-
efficiency and transparency. However, publishedistihave not acknowledged how
uncertainties associated with use of surrogateaimable estimates of benefits and costs can
affect decisions. To address these issues, révs¢w several unresolved issues associated
with BCR in conservation prioritizations. | theseuthe promised expansion of the
Queensland protected area estate to quantitathshonstrate how different surrogate
measures of benefits and costs, such as areaget&atien types for benefit or land values for
acquisition cost, change budget allocations. Sedoaklyse the effects of uncertainties
associated with BCR by applying an information-@ago-gap) model to explore the
robustness of my BCR allocations of priority ardatefine robustness as the proportion of
properties selected in error due to uncertaintiesiibenefits and costs. My model shows
how uncertain | can be while still selecting a fit of conservation areas that performs
above a critical threshold of misallocations. lcdiss the implications of my info-gap model
for managers implementing BCR prioritizations oe gnound.

| Chapter 1: General Introduction |

| Define explicit conservation and economic objectives I
I
l Incremental costs? |
I l !
Efficient market: market No market: Valuation of incremental
value, e.g. Sales value opportunity costs change in costs (e.g. change
of properties in opportunity or
management costs)
}
Chapter 2: How much Chapter 4: A method Chapter 6: Estimating land
does it cost to expand a for estimating and conservation management
protected area system? opportunity costs to costs: the first step in
Some critical multiple gear types designing a stewardship
determining factors and in both fished and program for the Northern
ranges of costs for currently unfished Territory
Queensland areas
! v l
Chapter 3: Applications Chapter 5: Chapter 7: Estimating
and limitations of Opportunity costs: landholders probability of
benefit-cost ratios in who really pays for participating in a stewardship
conservation planning conservation? program, and the implications

for spatial conservation
priorities

| Chapter 8: General Discussion |

! Adams V.M., Pressey R.L. (In Review) Applicatiomsldimitations of benefit-cost rations in conseiwat
planning.Conservation Letters
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Introduction

Conservation budgets are limited so, to maximizeseovation outcomes, prioritization
strategies have simultaneously considered costbamefits of conservation actions (Ando et
al. 1998; Ferraro 2003a). To promote transparandycost-efficiency, benefit-cost ratios
(BCRs) have been recommended to managers (Bettall 2008; Fuller et al. 2010; Joseph
et al. 2009b). BCRs are fundamentally based arcyplies of total economic valuation in
which the goal is to maximize surplus, given bydféa minus costs, with total valuation
requiring complete accounting of the net presehtevaf benefits and costs. In conservation
applications, in which costs and benefits are Bihyeexpressed in non-monetary metrics,

ranking of alternatives by BCR is equivalent to maging the benefit minus cost.

However, in conservation applications, benefits emsts have been defined only partially
which can result in mis-allocations if the partimasures do not accurately capture total
benefits and costs (Adams et al. 2010). Seveudiest have examined how different
formulations of benefit measures can affect thefploss selected and have identified ways
of ensuring that a robust portfolio is selected mwh®physical attributes are uncertain or
difficult to measure (Ferraro 2003b, 2004). Bésdfave been defined, for example, in
relation to the contribution to environmental benelbjectives such as water quality (Ferraro
2003a), the probability of persistence of a spetleseph et al. 2009b), or the extent of
vegetation types in land parcels (Fuller et al.®(%ee Table 3.1 for a summary of BCR
applications). While these definitions are explitiey might reflect only the direct benefits
to an organization or individual rather than coesiag the additional objectives of diverse
stakeholders, relative perhaps to ecosystem sepvieereation and livelihoods. In addition,
in the case of selecting land parcels to meet semitation objectives, benefit formulations
can be patrticularly troublesome. If outcomes arasueed in relation to achievement of
objectives but benefits do not incorporate thegeadives (Fuller et al. 2010), then the BCR
ranking procedure cannot optimally select land @larbased on the requirements of meeting

the objectives.

There is a parallel limitation of using surrogaimscosts in BCR applications for

conservation planning, although the implications@dt surrogates on planning outcomes has
not been explicitly examined in the literature tded Typically, conservation applications of
BCR have considered only specific costs, such asgiag species (Joseph et al. 2009b) or

acquiring land (Fuller et al. 2010), and not acdedrfully for the direct costs to an
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organization or broader social costs. Partial asting of benefits and costs has four
limitations: 1. the broader socio-economic coniexteglected; 2. the ratio loses its pure
value-for-money meaning; 3. trade-offs in selecsmyilarly ranked projects are not explicit;
and 4. the effects of uncertainties in data hawéaen considered.

Table 3.1Summary of applications of benefit-cost ratios.

Application Purpose Example References
Examination of Comparison of areas or
which decision projects selected for
Theoretical making criteria conservation investment (Babcock et al. 1997;
exploration of  result in optimal using prioritizations Ferraro 2003a; Juutinen &
conservation conservation based on benefits only Monkkonen 2007;
decision making strategies and benefit-cost ratios  Newburn et al. 2005)
Analysis of Justification of (Burger et al. 2006;

benefits and costs conservation action (suchGunawardena & Rowan
associated with as a biodiversity corridor 2005; Mmopelwa 2006;

different or sustainable use area) Naidoo & Adamowicz
Benefit-cost conservation in preference to other  2005; Rasul & Thapa
analysis actions or land usesuses of the same areas 2006; Sinden 2004)

(Azzaino et al. 2002;
Babcock et al. 1997;

Selection of Ranking of easement  Balmford et al. 2003;
conservation contracts, ranking of Bottrill et al. 2008; Ferraro
actions based on  species management  2003a, b, 2004; Fuller et
ranking of BCRs to projects, defining al. 2010; Joseph et al.
Ranking of achieve “biggest  priorities for generic 2009b; Naidoo & Iwamura
actions bang for the buck” conservation actions 2007; Williams et al. 2003)

Neglecting the broader socio-economic context

Studies based on partial estimates of the five @orapts of costs described by Naidoo et al.
(2006) — acquisition, opportunity, management,daation and damage costs - are unlikely
to be informed by true costs. Table 3.2 is alfsling of the types of costs associated with
establishing a national park. Most studies havesiciered only acquisition costs because
these are seen as the largest outlays by orgamsdtuller et al. 2010; Klein et al. 2009a).
This approach fails, however, to acknowledge satmeferences, costs to stakeholders, and
long-term costs of managing reserves. These otigts might outweigh acquisition costs
and, if considered, alter the spatial pattern oiseovation priorities. Additionally, partial
accounting neglects potential cost savings thrdaaghism and entry fees. At least some of
the reserves located to maximize these savingstrehost-neutral in the long term (Thur
2010).
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Table 3.2Summary of “positive” and “negative” costs of edisting a national park. Positive costs are accilwethe agency establishing the park. Negativescaist
income accrued by the agency and therefore refressnsavings.

Costs Description/comment Data used for estimation ~ References
Positive
Acquisition Market value of property Sales data and infrastructur&ales data are rarely used. Land value is more coymsed in
valuation conservation planning (Carwardine et al. 2008;d¥wt al. 2010;

Klein et al. 2009a). Records of land values arstamed relatively
consistently for tax purposes. Sales values drserenorded when
properties are sold. However, land value underesismacquisition
cost by different amounts within and between regji@xdams et al.
2011).

Transaction Time costs and legal fees Historical transaction costs Transaction costs are typically included as a fiaswunt, set
arbitrarily (Carwardine et al. 2008; Fuller et2010; Klein et al.
2009a). However, transaction costs are likely iy \oy factors such
as tenure, land use, and preferences of landholders

Management Establishment (one-time capital outlays sucinfrastructure valuation In addition to acquisition of properties, propesti@ing acquired for

as visitor infrastructure) national parks require infrastructure to suppothhmark

management and visitor use. These large initistiscare likely to
vary widely between properties, depending on tlation, condition,
and intended use of the new parks. Establishmest$ ewe typically
neglected by planning studies (Carwardine et &826uller et al.
2010; Klein et al. 2009a).

Maintenance (recurrent annual expendituredjistorical management Management costs are variable between reserveadiageon
expenditures estimated fronconfiguration, internal infrastructure, and langseaontext. Ideally,
budgets, or predicted management costs would be modeled to relate angliese variables
expenditures based on (Frazee et al. 2003; Wilkie et al. 2001). In pi@stmost studies that
characteristics of reserves consider management costs use average per haoc@seious

models, many of which will not be appropriate foe region being

studied.
Damage Costs associated with damages to adjacentDifficult to expect or For example, loss of income can be estimated framadjed crops
economic activities, arising from estimate a priori, unless  and livestock from wild animals living in protectaceas
conservation programs. there are analogous adjacent to human settlements (Woodroffe et al5R00

examples in the same region
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Costs Description/comment Data used for estimation  References
Opportunity  Costs to stakeholders in terms of forgone Can be spatially mapped Standardized techniques have been developed foratisty
revenues from alternate uses of resources. with standard valuation opportunity costs (Carwardine et al. 2008; NaidoAd&amowicz
These costs might be reflected in costs to techniques 2006; Naidoo et al. 2008). However, relativeltditwork has been
conservation organizations through done on incorporating opportunity costs to différetiakeholder
acquisition costs or payments to stakeholders groups to ensure that conservation decisions llig&icosts equitably
to compensate for forgone revenues. (Adams et al. 2010).
Negative
Revenues Tourism revenue and visitor fees can be  Tourism revenue and visitor(Becker 2009; Carr & Mendelsohn 2003)
important sources of funds for managing statistics
national parks.
Willingness  Willingness of people to pay taxes or levies Willingness to pay surveys (Jacobsen & Thorsen 2010; Naidoo & Ricketts 2006)
to pay to fund maintenance of national parks.

through taxes

Willingness might be higher for parks that
have obvious societal value, such as those
close to urban centers or with iconic national
status.
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Losing the meaning of value for money

In the formal use of BCRs, the ratio is based anmlete accounting and has an explicit
monetary meaning concerning value for money: anjept with a BCR greater than or equal to
one would be accepted. However, when using nonetaoy units, BCRs can only be used to
judge the relative value of projects by rankingth&or example, Fuller et al. (2010) used
presence of vegetation types as a surrogate fafibeand land value as a surrogate for market
value and ranked land parcels to prioritize actjorss for expanding the national reserve system
(Fuller et al. 2010). In these cases, the criticedshold value, beyond which funding is not
allocated, is budget-driven. Another aspect ahlpshe meaning of value for money is that, if
many projects have similar BCRs, then ranking tlhased on partial benefits and costs might
obscure those that actually provide the best v&daeexample, Ferraro (2003b) demonstrated
that different benefit formulations result in diféat ‘optimal’ portfolios. In these situationseth
set of parcels included in all portfolios mightdmnsidered high priorities for investment
because they are robust to different benefit measfim the case of Ferraro 2003b different

scoring methods).

Considering trade-offs: are ten cheap projectssame as one expensive project?

The decision space for selecting projects baseglative benefits and costs can be divided into
four quadrants (Figure 3.1). Regardless of whdB@&Rs are based on total net present value
(Naidoo & Adamowicz 2005) or surrogates (Fulleaket2010), the relative ratios of projects in
the quadrants remain the same. If the budgettifulip spent on projects in quadrant | (high
benefit, low cost), then attention would shift t@jects in quadrants Il and 1ll. However, the use
of surrogates, and the loss of the formal meanfri@GRs of 1 or more, complicates decisions in
these parts of the decision space. Based on suerogeasures, does a project in quadrant I, say
with a ratio of 10/10, have the same priority asdmaller projects in quadrant Ill, each with
ratios of 1/1? A more nuanced assessment than BOR=ded to answer this question, perhaps
to understand the broader socio-economic conteptajécts (e.g. the superefficiency criterion
proposed by Andersen & Petersen 1993 using a datdape analysis). For example, important
considerations that distinguish projects with samriatios might include whether the projects
could attract external funding, such as tourismatonal parks, or the complementarity of

projects in contributing to regional objectives.
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Figure 3.1Benefit-cost decision space. When benefits are aigl costs are low, the B/C ratio is high (quadban
and projects with BCRs in this area would be fundéthen benefits are low and costs are high, tiazrBfio is low
(quadrant IV) and these projects would not be fandé&/hen costs are high but benefits are high @nhenefits
are low and costs are low (quadrants Il and Ibpservation planners might choose to invest inglagsas or
projects by ranking them based on their BCR valA#iernatively, planners could consider values agged with
projects that are not embedded in BCRs, such apleomentarity in meeting explicit conservation obies or
qualitative benefits such as the preferences @ loammunities. While investments in quadrantsd Bhare clear-
cut, those in quadrants Il and Ill might requiresdr consideration and involve explicit trade-o@8oices are
likely necessary, for example, as to whether alsingstly project in quadrant Il contributes mareobjectives than
several projects in quadrant Il with an equivalenél cost.

Robustness of cost-efficient decisions: explieitigounting for uncertainty in variables
Uncertainties in data and the associated robustifetecisions have not been discussed by
studies using BCRs for conservation prioritizatiddecause BCRs are ratios of benefits to costs,
the uncertainties associated with both componeitt®e&/compounded and could therefore
involve more uncertainty than allocation stratedjased solely on maximising benefits
(Babcock et al. 1997; Ferraro 2003a). While BCRghtresult in more efficient allocation of
resources than benefits alone, it is importanbiwsaer the implications of uncertainty

explicitly. Two sources of uncertainty relate @tal resolution (Pressey & Logan 1995;
Rodrigues & Gaston 2001) and the informativenéssioogates (Bode et al. 2008; Grantham et
al. 2010).

In this chapter, | use quantitative analyses tdargwo of these limitations of BCRs for

conservation prioritization, specifically as thefluence the selection of properties to meet a
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commitment to expand the Queensland protectedsgstam. First, | ask how alternative partial
definitions of benefits and costs change selectofraseas. This is the first time that the effect
of partial definitions of costs on rankings hasrberplored. Second, given a particular definition
of benefits and costs, | ask about the robustmegadertainty of a selection strategy based on
BCR rankings, using info-gap modeling. For botlesfions, | use benefit-only prioritization,
ignoring costs, as a comparison with BCR priorti@ato determine whether BCRs are more

efficient and robust than benefits alone.

Methods

Study region, data sets, and allocation strategies

The study region (Figure 3.2) included the wholgesbf Queensland, Australia, with a total area
of 185 million ha. About 8 million ha is in the pected area estate. In 2008, the Queensland
government promised to add ~12 million ha to thigvoek, 4 million ha of which would be
acquired for national parks, bringing the totahésto 20 million ha by 2020 and requiring an
estimated $120 million (Anna Bligh Premier of Queland 2008). In light of this commitment,

| explored the potential selections of propertsadle or combined ownership parcels) using
BCRs with four data sets. | considered all unptae properties in Queensland with remnant
vegetation (n=278,442).

For each property, | calculated the benéfit,using the definition of Fuller et al. (2010):

m

b = a. lr

j=1

wherem s the number of vegetation typeg,s the area of vegetation typa parceli, andr; is
the proportion of vegetation typeemaining since clearing occurred. | defineddbstc; for
each property to be the acquisition cost to theeguwent:

C =p

wherep; is the price of the property (below) afmds the transaction cost, assumed to be $15,000

for all properties.
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I Protected Arcas

Bioregion

Figure 3.2The state of Queensland, protected areas, andymose

Data set 1 Benefitb; based on broad-scale vegetation mapping (60 Egetgpes across
Australia, 52 of which occur in Queensland) (NVIELR). Cost; based on land value per
property (NRW 2008c) as a surrogatgpo{Carwardine et al. 2008; Fuller et al. 2010; Kletn
al. 2009a).

Data set 2 Benefitb; based on the 52 broad-scale vegetation types (12019). Cost; based
on estimated sales values (see Chapter 2 for sketagflecting more accurate estimateg;of
Data set 3 Benefitb; based on mapping of about 1300 regional ecosysteERM 2009). Cost
¢ based on land value per property (NRW 2008c).

Data set 4 Benefitb; based on mapping of about 1300 regional ecosysteERM 2009). Cost

¢ based on estimated sales values (see Chapted2téois).

| assumed a budget of $120 million to reflect tbgegnment’'s commitment. For each data set, |
calculated the benefit, cost and BCR for each ptg@end used two selection strategies: 1. rank
properties from highest to lowest BCR; and 2. rardperties from highest to lowdst(benefit
only). For each strategy, | selected the highasted properties until the budget was fully

exhausted based on estimated sales value as tea@adistic cost. | chose this selection
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strategy to critically examine the utility of BCRpplied in the way recommended in a recent
study (Fuller et al. 2010). In subsequent workyatld be possible to consider complementarity
in the definition of benefits and to formulate geection method as an optimization problem

constrained by achieving representation objectives.

| examined correlations between the different eost benefit measures because previous studies
have demonstrated that the efficiency gains oligiclg costs in prioritization are strongly

related to the spatial correlations between cosish@nefits and their relative spatial variability
(Babcock et al. 1997; Ferraro 2003a). | mappegthperties selected under the two strategies
for the four data sets and recorded parameteraabf get of selections: total extent and number

of properties, number of regional ecosystems, bsathcategory, with at least 10% protection (as
a benchmark for CBD commitments, UNEP 2002), atal twst. | also calculated the spatial
correlations between the 8 sets of selected piepdRRearson coefficient of all 278,442

properties, with a value of 1 for included and Revtvise).

Info-gap model case study

| used info-gap to measure the robustness of bGIR Bnd benefit-only prioritizations. Info-gap
is a decision-theory framework that evaluates theistness of decisions by testing how far a
parameter or function can deviate from the esticha&éue while still producing an acceptable
performance (Ben-Haim 2006).applied the info-gap model modified from Adamsl &ressey
(2011) to the selection of properties to supplentemiQueensland protected area system. | did
this for the two strategies (BCR abgl applied to data set 4 (regional ecosystem mappaigs

value), assuming a budget of $120 million.

My robustness measure was the percentage of tafaégies selected for acquisition that were
excluded or included in error. Effectively, hadnlokvn the true values of benefits and costs,
robustness was the sum of: 1. the percentageeiitedlproperties that | would not have
purchased in favour of investing elsewhere; antti€ percentage of properties not selected that
should have been (Adams & Pressey 2011). | seledt@roperties above a certain BCRogr
defined as, and calculated the robustneBs, for a range of uncertainty valuesimathematical

details in Appendix 2). | plottedagainstD,, to produce a robustness curve for each strategy.
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Results

Characteristics of data sets

Costs as land values were weakly but positivelyetated with both measures of benefit (Table
3.3a). Costs as sales values were not correlatbdoenefits. However, benefits were less
spatially variable (coefficient of variationgs=1801.30 andg=1614.82) than costs

(coefficient of variation g,=4111.95 ande<=31216.30). The two measures of cost were
weakly correlated. The two measures of benefit waangly correlated. To consider whether
benefits were being driven by variable propertg slzorrelated benefits and areas of properties.
Both measures of benefit were more strongly caedlavith property area than with one another
(Table 3.3a).

Table 3.3Pearson correlation coefficients (p values in pédaeses). (a) Correlation between area (ha) of prppe
land value, sales value, benefit calculated witH$INational vegetation types, and benefit calcdlatgh REs
(Queensland regional ecosystems). (b) Correldt@iween sets of selected properties. BCR indicalestions
based on rankings for benefit-cost ratios. B ingisaelections based on rankings for benefits ¢idyBCR,
numbers refer to the datasets described in theddstH. benefits defined based on national NVI& dad costs
based on land value; 2. benefits defined basedittonal NVIS data and costs based on sales valuerfits
defined based on Queensland regional ecosystemsoatalbased on land value; 4. benefits defineddas
Queensland regional ecosystems and costs basedesrvalue. For B (no cost data), NVIS indicatesdfie based
on national vegetation mapping and REs indicatefitdmased on mapping of regional ecosystems ireQsland.

a
@ Benefit Benefit Cost (land
Area (ha)  (NVIS) (RESs) value)
Benefit (NVIS) 0.928
(0.000)
Benefit (REs; 0.954 0.893
(0.000) (0.000)
Cost (land value 0.031 0.066 0.019
(0.000) (0.000) (0.000)
Cost (sales value 0.001 0.001 0.001 0.006
(0.792) (0.694) (0.743) (0.002)
(b)
BCR-1 BCR-2 BCR-3 BCR-4 B-NVIS
BCR-2 0.426
(0.000)
BCR-3 0.826 0.443
(0.000) (0.000)
BCR-4 0.359 0.808 0.424
(0.000) (0.000) (0.000)
B-NVIS 0.02¢ 0.04¢ 0.02¢ 0.05¢
(0.000) (0.000) (0.000) (0.000)
B-Res 0.023 0.058 0.022 0.073 0.609
(0.000 (0.000 (0.000 (0.000 (0.000
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Allocation strategies

The eight prioritizations varied spatially (Figi8s3, Table 3.3b). BCR selections were more
similar to one another than to benefit-only setatti while the two benefit-only selections were
strongly correlated (Table 3.3b). The strongeriapaimilarities of benefits than costs (Table
3.3a) were reflected in the selections. The twospali BCR data sets (1/3 and 2/4) that used
different benefits but the same costs were stroogiyelated. The two pairs (1/2 and 3/4) that

used the same benefits but different costs wesestesngly correlated.

400 200 0 400 km

- Protected Areas D Selected Bioregions

Figure 3.3Properties selected for addition to the Queengtaiatbcted area estate with two selection strateagids
four data sets. (BCR selection using data setlienefits defined based on national NVIS data astsdzased on
land value. (bBCR selection using data setli#enefits defined based on national NVIS data astsdmased on

sales value. (d3CR selection using data sett8nefits defined based on Queensland regional st®ag and costs
based on land value. (BICR selection using data setlenefits defined based on Queensland regional steoag
and costs based on sales value.B@)efit selection using data set fienefits defined based on national NVIS data
and costs based on land value Bénefit selection using data settiznefits defined based on national NVIS and
costs based on sales value.Bghefit selection using data settinefits defined based on Queensland regional
ecosystems and costs based on land valu&gimfit selection using data setb&nefits defined based on
Queensland regional ecosystems and costs basedesrvalue.
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BCR selections were more efficient than benefity@dlections, selecting more properties and
providing a minimum of 10% protection to more regibecosystems (Table 3.4). In addition,
BCRs selected properties in more bioregions thaefiteonly selections, while benefit

selections were clumped in the south west of thie sthere properties are very large (Figure
3.3). Including higher-resolution regional ecosysteesulted in marginally more regional
ecosystems being protected with a minimum of 10%6pared to the NVIS vegetation data for
both benefit and BCR prioritizations (Table 3.4LBs that used sales values selected many
more regional ecosystems to at least 10% than BRRsised land values (Table 3.4). The same
large differences applied to selection of threadenegional ecosystems (those categorized by
DERM 2009 as Of Concern or Endangered).

Table 3.4Characteristics of sets of selected propertiegudifierent measures of benefits and costs. Tot a
selected, number of properties selected, numbexgiénal ecosystems (REs) with at least 10% pretegiut of a
total of 1,308), number of REs with at least 10%t@cted that were categorized as Of concern (OEndangered
(E) (a total of 583 REs in these categories aral twist in sales value. (a) BCR selections fofalt data sets. (b)
Benefit-only (B) selections for all four data sdtsr benefit only (B), because costs were not ctamed in these
selections, the results for data sets 1 and 2 (N\t®nal vegetation types) are identical, as lagerésults for data
sets 3 and 4 (Queensland regional ecosystems).

(a)

BCR: data set BCR: data BCR: data BCR: data

1 set 2 set 3 set 4
Total area selected (ha) 5,112,966 19,095,339 5,315,507 18,921,675
Number of properties selected 89 619 116 764
Number of REs with at least
10% protected 123 360 126 368

Number of REs with at least
10% protected which are OC or

E 38 120 38 125
Total cost based on sales vale 119,801,0005,683,000* 109,839,000* 115,888,000*
(b)
B:datasetl B:dataset?2 B:dataset3 B:dataset4

Total area selected 8,346,138 8,346,138 8,437,116 8,437,116
Number of properties selected 11 11 12 12
Number of REs with at least

10% protected 58 58 59 59

Number of REs with at least

10% protected which are OC or

E 8 8 7 7
Total cost based on sales value 119,884,00019,884,000 94,392,000* 94,392,000*

*Total cost was less than $120 million as the marked property would have exceeded the allocatelddd.
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Despite using a benefit measure that weighted dne#se proportion of vegetation remaining
since clearing to prioritize vegetation that hasrbkeavily cleared, neither BCR nor benefit-only
strategies represented threatened regional ecosysteproportion to their listing. Compared to
45% of regional ecosystems listed as threatenexsathe state, for example, benefit
prioritization with regional ecosystems selectety @Gnthreatened ecosystems out of a total of 59
(~12%), and BCR with data set 4 selected 125 oattofal of 368 (~33%).

Info-gap model

The BCR prioritization was more robust than thedbiémonly prioritization for all except one
level of uncertainty () (Figure 3.4). At 13% uncertainty in my variaegimates (= 0.13),
~42% of both the BCR portfolio (320 of 764 aredsced) and the benefit-only portfolio (5 of
12 areas selected) would be misallocated. Altarelgt if 20% misallocation is acceptable (

= 20%), then there could be up to 7% uncertainthéestimates df andc ( = 0.07) for the
BCR prioritization, but only 2% (= 0.02) uncertainty in the estimatelofor the benefit-only

prioritization.

Discussion

There are increasing calls for transparent, cdatieit decisions in conservation planning
(Naidoo et al. 2006). Benefit-cost ratios offee@pproach, but come with limitations and
uncertainties that need to be better understoatiscuss below the implications of using
alternative surrogates for benefits and costs angswf understanding the robustness of BCRs

to uncertainty.

Effects of correlations and variability of data selections

I measured the performance of the different selacttrategies and data sets by comparing the
number of regional ecosystems and threatened r@geonsystems with a minimum of 10%
protection. BCRs were more efficient than benefily prioritizations according to both
performance measures. However, depending on tiefiband cost measures used, my four
BCR strategies varied in the number of regionabgst@ms with a minimum of 10% protection.
Because the more variable data components wileds@lections (Babcock et al. 1997), my

selections were largely driven by the costs rathan benefits of properties. Therefore,
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including higher-resolution benefit data only maadly increased the number of regional
ecosystems with at least 10% protection compardtetbroad-scale NVIS data. In contrast,
including cost data that more accurately refleeteglisition costs (i.e. sales data instead of land

values) resulted in a three-fold increase in ptaiaqTable 3.4).
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Figure 3.4Robustness of two allocations strategies: BCRhamfit ranking for acquisition of new protectedas
in QueenslandD, is percentage of the properties selected for aittpn that were excluded or included in error and
is the level of uncertainty in my estimatesafndc. Critical values and were set based on a budget of $120

million. The robustness curve for the BCR allocati® shown in black and corresponds to the budgeen =
0.07485. The robustness curve for the benefitation is shown in grey and corresponds to thgétidriven =
579,400. A vertical grey line at=0.13 is drawn for reference as this is the valimhich the robustness of the two
strategies is equal. An example of a criticalshdD, is shown for 20% of the portfolio being misallceat
(horizontal red line). The points at which thdicsl threshold line intersects the robustnessesiirdicate the
levels of uncertainty () that can exist in my parameters while still giyien acceptable number of misallocations.
For BCR (black line, budget-driven andD. = 20%), this level of uncertainty)is 0.07. For benefit allocation
(grey line, budget-driven, andD, = 20%), this level of uncertainty)is 0.02.

Surrogates for benefits
| used the benefit definition developed by Fulleale (2010) which they applied to
subcatchments of relatively uniform size. Fulleaketeported that this measure performed well,

meeting targeted protection for 54 of 58 vegetatypes. However, in my case study, this
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benefit formula performed less well. The principgdson seems to be the large variation in sizes
of properties - the actual units of acquisition amhagement - across Queensland, ranging 0.01
to 1 million ha. This size range caused the béenefasure to reflect property size more than the
presence of heavily cleared vegetation, for whiatas designed, as indicated by the strong
correlation between property size and benefit meas{Table 3.3a). This result indicates the
need for a better measure of benefit, particulatign property sizes are highly variable. A

more appropriate benefit measure would not be tjreslated to the sizes of properties, unlike
the measure of Fuller et al. (2010), but mightaadtreflect the contributions of properties to
guantitative objectives for vegetation types arallikelihood of further loss or decline in

condition of vegetation.

Surrogates for costs

Sales values of properties are likely to reflecfuagition costs much more accurately than land
values, and land value was a poor surrogate fessadlue in my study. The two measures of
cost were uncorrelated, and sales value was muoh vaoiable spatially than land value.
Therefore, using land value as a surrogate fossalkie resulted in a less efficient selection of
properties (~ 5 million ha selected within the belgand lower coverage of regional ecosystems
than when sales value was used directly (seleetid@ million ha and protecting three times as

many regional ecosystems).

Problems with surrogates: neglecting the broaderi@@conomic context

| selected my costs to reflect the typical measusesl in the literature (Carwardine et al. 2008;
Fuller et al. 2010) as well as the Queensland gowent’s financial promise. My analyses used
surrogate measures of acquisition cost but neglébteother possible costs and savings
associated with acquisition, establishment, andagement of conservation reserves (Table 3.2).
This means that my property selections, while effitfor acquisition costs, could increase

other, presently hidden costs compared to selectidormed by complete accounting. If |
assume an average per ha management cost of $8038 ueensland (for details see Adams et
al. 2011), then the BCR prioritization will increéaannual management costs by $157 million (or
over the next 20 years, assuming 3% inflation, bylion). In reality, per-unit-area

management costs of reserves will vary stronglpm@iiog to configuration, use and landscape
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context (Balmford et al. 2003; Frazee et al. 2088}icipating this variation would cause
selections to minimize the sum of acquisition arahagement costs, and probably alter the
selections reported here. Additional benefits cdnddhchieved if spatial variation in other

aspects of social and economic costs and benedits @onsidered.

Making robust conservation decisions: how to redineenumber of misallocations

The use of BCR allows for cost-efficient allocaspget uncertainties in estimates might cause
actual outcomes of projects to differ from expeaattomes. This could result from using
surrogates of full costs and benefits of projeetsich shift allocations of funds between
projects. It could also result simply from the iitaelile uncertainties in estimates of any benefits
and costs. My case study demonstrates that BGRmare cost-efficient and robust than
benefit-only selections. BCR selected an ordena@initude more properties and the much
larger absolute number of misallocations still esgnted a smaller proportion of the selected

portfolio than the misallocations from the benefitly prioritization.

Even with its greater robustness, however, my BtlRmsallocated many projects. At an
uncertainty level of 10%, at which managers wowdeh10% error in their benefit estimates
such as vegetation mapping and 10% error in tlsir €stimates such as sales values, my BCR
mistakenly indicated investment in 259 propertie®ss Queensland. Ground-truthing would
solve only part of this problem. During the processite inspection and adjustment of
selections, from BCR or any other approach (e.gvlidg et al. 2008), misincluded properties
would be identified, but properties that had beésercluded would not. These are properties
that, given better data, would have had higher B&mRings than some included properties. At
10% uncertainty in my example, there were 154 nulseskons. Uncertainty in BCRs therefore

remains a problem for planners to address.

Conclusions

My analysis demonstrates how both benefit and B@#tipzations can be affected by the
definitions of benefits and costs. Neither thedfitmor BCR prioritizations were effective at
meeting a minimum level of protection, such as 1f@¥all regional ecosystems. That result

was not unexpected. The difficulty of meeting esgntation targets with ranking procedures
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has been demonstrated (Pressey & Nicholls 198€){has has long been an argument for
selecting sets of parcels using an optimizaticstagy directed at achieving representation
objectives. My results are in contrast to thosEudfer et al. (2010) who found that their simple
ranking method met representation objectives fostraegetation types. Their finding is likely to
be atypical and could be related to the very codoseatic resolution of the vegetation data they
used and low variability in size of their selectiomits. In addition, the formulation of benefit by
Fuller et al. (2010) failed to preferentially selgegetation types that had been heavily cleared
(regional ecosystems categorized as Endangereti©@oi@ern), so a better benefit measure is
needed for Queensland and, probably, other regidhe.BCR prioritization was also sensitive
to the cost measure, with a three-fold increag@artection of regional ecosystems, and different
spatial priorities, when using sales value as opgds land value. My application of the info-
gap model demonstrates that using BCR prioritiratesults in uncertainties that are not
explicitly considered in the basic implementatidnih@ prioritization. Therefore, managers
wishing to use BCR should explicitly consider pdirshifts in prioritizations depending on

how benefits and costs are defined and how mudhingr is involved in their definition.
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Chapter 4 A method for estimating opportunity costs to multide gear types in
both fished and currently unfished area$

| present a novel method for calculating the oppaty costs to fishers from their displacement
by the establishment of marine protected areas ®JPRused a fishing community in Kubulau
District, Fiji to demonstrate this method. | mdddlopportunity costs as a function of food fish
abundance and probability of catch, based on gparand market value of species. Count
models (including Poisson, Negative Binomial and #ero-inflated models) were used to
predict spatial abundance of preferred targetdigties and were validated against field
surveys. A profit model was used to investigatedfiect of restricted access to transport on
costs to fishers. Spatial distributions of fislthin the three most frequently sighted food fish
families (Acanthuridae, Lutjanidae, Scaridae) w@yigith greatest densities of Lutjanidae and
Acanthuridae on barrier forereefs and greatestitien®f Scaridae on submerged reefs.
Modelled opportunity cost indicated that highesttsdo fishers arise from restricting access to
the barrier forereefs. | included the opportunibgtcmodel in Marxan, a decision support tool
used for MPA design, to examine potential MPA cguafations for Kubulau District, Fiji
Islands. | identified optimum areas for protectioriKubulau with: (a) the current MPA network
locked in place; and (b) a clean-slate approachmdthod of modelling opportunity cost gives
an unbiased estimate for multiple gear types iraema environment and can be applied to other
regions using existing species data.

‘ Chapter 1: General Introduction |

| Define explicit conservation and economic objectives |

Full costs? | Incremental costs? |

I } }
Efficient market: market No market: Valuation of incremental
value, e.g. Sales value opportunity costs change in costs (e.g. change
of properties in opportunity or

l management costs)

l

Chapter 2: How much Chapter 4: A method Chapter 6: Estimating land
does it cost to expand a for estimating and conservation management
protected area system? opportunity costs to costs: the first step in
Some critical multiple gear types designing a stewardship
determining factors and in both fished and program for the Northern
ranges of costs for currently unfished Territory
Queensland areas

; ¢ i
Chapter 3: Applications Chapter 5: Chapter 7: Estimating
and limitations of Opportunity costs: landholders” probability of
benefit-cost ratios n who really pays for participating in a stewardship
conservation planning conservation? program, and the implications

for spatial conservation
priorities

‘ Chapter 8: General Discussion |

! Adams, V. M., M. Mills, S. D. Jupiter, and R. L.ésey. 2011. Improving social acceptability of mamprotected
area networks: a method for estimating opportuciists to multiple gear types in both fished andently unfished
areas. Biological Conservatid44350-361.
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Introduction

The rapid degradation of marine resources resuitorg human activity has motivated a global
movement to increase the protection of the ocd&alGN 2009). The establishment of marine
protected areas (MPAS) is a widespread and ackdgetktool for conserving biodiversity and
providing ecosystem services, with widely repoiterteases in biomass of fisheries resources,
size of target species, and species richness witbotected areas (Lester et al. 2009). However,
these benefits will only be realized through effexprotected area design as well as compliance

and enforcement.

Systematic conservation planning can account &atetioffs between benefits and social costs
during the selection of areas by explicitly defopiniodiversity, fisheries and socio-economic
goals (e.g. Ban & Klein 2009; Gaines et al. 208ystematic methods are currently preferred
for designing MPA networks in developed countri®alé et al. 2002). Despite progress in the
technical aspects of designing effective netwarksent research highlights the need to more
effectively include socio-economic data in consgoraplanning with the aim of increasing the

potential to implement plans (Naidoo et al. 200@aBky 2008).

Use of socio-economic information is especially ampnt in the context of developing countries
where these data are generally limited and soc@@@ance is a critical factor in determining
MPA success (Ban et al. 2009; Johannes 1998). Wialesion of socio-economic data in the
design of MPAs has increased in the last decade &Bidlein 2009), spatial variation in costs to
stakeholder groups needs to be better understodahis et al. 2010; Klein et al. 2008a). This is
especially important in Pacific island countriesandr communities are highly dependent on
marine resources for subsistence (Adams et al.)18@hy fishers have limited spatial and
occupational mobility (e.g. Cinner et al. 2009)daustomary marine tenure places social and

governance constraints on MPA network design (AsW&ardamilton 2004).

The most prevalent type of socio-economic dataanime conservation planning relate to
fisheries catch (Ban & Klein 2009). Catch per wffort (CPUE) data are typically derived from
log books in regulated fisheries or, more commamigeveloping countries, from socio-

economic survey questions about fishing locati@argised, and the type and amount of fish
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caught. These data reflect the spatial distriloutibfishing effort and can be combined with
ecological surveys to examine the effects of fighan fish community composition (Jennings &
Polunin 1996). The collection of CPUE data is meity standard practice, particularly for
commercial fisheries within developed countriesnBaKlein 2009), while national-scale
collection of artisanal and subsistence CPUE dapmssible at relatively low-cost in developing
countries (IAS 2009). Recent studies have examosdto use CPUE data to plan for multiple
fisheries so that MPAs do not displace opportuoitsts disproportionately onto single
stakeholder groups (Klein et al. 2008a).

One limitation of CPUE data is that, by definitiahey only capture the current fishing effort.
This implies, often wrongly, that existing MPAS leawo opportunity cost. It also ignores areas
without current effort that might be suitable fartest if currently fished areas became
unavailable through the establishment of MPAs. gpamse to these limitations in conservation
planning has been to define cost as a functiorotsf bffort and extent of areas being considered
for conservation to ensure that no potential MPr&ssg&en as having zero opportunity cost (e.g.
Game et al. 2008). However, for areas with noerurfishing effort, assuming homogeneous
per-unit-area cost does not capture the potergigrbgeneity of effort. Areas outside MPAs can
lack current fishing effort for several reasonsjuding the common inability of survey data to
capture the seasonality of fishing distributiong] ¢he lack of access to motor boats, particularly
in developing countries (Salas & Gaertner 2004)aéeess to motor boats increases, it is
reasonable to expect that fishing effort will chamgnd move further offshore to areas currently
not fished.

Because of the limitations of CPUE data as a Basisonservation planning, a method is needed
to estimate the opportunity costs of areas thatanently not fished. Decisions about MPA size
and configuration can then account for the hetareges opportunity costs to fishers in both
fished and currently unfished areas. A methoddegs developed to estimate the opportunity
costs to agriculture of forested parts of landssgpaidoo & Adamowicz 2006), but an
analogous method has not been published for manmeonments. In response to this need, |
present a novel method for estimating the oppafuasts of establishing MPAs to groups of

rural fishers using multiple gear types. | desctliEmodel and then demonstrate its application
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with a case study from Kubulau District, Fiji, toosv how the resulting map of opportunity costs
can be used with conservation planning software¢ommend a new, more socially acceptable,
configuration of community-managed MPAs. | addifiess main questions that are relevant not
only in Kubulau but also for fisheries managemdaobally:

(1) Where are the preferred target fish species lo@ated

(2) Where is current fishing effort focused and howslib@ary by gear type?

(3) What are the differences between current and pateqportunity costs?, and

(4) How can the current MPA network be modified to rezlgonflict with users?

Methods

Study area

Kubulau District is an administrative unit of Bueoiince, in south west Vanua Levu, Republic
of Fiji Islands (Figure 4.1). Traditional fishirggounds qoligoli) in Fiji have been legally
demarcated by the Fiji Native Lands and Fisheriesi@ission. The 261.6 Knof inshore waters
within the Kubulau goligoli contain a diverse ar@yhabitats, including reef flats, seagrass
beds, coastal fringing reefs, soft bottom lagopasch reefs, offshore barrier reefs and deep
channels. Estimates of biomass of targeted foddfifisn underwater visual census (UVC)
surveys along Kubulau forereefs between 2007 af8 24nge from 0.04 to 15.8 tonnes'ha
(WCS, unpublished data).

In 2005, the communities of Kubulau formally eststidd a network of village-manageeifu)

areas and MPAs covering nearly 80%ahthe qoligoli, including 17 tabareas and 3 MPAs
(Namena, Nasue and Namuri; Clarke & Jupiter 20L8bu areas may be periodically harvested
by owners of traditional fishing rights at the detton of the village chief, while the MPAs are
permanently closed. The initial design of the taleas and MPAs was informed by both socio-
economic and biological research undertaken byl lnemagers and their conservation partners —
the Wildlife Conservation Society, WWF, Wetlandgeimational-Oceania and the Coral Reef
Alliance. A ridge-to-reef management plan was cletepl for Kubulau District in July 2009 and
has been endorsed by the council of chiefs (WCIR®bwever, lack of consideration for the

traditional fishing rights of certain clans hasatesl conflict over access to some closed areas,
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with violent altercations in at least one case keetwcommunity fish wardens and locals wanting
to fish in an MPA (Clarke & Jupiter 2010).
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Figure 4.1 The study area, Kubulau District, Vanua Levu, Fijset shows map of Fiji with Kubulau District and
traditional fishing ground (qgoliqoli) demarcated feference. (a) Reef habitats (patch, fringing bauier) in the
Kubulau goligoli and names of reefs. Sites of bgadal surveys are also shown. (b) Villages in KaloubDistrict
with labels indicating villages surveyed for CPUé&al (Navatu, Kiobo, Nakorovou and Raviravi) anthgés with
motorized vessels (Navatu, Namalata, Kiobo, NagokaNakorovou). Current tabu areas and MPAs aiaeigbd.

The total population of Kubulau District is appnawdtely 1,000 people distributed across 10
villages and 1 settlement. Presently only 5 ofabastal villages (Navatu, Namalata, Kiobo,
Natokalau, Nakorovou) have motorized vessels &iitfig. In addition, one motor boat has been
donated to the entire district by a local NGO fofoecement and is occasionally used for
fishing. Six fishing gear types were identifiedflwpreferred gear types including gill nets,
spearguns and hand line (Appendix 3, Table A3.1).
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Opportunity cost and profit models
Figure 4.2 shows a flow diagram of the data inpatermediate models and steps for the full

models of opportunity cost and profit. The followisections describe the parts of the flow

diagram.
UVC data for food Habitat
fish species Data CPUE Survey Data
Food fish species Food fish species Percentage catch models Market value from Fijian
abundance models (a,) biomass models (b)) || by gear type (p,) Government (m,)

|

l

Opportunity cost
by gear (c))

[
VY \

Opportunity cost to | Profit by gear (1)) ‘
all gear types (c) :

Profit to all gear
types ()

Figure 4.2 Flow diagram of data inputs and model steps fooopity cost and profit models for all gear types.

UVC data for food fish species

In April-May and September 2009, underwater visiggisus (UVC) surveys were carried out at
63 locations within the Kubulau goligoli. Observersasured fish abundance and size within the
following families that are targeted for consumptand sale: Acanthuridae, Balistidae,
Carangidae, Haemulidae, Lethirinidae, Lutjanidamrifae, Serranidae (groupers only) and
Siganidae. Sites were chosen to maximize spapatsentation across reef habitats with a
minimum of three replicate transects per site,dgiy distributed across depth categories.
Measurements of fish size (total length) and abooelavere scored along replicate (n =3t0 5) 5
m X 50 m belt transects. Transects were deep @ M)land shallow (5 m — 8 m) at most
forereef sites, and shallow and reef-top (1 - 3abbackreef sites. Each sighted fish >2 cm was
classified to species level within size categof&s, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35,

36-40 cm). The length of fish >40 cm was estimateithe nearest cm to improve estimates of
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biomass. Biomass was calculated from size clagsasts of length (B and existing published
values from Fishbase (Froese & Pauly 2009) usdgeistandard weight-length expression M =
aL®, with a andb values preferentially selected from sites closesiiji (e.g. New Caledonia).

If no length-weight (L-W) conversion factor was geat for the species, the factor for a species
of similar morphology in the same genus was usedniiigs & Polunin 1996). If a suitable

similar species could not be determined, the aeefaigthe genus was used. Because most of the
New Caledonia fishes were measured to fork lerfgth, @ length-length (L-L) conversion

factor was obtained from Fishbase where possibtenwert from total length (TL) to FL before
biomass estimation. Food fish species (n = 148 welected from the recorded families for
spatial modelling of abundance throughout the qdiligee Food fish species abundance models

section).

Habitat data and other predictor variables
| focused on coral reef habitats for my modellirgduse: (1) the majority of targeted fish
biomass within the qoligoli was found to be assedavith coral reefs; and (2) relatively
comprehensive spatial layers were available foosggd and submerged coral reefs but not for
other habitats. Exposed and submerged coral rests agitized by the Fiji Department of
Lands from aerial photographs taken in 1994 an®19fhere data were missing, | digitized
exposed reefs from Fiji topographic map sheets%,@00 scale but were unable to digitize
additional submerged reefs. | classified reefs arilyas barrier, patch or fringing based on
previous surveys and reference to Landsat datd€ Bab). To derive biophysical predictor
variables for species abundance models, | furtiassified the reef types by: exposure to tides;
exposure to waves; and depth (Appendix 3, Tabl@)ABepth was classified as shallow (depth
10 m) or deep (depth > 10 m) based on contous lireen digitized nautical charts. Other
predictor variables were protection status andalinistance from shore (Appendix 3, Table
A3.2). Distance from shore for each survey locati@s calculated using Arcinfo 9.2 (ESRI)

software.
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Table 4.1Reef habitat type, percentage of total reef cavestuidy region, area in study region, percentagainfey
sites allocated, and conservation targets.

Percentage of Area of habitat Percentage of Conservation Conservation

Habitat  total reef cover in study region survey sites  target (%) target (knf)
in study region (km?)

Barrier 54% 36.9 63.5% 30% 11.1

Fringing 17% 20.1 19.0% 30% 6.0

Patch 29% 11.7 17.5% 30% 3.5

Food fish species abundance models

Food fish species count and biomass were takentiertdVVC survey data and pooled by site
and standardized for number of transects. Becspesaes abundance data are often
characterized by a large number of zeros, zeratedl models have recently been developed
which allow for the concurrent estimation of oceunte and abundance (e.g. Joseph et al.
2009a). For each species | considered four differerdels: Poisson (P), negative binomial
(NB), zero-inflated Poisson (ZIP) and zero-inflatesjative binomial (ZINB) (see Appendix 3
for mathematical details). The Poisson and negdtinomial models are standard count models
used to estimate abundance. The zero-inflated reatteultaneously model probability of
detection and abundance. Because Poisson modéi® camsitive to low numbers | selected
species for modelling that occurred in at least TB%urvey sites. This allowed me to use data

on 54 species from 22 genera (Appendix 3, Tabl&A3.

| fitted the models using the general linear mdgeh) and zero-inflated model (zeroninfl)
functions in R (R Development Core Team 2005). sEh@ackages use maximum likelihood to
estimate coefficients for the generalized lineadets (Poisson and negative binomial) and zero-
inflated models. | used forward and backward remhtw select the best subset of predictors for
each model (see Appendix 3, Table A3.3 for predicselected for each species). For each
species | selected the best model by comparingoptiop of zeros (predicted zeros/observed
zeros) and Akaike’s information criterion (AIC, Aka 1974). The best-fitting model has the
lowest AIC (see Appendix 3 for discussion of goainef fit). Abundance was predicted for
each species across the goligoli on a 50 m gnidftect abundance data pooled by site and
standardized to abundance per 2,56q50 m X 50 m). To determine abundance by family a

fish price class | predicted abundance by specidssammed abundances for these groupings.
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Food fish species biomass models

Because many of the food fish species exhibit artetic movements from inshore to offshore, |
modelled biomass for each species to capture hlygreous distribution of biomass across
habitats (e.g. Lutjanus fulviflamma juveniles avarid in mangrove estuaries while adults
commonly school in deep lagoons; Froese & Paul@20B8ased on UVC data, | estimated
biomass for each species with multiple regressismg both forward and backward stepwise
removal to select the best fit model (Appendix &€ A3.4). All predictors considered for

abundance were included in the biomass models.

CPUE survey data

Between May 2008 and June 2009, area specific patichnit effort (CPUE) information (in
catch persoh hr! m?) was collected from fishers from four villages {avi, Navatu, Kiobo,
Nakorovou) within Kubulau District. Trained commtynwolunteers recorded information once
per week from all fish landings in the village dwgia 24 hour period. Fishers were asked for
information on the total number of fish caught, thenber of people fishing, the time spent
fishing, the gear used for fishing, and the transpsed for fishing. All participants (n = 191
total) were asked to indicate where they fished omap. Of the 191 fishers, 72 drew polygons
for fishing areas and the others identified thisinihg spots with points. In cases where one of
the polygons was associated with more than onetgearor method of transport, only the most
efficient gear type and method of transport wasehdo represent the polygon to avoid

underestimating opportunity costs.

To create a single layer to represent fishing &ffdl fishing spots identified as points were

translated into polygons with an area equivalerh&b of the largest drawn polygon with the
same combination of transport and gear, to enbatehe extent of fishing grounds was not
spatially underestimated (Appendix 3, Table A3ALjinal uniform CPUE was calculated for

each polygon by dividing the catch by the numbgpeadple fishing, time spent and fishing area.

Percentage catch models by gear type
For each gear type | compared the predicted abuedzafrfood fish species to the number of fish

caught as reported in CPUE surveys and expresgedsipercentage catch (catch/abundance).
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Percentage catch was modelled spatially by geardgposs the entire qoligoli using multiple
regression analysis, where AIC was used to deterthie best subset of predictors (Appendix 3,
Table A3.5 and A3.6).

Market value from Fijian Government
Market value, or sale price, of species from 20@8 wbtained from the closest Fiji Department

of Fisheries district office in Savusavu (Table)4.2

Table 4.2Fish price as set by the Fiji Department of Fisggehranch office in Savusavu, Vanua Levu, Fiji.

Class Price (FID/kg) Family

A $3.00 Lethrinidae, Serranidae, Siganidae
B $2.50 Carangidae, Haemulidae, Lutjanidae
C $2.00 Acanthuridae, Scaridae, Balistidae

Opportunity cost by gear

To estimate the opportunity costs to fishing, Isidered the gear types in the region and the
food fish species for each as identified by ca&dords in the CPUE data. Based on the food
fish species identified for each gear type, | dedithe opportunity cost to gear tyjp® beg

C,= B ahm

i=1
wheren was the number of species for gear tygg was the percentage catch for gear fype
species, g was the expected abundance of speacigavas the expected biomass of speties
andm was the market value of specieOpportunity cost by gear type was estimatechfior

reefs on a 50 m grid to match the outputs of modetdundance and biomass.

Opportunity cost to all gear types
| defined the opportunity cost, of each 50 m reef grid cell as the sum of oppotyLcosts to all
gear types weighted by the current proportignpf the total number of fishers represented by

each gear type in the fishery:
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wherew; was calculated as the number of fishers usingtypai divided by the total number of
fishers. This approach captured the current distion of gear types in the fleet, recognising

that a fishing site is not exclusively available fishing by any one gear type.

Profit by gear

In developing countries, such as Fiji, many offiekers are subsistence and therefore are
unlikely to be market driven (e.g. Cakacaka e2@l0). Also, not all opportunity costs are
presently realized because most transport typésctesccess to many reefs and fuel costs limit
the attractiveness of using boats to fish on distefs. Therefore, | wanted to ensure that my
model was capturing both current fishing effortaaedl as potential effort indicated by modelled
opportunity cost. | incorporated input costs arftedential access by considering expected
profit, rjm, from catches at each 50 m reef grid cell by geae,jy with transport typen. |
excluded time costs, such as forgone revenue ftber activities, in my profit model because
occupational mobility in this region is limited.rdstricted my consideration of input costs to
supplies for motorized transport, in this case dag}. For transport by boats, | considered
profit by gear typsj, to be

Mm =maxg;, - f,0)

wherecjn is the opportunity cost arfds the fuel cost. Fuel costs were estimated B&B8J78 per
km using a 25 hp engine (based on expected avpramgeof $1.45 per litre, Fijian Government
February 2009). For each gear tyjpayith transport typem, | set profit equal to zero for
distances beyond the maximum possible distancelteavwith transport typer and, in the case
of boats, where profit becomes negative. For &lcim reef grid cell the expected profitfor a

gear typg is the weighted sum of transport types,

M
r= t.r

j jm® jm
el

wheretj, is determined by the current distribution of tiaors typesm, for gear typg and
calculated within each group of fishers using dipalar gear typej, as the number of fishers
with transport typen divided by the total number of fishers.

Profit to all gear types
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| defined the profitr, of each 50 m reef grid cell as the sum of praétall gear types weighted
by the current proportiony;, of the total number of fishers represented by emar type in the
fishery:

j=1
wherew; was calculated as the number of fishers usingtyeaj divided by the total number of

fishers.

Spatial correlations for costs and profit

To compare the opportunity cost and profit modetk ¥he CPUE data, Spearman's rank
correlation was calculated by gear type and fal todtch across 250 m grid cells in which
CPUE data were present (n = 952). For these ctime$a | aggregated my modelled data to 250
m grids because this was the size of the smabgstrted fishing ground. As my opportunity cost
and profit models showed evidence of positive spatitocorrelation | only considered the
correlation coefficients, as these are unaffectedutocorrelation, and do not report the
significance values (Balmford et al. 2001; Nhand&a®mith 2011). However, the CPUE data

did not show evidence of spatial autocorrelatiberefore | report significance values associated

with correlation coefficients for CPUE data by gaaue.

Design of cost-effective MPAs

| used Marxan software (Ball et al. 2009) to exploptions for design and reconfiguration of a
cost-effective MPA network for Kubulau that met trenservation targets for all reef types
(Table 4.1). The conservation target of 30% wagdas the Fijian Government’s declaration at
the Barbados Plan of Action in Mauritius in 2005totect 30% of its inshore waters. | used a
50 m grid for my planning units to match the reiolu of my modelled opportunity costs. For
each 50 m grid, | recorded the type of reef halitat costs based on CPUE and estimated
opportunity cost. | selected CPUE as a cost measueflect current fishing effort. | selected
opportunity cost to capture the expected fishirsgrdiution as access to motorized transport

increases and fishing behaviour becomes more mdrken. | considered four scenarios:
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Scenario 11 used CPUE as the cost layer and did not inctwsteent tabu areas and MPAs
(clean slate CPUE)

Scenario 2- | used CPUE as the cost layer and requirecctivaént tabu areas and MPAs were
included in the reconfigured MPA netwolkd¢ked in CPUB.

Scenario 31 used opportunity cost as the cost layer anchdidnclude current tabu areas and
MPAs (clean slate Opp

Scenario 4- | used opportunity cost as the cost layer agdired that current tabu areas and
MPAs were included in the reconfigured MPA netw@dcked in Opyp.

Marxan uses a simulated annealing algorithm to good solutions to the mathematical

problem:

Ns Ns Ns
xc +b X *@- X,)cv,
i

minimize i< h

subject to the constraint that all the represemmatrgets are met
NS n .
4Xﬁ3n J
and x is either zero or 1
x! {0,1} " i
whererj is the occurrence level of featyrm sitei, ¢; is the cost of sitg Ns is the number of
sites,Nt is the number of features, amds the target level for featuje The control variable;x

has value 1 for sites selected for the reserveor&tand value O for sites not selected.

The first equation minimizes the penalties assediatith the cost of the network and its
configuration or shape. The parametey reflects the cost of the connection, in this casegly

the shared boundary, of planning unig;dh. The parametds, is the boundary length modifier
(BLM), a user-defined variable that controls thgortance of minimizing the total boundary
length of the selected areas. For each scena@edtted the BLM with the method described by
Stewart & Possingham (2005), intended to achieese of connectivity between selected areas
that does not unduly increase the overall cost@fsblution. For each scenario | then ran
Marxan with the simulated annealing schedule a@@QLrepeat runs. | measured the similarity

of solutions from the four scenarios by spatialelation (Spearman’s) of selection frequency.

73



Results

Abundance models indicated that the greatest nusyddeargeted fish were within the families
Acanthuridae, Lutjanidae and Scaridae, which vaatially in abundance across the goligoli
(Figure 4.3). Acanthurids were the most abundamilf for all reef types (Figure 4.3a).
Acanthurids were most abundant on barrier foreraefssubmerged patch reefs and occurred in
medium densities on inshore fringing reefs (Figlia). Lutjanids were most abundant on
barrier forereefs (Figure 4.3b). Scarids had higimalance on all types of submerged reefs, with
highest abundance on forereefs and the fringingareeind Namenalala (Figure 4.3c).
Abundance by market class also varied spatiallyuifé 4.3). Species in class C were most
abundant and widely distributed across all habitatee goligoli, particularly on seaward facing
slopes of patch reefs and forereef slopes of baweeds (Figure 4.3f). Class B fish were most
abundant on outer barrier forereefs (Figure 4\8B)le class A fish were least abundant in these

areas and most abundant on submerged inshorertzrdgatch reefs (Figure 4.3d).

For all gear types combined, CPUE, as indicatefidyer survey records, was relatively uniform
across all inshore reefs with the highest effodungng on fringing reefs near villages (Figure
4.4a). Modelled total opportunity cost was higlfesffshore barrier forereefs that are currently
largely inaccessible to fishers without boats. Kl total profit was highest for barrier
forereefs that can be accessed with a communatmaftn as a bilibili (within 3 km of the

shore). Exposed fringing reefs had the lowest t@kes for opportunity cost and profit (Figure
4.4a). Opportunity cost and profit had similar miigdes, with maximum values of $12 FJD per
2,500 M. Across areas with CPUE data, total modelled dppiy cost and profit were

positively correlated with total CPUE (Table 4.3).

Table 4.3Spearman’s rank correlationg @cross currently fished reefs of catch per ufiitre(CPUE) with
modelled opportunity cost (opp) and profit (prady flifferent gear types. Values correlated aref m X 250 m
grid cells (total area of 60 km2, n=952).

opp,CPUE prof, CPUE
Gill net -0.311 0.481
Hand line -0.024 0.197
Hand spear -0.115 0.090
Hawaiian sling -0.007 0.065
Speargun 0.285 -0.102
Trolling 0.049 -0.045
Total 0.158 0.160
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Figure 4.3Modelled abundance per 2,508 (80 m X 50 m grid cell) for the three most aburtdamilies and by

market class in Kubulau District. (a) Acanthuridé®. Lutjanidae. (c) Scaridae. (d) Market clasgakilies

included are Lethrinidae, Serranidae and Sigani@géviarket class B; families included are Caraagid

Haemulidae and Lutjanidae. (f) Market class C; faamiincluded are Acanthuridae, Balistidae and ifeat
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Figure 4.4 Catch per unit effort (CPUE), opportunity cost gmdfit in Kubulau District. First column shows tbta
CPUE, calculated as catch persdrour' m? Second column shows modelled opportunity cosijirDollars

(FJD) per 2,500 A(50 m X 50 m grid cell). Third column shows modliprofit in Fiji Dollars (FJD) per 2,500
(50 m X 50 m grid cell). (a) Total across all ggges. (b) Gill net. (c) Speargun.
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CPUE values were spatially dissimilar between ggaes, with negative correlations between
most gear types (Table 4.4a). CPUE from gill nets spearguns were the least similar(-
0.256). Total CPUE was positively correlated vathgear types except for Hawaiian sling and
trolling. Total CPUE had the largest positive etation with catch by speargun%£ 0.601).
Opportunity cost and profit were spatially very sanbetween gear types, with much larger
coefficients than for CPUE (Table 4.4b,c). Thetreéastrengths of correlations between gear
types for opportunity cost and profit were, howewamilar to those for CPUE (Table 4.4b,c).
For both opportunity cost and profit, speargun giidet had the largest positive correlations

with total values.

Modelled opportunity cost and profit had similastdbutions, but varied in magnitude and
distribution by gear type (Figure 4.4). Speargsers had the highest opportunity costs and
profit of all fishers with a maximum value of $24[72,500 rf (Figure 4.4c) followed by gill

net users (Figure 4.4b). Speargun users had\positofit across more offshore reefs than other
gear types, which predominantly had zero profitdifshore reefs (Figure 4.4). Modelled
opportunity cost had mixed spatial correlationdw@PUE by gear type while profit by gear type
was predominantly positively correlated with CPUTalgle 4.3). Modelled opportunity cost was
negatively correlated with CPUE for gear types #ratused primarily for nearshore fisheries
(e.g. gill net, =-0.311). Opportunity cost was positively cortethwith CPUE for gear types
that use offshore reefs (e.g. speargun,0.285). The largest positive correlation betwessfit

and CPUE was for gill nets € 0.481). The largest negative correlation betwwefit and

CPUE was for speargun € -0.102; Table 4.3).

Modelled opportunity cost and profit had similastdbutions, but varied in magnitude and
distribution by gear type (Figure 4.4). Speargsers had the highest opportunity costs and
profit of all fishers with a maximum value of $24[52,500 rf (Figure 4.4c) followed by gill

net users (Figure 4.4b). Speargun users had\positofit across more offshore reefs than other
gear types, which predominantly had zero profitdifshore reefs (Figure 4.4).
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Table 4.4Spearman’s rank correlationg petween gear types of catch per unit effort (CRWRportunity cost and
profit (total and by gear type) across the 6 kincurrently fished reefs. Values correlated @re250 m X 250 m
grid cells (total area of 60 Kimn=952). (a) CPUE from interviews; shading indésabon-significant relationship;
for others, * p < 0.05, ** p < 0.005, *** p < 0.001(b) modelled opportunity costs. (c) modelledfipr

(@)

Hand line
Hand spear

Hawaiian sling

Speargun
Trolling
Total

(b)

Hand line
Hand spear
Hawaiian
Speargun
Trolling
Total

(c)
Hand line
Hand spear

Hawaiian sling

Speargun
Trolling
Total

Gill net

0.007
0.266***
-0.086**
-0.256***
0.024
0.192***

Gill net

0.957
0.993
0.975
0.993
0.983
0.997

Gill net
0.917
0.938
0.901
0.843
0.905
0.889

Hand line

0.198***

-0.136***

-0.186***

0.056*

0.184***

Hand line

0.950
0.934
0.954
0.930
0.961

Hand line

0.840
0.865
0.838
0.868
0.867

Hand spear

0.019
-0.046
0.048
0.216***

Hand spear

0.987
0.990
0.981
0.993

Hand spear

0.975
0.723
0.975
0.776

Hawaiian
sling

-0.024
-0.069*
-0.019

Hawaiian
sling

0.981
0.985
0.980

Hawaiian
sling

0.718
0.997
0.762

Speargun

-0.172%*
0.601***

Speargun

0.985
0.998

Speargun

0.772
0.994

Trolling

-0.212%+*

Trolling

0.985

Trolling

0.766
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Modelled opportunity cost had mixed spatial cotietes with CPUE by gear type while profit
by gear type was predominantly positively correlatéth CPUE (Table 4.3). Modelled
opportunity cost was negatively correlated with &¥0r gear types that are used primarily for
nearshore fisheries (e.g. gill netz -0.311). Opportunity cost was positively cortethwith
CPUE for gear types that use offshore reefs (pgargun, = 0.285). The largest positive
correlation between profit and CPUE was for gilisng = 0.481). The largest negative

correlation between profit and CPUE was for speaigu -0.102; Table 4.3).

Modelled opportunity cost and profit had similastdbutions, but varied in magnitude and
distribution by gear type (Figure 4.4). Speargsers had the highest opportunity costs and
profit of all fishers with a maximum value of $24[52,500 i (Figure 4.4c) followed by gill

net users (Figure 4.4b). Speargun users had\positofit across more offshore reefs than other
gear types, which predominantly had zero profitdifshore reefs (Figure 4.4). Modelled
opportunity cost had mixed spatial correlationdw@PUE by gear type while profit by gear type
was predominantly positively correlated with CPUTalgle 4.3). Modelled opportunity cost was
negatively correlated with CPUE for gear types #dratused primarily for nearshore fisheries
(e.g. gill net, =-0.311). Opportunity cost was positively cortethwith CPUE for gear types
that use offshore reefs (e.g. speargun,0.285). The largest positive correlation betwpssfit

and CPUE was for gill nets € 0.481). The largest negative correlation betwwefit and

CPUE was for speargun € -0.102; Table 4.3).

The current network of tabu and MPAs in Kubulaugml cover 40% of all barrier reefs, 36%
of fringing reefs, and 2% of patch reefs. Seletfrequencies for the clean-slate scenarios with
CPUE and opportunity costs were strongly and pasiticorrelated (1 3= 0.880, p < 0.001).
Selection frequencies for the locked-in scenariib @PUE and opportunity costs were also
strongly and positively correlated (Spearman’s remielation coefficient, 4= 0.867, p <

0.001). Correlations were weaker but still sigraifit between selection frequencies for the
clean-slate and locked-in scenarios for CPUE £ 0.320, p < 0.001) and opportunity cost{
=0.082, p <0.001). All scenarios selected padiof Cakaunivauaka reefs to meet the patch
reef target of 30% (Figure 4.5).
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Figure 4.5Marxan best solutions (top row) and selection feggpies (bottom row) for the four scenarios for KlalbwuDistrict. (a) Best solution for scenario 1,
clean slate catch per unit effort (CPUE). (b) Bedtition for scenario 2, locked in CPUE. (c) Bedtison for scenario 3, clean slate opportunityt¢@pp). (d)
Best solution for scenario 4, locked in Opp. (de&on frequency for scenario 1, clean slate CPf)ESelection frequency for scenario 2, lockeCiRUE. (g)
Selection frequency for scenario 3, clean slate. @ppSelection frequency for scenario 4, locke®jp.
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For the locked-in scenarios, the barrier reef aimdjing reef targets were predominantly met
by the current tabu areas and MPAS, so nearlydditianal areas selected were patch reefs
within Cakaunivuaka Reef (Figures 4.5b,d). Besitgmns from the clean-slate analyses also
selected areas of Cakaunivuaka reefs while ingigahat Namuri MPA plus some of the
inshore community tabu areas could be replaceditiing protection to Nakadamalevu reef
(Figures 4.5a,c). Despite the strong overall datien, there were some notable spatial
differences in selection frequencies for the clskate scenarios using CPUE versus
opportunity cost. Selection frequencies were highéhe southern portion of Namena barrier
reef for the opportunity cost scenario but highettee fringing reef near Navatu for the

CPUE scenario (Figures 4.5e,Q).

There were two expected general results from arsabjsotal costs of scenarios (Figure 4.6).
First, CPUE and opportunity cost were each minichizden directly used in the Marxan
analyses. Second, for both CPUE and opportunity ctesan-slate solutions were less costly
than locked-in solutions. Specifically, the oppaorty cost scenarios resulted in best solutions
that reduced opportunity costs and profit by appnaxely 12% compared to CPUE scenarios
(Figure 4.6). However, using opportunity cost feslin selecting MPAs with substantially
higher CPUE (5-20% of total CPUE, Figure 4.6). CPaid opportunity cost produced

comparable results in terms of total area selected.

The spatial location of effort across Kubulau golidgs primarily driven by access to
transport. The majority of fishers from Kubulaumm have access to motorised boats and
fish largely for subsistence (Cakacaka et al. 20IBgrefore, current effort across all gear
types is highest on reefs closest to villages (nsliringing and patch reefs). The same trend
of heavy effort on nearshore reefs has been obdenvather regions where access to
motorized transport is limited (Aswani 1998; Bend &wfik 2001). Therefore, my profit
model best reflected current fishing effort becawusdike the opportunity cost model, it

considered accessibility and travel costs.
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Figure 4.6 Total cost to fishers in Kubulau District calculdtier Marxan best solutions for the four scenarios,
displayed as percentage of total cost for four ooetrics: area, catch per unit effort (CPUE), oty cost
(Opp), and profit. | determined % total cost fdmaetrics by dividing the summed cost of the arselected for
protection by the total cost across the study aré@acluded area as a cost metric to demonsthatesummed
areas selected in Marxan runs were comparable bateast scenarios, even though other metrics difer
strongly.

By contrast, the quantity of catch is largely dn\®y access to markets and more efficient
gear, such as spearguns and gill nets, owned leyadishers mostly from Navatu and Kiobo
operating on an artisanal scale. Highest profiti@alfor gill nets are on the fringing reefs
where they are typically used to target schoolisly, fparticularly mullets (Rawlinson et al.
1995). Meanwhile, high profits for spearguns aret@noffshore barrier reefs, where they are
a preferred gear type due to their ability to e#iintly target larger, more valuable fish

(Dalzell 1996; Kuster et al. 2005; McClanahan & igaR000). Because spearguns and gill
nets require considerable initial investment (appnately $300FJD for a speargun and
$200FJD for a gill net), it is unlikely that fislseare willing to make the financial outlay

unless they can guarantee revenue from catch (\&kitd990).

Fishers from Navatu, Namalata and Kiobo have ridiabcess to a middle man who lives in
Navatu village and regularly sells fish to the neskin Savusavu (Clarke & Jupiter 2010).
Therefore, they have the financial incentive tceisivin motorboats which enables them to
access distant, high-density fishing grounds witfinly efficient gear to maximize catch.

Increased access to markets could drive purchdsggearguns and motorized transport,
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causing higher fishing effort on the offshore remdssing the profit model to converge on the
opportunity cost model. This type of market-drivesiing displacement has been observed in
other multispecies fisheries, where the high valueatch has strongly influenced the location
of fishing effort, particularly in situations witlising fuel prices and depletion of commercial

stocks (Arrelano & Swartzman 2010).

In fact, it is likely that the number of catch lticas from artisanal fishers on outer barrier
reefs is under-represented in CPUE surveys. Tvablikeasons are a fear of releasing
information on choice productive fishing groundsl @wareness that some of these fishing
locations violate community management rules (@.g.within MPA boundaries). For
example, within the past year, fishers from Navaue been repeatedly caught fishing within
the Namena Marine Reserve (Clarke & Jupiter 20dl)pugh these catch locations were
never recorded on CPUE forms. In such cases wkeogded fishing effort might not
accurately match actual or future effort, the opyoaity cost model provides an unbiased
alternative. It allows conservation planners tarealeefs that are currently reported as
unfished and, when designing MPAs, to minimize kdispment of fishers not included in

surveys or who misreported their fishing grounds.

Marxan results and implications for reconfiguratiohMPASs

There were notable similarities between the Mas@mnarios that used CPUE and
opportunity cost. Both locked-in approaches ingidahat high-priority additions to the MPA
network were areas within Cakaunivuaka Reef. Bighreslate approaches were spatially
similar and indicated other potential areas thatdbe added to the network, such as those
within Nakadamulevu Reef. However, the CPUE cldatesapproach identified the fringing
reef near Navatu for protection because thererieotly a tabu area on this reef and therefore
no effort (Figure 4.5a). In contrast, the cleaateskbhpproach using opportunity cost left this
reef open to fishing because of its high cost (f@gu5c). The opportunity cost scenarios had
lower total costs when considering opportunity @sd profit, but considerably higher costs
when considering CPUE (Figure 4.6). This indicadked using opportunity cost in Marxan
reduces the impacts to both current and futurenfgsbffort. However the communities
should be consulted regarding the Marxan scensridstermine whether the opportunity

cost models produced amenable MPA selections. @tatisn with the communities will

allow the stakeholders to determine the relativieartance of maintaining current fishing

grounds over future fishing grounds.
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Given that recent monitoring from the Namuri MPAygasts that it is being substantially
affected by poaching (Jupiter et al. 2010), angbotst from both clean-slate scenarios do not
select sites within Namuri, it would be worthwhitesuggest a trade-off to the Kubulau
community. This would open portions of Namuri tehfing in exchange for protection of
areas within Nakadamulevu and the adjacent Nakaddaiueefs. Closure of these areas
could potentially also offset opening a portiorNamena Marine Reserve, which has been
heavily contested by one of the Navatu clans, mesniewhich have been repeatedly caught

fishing in Namena.

Because the clan perceives inequity in the distiobuwof costs and benefits of the present tabu
areas and MPAs, the Marxan solutions could redaadict by producing more socially
acceptable configurations (Lal 2005). Some of toisflict might have arisen because the
environmental and social goals of MPA establishnagot management were ill-defined from
the outset. Having a clear understanding of thesésgs critical to ensure that MPA design
does not adversely affect current fishing industaed community identity (Ban et al. 2009;
Klein et al. 2008a).

Model applications and conclusions

The opportunity cost model provides data for usgecision support tools for conservation
planning such as Marxan and Marxan with Zones (&adll. 2009; Watts et al. 2009). My
modelling approach incorporates socio-economicidenstions and can be applied in regions
with poor data on human uses and those where paapleighly dependent on natural
resources to ensure that conservation actions nzeirmpacts on local communities (Ban et
al. 2009; Ban & Klein 2009). Standard socio-ecoimosnrvey methods often have
limitations. In marine applications, these incluaek of participation by users of all gear
types, partial disclosure of fishing areas, an#t lafcstandardized methods for integrating
spatial data (for methods on standardizing datiectdn with GIS see De Freitas & Tagliani
2009). My model differs from standard survey apttes by accounting for variation in the

spatial distribution of natural resources rathantfocusing on current extractive effort.

For marine regions, my model is appropriate forstdering socio-economic goals in
fisheries where gear preferences or access tqwarare expected to change dramatically

(Salas & Gaertner 2004). In these regions, thexg loe little to no existing biological and
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socio-economic data. While my model requires mldtmodelling steps, it can be adapted
for data-poor regions. The main data restrictiamfiy model is existing fish count surveys
which may not exist in some regions. However, megions in which NGOs are active will
have fish abundance or presence/absence data b@sldtable for the approach described
here. The remaining data for predicting fish atante could be acquired strictly from
remote sensing and basic navigational charts (@adepth and reef classification). The
socio-economic inputs such as percentage catcheastimated based on several survey
days in villages. Due to data quality issues anttiple model inputs, error in the model can
be tested using standard techniques such as ipfaghsensitivity analysis (Halpern et al.
2006). Sensitivity analysis might be particularieful if particular inputs in the model have
higher associated error. For example, in my mtdepercentage catch models have high
uncertainty associated with them due to small saregge. Therefore, a sensitivity analysis
could demonstrate how modelled opportunity cost@odit vary with increments of error in
estimates of percentage catch by gear type. Halysis could be incorporated into Marxan
scenarios to investigate how sensitive area selectire to variability in the opportunity cost

model.

Although Marxan is a static planning tool, recepplecations have implemented Marxan in
dynamic multi-year simulations (Visconti et al. 2).1 Fishing effort and fish abundance are
likely to interact dynamically through time and altryear dynamic approach to MPA
design may be more realistic (e.g. see Christeasah 2009). My models can be adapted to
incorporate fisheries dynamics for multi-year siatidns. For example, my profit and
opportunity cost models can be used to examinedusis will change as market access
drives changes in access to gear type and transpbenges in gear type can be modelled
with opportunity cost by exploring a range of weiggs to reflect a larger proportion of
fishers using efficient gear types such as speatgilihe effects of changes in transport on
spatial effort can be explored in the profit mobiglaltering weightings to reflect a larger

proportion of fishers using motor boats, as has lwserved across Fiji (Kuster et al. 2005).

Despite the acknowledged importance of socio-ecandata in resource management,
previous studies have suggested that artisanarfish developing countries are not always
market-driven (Daw 2008; Pet-Soede et al. 2001t} fishing behaviour being determined
more by factors such as values on time, risk awergind cultural identity (Bene & Tewfik

2001; Salas & Gaertner 2004). These factors camobsidered explicitly by identifying them
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in direct consultation with stakeholders and theeating them as additional input costs in the
profit model. The expected costs from such scesaran then be used in conservation
planning software to provide a more thorough exgilon of configuration options for MPAs
and the range of impacts on local communities. droéit model therefore allows for a
comprehensive analysis of tradeoffs between coatiervactions and local economic

development that is not possible with CPUE data.
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Chapter 5 Opportunity costs: who really pays for conservatiof?*

Designing conservation areas entails costs thabn§idered explicitly, can be minimized
while still achieving conservation targets. Hefedus on opportunity costs which measure
forgone benefits from alternative land uses. Corad®n planning studies often use partial
estimates of costs, but the extent to which theseltrin actual efficiencies has not been
demonstrated. My study partitions land costs thtee distinct opportunity costs to
smallholder agriculture, soybean agriculture amthéng. | demonstrate that opportunity
costs to single stakeholder groups can be inaccunatisures of true opportunity costs and
can inadvertently shift conservation costs to affgoups of stakeholders disproportionately.
Additionally, | examine how spatial correlationgween costs as well as target size affect the
performance of opportunity costs to single stakedogroups as surrogate measures of true
opportunity costs. | conclude that planning witlpogunity costs to single stakeholder
groups can result in cost burdens to other grougisdould undermine the long-term success
of conservation. Thus, an understanding of théapdistributions of opportunity costs that
are disaggregated to groups of stakeholders isseapeto make informed decisions about
priority conservation areas.

! Adams, V. M., R. L. Pressey, and R. Naidoo. 2@fportunity costs: who really pays for conservation
Biological Conservation43439-448.
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Introduction

As discussed in the previous chapters, to achiemsarvation goals, conservation planning
must address social and economic, as well as baalbgriteria (Carpenter et al. 2006).
However, most research to date has neglected soxaeconomic factors, despite agreement
that they ultimately influence the success of coretéon efforts (Polasky 2008). The most
common approach to systematic conservation plarmasgoeen to minimize the total number
or extent of selected areas, implicitly assumirag tand costs are homogeneous (Carwardine
et al. 2008). In fact, land costs are highly hegeneous and studies that have explicitly
incorporated land acquisition costs have demorestriairge cost savings in achieving
conservation objectives (Ando et al. 1998; Fer@003a; Naidoo & lwamura 2007; Polasky
et al. 2001). Other studies have shown that inqatpw opportunity costs minimizes losses
to commercial fishers or reduces their displaceni€iain et al. 2008a; Richardson et al.
2006; Stewart & Possingham 2005). While theseissudave accounted for socio-economic
costs by including various forms of available datajmportant unresolved question for
conservation planning is how the cost surrogated usthese studies account for the full

costs of implementing conservation plans.

Economic costs of conservation planning include fivain components: acquisition,
management, damage, transaction, and opportunaiggd et al. 2006). A full accounting of
costs would include all five, but this is likely b difficult or impossible in most planning
exercises. This requires the use of surrogate unessf cost (e.g. opportunity costs to single
stakeholder groups, Possingham et al. 2000; St&vBdssingham 2005). Surrogate
measures are substitutes that should ideally etiawual costs, or at least have strong
spatial correlations with actual costs, when theessary data for complete accounting are
unavailable. In this way, cost data are similadata on biodiversity, the complexity of which
precludes complete measurement and requires steroggasures, all of which come with
limitations that are still being investigated arabdted (e.g. Pressey 2004; Rodrigues &
Brooks 2007). Analogous investigations about theeafost data in conservation planning

have been scarce.

Studies using costs in conservation planning hasieided one or several surrogates, but not
total measures of cost. Typically studies seleetiargest component of total costs as a
surrogate measure. For example, the cost to a igosatt of establishing a protected area is

dominated by acquisition and long-term managemestisc Because acquisition costs are
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readily estimated by land market values they goeally used as the surrogate measure.
Additionally, it has been estimated that acquitdigngd for protection is likely to exceed

subsequent management costs by large factors (Balraf al. 2003).

Aside from the immediate costs to conservation miggdions, there are usually large social
costs of conservation action (Balmford & Whitter03R To ensure that conservation
assessments move to implementation of actionsegrttund and in the water, it is
insufficient to consider only the costs to consgoraorganizations. Rather, social
assessments and explicit considerations of statefstlirectly involved in or affected by
conservation actions, whether they are displacedhlalders or government organizations, are
needed (Knight et al. 2006; Pierce et al. 2005)pd@tunity costs are an appropriate cost
measure to explicitly account for the social cadtestablishing protected areas and other
conservation interventions. Opportunity costsariservation are the costs associated with
forgone opportunities to convert land to profitab&es. Investigation of opportunity costs to
single stakeholder groups can demonstrate how peatgmn costs are distributed between

different groups.

Some previous studies have examined the opportoo#is of proposed reserves or areas
likely to be needed for conservation (Chomitz e2805; Naidoo & Adamowicz 2006).
Opportunity costs have also been used in cost-hiemeflyses of alternative land uses in
conservation planning (Kremen et al. 2000; Lauttead.2007; Sinden 2004; Wunder 2007).
Yet, opportunity costs have only rarely been useglanning processes to propose new areas
that reduce social conflict and the economic coktonservation (see Klein et al. 2008a;
Richardson et al. 2006; Stewart et al. 2003; Wilkaet al. 2003). Stewart et al. (2003) and
Richardson et al. (2006) considered the opportwasts to single stakeholder groups but did
not investigate whether these represented totgbfa opportunities. Williams et al. (2003)
tried to include opportunity costs to multiple staklder groups with expert knowledge by
determining an aggregate measure of conflict ratiear partitioning costs to individual
groups. Klein et al. (2008a) attempted a commetmunting of opportunity costs to
stakeholders along California’s central coast liyreing combined fishing effort by

different users in each candidate conservation ditegy did not, however, analyze the costs

to individual stakeholder groups.
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There have been many conservation planning sttlisjuestioned how subsets of
biodiversity (target) data affected planning outesniCabeza & Moilanen 2001; Williams et
al. 2006). Analogous studies have not, howeveestigated how using different subsets of
cost data (i.e. surrogate measures of cost such@stunity costs to individual stakeholder
groups) affects the results of planning. Studiesrening different biodiversity surrogates
have demonstrated dissimilarities in conservatuca@mes depending on what biodiversity
surrogates were selected (Williams et al. 2006).imMAportant missing perspective in
conservation planning with spatially variable casttherefore the extent to which the use of
partial estimates of opportunity costs — the ctists single stakeholder group — adequately

account for full opportunity costs. My study is ggeed to fill this gap.

Including partial or incomplete estimates of oppaoity costs might help to reduce conflict
and mitigate the cost of conservation action, bigt @qually possible that it will unwittingly
increase costs that have not been consideredugéhef surrogate measures can have an
unpredictable net outcome and will be highly demenan the region being studied and the
socio-economic factors considered. While | amargtiing that available cost data should be
ignored if they are incomplete, | demonstrate tbeeptial for data that are incomplete or
misinterpreted to have negative net effects oroffgortunity costs of conservation action.
This potential needs to be recognized and accodatetiaddress three main questions

through the analyses in my case study.

My first question is: how do spatial correlatioreteen costs, relative spatial variability of
costs, and size of conservation targets affecinipertance of selecting accurate cost
surrogates? | address the issue that selectinfjetiee cost surrogate requires an
understanding of all the opportunity costs in dae@nd their relative spatial distributions, as
well as the influence of conservation objectivestmperformance of single costs as
surrogates for true opportunity costs. The undedihg of the spatial relationships between
different costs should inform the selection of at@urrogate and might even preclude the use

of a cost surrogate.
My second question is: does using a surrogate measwpportunity costs — in my case, the

costs to a single stakeholder group — serve agegquate proxy in conservation planning for

full opportunity costs and result in cost efficie@xrelative to these full opportunity costs?
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My third question is: how does including a surregateasure of opportunity costs affect
different stakeholders in a planning region, ootiner words, who is really paying for
conservation? This final question examines whepkearning with partial costs can displace
the selection of conservation areas in such a wag disproportionately affect some
stakeholders and thereby increase conflict betveaénactive use and protection of natural
resources. This differs from my second questiomvhich | am only concerned with whether
a cost surrogate can truly reflect full costs.tdasl, my third question considers how using a
cost surrogate can affect the multiple stakeholdegsent in a region and what the larger

socio-economic implications of disproportionate senvation costs might be.

Methods

Planning region

| used the Mbaracayu Forest Biosphere Reservélftbsphere reserve”) in Paraguay as a
case study (Figure 5.1a). The biosphere resantbeiUpper Jejui River Basin, consists of a
core protected area of approximately 64,000 haadadger surrounding sustainable use area.
The total area of the biosphere reserve is ne®I0 ha. The biosphere reserve has been
identified as a high priority area for conservatioterventions compared to other similar
regions in Paraguay (Keel et al. 1993). It is wittne highly threatened Upper Parana
Atlantic Forest ecoregion and has experienced skteross and fragmentation of forest in
the last 30 years. Additionally, the biosphereres contains upper Parana Atlantic forest
and cerrado, vegetation types that are charaateoistwo of WWF’'s Global 200 priority
ecoregions (Olson & Dinerstein 2002). The cerrado cerradon grasslands are known to be
rich in species (Silva & Bates 2002). | choselittsphere reserve as my study region
because of the availability of high-resolution datacosts and vegetation types. The cost
data are unusual in that they can be disaggregat@dpportunity costs of conservation to

three different stakeholder groups.

Land uses and conservation costs

Outside of the core protected area approximatedy 4Bthe sustainable use area has been
converted to human uses (Figure 5.1a). About Z0p@@ple inhabit the sustainable use area.
Their main livelihood is smallholder agriculturbgetexpansion of which threatens the
forested land surrounding the core protected afé@ other two major land uses are cattle
ranching and soybean farming. The three land ieggesent three stakeholder groups

ranging from local growers to multinational invasto
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Figure 5.1 The Mbaracayu Forest Nature Reserve. (a) Vegetatms. | allocated a target of 40% of present
extent to all vegetation types, except for degragmgktation, cropland and pasture. The core piedesrea is
outlined in black. (b) Summed opportunity costSQJper hectare) at a discount rate of 20% for tihafdcayu
Forest Nature Reserve. White areas have estiratgaitunity costs of $0 or no estimate. Estimafe®Oaefer
to existing reserves or unreserved areas with legvyprobabilities of conversion to agriculture. Asewith no
estimates are already degraded and of no immediatest for conservation.
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In a previous study the opportunity costs of coveton were modelled for the biosphere
reserve (Naidoo & Adamowicz 2006). The data anthous from Naidoo and Adamowicz
(2006) were used to estimate costs for this stiggcause the future land use of any parcel is
unknown, | estimated the discounted agriculturaldiés as the probability of a parcel of land
I, being in a particular agricultural st&tén a particular time stefp multiplied by the financial
benefits of stat&, R, summed over all potential agricultural statesWith the assumptions
that the probability of conversion of a parcel@amstant over time and the returns associated
with agriculture are spatially invariant, then tampes to infinity, the expected value, or

opportunity cost, becomes:

The use of probabilities of conversion captureddpatial variations in suitability of land for
different uses and therefore captured the spadiahtrons in opportunity costsThe method
used to estimate opportunity costs used informatiohistoric land conversion and factors
that influence conversion patterns (Naidoo & Adanoavw2006). Because the opportunity
costs were based on historic trends in land us#id, ot project altered probabilities of
conversion into the future but rather assumed tteebe fixed over time. For conservation

actions occurring over a short time frame thisrbpbly a reasonable assumption.

| used the previously calculated opportunity cadtsonservation for each hectare of forest
(Naidoo & Adamowicz 2006). Areas already convettedne of these uses were not
allocated opportunity costs. These areas wersuitgble for conservation action because of
their conversion and therefore had no opporturestsarising from establishment of
protected areas. Naidoo and Adamowicz (2006) hediqusly validated estimates of
opportunity cost against 20 property values withie biosphere reserve. There was a strong
correlation between estimated and actual costcpkarly for discount rates between 15 and
25%. While actual discount rates for land marketgs are not readily available in this
region, | considered 20% to be a reasonable ra@use of the correspondingly strong
correlation between estimated and actual costdfida®& Adamowicz 2006). The

opportunity cost ranged from 0 — 972 USD per hgyFe 5.1b).
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To approximate surrogate measures of cost used imbemplete data are available (Stewart
et al. 2003; Stewart & Possingham 2005) | usegtbbability of conversion to land uge

and the return associated with agricultural larelku@3y) to calculate the opportunity costs of
conservation to each stakeholder group, i.e. thos®ved in smallholder agriculture, cattle

ranching and soybean farming. Thus, for landkue associated opportunity cost is:

To understand the spatial patterns of land usebdthree stakeholder groups | calculated the
spatial correlation (Pearson’s) among all threeoofmity costs, and between each cost and
“‘complementary vegetation”. | measured complenrgntagetation as the number of
hectares of vegetation per planning unit (candidateservation area, below) that contributed
to unmet targets in the planning region, divideddigl area of the planning unit (Margules &
Pressey 2000). By unmet targets, | mean thoselreztdy achieved in the core protected
area. Additionally, I calculated the relative sphtiariability of complementary vegetation
and each of the opportunity costs. As the datavetdeevidence of positive spatial
autocorrelation | only considered the correlatioef@icients, as these are unaffected by
autocorrelation, and do not report the significanakeies (Balmford et al. 2001; Nhancale &
Smith 2011).

Biodiversity targets

The core protected area in the biosphere reser/slbaed deforestation significantly
compared to the adjacent forest. In the past dethdduffer surrounding the core has
experienced 39.25% forest loss compared to 2.13%mthe core (Huang et al. 2007).
Deforestation outside the core poses a large thodabdiversity throughout the unprotected
portion of the biosphere reserve and has motivaiaadagement strategies such as sustainable
land use projects and the design of corridors tmeot remaining fragments. Additional
protected areas, especially private reserves,ang limplemented to complement the
existing core area. In this paper | explore th&gof this latter approach. | recognized
thirteen distinct vegetation classes (Figure 5. Ecept for degraded vegetation, cropland
and pasture, which | did not target for conservgtlset conservation targets for vegetation
types of 40% of their present extent. This is ahaative figure that is plausible based on

pressures from human populations and uses of mats@urces within the biosphere reserve.
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For my analysis on the effects of targets on spsitwailarity of selected, potential reserves |
varied targets from 0% to 100% in 10% increments.

Reservation scenarios

| divided the planning region into 11,675 plannumgts, each forming a 500 x 500 m cell (25
ha). | considered the core protected area to berstied to conservation and locked it into
my analyses. The core consisted of 2,693 planmiitg and represented at least 10% of all

vegetation types.

| examined five conservation scenarios, each wdkffarent measure of cost. This allowed

me to test how considering partial costs affechedapportunity cost of implementing a

system of reserves additional to the core proteated. It also allowed me to test the extent to
which partial costs for individual land uses deiéetthe selection of reserves to areas that had
high costs for other land uses. | calculated 't @of each planning unitas the mean
opportunity cost per hectare, including forestedllavith zero cost per hectare but excluding

converted land with no opportunity cost.

Scenario 1(*Base”):The cost of an individual planning unit, was its area. Because | used
a uniform 25 ha grid for my planning units, thisane that all planning units have equal
costs, reflecting the common assumption in consierv@lanning that costs are homogeneous
across landscapes.

Scenario 2 (“*Smallholder”)The cost of an individual planning unit, was its opportunity
cost to smallholder agriculture.

Scenario 3 (“Ranch”):The cost of an individual planning unit, was its opportunity cost to
cattle ranching.

Scenario 4 (“Soybean”)The cost of an individual planning unit, was its opportunity cost
to soybean farming.

Scenario 5 (“Full”): The cost of an individual planning unit, was the sum of its
opportunity costs for all land uses, which is axgror acquisition cost. | use the term ‘full’
to indicate the case in which a full accountindaoid uses is known and therefore the true

opportunity costs of conservation can be calculated

Reserve design
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| used Marxan software (Ball et al. 2009) to desigst-effective reserves that met the
conservation targets for all vegetation types (Seapter 4 for full Marxan method details). |
identified, for each scenario, the BLM that miniegszhe trade-off between boundary length
and cost (termed “optimal” here) using the methesictibed by Stewart & Possingham
(2005). For each of my five reservation scenaainod using optimal BLMs, | ran Marxan
with the simulated annealing schedule and 1,008atequns.

Analysis of reserve design solutions
| compared the results of the five scenarios bgnding, from the best solution for each (the
solution with the smallest objective function ot®00 runs), the total area, total boundary

length, and total of each of the five cost variable

| identified priority areas under each scenariddsfing the selection frequency (McDonnell
et al. 2002) of each planning unit (analogousgdarieplaceability, Ferrier et al. 2000) against
the probability that it was selected from a randsample. To do this | assumed that every
planning unit had an equal probability of beingesedd and calculated the probability of
selectionp (Stewart et al. 2003) as:

p=(C-R)/(T-R)

whereC is the average number of planning units seleatealsa multiple runR is the

number of units locked in or out (in this case 2i@93 units in the core protected area), &nd
is the total number of planning units (11,675).eTrequency distribution of selection of
planning units is binomial if selection is randoiclassified planning units as irreplaceable if

they were selected more frequently than 95% ofa@andelections.

| compared the spatial similarity of solutions ftoe five scenarios with two methods. First, |
compared the single best solutions from pairs ehados using the kappa statistic: an index
that measures observed spatial agreement compuatiealt texpected by chance. Kappa
values range from -1 (complete disagreement) tcefnplete agreement). Second, |
compared pairs of scenarios with the Spearmanganklation () of selection frequency of
planning units. For both analyses | excluded ttistiag core protected area and included
only additional areas selected in the Marxan runs.

Effects of target percentage on spatial similarity
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| expected that my choice of conservation targatld/ainfluence the spatial similarity of my
scenarios. For small targets, solutions wereyikelconverge spatially because the core
protected area, locked into all scenarios, contabetween 10% and 100% of each vegetation
type, requiring relatively few additional planningits. Spatial convergence was also likely
for large targets because most planning units deitsie core protected area would be
selected. For intermediate targets, | expectedsiietial convergence of scenarios would be
relatively small. | examined how different targaffected the spatial similarity of scenario 1
(minimizing area) and scenario 5 (minimizing futlpmrtunity cost).l ran Marxan with the
simulated annealing schedule and 100 repeat rurarfgets increasing from 10% to 100% in
increments of 10%. To understand how clumpingrvesewith the BLM affected spatial
similarity, | repeated the analyses using the oaltiBLM from previous analyses and with
BLM = 0. For each target percentage and each Blilithge | then compared the spatial
similarity of the two scenarios by correlating #edection frequencies of planning units.

Results

Land use patterns of the three stakeholder grautieeiregion were dissimilar and highly
variable spatially. Across all planning units, oppnity costs to smallholder agriculture were
negatively correlated with both opportunity costsoybean farming and ranching (Table
5.1). Soybean farming was most strongly correlatiel full opportunity costs (r=0.79) and
thus should be the most accurate surrogate meaButieopportunity cost and
complementary vegetation were uncorrelated (r=Caddl)full opportunity costs were slightly

more variable spatially than complementary vegeta@compveg= 63.75,Crull cost= 87.64).

Table 5.1Pearson’s correlation coefficients (r) and relatraeiability (coefficient of variationg) of
complementary vegetation and opportunity costséngle stakeholder groups.

Smallholder Ranching Soybean Full Complementary

cost cost cost cost vegetation
Correlations (r)
Ranching opportunity cost -0.27
Soybean opportunity cost -0.11 0.08
Full opportunity cost 0.28 0.44 0.79
Complementary vegetation 0.06 0.16 -0.11 0.01
Variability (coefficient of variation, c) 122.22 105.20 360.77 87.64 63.75
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Table 5.2Comparison of solutions from each scenario. (aaiaters of the best solutions for different
scenarios. Cost refers to the units used for saehario. Scenario 1 is in ha whereas scenartoarg-in terms
of the opportunity costs minimized (USD). (b) Kapgiatistics () for the spatial agreement between the best
solutions under each cost scenario (p<0.001 far &) Spearman’s rank correlation pf selection frequency
of planning units under each cost scenario (p<0foDall).

(a)
Optimal Planning Boundary
Scenario BLM Cost units Area (ha) length (km)
1 - base 0.1 113,725 4,549 113,725 66,200
2 —smallholder 0.01 167,071 5,327 133,175 58,100
3 —ranching 0.05 779,495 5,124 128,100 60,700
4 — soybean 0.001 17,542 5,256 131,400 51,750
5 - full 0.2 2,789,451 4,809 120,225 73,400
(b)
1-base 2-smallholder 3-ranching 4 -soybean
2 — smallholder 0.07
3 - ranching 0.16 -0.16
4 - soybean 0.16 -0.08 0.46
5 - full 0.24 0.03 0.26 0.41
(©)
1-base 2-smallholder 3-ranching 4 -soybean
2 — smallholder 0.21
3 - ranching 0.23 -0.27
4 - soybean 0.30 -0.06 0.33
5 - full 0.55 0.13 0.29 0.57
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Figure 5.2Irreplaceability of planning units with differenpportunity costs. Planning units with high
irreplaceability values are dark grey and blacke Tore protected area is hatched. Planning seligsted less
frequently than random are white. The mean nurabptanning units reported under each scenaria ishe
probability that a planning unit will be selecteglfandom is p, with a 95% confidence interval (Cywer
confidence limit, Upper confidence limit). (ajdplaceability for scenario 1 (base, homogenouts}ds =
4,642, p =0.217, 95% CI (191, 243). (b) Irrepkawmbty for scenario 2 (smallholder), C = 5,306509.291, 95%
Cl (262, 320). (c) Irreplaceability for scenarigranch), C = 5,108, p = 0.269, 95% CI (240, 29d). (
Irreplaceability for scenario 4 (soybean), C = 5,27 = 0.288, 95% CI (259, 316). (e) Irreplaceapfior
scenario 5 (full), C = 4,891, p = 0.245, 95% CI&2272).
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The areas and boundary lengths of reserve systemssamilar under all scenarios (Table
5.2a). However, the spatial pattern of reservescsatl under each scenario varied greatly
(Figure 5.2). The kappa statistics (Table 5.2H)aated that scenario 5 (full opportunity
costs) was most similar to scenario 4 (soybeanifeghf =0.41) and least similar to scenario
2 (smallholder agriculture) €0.03). Correlations (Table 5.2c) showed thatsiélection
frequencies of planning units from scenario 5 (fdportunity costs) were most similar to
those in scenario 4 (soybean farmingg@.57) and scenario 1 (no cost data(.55). The
kappa statistics and correlations showed the samergl patterns: opportunity cost to
soybean farming (scenario 4) was the best surragasesure of full opportunity costs
(scenario 5), followed by area (scenario 1). Thasdyses also indicated some spatially
dissimilar reserve designs. In particular, smatleoagriculture had a negative kappa statistic

and Spearman’s coefficient with both ranching amybean farming (Table 5.2b,c).

The five scenarios had very different partial amd dpportunity costs (Figure 5.3). Including
full opportunity costs in the reserve selectiorpailipm (scenario 5) resulted in the lowest
opportunity cost of conservation. Scenario 1 (bbhsejogeneous costs) and scenario 4
(soybean) provided the second lowest, and almestiichl, opportunity costs. Each scenario
involving partial opportunity costs (scenarios 2-dgulted in the lowest cost for that land use,
but increased full opportunity costs compared #nacio 5 and increased costs to at least one
other stakeholder group relative to scenario 5. ekample, compared to scenario 5, scenario
2 (smallholder agriculture) reduced costs for shadtler agriculture by 80%, but increased
opportunity costs to soybean farming by 700%, ofypoty costs for ranching by 200%, and
full opportunity costs by almost 100%.

The spatial correlations in selection frequencyveen scenario 1 and scenario 5 depended on
both targets and values of BLM (Figure 5.4). WB&M was zero, as expected, systems of
selected reserves were most similar between sosnaiih costs ignored (scenario 1) and
included explicitly (scenario 5) when targets wieng and high. Including full opportunity
costs made most difference to the spatial configamaf reserves for targets around 50%.
When | used optimal BLMs for each scenario, theatations decreased linearly from 10%,
then increased rapidly from 90% to 100%.
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Figure 5.30pportunity costs of the best reserve designd®ffitve planning scenarios. Costs are in USD and
are the opportunity costs to each of the stakehgjdmips. The full opportunity cost is the sunthaf three
partial opportunity costs and is represented bystheked bar.

Figure 5.4 Correlations of selection frequencies of planningubetween scenario 1 (base, homogeneous costs)
and scenario 5 (full opportunity costs) for a ranfjearget percentages with and without BLM. OptiBaMs
were 0.1 for scenario 1 and 0.2 for scenario 5shied line indicates the target used in this stda94).
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Discussion

How do spatial correlations between costs, relagipatial variability of costs, and size of
conservation targets affect the importance of sglgaccurate cost surrogates?

Previous studies have shown that the efficiencggaf including costs in the planning
process are strongly related to the correlationratadive variability of costs and benefits
(Babcock et al. 1997; Ferraro 2003a; Naidoo e2@06). Babcock et al. (1997) considered
under what conditions cost-efficient allocationsddixed budget resulted in large differences
in total benefits as compared to simply maximizioigl benefits. They concluded that the
two approaches (cost-efficient and maximizing biesletonverge when benefits and costs are
negatively correlated and diverge when they ardipely correlated. It is therefore

important to understand the spatial variabilityted conservation features (benefits) as well
as the opportunity costs being considered. Additignthe relative spatial patterns of partial
costs, considered here, are likely to influenceitiortance of choosing the most

informative cost surrogate. The size of the corestgoa target for biodiversity features
(benefits) might also affect the spatial overlapugen areas selected with explicit costs and
those selected assuming costs to be homogenousisdhas not previously been

investigated.

In my study region | found no correlation betwegl dpportunity costs and complementary
vegetation as a rough measure of benefit, impliiag some efficiency gains could be
expected in explicitly minimizing full opportunigosts (Babcock et al. 1997). The closest
surrogate to full opportunity costs was the oppatjucost to soybean farming which was
highly correlated with full opportunity costs bubne spatially variable. | can understand
why cost to soybean farming was the best availsiniegate of full opportunity costs by
considering the relative magnitude of benefits faaternative land uses. The net present
value of soybean farming ($1,010 per ha) was fives$ greater than that of smallholder
agriculture ($192 per ha) and four times that othang ($281 per ha) (for full details see
Naidoo & Adamowicz 2006) and therefore largely d@ieed the opportunity costs of
conservation. Yet, soybean farming was much mpatgialy variable than full opportunity
COStS €soybear 360.77 compared tmy, = 87.64). Thus, while soybean farming was th&t be
available surrogate for full opportunity coststill performed relatively poorly as a surrogate.
Selections based on area and soybean farming badrtngest correlations with those based
on full opportunity costs (Table 5.2c) and also te@lsmallest losses in efficiency (Figure

5.3). Selections based on ranching and smallhalgeculture had progressively weaker
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correlations with those based on full opportunidgts (Table 5.2c) and progressively larger
losses in efficiency (Figure 5.3).

| explored how different targets affected the spatimilarity of reserve designs that

explicitly considered full opportunity costs an@tlassumed that costs were homogeneous.
Without the boundary length modifier (BLM), the lasion of explicit costs resulted in a
maximum efficiency gain (minimum correlation betwesmlutions with and without costs)

for percent targets around 50% and lower efficiegaiys for lower and higher targets. When
| used optimal BLMs for each scenario there weghéir correlations than without BLM for
low to moderate targets and lower correlations/éy high targets. There are two reasons
for these differences with optimal BLMs. First, ttare protected area was locked into my
MARXAN analyses and, regardless of cost measursphltions with BLM tended to

contain planning units around this core, tendinglton the two scenarios. Second, as targets
increased, clusters of areas became more irrefllEceathe south and west of the biosphere
reserve but these clusters were different for gmstwith and without explicit costs, causing
the solutions to diverge. The efficiency gains thadted from including full opportunity

costs were therefore influenced by my target of 40%ach vegetation type and my use of
optimal BLMs. My reported cost savings would h&meen smaller (correlations higher) for
lower targets and would have been larger (coraiatsmaller) for larger targets up to 90%.
For my 40% target, my use of optimal BLMs gave $enalost savings (higher correlations)
than without BLM. The same would have been truddogets ranging from 20% to 70%.
Cost savings reported by previous studies usingaxposts (Carwardine et al. 2008;
Polasky et al. 2001; Stewart et al. 2003) are fbezdikely to have been influenced by
decisions about targets and BLM. This sensitivitly need to be considered in future studies

considering costs.

Does using a surrogate measure of opportunity cestslt in cost efficiencies?

If land use patterns by different stakeholder geoage spatially very dissimilar (negatively
correlated) then any partial measure might be a poiwogate for full opportunity cost. For
more homogenous systems in which different landoaseerns are spatially more similar
(positively correlated) any surrogate is more fkil reflect full opportunity costs. This
means that understanding the correlations betwasialpestimates of opportunity costs as
well as the distributions of opportunity costs itogée stakeholders is important when

selecting a surrogate measure. In my case studyothelations between the three opportunity
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costs were either negative or very slightly positimdicating that land use patterns were
dissimilar. Therefore, all three partial estimat&éspportunity costs failed to minimize full
opportunity costs by wide margins. The best sat®gneasure of full opportunity costs was
opportunity cost to soybean farming, yet even usiigsurrogate resulted in a 41% ($1.2
million) increase in full opportunity costs oveeticenario in which that explicitly included
full opportunity costs to guide selections. In poes studies, surrogate measures of full
opportunity costs such as opportunity costs to ceroral fishermen (Richardson et al. 2006)
or rock lobster fisherman (Stewart et al. 2003)ehlaeen used with the implicit assumption
that full opportunity costs were being minimizedy study demonstrates that surrogate

measures do not necessarily minimize opportunisysco

Significantly, | found that assuming homogeneoustsperformed as well or better than
partial estimates of opportunity costs in redudinbopportunity costs. The full opportunity
costs in scenario 1 (base) and scenario 5 (soyleze)identical. There has been an
increasing call to include costs in conservatianping in an effort to make cost-efficient
decisions (Naidoo et al. 2006; Polasky 2008), yesindy indicates that using partial
estimates of costs might produce less efficient@ues than assuming homogenous costs.
Therefore, if cost-efficiency is the ultimate goabetter understanding of the components of
opportunity cost will be needed (Naidoo et al. 2006he potential losses in efficiency (a
minimum of $1.2 million in my study) suggest thatde investments in developing complete

cost data can be cost-effective for conservation.

How does including a surrogate measure of oppotyucnsts affect different stakeholders in
the planning region, or in other words, who is gglaying for conservation?

Considering the distribution of opportunity cosisstngle stakeholders is important both for
minimizing opportunity costs of conservation andwemg that the selection of a surrogate
measure does not result in displacements of cogigotips whose activities have not been
considered. Displacement is likely if opportunitysts to different stakeholder groups are
spatially dissimilar. In my planning region, usiagy of the three cost surrogates
disproportionately displaced costs to the othetedtalder groups and increased full
opportunity costs. Reducing opportunity costs tal#mlder farmers increased costs to
ranching and soybean agriculture by 200% and 708%pectively, compared to scenario 5

that minimized full opportunity costs. When cosergrminimized for ranching and soybean,
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costs to smallholders increased by 150% comparsdeoario 5. Minimizing full opportunity

costs spread costs much more evenly among thedtakeholder groups.

There are many economic goals that can be repegbbgtthe inclusion of appropriate cost
measures in conservation planning tools. The mastmon goal has been to include cost
measures that minimize the financial costs to amasi®n organizations, such as land
acquisition and perpetual management costs (Faih £996; Naidoo et al. 2006). A more
recent approach has been to include cost measwaerepresent forgone opportunities for
resource users (Cameron et al. 2008; Klein etd82; Klein et al. 2008b). By including
these costs, the conservation plan can explicittymize local socio-economic impacts and
potentially result in a more implementable consgoveplan which has larger buy-in with the
local community. Additionally, recent advancesanservation planning tools have resulted
in the release of Marxan with Zones, which alloasthe use of explicit costs and economic
goals with respect to each stakeholder group (Ve 2009). Coupling explicit
knowledge of costs to each stakeholder group widindsgln with Zones might ensure a more

equitable distribution of costs among stakeholdi€tsin et al. 2009b).

In many regions, it will also be important to catesi the stakeholders represented by each
opportunity cost and their role in the successiamgdementation of conservation action as
well as the alignment of conservation costs witbdewipolicy settings. Including the
opportunity costs to different stakeholder groupghtalso reflect different strategies for
development. For example, minimizing opportunibgts to soybean farming could represent
a macroeconomic goal at a national level to engmuraultinational investment. Considering
opportunity costs to smallholder agriculture migdpiresent the goals of minimizing local

impact and reducing local poverty and displacenséobmmunities.

Linking poverty reduction and conservation planniag become a priority (Adams et al.
2004). This means that conservation in developaigns requires more than a
preoccupation with minimizing the total costs ofservation. It requires an understanding of
the social and economic effects of individual oppoity costs for people with least wealth
and influence. In my study, a full accounting opoptunity costs achieved a cheaper solution
than assuming homogenous costs. It also reducesl pagortionately to all stakeholder
groups. Even so, this did not consider that diffegroups might respond very differently to

changes in income. Smallholder farmers on low ire®might have smaller tolerances to
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reduced income (e.g. Ferraro 2002) and some sthllezsan a region could have household
incomes below the poverty index. It is therefor@amant to consider options to increase
their incomes even if this shifts costs to otheugrs. The proximity of different proposed
reserves to existing settlements could thereforienpertant to consider when planning the
final reserve network. Ghate (2003) showed thafplacement of a protected area in India
affected nutrition standards of the local populati@cause of reduced incomes.

The costs to stakeholder groups discussed herenadbat there is not adequate
compensation for their land. In many scenariogreland markets are fully operational and
land rights are well defined, the stakeholders @@hloose to sell their land and would receive
full compensation (Knight et al. 2010). In thiseat would simply be the conservation
organization or society at large that pays for eovation. However, in many cases the
assumptions that full compensation is provided dmgsold true. In the case of direct or
indirect payment schemes, mechanisms for paymestakeholders have often been reported
as flawed or unsuccessful (Balmford & Whitten 20B8rraro 2002; Ferraro & Kiss 2002).
Furthermore, the opportunity costs to subsisteacadrs might not adequately provide for a
household to move and buy another parcel of lapeméiere where the land value could be
much higher. Therefore, mobility and access touases, in addition to opportunity costs
and compensation issues, play heavily in deterrginino pays for conservation and whether
detrimental effects are felt by stakeholder groi@isner et al. 2009; McClanahan et al.
2008). To avoid these detrimental effects it Wwélimportant for planners to understand how
much land can be removed from production while alibwing income growth, and to design

sustainable alternative sources of income (Balm&¥Khitten 2003).

More generally, it is clear that analysis of a ngurrogate for cost will not reflect the true
socio-economic characteristics of a region. Ratinere are likely to be major benefits from
a complete investigation of affected stakeholdiesiy different land uses and opportunity
costs, and ways of balancing conservation and eomngoals. Different conservation
priorities will be identified by including differeércosts, emphasizing the need for care in
selecting cost surrogates. Previous studies h&ea tan important step in incorporating cost
surrogates into planning (e.g. Carwardine et d&082®ichardson et al. 2006; Stewart &
Possingham 2005), but my results indicate the itapoe of more thorough analyses of the

costs and socio-economic impacts of conservatianspl
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Chapter 6 Estimating land and conservation management costghe first
step in designing a stewardship program for the Ndhern Territory *

Stewardship programs providing financial incentif@sconservation on private lands are
increasingly common. | estimate the potential €o$ta stewardship program in the Daly
River catchment, Northern Territory, which woulddemwrite the cost difference between
routine land management and the additional reqrgsnof conservation management on
grazing properties. Based on survey responseslaodnolders, | first assess the current
costs of land management in the catchment andegsession to identify key drivers of
spatial variation in both routine land manageme@estsand conservation-oriented
management costs. | define conservation-orientathge@ment costs as the costs required to
meet objectives for both routine property managdraed conservation. | then estimate the
additional costs of conservation management overdove routine land management at an
average of $1.99 per ha. | conclude that, if thetrmost-effective properties are targeted, an
annual budget of $1,000,000 would support stew#@pdslireements covering 90% of the
catchment’s area. Much of the cost-effectivenésseavardship payments would come from
the significant economies of scale in managingdaorgstoral properties and leveraging the
costs of routine land management already met ghlalders.

! Adams, V.M., Pressey, R.L., Stoeckl, N., In revi@stimating land and conservation management :dbgts
first step in designing a stewardship programfierXorthern Territory. Biological Conservation
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Introduction

Public reserve systems are no longer considerdidisuat for biodiversity conservation and
there is a need for ‘off-reserve’ programs to caengent protected areas (Chazdon et al.
2009; Joppa et al. 2008). One reason is the lkihptaential for protected areas to expand
across private tenure and traditionally owned anedated both to restrictions on budgets for
acquisition (James et al. 1999a) and the willingreddandholders to engage in conservation
(Guerrero et al. 2010). Other reasons are disptigpately high management costs of the
often small and isolated reserves on private I&rdr{er et al. 2004; Frazee et al. 2003), and
the need to buffer protected areas from the adwersacts of changes in nearby land uses
(Hansen & DeFries 2007).

As a response to these constraints, competitiveneaist and payment programs are
increasingly common policy tools for achieving cemnation on private land. Examples
include the US Conservation Reserve Program (CRRpésen et al. 2008) atitk Victorian
BushTender Program (Stoneham et al. 2003)ese programs are designed to consider both
the costs and benefits of proposed projects whiestsey successful bids. Research has
demonstrated that programs such as these cansedtear cost-effectiveness by considering
complementarity (Hajkowicz et al. 2007) and mukigpatial criteria (Wunscher et al. 2008).

Depending on the payment program, objectives fasepvation of biodiversity or ecosystem
services vary, and this variation is reflectednia valuation of payments (Ferraro & Kiss
2002). For example, payments could be for ‘reteathof land from production, such as the
CRP program, and therefore reflect the opporturoits of lost production to the landholder
(hereafter simply referred to as ‘opportunity cstalternatively, payments could be for
provisioning of ecosystem services and therefdieaemanagement as well as opportunity
costs (Pagiola 2008). Lastly, conservation eas&rean stipulate management requirements
without restricting land use such as grazing intgree numbers of livestock (Rissman 2010).
In this case, payments would reflect managemerns cather than opportunity costs, where
management costs include staff expenses (e.giesglaegular operational costs (e.qg. fuel
and other supplies), and recurrent capital cosgs peirchase and replacement of vehicles and
field gear), together referred to as recurrent ahampenditures (Bruner et al. 2004; Naidoo

et al. 2006).
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In this chapter, | estimate the cost of a stewapdgtogram with characteristics typical of
current strategies for conservation managemeneagsts and covenants in Australia.
These strategies predominantly target changesichfaanagement rather than land use.
Covenants in Australia typically have permaneit finplications for a nominated portion of
properties, although compatible and sustainablé les@ can continue. For example, in
Queensland, landholders can elect to apply a vatumterpetual conservation covenant,
known as a Nature Refuge (IUCN category VI prototi on areas of high cultural and/or
ecological significance on their properties. Howeggazing can continue on these properties
and Nature Refuges might have little or no impacsimcking rates. This is because pastoral
properties in northern Australia are generally Marge (tens to hundreds of thousands of ha)
and are generally poorly developed in terms of sufidn, fencing and water-points (Oxley
et al. 2005). Consequently, paddocks (fenced manageareas within properties) are large
and stocking rates are low — less than 10 headtdé@er square km in 2001 (Fitzsimons &
Wescott 2007). Agreements that require grazieset@side relatively small areas of
vegetation or change fire management regimes thus little to no impact on production.
Therefore, the costs of stewardship programs oenskte pastoral properties are
predominately those associated with managemeihefrétan opportunity) costs. Here | focus
on the management costs of a stewardship prograinseleks to change the management

regimes of pastoral properties.

Data on costs for use in conservation planningitably require spatial modelling.

Modelling of management costs uses known costgatehtial cost drivers in some areas to
predict the management costs of other areas baseldapacteristics such as size, landscape
context, and requirements for infrastructure. Tdve studies relevant to local variations in
management costs within planning regions (Blom 260dzee et al. 2003; Wilkie et al.
2001) are unlikely to provide cost estimates tlaat loe exported to other regions because of
idiosyncratic cost structures and between-regioratran in the relative importance of
predictors. Most models of management costs haea global in extent (e.g. Balmford et al.
2003; Bruner et al. 2004; James et al. 2001; Jatals 1999a; James et al. 1999b). While
estimating broad variation in management costdyajlstudies lack the resolution to identify
within-region variations in costs, and can be inaate for specific areas (Ban et al. 2011).

The literature has therefore provided little guickvona priori estimation of the potential

costs of conservation programs that target onlygha in management regime. This is in
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contrast to the well established estimation tealesdfor programs that compensate for
opportunity costs (e.g. Chomitz et al. 2005; Stetnal. 2004). Thus, there is a clear gap in
the literature regarding appropriate estimationhoés for payments associated with
stewardship programs such as those being implech@nt#ustralia (e.g. the Nature Refuge
program), the United States (e.g. the conservaasement program described by Rissman,
2010), and Canada (e.g. covenants and consenagreements, Fischer et al.).

My main aims in this study were to estimate thests government of a stewardship
program, and to examine the potential for suchogam to achieve spatial conservation
objectives. | therefore required estimates of thetially variable costs of routine land
management and the additional costs of achievingawation objectives. | use data from
the Daly River catchment in the Northern Territohystralia as a case study (Figure 6.1). |
apply regression techniques based on property-gealkables to estimate routine land
management costs and conservation-oriented managieosts at the resolution of individual
properties to answer the following questions:

1. What factors drive routine land management costarDaly catchment?

2. What are the current expenditures on routine laadagement by landholders in the
Daly catchment?

3. How much could a stewardship program cost in thiy Datchment if it covered the
additional activities of landholders, over and aboautine land management, to
achieve conservation objectives?

| also examine preferences of landholders for theetire of stewardship payments. lItis
likely that the structure of the program will inflnce landholders’ interest in participating, so

preferences are highly relevant to the design®ftewardship program.

Methods

Study region

The study region was the whole of the Daly Riveclement in the Northern Territory,
buffered by 10 km to ensure that peripheral coreterm features and properties were
considered (Figure 6.1a). The Daly catchmenpm@imately 5.2 million ha (7.9 million
ha with buffer), extending from the coastline sewtst of Darwin to 250 km inland. The
Daly River and its main tributaries are themseiwgsortant conservation features, the Daly
being one of northern Australia’s largest rivershwinusually consistent year-round flow.

Riparian strips contain some of the most extengalkery (rainforest) vegetation in the
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Northern Territory. The average size of privategarties in the Daly is ~10,500 ha.
Properties larger than 5,000 ha represent appragiyna3% of landholders but about 90% of
the catchment’s private land (Figure 6.1b). Altglodhere are many conservation priorities
within the catchment, the Northern Territory govaent has indicated that it is unlikely that
these priorities will be addressed with furtherwsiion of properties for national parks
because of the large property sizes and correspglydarge acquisition and management
costs. Instead, the region is suitable for oferes programs involving stewardship payments

in conjunction with conservation agreements betvteergovernment and landholders.

Figure 6.1 The Daly catchment and pastoral and horticulturaperties. (a) Rivers, national parks and
boundaries of properties. Two large national padisin near the north-east corner of the catchniétherine
Gorge National Park and the southern portion ofd¢akNational Park. The map inset shows the Nanther
Territory with pale shading and the Daly catchmiartilack. (b) Size distribution of the 440 projpestincluded
in my survey.

While the catchment has experienced low levelde#Hring (~5%), changes in fire regimes
have been dramatic and increased weed infestahoesten native species. These changes,
together with long-term grazing have been implidatethe decline of the region’s mammals
and granivorous birds (Franklin et al. 2005; Woskaet al. 2010; Woinarski et al. 2011).
Because there has been little clearing, revegetato changes in land use will not be a focus
of stewardship agreements in the area. Rathezgagmts will address changes in
management regimes to mitigate the predominanathien private properties to meet

conservation objectives.

Routine land management and conservation-oriemadagement
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A full list of threats to land production and naispecies and the types of routine and
conservation-oriented management activities recomaee to mitigate threats is in Table 6.1.
Importantly, many of the land management practioatinely used for pastoral enterprises in
the Daly catchment are similar to those recommefioleconservation. For example, weed
control protects pastures and stock, but also @afpecies, and graziers remove weeds
manually, mechanically or with chemicals or cootrisu Control of feral animals also has
benefits for both production and conservation. zi&ms use routine fire management
practices — typically a combination of maintainiirg breaks and reducing fuel loads through
cool burns - to reduce the risk of uncontrolleedithat threaten stock and property. Fire
management is important also for biodiversity covestgon, although with the objective of
increasing the heterogeneity of post-fire succesgipatches across large landscapes. In this
case, modification of routine burning regimes wonigrove the biodiversity outcomes of

fire management (Woinarski et al. 2011). Fencirgjgets are typically used by graziers to
deter unauthorized access to the property, exderdéanimals, or adjust grazing pressure on
native pasture species. Fencing also contribotesriservation objectives, though with some
additional costs, for example to protect grazingsgie/e rainforest patches and riparian
zones. In short, there are many synergies betwegime land management and conservation
management in the Daly catchment and across thianorrangelands generally, and much
potential to adjust routine practices to achieveseovation outcomes without large financial
outlays (Table 6.1).

Survey design

| structured my survey of landholders to relate agment activities to factors that threaten
both production and conservation values, namely; Weeds, feral animals, erosion, and
unauthorized access. Specifically, | gathered datdne percentage of property threatened,
the frequency of land management activities (eagtrolled burning, removal of weeds)
associated with mitigating these threats, and theler of labour days required per month to
undertake land management activities. | also akketholders to provide a full list, for the
previous year, of: (a) routine land managementscisbken down into those associated with
labour, supplies, long-term infrastructure, anceoitems); and (b) conservation-oriented
management costs (with a similar break-down). Queswere structured to reflect previous
studies on conservation costs (Balmford et al. 28@8nford et al. 2004; Gravestock et al.
2008; Moore et al. 2004) (for full survey see Apgpieri).
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Table 6.1Threats to land production and conservation vallkas. each threat are listed the impacts to pradi@nd natural values, associated routine landagrament and
conservation management actions, and expected ekdimgn routine to conservation management.

Threat Impacts to production and natural values  Rotine land management Conservation management Chaag

Weeds Weeds threaten both production and natur@hemical applications, cool Chemical applications, cool Change from routine to conservation
values by altering the composition of native burns, manual and burns, manual and management would require potentially reducing
vegetation, replacing palatable native plantanechanical removal. mechanical removal. pesticides and investing in more labour for
and threatening crops. manual removal of weeds. In addition,

conservation management might require more
intensive weed management in native pastures.

Fire Fires reduce the biomass of native pasturedviaintaining fire breaks and Maintaining fire breaks and Change from routine to conservation
injure stock, damage fencing and other using cool burns (early in the using cool burns (early in themanagement would require a change in the
infrastructure, and, with inappropriate dry season) to reduce fuel  dry season) on a rotational regime of cool burns from annual to irregular
regimes, reduce populations of many nativeloads of unpalatable plant  patch basis to maintain the spatially and temporally.
plants and animals. material. heterogeneity of post-fire

successional stages.

Erosion Erosion can damage pastures, native Maintaining vegetation cover Maintaining vegetation Change from routine to conservation
vegetation, and cause siltation of wetlands, by avoiding overgrazing; cover by avoiding management might reduce grazing in pastures
stock water-points, and water courses. revegetation, by removal of overgrazing; revegetation, where vegetation cover is critically low or fence

stock or other means, of areaby removal of stock or other sensitive areas such as wetlands and
susceptible to erosion. means, of areas susceptible watercourses in conjunction with creating
to erosion; exclusion of alternative water-points so that stock can still
grazing from sensitive areas access water. Cell grazing, in which smaller
such as wetlands and paddocks are grazed on a rotational basis, can
watercourses. maintain production while reducing erosion.

Feral Feral animals cause erosion along banks ofCulling feral animals; fencing Culling feral animals; Change from routine to conservation

Animals wetlands and streams, reduce production bypastures to exclude feral fencing sensitive native management would require potentially
impacting pastures, and reduce populationsanimals. vegetation to exclude feral increasing time spent on culling activities and
of some native plant and animal species. animals. additional fencing of vegetation adversely

affected by feral animals.

Unauthorized Unauthorized access for recreational use ofFencing is the main strategy Fencing is the main strategy No change.

access off-road vehicles or hunting feral pigs can for minimizing unauthorized for minimizing unauthorized
damage fence lines, kill or injure livestock, access but is often not access but is often not
cause erosion, and damage native vegetati@ffective. effective.
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To help inform the design of the stewardship progrhalso asked landholders to indicate their
preferences for types of funding. These paymeregdywvere identified by a focus group of
managers employed by the Northern Territory Depantnof Natural Resources, Environment,
the Arts and Sport (NRETAS) and reflect currenpotential funding structures for off-reserve
conservation programs (Table 6.2). | asked lalutHns to rate the types of funding from 0 to 5,

with 0 being “would not consider” and 5 being “wdude very interested”.

Table 6.2Potential payment types for stewardship schemetifiabel by a focus group of managers employed by
the Northern Territory Department of Natural Resasy Environment, the Arts and Sport (NRETAS).

Supplies Stewardship agreements with landholders would @elexplicit lists
of conservation management activities for each gngpsuch as
fencing, weed management, and fire managementpli8smeeded
for agreed activities, for example fencing suppéied grading
equipment for fire management, would be providegagnent.

Financial payment Financial payments are typical of stewardship payrpeograms
(e.g. Hajkowicz et al. 2007) and would constituteagreed amount
to cover the activities specified in a stewardglgpeement for each

property.

Clearing offset There are strict clearing laws for the Daly catchtralowing a
maximum of 30% of any vegetation type to be clea@dss the
whole catchment and a maximum of 70% of any prgperbe
cleared (NRETAS 2010). Many landholders have dtatdesire to
clear more than the maximum property allowanceclearing offset
would allow greater than the 70% clearing maximunagroperty,
given that the property contains conservation festof interest that
would remain unaffected by clearing and that tineltelder enters
into a stewardship agreement.

Conservation A conservation certification would be a type of jpeibecognition

certification for a property participating in a stewardship agreet. This option
could give a marketing advantage to property owngils
conservation tourism on their properties.

Rangers Stewardship agreements with landholders would delan explicit
list of conservation management activities for gacperty, such as
fencing, weed management, and fire management.eRang
employed by the Northern Territory Government (&ndigenous
rangers or conservation managers) would providerlabd access to
equipment such as pesticide sprayers and gradsupfmrt agreed
conservation actions.
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Sampling and response rates

For my survey, | considered only land parcels oha®r larger and outside the town of
Katherine. Properties in the town or smaller th@rha are unlikely to be good candidates for
conservation agreements because they are preddiyiresidential and unmanaged. Excluding
the town of Katherine, 763 parcels covered at I[&8kt. But not all parcels were held by private
landholders. While stewardship agreements miglagpeopriate for Aboriginal and some public
land not already committed to conservation, thenoebf engagement and types of payments
would differ from those for landholders engagedriopping or grazing. | therefore excluded
land held by Aboriginal communities (50 parcels)] @overnment agencies (192), leaving 521
“relevant” parcels. The total area of the remairiand to be included in my survey was 4.2
million ha (54% of the catchment) and the meanegdasize was 10,500 ha. Surveys were mailed
to landholders of all 521 parcels between May andust 2009. In-person interviews were

conducted in September 2009 with some responddrmasad not replied by mail.

There were 20 in-person interviews, with some |ahd#rs electing to respond in this way,
others identified by referrals from these respotgleand the remainder randomly sampled from
remaining properties. These interviews involveelshme wording of questions in the same
order as the mail survey. Responses to in-pensmeygs were not statistically different from
those to mailed surveys, and in-person respondihtsot ask for clarification of questions,
indicating that interpretation was consistent wité intended meanings of questions. Data were
aggregated to owners where they held multiple paimscause owners indicated that they
managed properties as a whole rather than as separaels (440 owners for 521 properties).
The response rate to the survey was ~23% (92 obd#@rs), reflecting average response rates
in social science surveys. The distribution oftatal survey respondents (92), by size of

property, was representative of the property sigiibution for all properties (Table 6.3).

Of the 92 surveys completed by mail or in-persdnrespondents indicated that they were not
actively managing their land. Of these 21 propstt65% were smaller than 50 ha and,
according to respondents, were solely residemtiaking land management unnecessary or
inefficient. Excluding these left a sample siz& bffor analysis. Of the 71 remaining
respondents, 15 reported that portions of thent laare used for crops, requiring dissimilar
routine land management to that for pastoral Wghile the routine land management associated
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with the grazed portions of these properties wangldompatible with conservation-oriented
management, | was unable to separate the respectittens of management costs. | therefore

excluded properties with cropping from further gsa, leaving 56 properties in my sample.

Table 6.3Distribution of property sizes for the 440 propestacross the Daly catchment identified for theesyr
(Full catchment) and across the 92 survey respdasdBeturned surveys).

Property size (ha) Full catchment Returned surveys

<50 41% 30%
50-100 12% 9%
100-500 23% 29%
500-1000 5% 7%
1000 - 5000 6% 9%
5000 - 10000 2% 4%
>10000 11% 12%

Modelling routine and conservation-oriented managetcosts

| checked responses for internal consistency bypeoimg the stated number of labour days per
month against the frequency of stated land manageactivities. | also checked for
consistency between the stated land managemeatstaed stated land management activities
to mitigate them. | validated stated costs agateged activities and current market prices for
standard supplies such as fencing materials arttioes. In all cases, relations were as
expected. For example, there were more labour lamdadigher labour costs for properties with
more threats, and higher costs of fencing and@edes on larger properties. Responses
indicated that feral animals, particularly pigse &pically culled for recreation rather than
necessity. Therefore, landholders do not cognititrack the costs associated with feral control,

and this activity is not viewed as imposing a reston property management.

Information collected in the surveys was supplem@ntith digital data, such as vegetation
cover on each property, supplied by NRETAS. Theeyts and digital data together provided a
wide range of variables associated with routinel laxanagement activities (Table 6.1) and
numerous property descriptors. | tested the atllo$ variables for correlations and selected a
subset for spatial modelling of management costisliest represented land management
activities and property characteristics (Table 6.4)
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Table 6.4Variables, with data sources, selected for spat@delling of management costs based on charaatsrist
of properties, characteristics of landholders, igpés of threats (fire, weeds and unauthorizedssjce

Data
Property and landholder characteristic Variables selected source
Size of property In(property area, ha) Digital
Land use In(graze area, ha) Digital
Natural characteristics: amount of rainforest
and wetlands In(rainforest ha), In(wetlands ha) itBig
Familiarity of property owner with land Years oroperty Survey
Conservation flag
(binary variable, 1=respondent currently
Engaged in conservation efforts manages for conservation objectives) Survey
Data
Threats Corresponding actions Variables Selected Source
Fire break maintenance,
cool burns, weed Fire management (with weed removal)
management to reduce fuel Given in number of weeks per year
Fire load management activity was undertaken, 0-53urvey
Weed management (with chemical)
Weed management (with fire)
Weed management with  Weed management (manual removal)
chemicals, manual removal,All given in number of weeks per year
Weeds or cool burns management activity was undertaken, 0-52  Survey
Unauthorized access
Unauthorized Measured as a percentage of property
access Fencing affected Survey

With data on the costs of routine land managemathicanservation-oriented management
(routine land management plus additional conseymatianagement) on the surveyed properties,
| used two methods to model these costs spatiéliye purpose of modelling was explanatory -
to understand the factors influencing managemestsam the surveyed properties. For this
purpose, | therefore developed models for routmé @nservation-oriented management costs
using all available predictors from the survey digital data. Another purpose was predictive -
to extrapolate conservation management costs attresstchment as a basis for estimating
stewardship costs. For this purpose, | thereforeldped models for routine and conservation-

oriented management costs using only digital deé#able for all properties.
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In both cases | used a modified Cobb-Douglas ecosgition. The Cobb-Douglas cost function
corresponding to the two-input Cobb-Douglas proiductunction can be expressed as a function
of w, the price of laboun, the price of capital, angl the quantity of product.

c(q,w,r) = Aw’r?q“

whereA, , , are afunction of the Cobb-Douglas production fiomcoutput elasticities and

A more general form of the function is
c=17

wherec is the cost of output, in this case managemenit| &na predictor of input cost.

Table 6.5Cobb Douglas cost function coefficients for theunak log of routine land management cost inputs
regressed again the natural log of property size.

Coefficient,
Constant In(property size, ha) p
Labour (person days per ha) 2.2309 -0.7795 <0.001
Long-term input ($) per ha 1.3700 -0.137 <0.001
Intermediate input ($) per ha 5.2289 -0.5072 <0.001
Cost ($) per ha 6.7663 -0.591 <0.001

I natural-log transformed the function and testeeldomponents afon a per unit basis,
specifically long-term capital, materials, supplel labour as a function of land area to
examine whether land area was a good predictoerofipit costs of capital and labour (Table
6.5). | found that all components of the cost fiorchad significant economies of scale (Table
6.5). Therefore, | used the general form of thelsDouglas function and hypothesized that
routine land management cost was a function ofathe area, land management practices, and

property characteristics. The Cobb-Douglas fumetidorm used was therefore

| 3 $ %& VHECHE % )
1 % %

Prior to running regressions | tested the repametine land management costs per ha as well as
conservation-oriented management costs per ha#&ias autocorrelation using the Moran |
statistic. The Moran | for both costs indicatedttthe spatial pattern was random (1=0.02 for

both costs) and therefore it was appropriate tooudmary least squares regression which does
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not account for spatial autocorrelation. Lastligdted whether my data met the Gauss-Markov

assumptions for multiple regression and found tt@iassumptions held true.

| performed a series of regressions for routind lEanagement costs and conservation-oriented
management costs with each of the variables listd@éble 6.4 and their combinations (without
interactions) in step-forward and step-backwarditass ('step’ function, R Development Core
Team 2005). The final models for routine and coreg@®n-oriented management costs had the
best AICs (Akaike 1974). The predictive modelsignly digital data gave me alternative
models for the 56 uncropped, surveyed propertieéslso allowed me to extrapolate

management costs across all private propertidsicatchment.

Estimating stewardship costs

With the final models based on variables availalidgtally for all properties, | estimated the
costs of routine land management and conservatiented management (routine plus
conservation management) for each property, asgutinat all properties were, like those from
the previous section, engaged exclusively in g@zinestimated stewardship costs as the
difference between conservation-oriented manageoosts and the costs of routine land
management, termed here the ‘additional’ cost®nervation.

Using only digital data available for all propesti¢ found only two significant predictors.
Therefore, | wanted to examine whether the addiivariables available from survey data, but
not available across all properties, could havergel impact on estimated stewardship costs
across the catchment. Using the models based awadllable variables for the reduced data set,
| constructed cost curves for stewardship costsrbglicting routine and conservation-oriented
management costs in relation to area of propdtgch curve represented a different
combination of average values of other predictmmfsurvey responses, allowing me to

examine the differences in per ha cost for diffecambinations.

Informing design of the stewardship program
To identify the most and least ‘preferred’ paymigmpees, | applied a full pair-wise comparison of
the five payment types (Table 6.2) assessed withikbrt scale. | used the Wilcoxon rank-sum

statistic to test the null hypothesis that payngoés had equal median values.
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Results

Survey responses covered one million ha of thenllibn ha surveyed. The total reported cost
of routine land management was $1.8 million, withadditional cost of conservation
management of $0.35 million. From the 14 respotslwho indicated conservation costs, the
average additional cost for conservation managemast~56% of routine land management
costs, with a range of 5%-700% depending on theedfizhe property. | could not determine if
these 14 properties were representative of consenvi@atures across the catchment, but the

activities were typical of those covered by stewhig agreements.

The best fit model for routine land managements;asting all available variables, included
three characteristics of properties and landhol@lergroperty area, haYears on propertyand
Conservation flagand four management predictoFsré management with weed removal, Weed
management with chemical, Weed management witarfd&nauthorised acce¥(¢Table 6.6a).
The adjusted Rvalue was 0.93. The best fit model for conseovatiriented management costs,
using all available variables, included all of giredictors above except fdveed management
with fire (Table 6.6a). The adjusted Ralue was 0.909. This model had coefficients it
same signs and similar magnitudes as the modebfmine management costs, except for
Conservation flagwhich described the increased costs in leveragintine management actions

for conservation objectives.

The best fit model for routine land managements;asting variables available for all properties
in the catchment, included two predictdrgproperty area, hapndConservation flagand had

an adjusted Rvalue of 0.781 (Table 6.6b). The best fit modeldonservation-oriented
management costs, using variables available f@raperties in the catchment, included the
same two predictors and had an adjustedafue of 0.778 (Table 6.6b). The coefficient for
In(property area, hayvas similar between the two models. However, thedficient for
Conservation flagvas nearly double for the conservation-orientedagament cost model,

similar to the difference between models usingedlilable predictors.

120



Table 6.6Regression results for routine and conservatioenteid management costs. (a) Final explanatory rmodel
for surveyed properties based on all variablesvésuand digital); (b) Final predictive models basedvariables
available for all properties (digital only). Albefficients were significant with < 0.001.

(a)
Coefficient
In(routine management In(conservation-
cost per ha, $ ha-1) oriented management
cost per ha, $ ha-1)
Intercept 7.5052 7.3123
In(property area, ha) -0.6955 -0.6971
Fire management (with weed 0.0776 0.0766
removal)
Weed management (with chemical) 0.1251 0.1288
Weed management (with fire) -0.3410 N/A
Unauthorized access -0.7804 -0.8134
Years on property -0.0322 -0.0277
Conservation flag 0.6064 1.0240
R adjusted 0.930 0.909
(b)
Coefficient
In(routine management In(conservation-
cost per ha, $ ha-1) oriented management
cost per ha, $ ha-1)

Intercept 6.8549 6.8675
In(property area, ha) -0.6536 -0.6559
Conservation flag 0.6306 1.0972
R’ adjusted 0.781 0.778

Stewardship cost curves (Figure 6.2) based on tiaels for routine and conservation-oriented

management costs using all predictors demonsttagedfor small properties (<10ha),

stewardship cost per ha differed by up to $100eddimg on land management actions

(divergence beyond the presented y-axis limit gliFé 6.2). However, due to strong economies

of scale, the cost curves quickly converged andafger properties (>1000 ha), cost curves

differed by less than $1 per ha. For propertiesvefage size (~9,000 ha), cost curves

converged on $2.25 per ha and costs continuedcreatee to as low as $0.28 per ha for the

largest properties.
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Figure 6.2 Stewadship cost curves based on models using all vi@sadvailable from the survey responses
supplementary digital data. | generated cost cupygwredicting routine and conserval-oriented management
costs in relation to area of property using dent combinations of average values of other vaggbiom surve!
responses. Values for stewardship costs wereptlotied as the differences between the cost cdoresutine anc
conservatiorsriented management. Curve (a) assumes an aveshgeof2 (twice per year) foFire management
(with weed removalind zero for all other variables. Curve (b) assuareaverage value of 2 (twice per year)
Weed management (with chemicald zero for all other variables. Curve (c) assuareaverage val of 2 (twice
per year) fofFire management (with weed removand an average value of 2 (twice per yearWeed
management (with chemicahd zero for all other variables. The horizograly dashed line indicates a cost
ha of $2.25 for reference.

Using the final models based on predictors aval&t all properties, the estimated cost:
routine land management for all of the Daly catchinveas $4.2 million. The estimat:
catchmentwide cost of conservati-oriented management was $12.5 mill | estimated the
additional costs of conservation to be the diffeeshetween conservat-oriented and routine
land management costs. Therefore, for the whathozent, additional costs of conservat
totalled $8.3 million or $1.99 per ha (Table .
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Table 6.7Estimated expenditures for all relevant propel pastoral properties identified for the surve4.2
million ha) based on models for routine and corsgon-oriented management costs using only varsaiailable

for all properties.

Estimated cost Estimated Estimated
of routine land  additional cost of cost of Estimated
management conservation- routine land  conservation- Estimated
for all specific activities management specific cost total costs
properties for all properties per ha per ha per ha
Model using
variables
based on
digital data ~ $4.2 million $8.3 million $1.01 $1.99 $3.01

Responses to the survey question regarding paypnegtams indicated that respondents
preferred programs that would provide suppliesrarfcial payments to clearing offsets,
conservation certification, or rangers (Figure 6.8Bhe Wilcoxon rank-sum test statistic
indicated no significant difference between sugpéiad financial payments, or between clearing
offsets, conservation certification, and rangéree same test indicated a highly significant
difference (p-value less than 0.001) for compassofiisupplies and financial payments with the
other three payment types. These first two paymmthods were therefore clearly preferred by

landholders over the other three.

Figure 6.3Means of stated preferences for payment typesitdescin Table 6.4. The types of payment are odlere
by mean from largest to smallest. Ovals link growfib similar preferences (Wilcoxon rank-sum test ot reject
the null hypothesis that the median values were#imee). The two groups were statistically diffeigme Wilcoxon
rank-sum pair wise tests rejected the null hypasiibsit the median values were the same).
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Discussion

Previous studies have found economies of scalmémragement costs of protected areas,
meaning that cost per unit area decreases witkasarg area (Balmford 2003; Bruner et al.
2004; Frazee et al. 2003). | found the same trérd®utine and conservation-oriented
management costs in the Daly catchment, with magsitgy both survey and digital data and
those using digital data only. However, | alsaitifeed other important factors influencing both
routine and conservation-oriented management césts.management (with weed removal)
had a positive coefficient. This activity is typlly directed at weeds that increase fuel loads,
such as gamba grass, and often requires extensineahand mechanical work that is more
costly than using pesticides and cool burns. htrest, the negative coefficient fdreed
management with firedicates that using controlled burns to managedsean be cost-
effective. | interpret the negative coefficient ¥ears on propertas learning by landholders.
Effectiveness of management such as cool burnsndspargely on landholders’ knowledge of
the types of weeds present, weather conditionsyagédtation responses to weather cycles, so

experience reduces the cost of management.

| expected that threats to land use would increasts, butJnauthorized accedsad a negative
coefficient. Unauthorized access can break fennesgase soil erosion, and damage paddocks,
but cannot be prevented on large, remote propevitb®ut enforcement. Landholders tend to
respond by reducing management of the affectedopoof the property. It seems, therefore,
that the reduced costs relatedJoauthorized accesgflect reduced, rather than cheaper,

management.

The Conservation flaghat | used to indicate landholders currently eregkig conservation
actions had positive coefficients in all modelstHa case of models of routine property
management, higher coefficients indicate that caasi®n-oriented landholders could have a
different, and more expensive, standard of rouand management activities than landholders
who placed lower priority on conservation managemeéior models of conservation-oriented
management costs, coefficients had similar sigdsnaagnitudes to those for routine land
management costs, except for a near-doubling oCtmeservation flagoefficient. This
indicates that the effects of leveraging routimedlananagement actions to meet conservation

objectives were captured in my model only by @enservation flag.Given more data (more
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respondents and more variables), | might have bblnto determine the drivers of costs of

specific conservation actions.

Because of economies of scale, stewardship costsap#ecreased dramatically as property area
increased. For larger properties, the differenceoist curves fell to less than $1 per ha
regardless of management activities, reinforcirgpprty size as the strongest driver in
stewardship costs (Figure 6.3). This indicateg @déhough | did not identify any other
significant predictor variables from digital datzadable for all properties, my stewardship cost

estimates are likely to have captured the mairdsen stewardship costs in the catchment.

Properties in the Daly catchment tend to be vagyeawith the average property size being
~9,000 ha. For properties of average area, stashgrdosts curves neared ~$2.25 per ha,
regardless of management actions, and, for pr@sderger than 9,000 ha, stewardship costs fell
to as low as $0.20 per ha (Figure 6.3). This casgptavourably with the reported average
conservation management costs of national paritseitNorthern Territory of $2.25 per ha
(NRETAS 2009a).

Interviews with park managers working in and arothrelDaly catchment indicated that current
park management budgets were inadequate to actoegervation management goals. This is
consistent with reports of underfunding of managameglobal studies (Gravestock et al. 2008;
James et al. 1999a). This implies that the $2e2%p cost for conservation management in
national parks is an underestimate of the requiosts to effectively manage parks. For the
same per ha investment, strategic investmentsdenwriting the costs of conservation on

private land could achieve higher levels of conagon outcomes across the catchment.

Previous subsidy programs to support fire manageamhwetlands management in the Daly
catchment have refunded the costs of approved eguipand supplies. Responses to the survey
guestion regarding payment types indicated strotiglylandholders preferred programs
structured similarly to these previous ones. Addally, many respondents provided
unprompted comments regarding their expectatiormsspéwardship program. Comments
consistently stated that the participants wera@sted in government staffing support to help

create conservation management plans, provide gda@bout the ecology and conservation
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requirements of properties, and help monitor theamues of management plans as management
actions were implemented. Therefore, | believé ghaell designed stewardship program would
allow for supply subsidies and allocate existingBNRRS staff to support program participants in
designing, implementing and monitoring conservatimmagement plans for their properties.

The transaction costs of running the program widikély be covered by a budget for two full-

time staff.

Designing and implementing a conservation stewdpdstogram for the Daly catchment will
require careful consideration of the region’s naltbeatures, threats to properties, and social
variables around engaging groups of landholdetsw&dship programs should ensure
‘additionality’ so that payments achieve substdiytidifferent levels of management than would
be procured without a contract (Ferraro 2008). régpam to support the additional costs of
conservation-specific management in the Daly cawttrwould require $8.3 million for 100%
participation. However, this level of participatics unlikely and landholders are also unlikely to
manage 100% of their properties for conservatibgsuming that only some landholders engage
in a voluntary program and that, on average, tlotiyely manage 50% of their properties for
conservation, a budget of $1 million per year waalldw funding of all ‘cost-effective’

properties - those with less than $2.25 per haastdship costs (more cost-efficient to manage
than national parks in the region). A successfagmm would be cost-effective in achieving
conservation outcomes by leveraging local knowleatys underwriting the cost difference
between routine land management and conservatiented management, estimated at $1.99
per ha annually across the Daly catchment. Howévenly the most cost-effective properties

are targeted, estimated stewardship payments €alutd $0.28 per ha.

Conclusions

Due to the large economies of scale in both rowdime conservation-oriented management costs,
the largest properties in the catchment had estisnstewardship costs of less than $2.25 per ha
and covered 90% of the catchment. Therefore egfi@engagement with managers of large
properties would allow cost-effective conservationding for a very large portion of the land
area. This is a compelling financial argumenttf@iling a stewardship program, especially
given that interview responses indicated posititituales of landholders towards a well designed

program.
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| believe that a program designed using the prlasidinancial estimates, and payment
structures described here would be successfullivedieg large biodiversity benefits from
marginal changes in existing land management regsueh as managing fire and protecting
sensitive habitats from weed invasion. The deaightrialling of a stewardship program is the
critical next step for the Northern Territory. Themary objective of my study was to estimate
how much a stewardship program would cost in thiy Batchment if it covered the marginal
costs of shifting routine management to consermadidented management. Although my
models provide insights into the drivers of spétigariable management costs, they do not
indicate how much individual activities, such asdi@g or erosion control, would cost on
individual properties. If a stewardship progranreveialled in the Northern Territory,
individual managers would develop property-speaficeements with the government, detailing
the threats and associated conservation managecteris specific to the property. The costs

associated with those actions would be estimatéubatime.

My theoretical approach of considering managemesitscas a measure of stewardship costs
might be applicable in the design of other cong@mgayment programs. Conservation
easements that mandate management requiremept®parties but do not limit land uses such
as grazing are structurally similar to the stewhigipayment program considered here. Such
easements currently occur in the United States(®as 2010) and Canada are likely to be a
viable conservation option in many parts of theldioMy study is an important step in
understanding the costs associated with such pregaad their potential financial efficiencies

compared to purchase and long-term managementldfadhl national parks.
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Chapter 7 Estimating landholders probability of participating in a
stewardship program and implications for spatial cmservation priorities*

The need to integrate social and economic factaesdonservation planning has become a focus
of academic discussions and has important pragtigalcations for the implementation of
conservation areas, both private and public. Hooted a survey in the Daly Catchment,
Northern Territory, to inform the design and impkartation of a stewardship payment program.
| used a choice model to estimate the likely lefgdarticipation in two legal arrangements -
conservation covenants and management agreemasded on payment level and proportion of
properties required to be managed. | then spapaddicted landholders’ probability of
participating at the resolution of individual profes and incorporated these predictions into
conservation planning software to examine the pi@tefor the stewardship program to meet
conservation objectives. | find that there wasnsiten between planning for a cost-effective
program and planning for a program that targetpgntees with the highest probability of
participation.

! Adams, V. M., R. L. Pressey, and N. Stoeckl. IniBev Estimating landholders' probability of pamiating in a
stewardship program and implications for spatiasesvation priorities. Biological Conservation.
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Introduction

As discussed in Chapter 6, private land consemasibecoming more prominent and important
as expansion of strict protected areas is incrghsoonstrained by reduced availability of land,
insufficient budgets for acquisition, and escalgtinanagement costs of small, isolated reserves
(Bruner et al. 2004; James et al. 1999a; Joppk 20@3). Longstanding conservation programs
on private land include the US Conservation ResBrogram (Claassen et al. 2008), the UK
Environmentally Sensitive Areas (ESA) program (D®BbPretty 2008) and, in Australia, the

Victorian Bush Tender Program (Stoneham et al. 2003

Farmers, Indigenous owners and other private laddeé®manage approximately 77% of
Australia’s land area. This statistic alone intksahat conservation on private land is integral t
Australia’s biodiversity conservation strategy (Goonwealth of Australia 2008). All

Australian states and territories have legislatarconservation covenanting on private
properties, although some state programs are |lagjablished and cover larger areas than
others (Fitzsimons & Wescott 2004). Several state® competitive tendering for conservation
contracts including the Victorian Bush Tender Paogi(Stoneham et al. 2003), the New South
Wales Environmental Services Scheme, and the QlaeehNSature Assist program.

Systematic conservation planning has been appliea¢ trial tender program - the Western
Australian Conservation Auction - in which assessneé the benefits offered by properties
accounted for complementarity between bids (Hajkawet al. 2007). This process
demonstrated the potential to integrate well dgvetdicauction processes with spatial planning to
achieve configurations of private conservation atéat maximize the achievement of
conservation objectives within budgets. The edoklgutcomes of a program might also
depend on aspects of spatial configuration of tpgrties selected (Lombard et al. 2010;
Nicholson et al. 2006; Rouget et al. 2006), buséhean also be considered in protection and

restoration of private lands (Bryan & Crossman 2@x]don et al. 2010).

Even with emerging capabilities in spatial analytie potential benefits of covenanting
schemes can be difficult to achieve if landholdeesunwilling to participate. Therefore,
understanding landholders’ willingness to partitgaas two important implications for private
land conservation. First, this understanding shipe policy for the design of incentives.
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Second, it is vital in identifying areas that actbvaluable for achieving objectives and feasible
for conservation action (for a protected area glarsee Guerrero et al. 2010). Knight et al.
(2010) examined willingness to sell land for naéibparks and identified related aspects of
social and human capital. However, other factpessic to program design, such as proposed
land management, constraints on land title, andegi of incentives, will also influence

willingness to participate.

Of the Australian states and territories, the NemthTerritory’s policies and funding for
conservation on private lands are the least deedlopith financial support for conservation
covenants and management agreements under cotisidefderefore, | undertook a pilot study
in the Daly Catchment to assess the potentialifoh programs to meet conservation objectives.
The program under consideration is for stewardphyments to leverage routine land
management to meet conservation objectives ontprlaads. The program would include
covenants, which are perpetual titles on private |as well as management agreements, which
are long-term legal agreements between the governamel landholders. In Chapter 6 |
examined aspects of designing the program sucbsis and payment structures and, reported
here, landholders’ willingness to participate.

To assess landholder willingness, | used a choiperénent to estimate the probability of
participation in the program relative to paymenbant and required change in proportion of
property managed for conservation. Choice modglien estimate the effects of combinations
of factors on participants’ choices and is therefmiore useful for designing policies than
estimation techniques, such as willingness to ffet,consider only financial effects (e.g. Horne
et al. 2005; Jacobsen & Thorsen 2010). My studythezk aims.

The first aim was to use the results of my choiqgeement to inform the design of a
stewardship payment program in the Northern Tewritdhe choice model allowed me to
estimate the expected level of participation, whiah indicate the viability of the program and
provide guidelines to the government about adequadgets to meet desired participation
levels. The choice model also allowed me to exartfandholder preferences for the two

mechanisms presented (covenants and managemeatregits) and how these preferences
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varied with respect to payment amount and requiheshge in proportion of property to be

managed for conservation.

My second aim was to spatially predict landholderdiingness to participate at the resolution of
individual properties and incorporate these préafictinto conservation planning software to
examine the potential for the stewardship programméet conservation objectives. Predicting
willingness to participate for individual propegiallowed me to consider the potential spatial
distribution of participating properties and therefthe likely conservation outcomes. This is an
important aspect of understanding whether a steskgygprogram would have the desired

impacts of achieving adequate protection for spgtvariable conservation features.

The third aim of my study was to analyze how theriactions between willingness to participate
and conservation costs can influence solutiongtifikxhin spatial conservation planning. My
study is the first to incorporate both spatiallyiahle willingness to participate and spatially
variable costs. Therefore, this is the first stt@lglucidate how these two components of the

planning problem interact and potentially constithim capacity to meet conservation objectives.

Methods

Choice modeling experiment and survey methods

The study area was the whole of the Daly Rivertwaent in the Northern Territory, buffered by
10 km (as discussed in Chapter 6). The Northerritdey is the only Australian jurisdiction
without well established covenant and conservatianagement agreements. Therefore, | used
the structure of the Queensland Nature Refuge anogwhich supports establishment of
covenants on freehold and leasehold land, as tie fia designing my survey questions. The
state of Queensland has more land under coveredatréd to as Nature Refuges) than any other
Australian jurisdiction (Adams & Moon In Review)@has recently implemented legislation,
called the Delbessie Agreement, to encourage pgaation in the program by lessees (DERM
2007). Under the Delbessie Agreement, lesseespratperties identified as having conservation
value can enter into a Nature Refuge agreemenbamdwarded with a 10-year lease extension.
Alternatively, they can elect to have their prosriacquired. | designed my survey based on
the assumption that the Northern Territory woulddeldheir covenant program on Queensland’s

and that similar legislation would be consideredupport the environmentally sustainable,
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productive use of rural leasehold land combinedh witvenants and management agreements.
The survey included questions about the charatiteyisf landholders and properties, current
expenditures on land management and conservatioageanent, and other information specific

to the choice experiments.

For the choice experiment, respondents were askearsider the hypothetical scenario of a
stewardship program with three alternatives fodkasiders: conservation covenant, conservation
management agreement, or sell property. Choicergwpnts typically include a status-quo or
default option. In my design, | did not include‘apt-out’ option because | wanted mirror
legislation similar to the Delbessie Agreementthiat legislation, ‘sell property’ could be
considered the opt-out or status quo becausestiiieionly option for landholders unwilling to
place portions of their properties under covendydt all on-farm conservation programs have
similar ‘conserve or sell’ clauses, so the resoiithis experiment are not transferrable to those
situations. Indeed, the probabilities estimatexkiwill exceed those likely to be obtained in
situations where neither sale nor participationdsessary. My results are therefore optimistic
estimates of environmental outcomes from a steviagsgeogram. | would expect larger

shortfalls in meeting conservation objectives wita default option of not participating.

I hypothesized that willingness to participate ipragram would depend on the type of
agreement (covenant or management agreement)dperpon of property already set aside for
conservation, the additional proportion of propedye set aside for the program, and the
financial payment relative to additional costs ofservation management. In a pilot study, |
tested different variables to reflect these factbbad were cognitively accessible to respondents.
Based on the pilot study, | represented finan@ghpent as a percentage of stewardship costs
because additional costs of conservation managemikntry with current management
activities and characteristics of properties, idatg size. | assumed that financial payments
would range from 0% to 150% of additional costg] ased incremental amounts across that
range to allow interpolation between points in mydal (Figure 7.1a). | represented the
required change in proportion of property set afaeonservation with five representative
combinations identified from the pilot study (Figuf.1a). | constructed the choice sets using a
full factorial design, resulting in 80 differentrobinations (4 covenant payments x 4

management agreement payments x 5 changes in poopof property set aside). Respondents

132



were given a set of definitions for alternativenstedship arrangements or sale of property using
an information box and then asked to choose thiemeel option in each choice set (example in
Figure 7.1b). The choice sets were blocked inter8ions of the choice experiment, each
containing ten choice sets, which | estimated Wwasttaximum number of sets for respondents
to resolve before becoming fatigued. Each paditipvas randomly assigned a block of ten

choice sets and | ensured that responses weresegpative across the 80 choice sets.

For my survey, | considered only land parcels oha®r larger and outside the town of
Katherine. Properties in the town or smaller th@rha are probably not good candidates for
conservation agreements because they are preddiyiresidential and unmanaged. | sent
surveys to all landholders eligible for privatedastewardship agreements, defined here as all
440 pastoralist landholders (see Chapter 6 for rdetails). | used the Dillman tailored design
method (Dillman 2007). Of the 440 landholders acoted, 25 requested to be removed from the
survey and 50 addresses were no longer activanavotal of 365 possible respondents. The
response rate to the survey was in line with singitaveys in the region (Zander et al. 2010;
Zander & Straton 2010): about 25% (92 of 365 ownevih a total of 710 choice sets

completed.

Choice experiment analysis
| analyzed the choice sets using a conditional die&ects logit model in STATA version 9.
Based on the choice experiment, the probabilitgroindividuali choosing an alternativais
given by

10 12349

. 15123 /45

where alternative specific variables for individu&br alternativam are given by, and
coefficients are denoted bycase-specific variables for individuare given by, and
coefficients are denoted by In my choice experiment, conservation paymentevaernative-
specific while conservation configuration was capeeific and landholder-specific variables
were included as case-specific variables.
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Figure 7.1 The choice experiment details. (a) Attribute levielsthe choice experiment. The choice provided
respondents with three alternatives to select frmmnservation covenant, conservation managemeeeagmnt, or
sell property. The choice experiment considerem dttributes that might influence respondents’ cesi payment
level as a percentage of stewardship costs (defineglas the additional costs of managing landdoservation,
over and above routine property management) anagehia extent and configuration of conservation aggment,
defined relative to current configuration (fromyafature configuration (to). | considered four pant levels and
five changes in configuration. (b) Example chaeé presented to respondents in survey.
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I included two landholder-specific variables in mpdel which were identified as important
predictors of land and conservation managemens @osthapter 6: size of property(property
size, ha); and a binary flag indicating whether the landleolwas currently engaged in
conservation managemeibgservation flay Ideally, | would have also tested whether sale
values of properties influenced landholders’ cheitesell, but sales data were not reliably

available for the region.

Application of choice model

| used my final choice model for two purposes.stirexplored how probability of participation
was affected by different payment levels, to uniderds how to maximize participation. Using
the survey sample averages, | estimated the catthméde average probability of participation
in covenants and management agreements baseceerptiyment scenarios: 50% for both
conservation covenant and conservation managergergment, 100% for both conservation
covenant and conservation management agreement 58846l for conservation covenant and
100% for conservation management agreement. Eeetbcenarios, | assumed configuration 2
in which no patches are currently set aside foseoration and that landholders would be
required to set aside several small patches foseroation in the future. The second use of the
choice model was to estimate the probability ofipgration of each property so that my
planning scenarios could preferentially select props with higher probabilities of
participation. For each property, | estimated pinlity of participation assuming payments of
150% for covenants and 100% for management agrasraed configuration 2 (no patches
currently set aside for conservation and severghgs to be set aside for conservation in the

future).

Planning assumptions and scenarios

Based on my survey and discussions with the Nartfierritory government, | identified three
realistic parameters of a stewardship programt,Rlie government would pay a premium to
engage landholders in conservation covenants fiengmce to management agreements because
of the perceived benefits of permanent title fansmrvation. Second, most landholders are
currently not managing any areas for conservategar and above routine property
management. Third, landholders participating indtesvardship program would be required to
manage several small patches on their propertgdoservation. | used the estimated probability
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of participation for each property (above), whiefflected these assumptions, and calculated

costs assuming payments of 150% for covenants @d%h Tor management agreements.

In addition to engaging private landholders, theggoment is interested in funding new
Indigenous Protected Areas. These are agreemetutedn traditional owners and the
Australian Government, considered to be similanatonal parks. Funding both Indigenous
Protected Areas (IPAs) and a stewardship prograoidarquitably provide opportunities for
Daly residents to access financial support for eoregion management. | assumed an annual
budget of $1.5 million to fund Indigenous Protectedas and stewardship agreements in the
catchment. This figure was based on the non-dgatéancial estimate of $1 million required for
stewardship agreements across about 4.2 milliasf pastoral properties (details in Chapter 6)

and a pro-rated estimate of $0.5 million for IPA®oabout 2 million ha of Indigenous land.

The Northern Territory has clearing laws for thdythat dictate what types of vegetation and
the percentage of properties and the whole catchthanhcan be cleared (NRETAS 2010).
Although some areas are thereby protected fromrintgaheir conservation features might not
be secure without management to reduce threatsasuicivasive weeds and altered fire regimes.
Therefore, | considered spatial planning scenani@ghich these areas were effectively secured
by legislation and other scenarios in which theyensprotected and available for management

by Indigenous Protected Areas or stewardship agratsm

Spatial planning using Marxan with Zones
| used Marxan with Zones (Watts et al. 2009) toneix@ possible spatial configurations of
Indigenous Protected Areas and stewardship agréen@md the number of conservation

objectives met across the catchment.

| divided all properties in the catchment, incluglpastoral and indigenous, into planning units

of 25 ha square grids. For each private propertg/dulated the cost of planning units as pro rata
proportions of the expected cost of conservationagament. For properties under consideration
for Indigenous Protected Areas, | used an expamadervation management cost per ha of
$2.25 (NRETAS 2009b). | calculated the expectest per ha of stewardship payments as:

7 89: 89: 88 88
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whereprob:mais the probability of landholderselecting a conservation management agreement
given patrticipation in the programrob.md(1-probsey)), probg. is the probability of landholder
selecting a conservation covenant given partiaypaith the programpfob.y/(1-probsen)), Cemais

the cost of stewardship payment to landholdersed on property scale cost estimates from
Chapter 6, and.; is 150% ofccma Marxan with Zones minimizes the total cost @& #oning

planC:

7 6 6
6

wherex; =1 if thei™ planning unit is included in tH& zone, subject to the constraint that a
planning unit can only be placed in one zone.nlMarxan with Zones to achieve objectives
within a constrained budget of $1.5 million.

In total | considered six Marxan with Zones scemstd reflect variable contributions of
vegetation protected by legislation, spatially &blé costs, and preferential selection of high
probability properties (Table 7.1). To examine thpacity of a stewardship program to meet
spatial conservation objectives, | selected progethat were most likely to participate in a
stewardship program. | did this by including estied probability of participation as a
conservation feature for each pastoral propertysaé catchment-wide objective of 15% of the
total probability (scenarios 3 and 6) (which is @utationally similar to the approach used by
Guerrero et al. 2010). The 15% objective was seteto reflect the findings in chapter 6 for the
percentage of properties that were cost-efficidafified as those with per ha costs of
conservation management less than those of nafamias). This approach allowed me to select
the properties that were most likely to participatele considering spatial conservation
objectives within the budget | set for the stewhmdgrogram. Importantly, this approach also
allowed probability of participation to be sepathteom management cost in the software
analyses.

For all six scenarios, | had quantitative objecif@ 71 conservation features: mapped
vegetation types (62), rainforest and riparian sq@dé¢ and sites of conservation significance (5
in the Daly, NRETAS 2009b). My objectives were 36%the current extent of each vegetation
(as pre-clearing data was not available), and,dasaliscussions with NRETAS, 100% for

rainforest, riparian zones, and sites of consesaaignificance. | assumed that the different
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zones contributed differentially to conservatiofjeckives (Table 7.1), reflecting commitment of

management to conservation.

Table 7.1Marxan with Zones scenarios. | defined scenariderims of zones considered, proportional contrdsuti
of zones to conservation objectives, costs of mamegt in Indigenous Protected Areas (IPAs), antsaafghe
stewardship (private pastoral) zone.

Zones included
(proportional
contribution of zones to
Scenario objectives in parentheses) Cost IPA Cost stewardship

1 - Available (0)°
2 — National Park (1)

3-1PA (1)
Scenario 1 - Uniform costs 4 — Stewardship (0.7) Area Area
Estimated expecte
stewardship costs per
Scenario 2 - Variable costs As above $2.25 per ha ha
Estimated expecte
Scenario 3 - Variable costs + stewardship costs per
probabilities As above $2.25 per ha ha
1 - Available (O
2 — National Park (1)
3-1PA (1)
Scenario 4 - With Never Cle&r 4 — Stewardship (0.7)
Uniform Cost 5 — Never Clear (0.7) Area Area
Estimated expecte
Scenario 5 - With Never Cle&r stewardship costs per
variable costs As above $2.25 per ha ha
Estimated expecte
Scenario 6 - With Never Cle stewardship costs per
variable costs + probabilities As above $2.25 per ha ha

a Currently not managed for conservation but avadldbt management either with IPA or stewardship
® Areas covered by legislation that prevents clearassuming that this legislation is fully effeetifor conservation

| assumed a single time step in which areas wegagad for stewardship or IPAs and that
engagement and conservation management would oenflio control the aggregation of
selected areas (Watts et al. 2009), | identifiedzbne boundary cost for each scenario with the
method of Stewart & Possingham (2005). | ran Mamw&h Zones with 100 runs for each
scenario and recorded best solutions and seleftéqnency for each scenario. | compared the
spatial similarity of solutions for each scenanodorrelating (Spearman rank selection

frequencies of planning units.

Analyzing the relationship between transaction €@astd acquisition costs and its implications
for spatial selections
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Including landholder willingness to sell for congation or to otherwise participate in

conservation actions is motivated by the need fwave implementation of conservation plans
(Knight & Cowling 2007; Knight et al. 2010). Witigness to participate can therefore be seen as
a surrogate for the transaction costs of engagitiglandholders. | assume here that transaction
costs are inversely related to willingness of prgpewners to participate in a stewardship
program, and | express willingness as probabilitgasticipation. However, the spatial

distribution of landholders willing to participateight not coincide with all conservation

features. Willingness might also be unrelatedialhato conservation costs such that working
with willing landholders might not allow plannexsmeet all their conservation objectives

within a constrained budget.

To test the potential interactions between tramsaciosts and acquisition costs, which may be
the costs of land purchase or in this case theisitiqu cost of purchasing stewardship
agreements, | constructed two hypothetical datasetflect observed trends: 1. assuming
properties or planning units of relatively unifosize and uniform per ha acquisition, with
normally distributed transaction costs (inverselated to probability of participation); and 2.
assuming highly variable property sizes and stexwnomies of scale for per ha costs of
acquisition, with transaction costs (inversely teteto probability of participation) positively
correlated with property size. The first data typ#ects that used by Guerrero et al. (2010) and
Knight et al. (2011) which considered purchaseaatlifor protection. The second data type
reflects the data found in this study of the DalydR catchment which considers purchase of

stewardship agreements.

| considered two hypothetical data sets, each stingiof 150 properties. | estimated
transaction costs as a function of probability aftigipation using the exponential distribution
with =1 (given by probability=1*¢"2"52" resylting in transaction cost per ha being etpal
—In(probability). | then compared transaction edsthypothetical costs of acquisition and total
costs (acquisition + transaction). | ordered proge from lowest to highest total cost per ha,
indicating a notional cost-efficient order of selen for conservation action. | assumed, for
simplicity, that conservation features were unifiyratistributed across properties and, therefore,
assumed that a 30% representation objective fdr feature would be achieved when 30% of

the total property area was protected.
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Results

The final conditional mixed-effects logit model fibyre choice experiment is in Table 7.2. The
two landholder-specific variabledn{property size, haandconservation flag were significant
(p<0.001). The coefficient for property size wagatese, indicating that owners of larger
properties were less likely to participate. Thef6ioient for conservation flag was positive,
indicating that owners already engaged in consinvaanagement were more likely to
participate. The coefficients for configurationdés were negative, and increasingly so with the
extent of change in required proportion of propéstpe managed for conservation.
Accordingly, configuration 3, requiring landholdeoschange from no patches to one large
continuous patch set aside for conservation, hadatigest negative coefficient. This trend was
similar for both covenants and management agreesnétawever, the coefficients for covenant
configurations were more strongly negative, indigathat landholders were less likely to select
a covenant than a management agreement. Thevpasafficient for payment level indicates

that probability of participation increased withypzent level.

Table 7.2Conditional mixed-effects logit model. CC indicatamservation covenant; CMA indicates conservation
management agreement. Configuration was codedesad dummy variables (corresponding to altermativanges
in configuration in Figure 7.1) with configuratidnchosen as the status quo. *p<0.05, **p<0.005 %0.001

Variable Coefficient SE

CC intercept 0.3704 0.3861
CMA intercept 0.3788 0.3492
Payment 0.0133*** 0.0012
Configuration 2, CC -1.1400*** 0.3420
Configuration 3, CC -1.3841*** 0.3562
Configuration 4, CC -1.0396** 0.3442
Configuration 5, CC -1.1116%** 0.3336
Configuration 2, CMA -0.6737** 0.3123
Configuration 3, CMA -1.0710 *** 0.3216
Configuration 4, CMA -0.4958* 0.3091
Configuration 5, CMA -0.8896 ** 0.3162
Conservation flag, CC 2.2508** 0.2935
Conservation flag, CMA 1.3770*** 0.2625
In(property size), CC -0.6335+** 0.1230
In(property size), CMA -0.4577*** 0.1004
N (Choice sets) 710

Log L -654.32

rho2 0.16
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For my three payment scenarios, the predicted pibtixas of participation in stewardship
arrangements increased from 42% to 64% as paymeegislincreased (Table 7.3). Respondents
always preferred conservation management agreernteotsenants. However, the payment
premium for covenants substantially increased tbeability of participating through a

covenant (29% for 150% payment, 18% for 100% paymiaable 7.3). The design of my choice
experiment, lacking an alternative for ‘opting-oat’negotiations without selling, would
probably have produced absolute probabilities ofigpating higher than if an ‘opt-out’ choice
had been included. However, if the design of teevardship program reflects the constraints of
the Queensland program coupled with the Delbeggeeaent | expect that my probability of
participation is reliable. In addition, | expebat the relative probabilities are reliably indieat

of the preferences of landholders.

Table 7.3Estimated probabilities of participation for thqggyment scenarios. CC indicates conservation cogna
CMA indicates conservation management agreement.

Payment scenarios
50% CC, 100% CC, 150% CC,
50% CMA 100% CMA 100% CMA

Conservation Covenant (CC) 0.13 0.18 0.29
Conservation Management Agreement (CMA) 0.29 0.40 350
Sell Property 0.58 0.42 0.36

For the annual budget of $1.5 million to suppornagement of Indigenous Protected Areas and
stewardship agreements, not all conservation digectould be met (Table 7.4) and the
shortfalls were consistent for all scenarios (3fectives not met). In all cases, shortfalls were
for 100% objectives for rainforest vegetation aitelssof conservation significance. By
including the legislatively protected vegetatiorfually protected, 1.1 million ha was added to
initial conservation management. Forty-six of fieobjectives were met in these legislated

areas and national park zones.
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Table 7.4Summary results from Marxan with Zones for thessignarios, including number of objectives met, area

selected for IPAs, stewardship and other legislptetected areas (National Parks and Never e)e@ercentage of
pastoral properties engaged in stewardship, tottl and percent of total probability of participat

Percent Area (ha) -
properties  National
Objectives Area Area (ha) - engagedin Park and
met (out  (ha) - stewardshi  stewardshi Never Cost ($ Percent total
of 71) IPA p p Clear ? million)  probability
Scenario 1 62 375,458 824,548 46.36% 635,591 2.3 17.83%
Scenario 2 64 263,340 1,137,863 17.73% 635,591 1.5 14.44%
Scenario 3 64 216,887 1,172,881 20.68% 635,591 1.5 16.05%
Scenario 4 66 386,388 813,112 45.00% 2,731,281 25 17.54%
Scenario 5 62 261,037 796,172 23.18% 2,731,281 15 13.04%
Scenario 6 62 158,287 976,623 42.27% 2,731,281 1.5 16.18%

& Areas covered by legislation that prevents clegrassuming that this legislation is effective donservation

Scenarios with uniform costs (1 and 4, Table 7.&) time most objectives with similar total areas
selected for Indigenous Protected Areas and steshgrégreements. However, the total costs of
these scenarios were 50% greater than scenararsied by variable costs (Table 7.4).

Including variable costs reduced the number of gribgs engaged in stewardship agreements by
selecting larger properties, a consequence ofgtononomies of scale for stewardship costs.
Including variable costs also lowered the probgbdf participation because landholders on
larger properties were less likely to participafalding the objective for probability of
participation to consideration of variable costz@ased overall probability of participation, but
not to the level achieved by scenarios 1 and 4 hvhad the highest overall probability of
participation because they ignored costs. Thigctdla tension between two key considerations
in the Daly: cost-effectiveness requires that laggeperties are selected, but overall probability

of participation is thereby lowered.

Selection frequencies for stewardship agreements pasitively correlated for all scenarios
(Table 7.5), although significant values are unsaipg given the number of planning units
(n=327,417). Scenarios without the “Never Cldagislated areas locked in (1-3) were more
strongly correlated to one another than to therdtivee ( = 0.298-0.457). Similarly, scenarios
with “Never Clear” areas locked in were more stigraprrelated to one another than to the
other three (= 0.359-0.469). The maximumvalue of 0.469 and other much lower coefficients
indicated substantial spatial variation betweermpaiis of scenarios, with all factors defining
scenarios leading to spatial differences.
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Table 7.5Spearman’s rank correlation, between selection frequencies for stewardshipeagents in pairs of
scenarios (p<0.001 for all values).

Scenariol Scenario2 Scenario3 Scenario4 Scemabi
Scenario 2 0.298

Scenario 3 0.304 0.457

Scenario 4 0.149 0.197 0.197

Scenario 5 0.138 0.259 0.235 0.359

Scenario 6 0.149 0.306 0.293 0.430 0.469

Intuitively, probability of participation (willingass) will be inversely related to transaction costs
in that properties targeted by agencies for pg@dioon will involve less engagement, perhaps
both before and after stewardship agreements heee finalized, if landholders are more

willing to participate. In the Daly, | thereforgpect that properties with lower probabilities of
participation will have higher transaction cosks.the case of uniform per-unit-area costs of
acquisition (used by Guerrero et al. 2010 and Kingglal. 2011), the variable transaction costs
should drive total cost, and the cost-efficientusatce of properties selected for conservation
action would begin where probability of particigatiis high (Figure 7.2a). In contrast, in the
Daly basin, where acquisition costs (given by co$tsonservation management associated with
stewardship agreements) are variable with strongauies of scale and willingness is inversely
related to property size, total costs will be dniley acquisition costs. In this case, the cost-
efficient sequence of selection of properties famservation action begins with the largest

properties where willingness is lowest and transaatosts are highest (Figure 7.2b).
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Figure 7.2Per-unit-area costs of acquisition costs, trangaaosts, and total costs for two hypothetical data
consisting of 150 properties. Acquisition costaldaefer to land acquisition, purchase of stewhigiagreements,
or purchase of other conservation agreements suphyanent for ecosystem services. Transaction cefgisto the
costs of engagement, assumed to be inversely deiatgillingness of property owners to participatehe
conservation program (probability of participatiolm both graphs, properties are ordered from lowehkighest
total cost per ha (acquisition costs + transaatimsts), indicating a notional cost-efficient ordéselection for
conservation action. The vertical line in each graqlicates the point at which 30% of total propentea would be
protected. (a) The type of data used by Guerreah €2010) and Knight et al. (2011) in which |lands targeted
for purchase, assuming properties of relativelyarm size (~500 ha), uniform costs per ha of covesewn
management for all properties, and normally disted probabilities of participation. (b) The typledata found in
my study of the Daly River catchment where lanthigeted for purchase of a stewardship agreemespeRy
sizes vary by 5 orders of magnitude, there arengtexonomies of scale for conservation manageraadt,
probability of participation is inversely relatealpproperty size.

Discussion

Choice modelling has rarely been applied to manageof protected areas or design of
conservation incentives (but see Horne et al. 2088pbsen & Thorsen 2010). My choice
analysis provides several insights for designindjiamplementing a stewardship program in the
Northern Territory. | estimated that a large patage of landholders — between 42% to 64%
depending on payment levels - would be willing &otgipate. | found that landholders were
financially motivated in their preferences betweenservation management agreements and
conservation covenants. All else being equal,hatdkrs preferred management agreements,
reflecting their reported concerns over the titplications of covenants and potential negative
effects on sale values. However, this prefereaceapparently be weakened with a payment
premium for covenants. Covenants have benefithBagovernment. The first is the security of
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permanent titling (Fitzsimons & Wescott 2004). &t titling allows covenants to be classified
as IUCN recognized protected areas (Class VI ircdse of Nature Refuges, however private
protected areas may qualify for all classes, Hitaas 2006) which then contribute to national
conservation goals such as the 2020 17% target tinel€€onvention on Biological Diversity
(UNEP 2010).

The stewardship payment model developed by Adarak(&t Review) found strong economies
of scale with the largest properties being the most-efficient. However, in my choice model,
the negative coefficient associated wiifproperty size, handicated that the most cost-

efficient properties were also the least likely#oticipate. My spatial zonings supported the
findings of Chapter 6 that the most cost-efficiemplementation of the stewardship program
would be to engage the largest properties, butonyng also demonstrated that the budget level
of $1.5 million per annum was insufficient for ainservation objectives to be met.
Furthermore, if the stewardship program were imgletad as a closed-bid auction, probably
even fewer conservation objectives would be meabse landholders on the most cost-efficient
properties would be less likely to submit bids.tHea, the more willing participants would be
more likely to have smaller properties that areemmstly to manage per ha, and a larger budget
would therefore be needed to meet conservatiorcobgs while engaging these landholders.

An alternative strategy might be for the governmerfund an outreach campaign to increase the

probability of larger properties participating.

My choice experiment sought to mimic a key charngstie of the Delbessie Agreement by
explicitly not offering landholders a choice to tequt’. | believe, however, that my
experimental design would not have exaggeratebney key conclusions: that property size
was inversely related to probability of particippetj and therefore created a tension between
selecting properties that are cost efficient adelcsimg properties with landholders who are
willing to participate. My design would only exaggte the negative association between
property size and probability of participating rbpability of selling and property size were
positively related, that is, if owners of largeoperties were more likely to sell than those of
smaller properties. In that case, having the optosell rather than to engage in stewardship
would be more appealing to owners of larger propertHowever, | found that property size and

number of years of ownership, admittedly an immegroxy for propensity to sell, were
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uncorrelated. | conclude that it is unlikely tlaat alternative experimental design would have
changed my observed negative association betwegeny size and probability of
participation.

Variation in landholders’ willingness to participdtas been considered in two other spatial
prioritizations (Guerrero et al. 2010; Knight et2011). These studies included costs
(unrealistically) as an average sales price. hirest, by selecting areas with data on both
variable costs and variable willingness, my studmndnstrated that, with a constrained budget,
spatially variable costs can be more important thidlimngness in determining conservation
priorities. When | considered probability of paip@tion (willingness) to be an inverse proxy for
transaction costs, then total costs in the studyusrrero et al. (2010) are determined by
transaction costs, and the most cost-efficient gntigs are those with the most willing
landholders (Figure 7.2a). In my study area, witbrgy economies of scale and willingness to
participate inversely related to property sizeldntified a trade-off between cost-efficiency and
willingness to participate (Figure 7.2b). Thisilely to be the case more generally, where
economies of scale apply to costs such as thogegoifisition and management (e.g. Armsworth
et al. 2011; Ban et al. 2011; McCrea-Strub e2@1.0). This result provides an important
insight into the potential interactions betweengpatial distribution of conservation features,
costs of conservation, and willingness of landhdde engage in conservation. These
interactions will be important to consider for fréwstudies concerned with opportunities for and
constraints on implementation. My analysis highiggimportant design and policy issues
associated with implementing a stewardship prograthe Northern Territory and other parts of
the world. If planners understand the spatialams\wof both costs and probability of
participation, then trade-offs can be addresseeaptively with engagement strategies or
arguments for adequate budgets.
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Chapter 8 General Discussion

In this chapter | summarize the key findings of tingsis and discuss how my thesis contributes
to the scientific basis for incorporating costxohservation, given explicit socio-economic
goals, into the systematic conservation planning@ss.
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Socio-economic costs and conservation planning

As discussed in Chapter 1, there have been cdlieifiterature to include costs in conservation

planning in the belief that the plans that resulk pe more affordable and efficient, and will also

better reflect the socio-economic context of plagmegions to make plans more implementable
(Naidoo et al. 2006; Polasky 2008).

Incorporating costs into conservation planning nexgustating explicit economic objectives
(Chapters 2-7). It also requires an understandirtigeoappropriate conservation actions to meet
these objectives so that the right costs can beaa&std. While many studies have included costs
in the planning process, relatively few have fokamlithe above steps of stating explicit economic
objectives and selecting the appropriate cost peta reflect these objectives and associated
management actions. In addition to often not higktost metrics to explicit objectives, most

studies have not been based on rigorous econontioose

The goal of this thesis was to contribute to thergdic basis for incorporating costs of
conservation, given explicit socio-economic goai) the systematic conservation planning
process. To achieve this | did several thingsb(badly categorized conservation planning
exercises into three major types and identifiedajygropriate cost metrics; (2) developed
methods appropriate for estimating the required ewgrics; and (3) investigated the impacts of
uncertainty and socio-economic dimensions, sugreferences of landholders, on outputs of
systematic conservation planning.

Thesis outcomes

Objective 1: Develop cost metrics for inclusiondgonservation planning based on standard
economic methodologies.

To develop cost metrics using economic methodsstidonducted a literature review to identify
common contexts of conservation planning and #edlisocio-economic goals and associated
actions of these. Based on this review | sepam@edervation actions into two broad
categories: 1. Areas protected by taking them bptaduction, such as establishing national
parks or marine protected areas, and thereforea$is associated with this action are ‘full’
costs; 2. Areas not taken out of full productiofthveonservation management involving an
incremental change in management or use, suctaasrsd fishery closures or conservation
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management agreements which specify changes iruadr land management, and also
specify the incremental costs required. | tiiEmtified three conservation planning contexts
that reflect these two broad categories and estuinthie appropriate costs using standard

economic methods.

The first conservation planning context that | igiéed is the most common application of
conservation planning in which areas are seleaetufl protection in a fully developed land
market, with cost of conservation being the actjoisicost of land at market. In Chapter 2 |

used sales data from Queensland and applied aagdogally weighted regression to estimate
sales value for all properties in Queensland. Bseaales data are patchy, many studies rely on
simple extrapolation techniques or opt for landuaibn data that are often available for all
properties for tax purposes (Carwardine et al. 280&n et al. 2009a). However, neither of
these options provides a rigorous estimate of theahcosts of acquisition of a property.
Therefore, the technique that | selected presemntsra thorough statistical approach to
estimating market value of all properties in a oagi Using the estimated sales values of
properties, | also calculated the expected acimisdost as a function of the probability of a
property following different legal routes of proten and the associated costs of each legal
route. Lastly I included estimated transaction ar@hagement costs to select areas based on the
total financial cost to the government for addingr@perty to the protected area estate. This is
the first time in the conservation literature ttieg variable costs associated with different legal
pathways for protection have been considered aiplicThis chapter also demonstrated the
sensitivity of my cost estimates to the assumptioade about landholder participation in
different legal pathways, highlighting the importarof narrowing the expected range of

participation in different pathways.

The second conservation planning context that inéxed is the case of selecting areas for full
protection in developing regions where marketsnatgfully developed and therefore

opportunity costs are a better measure of thec@dts of conservation. In Chapter 4 | considered
the planning region of Kubulau district, Vanua LefAji Islands where the community is
considering extending or re-configuring the mapnetected area network. The appropriate cost
measure in this context is the opportunity coststeers from loss of fishing grounds. |

therefore developed a method for estimating theodppity costs to different types of fishers

149



based on gear type and extended the model to aiqoilofit as a function of gear and transport
type. The method that | developed is mathemltiaaalogous to the method developed by
Naidoo & Adamowicz (2006) and provides an estimatechnique that accounts for the costs of
both fished and unfished areas such that the aostsot biased to current fishing patterns. The
primary outcome of this chapter was a mathemadipptoach to estimating opportunity costs in
the marine environment. In addition, | found tbpportunity costs varied spatially between
fishing gear types, highlighting the importanceegplicitly considering costs to different

stakeholder groups.

The third conservation planning context that | eieed is the case of selecting areas, not for full
protection, but for participation in incentive prags that might only partially reduce production
or require a change in management regime. Ircse the cost of conservation is given by the
incremental change in either opportunity costrdduction is reduced, or management cost, if
participation in the program specifies requiredssmation management actions. In Chapter 6 |
estimated the costs associated with a stewardsbgrgm which would not restrict land use but
would instead require specific conservation manageraction from landholders. Therefore, |
estimated the costs as the incremental changadnteanagement costs to meet conservation

objectives.

Objective 2: Examine the impacts of socio-economimensions, such as accounting for
tenure structures, stakeholder values and preferescand differential costs to stakeholder
groups, on conservation costs and decisions.

My literature review identified a key gap in thenservation literature: socio-economic
dimensions are often neglected in the analysi®o$ervation costs. For example, there are
often many stakeholder groups that are not onlglired in the conservation planning process
but impacted by the implementation of the consé@madctions. Typically, however, cost
metrics included in the conservation plan refledymne group or are aggregated across several
groups. In addition, the true costs of conservatian be different from the expected costs
because of stakeholder values and preferencess, @bcounting for conservation costs not only
requires methodologies for identifying and meagytive appropriate costs but also
understanding the socio-economic dimensions tlilaieince the real costs of conservation as a

plan is implemented.
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| achieved this second objective by considerintedeint socio-economic dimensions relevant to
the three conservation planning contexts. In itts¢ ¢onservation planning context, | examined
how stakeholder values can result in variable pgdtion levels in conservation programs and
therefore influence the financial costs of extegdirprotected area system. In Chapter 2, |
included the different legal pathways for addingeerto the Queensland protected area estate,
considering acquisition and covenants with privatelholders which have different associated
costs (full market value for acquisition by the gaunent and no acquisition cost to the
government for covenants). | found that the testimated financial costs of extending the
protected area are highly sensitive to the expgmtegortion of landholders willing to place a

covenant on their land versus selling their propert

In the second planning context | found that oppatyucosts can be spatially dissimilar for
different stakeholder groups that use the landssadin different ways. Therefore, in Chapters 4
and 5, | spatially mapped and compared the oppitytaosts to each stakeholder group in each
region. In Chapter 5, | calculated how includingts to only one stakeholder group impacts
total opportunity costs as well as costs to otkekeholder groups. | demonstrated that socio-
economic objectives should be stated explicitly dredopportunity costs that best represent
these objectives should be included. For exanifpiee socio-economic objective is to minimize
the impact on local communities who use the lam&édsistence farming, then the appropriate
cost would be opportunity costs to smallholder farsnIncluding other cost metrics would not
result in the desired socio-economic outcomesddte several studies have included costs to
multiple stakeholders (Klein et al. 2008a; Kleiraet2009b); however, none have examined how
inclusion of costs to different stakeholders mastliepresent explicit socio-economic objectives

which have variable impacts on the stakeholderggou

Stakeholder values and preferences can also irtddudre costs of conservation. In the context of
designing a conservation incentive program forggeMandholders, preferences and values can
cause the true costs of a program to deviate freexpected costs. For example, the expected
costs of the stewardship program described in @n&pivould be the cost difference between
routine land management and the additional requntésnof conservation management.

However, if landholders’ perceive this incremermadnge to be a burden on their lifestyle or
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ability to conduct required routine land managemtrdy may expect a premium to be paid for
their time and thus the true costs would be greahtar the expected costs. In Chapter 7 | used a
choice experiment to estimate the probability ofifaolders participating in a program based on
variable payment levels. While the estimated coktmrticipating in a conservation covenant
and conservation management agreement are iderttieathoice experiment indicated that
landholders perceived an additional cost associatida covenant and only selected the
covenant when a price premium would be paid. Thegeif the government wishes to design a
conservation covenant program, the actual costdikely have to be inflated to reflect the

required premium to encourage landholders to adbepapproach.

Objective 3: Examine potential sources of uncertginn cost estimates and assess the impacts
of these uncertainties on financial budget estimsite

In addition to the difficulties of identifying thegppropriate measures of conservation cost and
estimating them, there are uncertainties associitbdhese estimates which to date have rarely
been acknowledged. | addressed this gap in gratitre by first identifying key sources of
uncertainty and then applying two methods for asagghe impacts of these uncertainties:
sensitivity analysis and info-gap theory. In Clea# | used a sensitivity analysis to assess how
uncertainties in three key factors impact finanestimates of the total costs of extending the
Queensland protected area estate. These factoes legal acquisition routes dependent on
tenure; subdivision of properties; and size of hietbsity objectives. The sensitivity analysis
highlighted that cost estimates are highly sersitovassumptions made about the percentage of
landholders willing to establish a nature refuglisTs very relevant in light of the untested
Delbessie Agreement for conservation on leaselaold.| In Chapter 3 | developed and applied
an info-gap model to assess the robustness obspteperties selected for acquisition to
uncertainties in estimates of costs and benefite info-gap model demonstrated that cost-
efficient budget allocations using benefit-cosiamtire more robust than simple benefit
rankings. However, BCR prioritization results incertainties that are not explicitly considered

in the basic implementation of the prioritizatidhianagers wishing to use BCR should consider
potential shifts in prioritizations depending onatlsurrogate measures are used and how much

certainty is involved in their estimation.
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Evaluating the approach

This thesis used the approach of first statingiexkgconomic objectives and then identifying
the appropriate cost metrics in three conservatlanning contexts. This demonstrates the
importance of this first crucial and often neglelcstep. In my thesischose to implement the
conservation approach in which areas are seleotgurdétection to meet conservation objectives
at a minimum cost, but endeavoured to use full aetings of costs and benefits given the data
available, to ensure that solutions would be edentao those obtained using an economic
approach such as maximizing utility. If we haveoaplete accounting of the costs and benefits
of a conservation policy, such as establishingodgoted area, then the conservation approach of
maximizing conservation benefits at a minimum atsiuld be equivalent to the welfare
economic approach of maximizing the social welfarection. An important next step will be to
consider similar questions using a social welfarefion approach. Welfare economics allows
the analysis of the utility derived by society dsiaction of the utility received by the

individuals in the society and thus allows explaohsideration of individual value judgements
or preferences with the use of social welfare fiomst. For example, recent work by Larson et
al. (2010) developed a method for identifying fasaaht contribute to individual wellbeing,
including social, ecological and economic factars] then measuring the relative contribution
of these factors to overall wellbeing. This metlcad be extended to systematic conservation
planning to construct a social welfare functiomefiect the individual utility derived from the
protection of natural resources as a function ofadpeconomic and ecological costs and
benefits (Brereton et al. 2008). The relative dbations of social welfare factors to overall
wellbeing provides important insight into how exjiliconservation objectives may or may not
appropriately reflect the needs of the stakeholdatspolicy recommendations can be made to
align objectives with key welfare factors. Impottginthe social welfare approach may be more
appropriate for including multiple values such asable costs to multiple stakeholders because
it allows for consideration of individual welfararfctions as well as overall welfare functions. It
might also be more appropriate for non-market bena$sociated with conservation which
cannot be readily translated into dollar valuese $ystematic conservation approach is more

restricted in including costs in single units, sashdollars.
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Uncertainties associated with cost estimates

In Chapters 2 and 3 | examined the implicationsrafertainties in cost estimates for financial
budgets and decision making. The sensitivity aialgxamined the important question of how
uncertainty enters into cost estimates. Howeveiq hot address what form of statistical
distributions uncertainty values take. While thioigap model presented in Chapter 3 provides
a tool for decision makers to assess the robustfableir budget allocations when the statistical
distribution of the uncertainty associated withta@simates is not known, an important next step
will be to estimate the distributions of uncertginalues. In the case of expanding protected
area systems, the distribution might be estimayecbimparing the actual costs of acquisition as
land parcels are purchased to the estimated ldnés/ased to estimate financial budgets.
Tracking the actual costs of expansion againspthdicted costs would allow estimation of real
uncertainties and the distribution of uncertaintesld then be examined to see if they are
normal and spatially independent. For example, daicgy could be higher for land parcels near
urban centers where market values fluctuate movehere conservation decisions influence
sales values. The expansion of the Queenslandgbedtarea system, which is now underway,

poses an ideal opportunity to track the actualscast explore these issues in more depth.

In addition, | did not explicitly address the urtedmty in the cost estimates developed in
Chapters 4 and 6. The opportunity costs modetigdhiapter 4 were compared to catch per unit
effort (CPUE) data and | found that the modellethdeere positively correlated with the CPUE
data. This finding indicates that the modelled sosflect the pattern of actual costs. However,
to ground-truth these data and estimate the essocaated with the model, it would be necessary
to collect data on actual market value of catcloesss the region. A similar ground-truthing

would be necessary to assess the error associgtethe cost estimates from Chapter 6.

Limitations of the systematic conservation planrapgroach to addressing complex socio-
economic objectives

The software available for systematic conservagpi@anning is restricted in the availability of
functions to include socio-economic costs. Thagevare packages that are able to include
variable costs are based on algorithms that canmmex conservation benefits across multiple
conservation features while minimizing across glsiicost (Ball et al. 2009). With such
limitations to the software, it is difficult to ekgitly consider costs across stakeholder groups.
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However, running multiple scenarios to include sdeteach stakeholder group, as | did in
Chapter 5, allows a better understanding of castssa groups. The recent extension to the
conservation planning tool Marxan, called Marxathvdones, allows consideration of multiple
costs to different stakeholder groups (Watts e2@09). While | used Marxan with Zones to
account for multiple types of conservation actionthe Daly (Chapter 7), the algorithm is still
limited in its ability to account for multiple sazieconomic dimensions. Presently, to apply this
software and account for multiple stakeholdersyigue zone with specific costs and benefits
must be defined for each group. Therefore, conaiabas of several groups quickly makes the

processing time burdensome.

In addition, even the most recently developed taalsh as Marxan with Zones, do not allow for
easy inclusion of stakeholder preferences or valdesinclude stakeholder willingness to
participate in a stewardship program, | had toudelprobability of participation as a
conservation feature and set a target for propodigroperties relative to the total probability
of participation across the study area. While ¢hasshift spatial selections to more likely
properties, including such considerations is el detailed feature of spatial planning
software. In addition, existence values or cultuedues associated with natural features are not
easily mapped or quantified such that they cambleided in spatial planning software.
Important stakeholder values, such as the satisfastceived from using an area for recreation
or cultural values such as artistic inspiratiomesigion, cannot be readily mapped or quantified
in dollar values to be included as costs in alpong. Instead, these values might be more
readily accounted for through a social welfare famrk in which individuals’ preferences can
be quantified and trade-offs between different galaonsidered through relative rankings.
Therefore, in my research | only considered thasgas preferences and costs that could be
estimated and mapped spatially. It will be impotia future work to consider frameworks that

allow a more sophisticated treatment of stakehgbdeierences and qualitative values.

Moving towards conservation outside of reserves

Conservation planning has historically focused mtgrted areas. However, there has been a
recent movement in the literature to explicitly smier the much broader suite of conservation
tools including private land conservation prograaash as easements, covenants and

management agreements (e.g. Ferraro 2004; Rissbié) and incentive programs such as
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payments for ecosystem services (PES) and REDDNaigoo et al. 2009; Pagiola 2008).
While establishment of protected areas will renairnimportant part of conservation, off-reserve
actions are likely to become a greater focus oeoration planning. While my final two
chapters looked at designing and implementing\aastéship program on private lands, my other
four chapters focused solely on protected are&® aBsumption that protected areas will be
established in isolation is unrealistic. A moegalistic view of conservation planning would be
to consider the different types of management astaxcurring outside of protected areas to
maintain the ecosystem health of the landscapedragound protected areas. A limitation of
my initial chapters is that, for computational slioipy, | assumed that all priority areas were
selected for protection as opposed to other typasanagement such as management
agreements with private landholders in Queenslandnoporary marine protected closures in
Fiji. Recent studies have begun to quantify thetrdoutions of different management strategies
to conservation objectives and incorporate thesaa contributions explicitly in zoned

conservation plans with the use of Marxan with Zofi€ein et al. 2009b; Mills et al. In press).

Management implications

Throughout my PhD | worked closely with manageneagencies, both government and non-
government, to ensure that my work was applicabteemsily translated to ongoing conservation
management. The work presented in Chapter 2 waducted in consultation with the
Queensland Department of Environment and Resousrealyement (DERM) and initial scoping
work was funded by World Wildlife Fund (WWF) andafared in a report by WWF on funding
the promised protected area expansion. My resewtiche used by DERM to help direct future
land acquisitions. The research presented in @hdptvas conducted with the Wildlife
Conservation Society (WCS) Fiji office. | returnaitiof the developed data and Marxan
analyses to the WCS team so that the researchecasddl in a report to communities, which can
then use the Marxan outputs to consider alternativdigurations of marine protected areas.
Lastly, the research presented in Chapters 6 avasconducted in conjunction with the
Northern Territory Department of Natural Resouré&as/ironment, The Arts and Sports
(NRETAS). The Northern Territory government hadigated interest in scoping out a potential
private land conservation program and is in the@se of developing a conservation plan for the
Daly catchment. My research will be presentedriepmrt to NRETAS for its use and will also

feed directly into the ongoing conservation plagnexercise.
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Future work

I will be addressing several of the limitationsnay thesis in future research work. In particular |
will be examining how to approach the systematatigpconservation planning problem with a
social welfare framework and looking for alternasvo the existing algorithms such that

gualitative values and preferences of multiple eft@kders can be accounted for.

Addressing limitations of the systematic conseovagilanning approach to addressing complex
socio-economic objectives

As previously discussed, the current conservatianrpng algorithms are most readily used to
account for quantitative stakeholder values, pesfees and costs. Therefore, to date most socio-
economic considerations in conservation planningjuiding those in my thesis, have been
restricted to values that can be quantified inadsll | am now scoping out future research that
will evaluate stakeholder preferences and valusscated with natural resources such as health,
well-being and cultural values. These values bellqualitative and | will examine methods of
comparing how they scale and whether they are cenmghtary, such that they respond in the
same way to different changes in a natural resooroghether they are in opposition such that,

if one increases, another may decrease. | will th@mine how social welfare functions can be
applied in systematic conservation planning as a&lio other natural resource management
approaches such as allocating management budgess aclandscape to mitigate impacts of
weeds and feral animals. This approach will alfoma more comprehensive accounting of

stakeholder values, both qualitative and quanigain resource management decisions.

Moving towards planning for off-reserve management

As discussed in Chapters 6 and 7, private landesgason is becoming a prominent
conservation strategy to complement current preteateas as expansion of strict protected
areas becomes more limited due to restricted laadadility and insufficient budgets.

However, the design of these programs, in particapatial considerations, has been relatively
neglected in the conservation literature. Newlairal. (2005) noted that the conservation
planning literature has not addressed importansidenations pertinent to planning for private
land conservation, such as considering land pam@hdaries and actual costs to landholders
such as the incremental change in production oragment costs as a result of participating in
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a conservation program. While | began to addrese<f these considerations for the Daly
catchment (Chapters 6 and 7), there are still nodingrs yet to be explored. Examples include
social incentives for encouraging neighbouring préips to participate collectively and
engaging landholders with larger properties sotthey are more likely to participate. It is also
important to explicitly state the objectives ofragram, including the expected ecological and
social outcomes, so that an appropriate monitgeinegram can be implemented to measure
changes as the program proceeds. | am in thegsaf applying the framework presented by
Ferraro and Pattanayak (2006) to empirically evalti@e social impacts of a stewardship
program. | will be using a survey in the Daly teasure potential social and ecological biases
that could impact landholders’ decisions to pgoaté and the effectiveness of their actions. |
will then use a matched-pair approach to measw@radhial impacts of conservation actions and
design future monitoring protocols that are appliedo measuring impacts of conservation

programs across Australia.

Concluding remarks

My thesis highlights the importance of stating @tpkocio-economic objectives. Explicit
objectives are at the heart of systematic conservatanning (Margules & Pressey 2000;
Wilson et al. 2009); however, objectives associated social and economic values are often
neglected. Data available for conservation planairggoften limited, in particular data
pertaining to economic costs and stakeholder vaNesetheless, ignoring this aspect of the
planning process or using coarse-scale data (@ugtry level estimations based on global
predictive modeling Kark et al. 2009; Klein et 2010) will likely not reflect the true spatial
distribution of costs and could result in negatimpacts to stakeholders. In fact, as |
demonstrated in chapter 5, area can be a bettegsiie of total opportunity costs than measures
to single stakeholders.

The drive to include socio-economic costs in coves@wn planning has been to ensure that plans
reflect the true socio-political context of a ragi@nd are hopefully more readily implemented
such that effective conservation actions follow @issessment phase (Knight et al. 2008; Naidoo
et al. 2006; Polasky 2008). However, in the rushilltthis gap in the conservation planning
literature, the basic need for stating socio-ecanarbjectives that reflect the broader social,

cultural and economic goals of communities has Imeghected. Future research should be
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directed at understanding social goals and effelstiranslating these into explicit objectives
matched with appropriate cost metrics. Methodsfioiting values and goals and estimation of
corresponding cost metrics are widely applied enébonomics literature. However,
conservation planners and economists must bridgditiide between the two fields so that
economic methods can be developed and appliedigecaation problems in an integrated and
rigorous fashion.
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Hedonic model for property sales value

The market value of a property can be estimateteasale value in an open land market. |
estimated market values from recent sales of ptiesan Queensland from 2000-2008 (NRW
20084, b, ¢). Dates of land valuation and salés \eried, so | adjusted all values to 2008
dollars using published annual inflation rates (RB¥9). The land value, sale value, tenure
and size of each property were recorded from thes saluation data. In addition, | sourced
property characteristics from state-wide data idicig the area on each property covered by soil
of high productivity, the area on each propertyt thas cleared, distance to nearest town, and
occurrence in coastal regions (Table Al1.1). Ofwential explanatory variables, such as
current land use, elevation and slope were notistamély mapped for the entire state. |
specified a hedonic price model for the market @alith the dependent variable being the log of
the sale value per hectare. The hedonic analystsmodelled using two methods: 1. ordinary
least squares (OLS) estimation in R (R Developrame Team 2005) and 2. Geographically
weighted regression in ArcGIS 9.3.

Full models can result in over-fitting, particularhen the model is used to predict values
(Hawkins 2004). Therefore, for the hedonic modehg OLS, a reduced model was selected
using full forward and backward stepwise removahgishe Akaike information criterion (AIC;
Akaike 1974) to select the best model (‘step’ fion¢ctR Development Core Team 2005) (Table
Al.2).

The sale value per hectare was significantly high&outh East Queensland than all other
regions of the state. The sale value per hectarether coastal areas was also significantly
higher than non-coastal properties. Cape York badsale values per hectare. This is in line
with expectations of the land market. Brisbane sumdounding coastal areas in the South East
portion of the state have significantly higher sa&ies while Cape York Peninsula is
predominantly state and aboriginal land with ongnaall portion of freehold land being sold
around town sites such as Weipa. For coastalmeggale value decreased with increasing
distance to towns. For non-coastal regions thicmat of log(distance to nearest town, km)
was positive indicating that sale value increaset increasing distance to towns. This likely
reflects the fact that inland leasehold propentigh high sale values are often located far from

townships. The three variables used to capturgiegiand potential development were
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log(cleared area, ha)og(kandasol soil, haandlog(vertosol soil, ha) These were all positively

related to sale value.

For the geographically weighted regression | digithee properties in Queensland into coastal
and non-coastal properties due to the large vanati characteristics such as size (for example
average size for coastal properties is 1/40 treeafiproperties across the remainder of the state).
For coastal properties the only predictor withdubrsg local correlations wdsg(cleared area,

ha) and adjusted Rwas 0.688. For non-coastal properties the finalables included were
log(land value per haJog(cleared area, ha)og(soil, ha)andlog(distance to nearest town, km)
(adjusted B=0.904). The values predicted by the geograplyieedighted regression were

highly correlated with the OLS predicted valueggasting that my regional dummy variables

captured some of the local spatial drivers.

176



Table Al.1Predictors considered and sources of data

Predictor Description Source
log(property area, ha) Log of area of propertyan h (NRW 2008a)
log(land value per ha) Log of land value per ha \MRO08c)

Log of cleared area of property in ha as a
surrogate measure of existing
log(cleared area, ha) development (DERM 2009)

Log of area of property in ha with
kandasol soils as a surrogate measure ¢DERM
log(kandasol soil, ha) suitability for agricultural development 2010b)

Log of area of property in ha with

vertosol soils as a surrogate measure of DERM
log(vertosol soil, ha) suitability for agricultural development 2010b)

Log of area of property in ha with

vertosol or kandasol soils as a surrogate

measure of suitability for agricultural (DERM

log(soil, ha) development 2010b)
Tenure: Leasehold (LH), Freehold
(FH) Dummy variable: Leasehold (LH) (NRW 2008a)

Log of distance to nearest town in km as
a surrogate measure of proximity to (DERM
log(distance to nearest town, km) urban services 2010a)

Dummy variables: South East
Queensland (all coastal local government
areas from the southern border to the
Regions: South East Queensland, Sunshine Coast), Cape York (Cape York
Coastal Queensland, Cape York Peninsula) and Coastal Queensland (al(DERM
Peninsula, Remainder of State other Coastal local government areas) 2010c)
Interaction term for tenure and property

LHxlog(property area, ha) size

SExlog(distance to nearest town, Interaction term for South East

km) Queensland and distance to town
Coastalxlog(distance to nearest  Interaction term for Coastal Queensland
town, km) and distance to town
CapeYorkxlog(distance to nearest Interaction term for Cape York and
town, km) distance to town
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Table Al1.2Hedonic coefficient estimates for sale value i0&0sing the reduced model with

OoLS

Std.
Variable Coefficient Error Pr(>t)
log(land value per ha) 0.5035 0.00457 0.0001
log(property area, ha) -0.4876 0.00524 0.0001
log(cleared area, ha) 0.60291 0.00170 0.0001
log(kandasol soil, ha) 0.0193 0.00472 0.0001
log(vertosol soil, ha) 0.0893 0.00482 0.0001
log(distance to nearest town, km) 0.0358 0.0101D0a1
South East Queensland 0.2197 0.01455 0.0001
Cape York -0.1812 0.02794 0.0001
Coastal 0.1579 0.01543 0.0001
LHxlog(property area, ha) 0.0662 0.00549 0.0001
SExlog(distance to nearest town, km) -0.1792 0.212a.0001
Coastalxlog(distance to nearest town, km)  -0.1600 .01308 0.0001
Constant 2.818 0.02388 0.0001

N=41901 parcels
R? (adjusted) =0.901
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Info-gap model for parameter uncertainty in consenation decision making

Info-gap theory has three model requirements: agg®model to measure performance, an
uncertainty model, and a performance requiremean{Baim 2006). The uncertainty model is a
mathematical equation describing the error involvechy best estimates of the data. The
performance requirement is the critical threshold/l@ich my decisions must perform. |
consider the scenario in which a conservation argdion is purchasing properties for
conservation. Thus, the organization must alloaaget budget over a seofi properties for
i=1...N, where each properts, has an associated benéfiand associated cost

| select the set of properties for purchase usiogst-efficient allocation by including a property

in my setS(g,q) :{s: g3 q} where g :% and | choose such that any property with a BCR

greater than or equal to is selected and any property with a BCR less thamexcluded from
my conservation portfolio (the s8t In this application, the selection ofs budget-driven and
derived by ranking properties based on BCRs froghdst to lowest and selecting properties

until the budget is exhausted.

| first describe the error of my best estimateb;ahdc, 5 and G using the fractional-error info-

gap model (Ben-Haim 2006; Regan et al. 2005):

“£a
U(a,b,8) = , >0
fa

where is the “horizon of uncertainty” and is unbounded anknown (Ben-Haim 2006). In this

case is the same for bothhandc. The fractional-error model fdtrandc reduces to:

(- A £h £@+a)y and @- a)E £¢ £1+a)C.

The greater my uncertainty, the higher the value afvalue of 0.10 means | am 10% uncertain

in my values ob andc and a value of 0.50 means | am 50% uncertain ivahyes ot andc.

To measure the performance of my process modest Idefine the set d¥1( ) to be the number

of properties that are excluded or included inrerfbo defineM( ), | first consider the union of
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the sets of properties selected, assuming my bastaes ob; andc, S(g), and the set of

properties assuming complete knowledgbe;ahdc, S(). The union is the set of all properties
selected regardless of uncertainty. | then consigeintersection between the two sets. The
intersection gives me the set of properties thatdided both with and without uncertainty. If |

then remove the intersection from the union, | afwith only those properties that were

included or excluded in error. So, for a giveM (g) =|[S(g) E S@)]-[S9) ¢ S@)]| . To

account for the fact that different values afill select variable numbers of properties, | defi
my performance measure to be the percentage oégirepin my selected s&( ), to be have
been misallocated. In other words | define my@@nince measure to bé ) = M( )/
S()x100. I would like the value dd( ) to be as small as possible, but | select a critiahleD.
as the acceptable performance threshold. ValuB¢ dflarger than this critical value are

unacceptable.

The robustness function for my &) is given by:

a(g,D,)=max a: maxD(g,q) £D, .

bd U (a)

Thus, the equation addresses the question of hawgyor uncertain, | can be in my estimates
of b andc while still achieving an acceptable outcome, animizing the number of
misallocations. The system of equations can besddiv explore the robustness of conservation

budget allocations for a combination of valueshef Yariables andD..

For comparison | also investigate the process moidgtlecting sets of areas based only on
benefits such that the set of propertieS(E:, b) :{s: b3 b}. Like the method described

above, | use the fractional-error info-gap modedr{B1aim 2006; Regan et al. 2005) to describe

the error of my best estimatestnf E:

U(a,b,8) = b‘b' b

——£a , >0
b,

where is the “horizon of uncertainty” and is unbounded anknown (Ben-Haim 2006). |
formulate the performance of my process modelénsdime manner. | define the seMgb) to

be the percentage of properties that are excludettloided in error. Or, for a given
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M (b) = ‘[S(b) E 3(6)]- [S(b) C S(E)] andD(b) = M(b)/ S(bx100. | select a critical valug. —

the acceptable performance threshold - for whildrger value oD(b) is unacceptable.

The robustness function for my &b)is given by:

a(b,D.)=max a: maxD(b,6) £D, .

bi U (a)

Data
For each property, | calculate the bendfit,using the definition given by Fuller et al. (2020

m

b = a; /r

=i 1
wherem s the number of vegetation typeg.is the area of vegetation typi parceli, andr; is
the proportion of vegetation typeemaining since clearing has occurred. | usedbmnal
ecosystem mapping (~1300 regional ecosystems mampess Queensland) (DERM 2009).

| define the cost; for each land parcel to be the acquisition coghéogovernment:

G=p+t

wherep;is the price of the land parcel, based on estimsaéel value per property (Adams et al.

2011), and;is the transaction cost, which | assume to be I6f0r all properties.

Model analysis

| assume a fixed budget of $120 million, setccordingly, and select my portfol8(, ). | use

the term “budget-driven” for the value based on the budget of $120 million to iaticthe
situation in which a department is given a non-tie@pte budget to purchase properties. | solve

the system of equations far(g, D, ) and plota (g, D,) againstD, which is considered the

robustness curve associated with a selected vélue Dhe robustness of a selected value isf
given by thex-value, or the value of at whichD. exceeds the acceptable threshold of
performance. Conversely, | can interpret robustasstheg-value, or number of misallocations
(D¢) that can be accepted for a given value.ofl herefore, for different values of the curve

that is furthest to the right represents the maistist set of selections. Crossing of robustness
curves indicates that, for a given critical valdg if the manager wishes to select the most robust

strategy, then the selection ofvould change. Thus, whethers selected a priori or based on a
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budget, if the selected critical valDg is near a cross in robustness curves, then saieafti
should be considered carefully. A theoretical epdens provided in Figure A2.1.

Figure A2.1 Example robustness curves for two values o$ing BCR ranking to select properties. The curve
furthest to the right for a given critical valgrepresents the more robust set of conservatiorsimants. A critical
value threshold ob.= 10%is shown in red. Where this line crosses eachecindicates how certain | must be in
my estimates db andc to ensure that | do not exceed the critical valu#0% misallocation of conservation
investments. Conversely, if | know the uncertaistyund my estimates bfandc, the robustness curve tells me
what percentage of investments | can expect toibalimcated. The dashed vertical line a0.25 indicates the
scenario in which | believe my data for benefitd ansts are 75% accurate (or 25% inaccurate).igdekiel of
uncertainty, for my two robustness curves, | cameekto have ~13% and ~16% of my portfolios miszlted.
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Species abundance models
Four models were compared for each species: Po{B3pnegative binomial (NB), zero-inflated

Poisson (ZIP) and zero-inflated negative binonaNg).

The Poisson distribution has a probability masstion of:

e’ /*
x!

Pr(N=x|/)= x=0,1,2,...,

where is the mean, which can be interpreted as the mearber of events occurring in an area
or time. In this case | interpreto be the number of fish counted in the 250snrvey area or,

in time units, the number of fish counted in 0.38. hA limitation of the Poisson distribution is
that the variance is equal to the mean. In bicklgilata sets this is unlikely to be the case. In
the case of over-dispersed data, where the sarapblnee is greater than the sample mean, the
negative binomial distribution can be used. Thgatige binomial distribution can account for
larger variances with the use of the additionaapaater . The probability mass function of the

negative binomial is:

.q N
Pr(N=x]/,q)=(X+q_1)! q / ,x=0,1,2,...,
(@-D)'x g+/ / +q

where is the mean, is the dispersion parameter edds the number of individuals in the

survey site.

Environmental predictors (reef type, presence ahael, exposure to tides and waves, depth,
distance to shore, and protection status) weremacated into the generalized linear regression

and the log-linear transformation was applied:

log(/;)=g,+ X
j
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where ; is the mean abundance at $jte is the intercept coefficient; are the predictor

variables for sit¢, and ; are the predictor coefficients determined by maxmikelihood.

In zero-inflated mixture models the models are @tune of a Bernoulli process (to model
occupancy of sites) and Poisson or negative bingmigess (to model site abundance). The
mixture model assumes that some of the zeros atmito the absence of a species at a site
(captured by the Bernoulli process) and some oz#énes occur due to error in the count model
(captured by the Poisson or negative binomial mecd herefore, the probability mass function

for the zero-inflated Poisson process is:
PrN, =0/ )=y +(-y)e’

A
Xl

Pr(N, >0|/ y)=(@1-y) ,X=12,...,

whereN is the actual site abundanceis the probability that the site is not occupied ais the
mean abundance. Similarly, the probability masstion for the zero-inflated negative

binomial process is:

-q

PI(N, =0/ gy )=y +(1-y) —1—
g+/

_ (x+g-1' g 7 1 T _
Pr(N. >0]/,9,y) = (- ,Xx=1,2,...,
(N, >0l|/,9y)=Q1-y) @-DIX g+ +g

whereN is the actual site abundanceis the probability that the site is not occupied the

mean abundance ands the dispersion parameter of the negative biabmi

The log-linear transformation is applied to thed3on and negative binomial components of the

ZIP and ZINB. For the Bernoulli process a logisagression is applied to predict occupancy:
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logit(y,)=b, + bj X

J
where ; is probability that the sitieis not occupied o is the intercept coefficient; are the
predictor variables for siteand ; are the predictor coefficients determined by maxim

likelihood.

The predictor variables were selected based oted@idata representing biophysical and
anthropogenic factors that influence abundanceléTAB.2). Note that all predictors were
considered for both the Bernoulli, Poisson and tieg&inomial processes in the mixture
models. However, the best subsets of predictors s&lected for each of the processes in the
mixture models (i.e. the sets of predictors setktbe the Bernoulli processes could be different

from the sets selected for the Poisson or neghtiv@mial models).

Details of the model selected for each speciepranaded along with the AIC and proportion

zeros in Table A3.3.

A standard measure of goodness of fit for modelisased with maximum likelihood is a chi-
square test. However, none of the recent pubdicatestimating count models such as Poisson
or Zero-inflated Poisson report goodness of fitistias. This is likely due to data restrictions.
To run the chi-square test the expected countrdat be divided into bins such that no bin has
a zero count and at least 80% of bins have a afuattleast 5. Due to the nature of my data (63
sites, with inflated zero counts) it was imposstoléivide them to meet these requirements with
enough degrees of freedom to conduct the chi-sgaate | have therefore modelled the data by
species and summed by family the expected andadasepunts at each site. Histograms of the

expected and observed abundance for selected éaraile provided below for visual inspection
187



(Figs A3.1-A3.5). The total abundances expectedsache 63 sites are typically comparable to
the observed abundances, indicating that the medelsot underestimating abundance, but

instead averaging the larger counts in the tathefobserved abundance distribution.
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Table A3.1List of transport and gear types from catch pét effort surveys completed by
trained Kubulau community representatives betwegn2D08 to February 2009. The largest
extent covered is listed for each combination afi$port and gear type. For combinations of
transport and gear type in which only a point waldated rather than a polygon, | set the area
equal to the next closest combination of gear eantsport. Transport types are all self-
locomotive except for boats, which | assume to restandard 25hp engine. A bilibili is a
communal bamboo raft often pushed with a long paddiused by swimming alongside. The
maximum expected distance travelled from shorednysport is listed.

Transport Gear type Largest extent Maximum expected
covered (knf) distance travelled from

shore (km)

Walk Gill net 1.651 0.5

Walk Hand spear 0.989 0.5

Walk Speargun 0.609 0.5

Walk Hand line 1.763 0.5

Swim Speargun 0.180 1.0

Swim Hawaiian sling 0.180 1.0

Bilibili Gill net 1.918 3.0

Bilibili Hand line 1.763 3.0

Bilibili Speargun 0.179 3.0

Bilibili Hand spear 0.989 3.0

Bilibili Hawaiian sling 1.111 3.0

Bilibili Speargun 0.179 3.0

Boat Gill net 1.752 Unlimited

Boat Hand line 1.763 Unlimited

Boat Speargun 1.111 Unlimited

Boat Trolling 1.717 Unlimited

Boat Hawaiian sling 1.111% Unlimited

Boat Hand spear 0.9898 Unlimited

* Data unavailable. Assumed the largest area isstek same as hand line and boat.
t Data unavailable. Assumed to be the same asggpeand boat.
§ Data unavailable. Assumed to be the same asdpmat and walk.
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Table A3.2Biophysical and anthropogenic predictors of fise@ges abundance and biomass.

Predictor Variable name Variable type
Reef Type Fringing Binary

Barrier Binary

Patch Binary
Channel Channel Binary
Exposure to tides  Exposed Binary
Exposure to waves Forereef Binary
Depth 10m Shallow Binary
Distance to shore  Distance Continuous
Protection status* MPA Binary

Namena Binary

* Protection status was broken down into MPA (Naagnoeé Namuri) and Namena. Namena was
established prior to Nasue and Namuri and the sfiee fish abundance are likely to be
dissimilar to the other two MPAs due to this longstablishment period. Namena was therefore
recorded separately for the purposes of modelling.
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Table A3.3.Details of abundance models selected for eacheneci

Family Species Model Equation AIC Proportion
zeros
Acanthuridae Acanthurus ZINB log( ) = 2.3864+1.1218mpa -2.0971 barrier -306.4 0.970
auranticavus 3.8590 channel + 2.1867forereef
logit( ) =0.4797 -0.9739barrier
Acanthuridae Acanthurus ZINB log( )= 2.6131-0.9214mpa +1.1146 barrier +239 0.978
grammoptilus 0.5012forereef
logit( ) = 0.8412-0.9041barrier +
1.1382forereef
Acanthuridae Acanthurus NB log( ) = 0.1207-1.9014exposed + 255.45 0.947
lineatus 2.6723forereef + -24.7096shallow
Acanthuridae Acanthurus ZINB log( ) = 3.0388-1.5978shallow 229 0.977
nigrofuscus logit( ) = 1.9039-1.7157forereef
Acanthuridae Acanthurus ZINB log( ) = 2.0468+0.9179namena -0.7134 mpa269 0.744
pyroferus 0.8365 patch
logit( ) = 0.8787-1.4944forereef
Acanthuridae Acanthurus ZINB log( ) = 2.8032+1.3596mpa +0.5645 barrier -128.3  1.000
triostegus 0.6272exposed + 1.9735forereef
logit( ) =0.0002767 +2.3028657patch +
2.8906445forereef
Acanthuridae Ctenochaetus ZINB log( ) = 4.47-0.44namena + 0.75barrier +0.6698.4  0.800
striatus channel -0.43 shallow
logit( ) =-21.98+1.87 exposed +20.11 shallow
Acanthuridae Naso lituratus NB log( ) = 0.025+2.97namena -2.54 exposed +288.7 1.000
2.96forereef -1.99 shallow -0.000103distance
Acanthuridae Naso unicornis ZINB log( ) = 0.72-2.29barrier + 4.52exposed + 292.6 0.897
4.83forereef
logit( ) = 26.55-17.28barrier + 34.87exposed +
17.64forereef
Acanthuridae Zebrasoma ZINB log( ) =2.47-0.39namena + 0.43barrier -1.13491.8 1.000
scopas exposed +1.22 forereef
logit( ) = -1.04+2.58exposed -20.12 forereef
Acanthuridae Zebrasoma ZINB log( )= 3.07-1.38barrier -0.89patch -1.29 292.8 0.917
veliferum shallow
logit( ) = 1.15-2.85barrier -1.69 shallow
Balistidae Balistapus ZINB log( ) = 1.2849+0.6105barrier + 432.2 1.000
undulatus 1.1508forereef + 0.7409shallow
logit( ) = -1.7154-18.9078forereef
Balistidae Balistoides ZIP log( ) = -1.2795+1.1974barrier + 103.44 0.979
viridescens 1.6205shallow
logit( ) =-0.5668 +3.2307 shallow
Balistidae Pseudobalistes ZIP log( ) = 2.48+7.21channel -3.12 forereef -5.387.9 1.020

flavimarginatus

shallow

logit( ) = 12.66 -13.42batrrier -30.81 shallow 101



Balistidae

Balistidae

Carangidae

Haemulidae

Lethrinidae

Lethrinidae

Lutjanidae

Lutjanidae

Lutjanidae

Lutjanidae

Lutjanidae
Lutjanidae

Lutjanidae

Lutjanidae

Scaridae

Sufflamen ZINB
bursa

Sufflamen ZINB
chrysopterum

Caranx NB
melampygus

Plectorhinchus ZIP
chaetodonoides

Lethrinus ZINB
obsoletus

Monotaxis ZINB
grandoculis

Lutjanus bohar NB
Lutjanus NB
fulviflamma

Lutjanus fulvus ZINB
Lutjanus ZINB
gibbus

Lutjanus NB
kasmira

Lutjanus NB
semicinctus

Macolor ZIP
macularis

Macolor niger ZINB
Cetoscarus ZINB
bicolor

log( ) = 0.08+1.21barrier -17.34 exposed 130.8 1.000

logit( ) = 2.39-2.32forereef

log( ) = 1.20+13.93namena -13.44 exposed 106.77 1.000
logit( ) = 1.73 -16.34exposed

log( ) = -6.03+3.62patch + 2.66channel + 145.83 0.933
1.21exposed + 3.41forereef + 1.14shallow +

0.0001754distance

log( ) = 0.78-2.24mpa -2.58 patch -
2.65exposed + 1.32shallow

logit( ) = 1.71-1.79forereef

log( ) = -2.18+1.7554namena + 1.546mpa 163.28 1.000
+0.9715 barrier + 5.0626patch + 2.594forereef

logit( ) =-25.55+26.92patch +26.23 forereef +
12.76shallow

log( ) = 2.87+0.58namena +0.70 barrier +
1.37channel -1.57 exposed -0.66 shallow
logit( ) = -3.80+2.64shallow

log( ) = 0.62+0.89namena -1.05 mpa +
2.12barrier + 3.48channel -1.91exposed -
1.49shallow

log( ) = -23.05+22.18patch +1.84channel-
23.12 exposed +23.54 forereef
+.0000758distance

log( ) = -1.18-1.37mpa +3.12 barrier
+4.12channel

logit( ) =-0.36 +17.89exposed + 1.36shallow

log( ) = 4.14+1.33channel -1.39 exposed -1.6B6.8
shallow

logit( ) = 9.40-22.52barrier -20.62 channel -

8.52 shallow

log( ) = -30.67+7.39namena -29.64 mpa + 97.45
30.52barrier + 29.20patch -0.00022distance

log( ) = 0.79+1.78barrier +1.22 patch + 378.16 1.000
2.27channel -0.80shallow-0.0000263 distance

log( ) = -1.90+1.79namena + 2.21barrier -2.7013.2
exposed +4.61 shallow
logit( ) = 0.14 -12.44channel + 12.29shallow

log( ) =-1.70+1.11namena +0.51 mpa -
1.15barrier + 2.05exposed +5.08 forereef
logit( ) = 0.79-17.52barrier + 30.56exposed -
20.49shallow

log( ) = 0.94+2.30barrier + 3.28channel -
2.06exposed -1.45forereef

logit( ) = 0.55+11.28barrier -21.65 exposed -

121.4 1.000

970.4 1.021

362.2 0.882

196.2 1.000

179.86 1.000

1.000

0.981

0.980

364.2 1.000

282.8 0.913
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13.95 forereef

Scaridae Chlorurus ZINB log( ) = 2.88 -0.81exposed 422.4  0.933
bleekeri logit( ) = -0.74+3.52exposed -3.19 forereef
Scaridae Chlorurus ZINB log( ) = -0.05+0.80namena -0.74mpa + 315 0.926
microrhinos 2.58barrier + 3.00channel -1.50 exposed
logit( ) = 1.02-3.74forereef
Scaridae Chlorurus ZINB log( ) = 3.99-0.98namena + 0.74barrier - 629.4 0.800
sordidus 0.72exposed -0.55 shallow

logit( ) = 20.59+19.22shallow
Scaridae Hipposcarus  ZINB log( ) = 5.33-2.16patch -2.77 exposed -3.16 304 1.000

longiceps forereef -2.86 shallow
logit( ) =-0.27-0.50barrier
Scaridae Scarus NB log( ) = 1.64-3.49shallow 171.8 0.980
altipinnis
Scaridae Scarus P log() = -19.38 -0.08mpa -21.29channel - 130.52 0.811
chameleon 17.39 exposed -20.53 forereef -
0.000081distance
Scaridae Scarus ZINB log( ) = 2.75-2.60namena -2.13 channel -0.8378.6  1.000
dimidiatus forereef
logit( ) = 0.59+1.88barrier -2.67 forereef -1.90
shallow

Scaridae Scarus forsteni NB log( ) = -27.77-1.32mpa -55.96 channel -  93.2 1.000
26.71exposed +28.66 forereef -
0.000092distance+ 26.47fringing

Scaridae Scarus NB log( ) = 0.80-2.20mpa -1.24exposed - 165.79 1.000
ghobban 1.01forereef
Scaridae Scarus niger  ZINB log( ) = 1.27+0.76 barrier -1.94 exposed 352.4 1.000
+1.31forereef
logit( ) = 1.15-4.44forereef
Scaridae Scarus oviceps NB log( ) = 1.29 -1.73mpa + 1.86barrier -2.7 188.58 1.000
exposed -0.000207 distance

Scaridae Scarus NB log( ) = -2.76 -2.24mpa + 4.75barrier - 133.74 0.980
psittacus 0.000123 distance
Scaridae Scarus NB log( ) = 0.45+1.75namena -2.40 mpa + 216.43 1.057
rubroviolaceus 2.82barrier + 3.76channel -3.19shallow -
0.000184distance
Scaridae Scarus ZINB log( ) = 3.06-0.68 namena -0.71shallow 456.2 1.000
schlegeli logit( ) =-1.04 -1.59forereef

Scaridae Scarus spinus NB log( ) = 0.47-1.47exposed +2.50 forereef -2.0%74.68 0.967
shallow -0.000074distance

Serranidae  Cephalopholis NB log( ) = -1.66+2.05namena + 3.27barrier 202.11 1.000
argus +3.76 channel -1.99 exposed -2.73shallow + -
0.0000695distance
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Serranidae

Serranidae

Serranidae

Serranidae

Siganidae

Siganidae

Siganidae

Siganidae

Siganidae

Cephalopholis
urodeta

Epinephelus
Merra

Plectropomus
laevis

Plectropomus
leopardus

Siganus
doliatus

Siganus
guttatus

Siganus
punctatus

Siganus
stellatus

Siganus uspi

ZINB

ZINB

ZIP

NB

ZINB

ZIP

ZIP

ZINB

ZINB

log( ) = -1.50-0.37mpa +3.32 barrier +1.75 296.06 0.992
channel -0.67 exposed +1.25 shallow
logit( ) = 1.26-2.45forereef

log( ) = -0.92-1.17namena + 2.84barrier + 301.8 0.958
1.92patch + 1.99channel
logit( ) =-1.37-1.54barrier

log( ) = -0.17+1.46namena -2.93 exposed 90.42 1.000
logit( ) = 11.48-26.75exposed -11.70forereef

log( ) = -1.54+3.43namena +2.33 patch -31.535.56 1.000
exposed +3.96 forereef -0.000218distance

log( ) = 3.20-1.53namena -0.63 mpa -1.13 368.8 1.000
shallow
logit( ) =-1.76 +1.05barrier +3.05 exposed

log() = 1.32-1.22mpa -1.94 channel -16.97 125.12 1.000
exposed -1.42 shallow

logit( ) = 0.167 +0.74barrier

log( ) = 2.54 -1.18patch -1.43 exposed -1.17168.56 1.000
forereef

logit( ) = 1.63-1.65forereef

log( ) = -16.67 -0.91namena + 1.36barrier 163.42 1.000
+18.44 patch +17.07 forereef

logit( ) = -0.05+2.32 patch

log( ) = 3.09 -1.31namena -1.39 patch -2.76 348.2  0.900
exposed -1.24shallow
logit( ) =-13.91+12.21patch + 13.91shallow
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Table A3.4Biomass model by species

Family

Name

Equation

Acanthuridae Acanthurus auranticavus
Acanthuridae Acanthurus grammoptilus

Acanthuridae Acanthurus lineatus

Acanthuridae Acanthurus nigrofuscus

Acanthuridae Acanthurus pyroferus
Acanthuridae Acanthurus triostegus
Acanthuridae Ctenochaetus striatus
Acanthuridae Naso lituratus
Acanthuridae Naso unicornis
Acanthuridae Zebrasoma scopas

Acanthuridae Zebrasoma veliferum

Balistidae

Balistidae
Balistidae
Balistidae
Balistidae
Carangidae
Haemulidae
Lethrinidae
Lethrinidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae

Lutjanidae
Lutjanidae
Lutjanidae
Scaridae

Scaridae
Scaridae

Scaridae
Scaridae
Scaridae
Scaridae

Balistapusundulatus

Balistoidesviridescens

0.08687+0.1129barrier+.06988forereef
0.05369

0.1289

0.0452

0.05111

0.0326
0.04438+0.02797barrier-0.0251exposed
0.2837

0.2179+0.4223forereef

0.00892- 0.01299namena+
0.00812forereef + 0.00000081distance

0.083921

0.01805+0.03019namena+0.04716patch+

0.05426forereef
1.231-1.1965shallow

Pseudobalistes flavimarginatus0.6069+1.261forereef

Sufflamen bursa

Sufflamen chrysopterum

Caranx melampygus

0.03429
0.03615
0.9611+2.1545mpa

Plectorhinchus chaetodonoide2.1242

Lethrinus obsoletus
Monotaxis grandoculis
Lutjanus bohar
Lutjanusfulviflamma
Lutjanus fulvus
Lutjanus gibbus
Lutjanus kasmira

Lutjanus semicinctus
Macolor macularis
Macolor niger
Cetoscarus bicolor

Chlorurus bleekeri
Chlorurus microrhinos

Chlorurus sordidus
Hipposcarus longiceps
Scarus altipinnis
Scarus chameleon

0.3533

0.25887-0.1894patch
0.09502+0.59435mpa+0.74919forereef
.08177+.2529forereef
0.04516+0.11536barrier
0.10798+0.16574forereef

0.06106+0.06775forereef-
0.0000015distance
0.17084+0.10365forereef

0.940604
0.05885+0.4562forereef

0.1659+0.9739forereef+
0.0000172distance
0.4115

0.4849+0.3054forereef+
0.0000183distance
0.09651+0.14509forereef

0.4333+0.7574forereef
0.2916
0.1182
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Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae

Serranidae
Serranidae
Serranidae
Serranidae
Serranidae

Siganidae
Siganidae
Siganidae
Siganidae
Siganidae

Scarus dimidiatus
Scarus forsteni
Scarus ghobban
Scarus niger

Scarus oviceps
Scarus psittacus
Scarus rubroviolaceus
Scarus schlegeli
Scarus spinus

Cephalopholis argus
Cephalopholis urodeta
Epinephelus Merra
Plectropomus laevis

Plectropomus leopardus

Siganus doliatus
Siganus guttatus
Siganus punctatus
Siganus stellatus
Siganus uspi

0.1786+0.1425barrier-0.0000073distance
0.253

0.5663+0.3324forereef
0.15894+0.11455barrier
0.10186+0.07587barrier
0.41228-0.2559exposed
3.254-1.5032barrier-3.0765patch
0.2877
0.3271+0.0571namena-0.2375patch-
0.1985forereef- 0.000003distance
0.45643-0.29842exposed

0.11417

0.05

4.6679
0.1436+0.495forereef+0.9421namena+
0.3212mpa + 0.2777fringing
0.07095-0.03856patch

0.1279
0.04913+0.16248namena+0.10058barrier
0.066+0.1465namena+0.1277shallow
0.066+0.0585barrier-0.000002distance

*No significant predictors. Average biomass wasdis
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Table A3.5.Predictor variables for percentage catch models.

Predictors  Description

time The amount of time spent fishing per fishetedmined from CPUE
data

time? Square of the amount of time spent fishing pérdiis

fisher Number of fishers fishing together, determirirom CPUE data

area Area in ki

ab Observed abundance of target species

abperkn Observed abundance of target species pér km
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Table A3.6.Details of percentage catch models by gear typedeVidetails and Rvalues are
given as well as the genera included, based on CRIUUEEYS.

Gear type

Model R?

Genera included

Gill net

Hand line

Hand
spear

Hawaiian

sling
Speargun

Trolling

0.0499 - 0.002 fisher + 0.00035 time.G@0O03 0.617
abperknmi - 0.0481 area

0.0172 - 0.00259 time + 0.000017 fime
0.000001 abperkm

0.516

0.0886 - 0.0261 fisher + 0.00160 time - 0.000010.948
time? - 0.000002 ab

0.00195 NA*
0.0706 + 0.000393 time - 0.000001%ime 0.396

0.00505 fisher - 0.0338 areakm0.000003

abperkni

0.0015 NA*

*Sample size was too small, average catch percemtag used

Balistoides, Caranx,
Cephalopholis, Chlorurus,
Lethrinus, Lutjanus,
Scarus, Siganus, Macolor

Balistapus, Cephalopholis,
Ctenochaetus,
Epinephelus, Lethrinus,
Lutjanus, Plectropomus

Balistoides, Chlorurus,
Lethrinus, Lutjanus,
Scarus, Siganus
Chlorurus, Ctenochaetus,
Scarus, Siganus

Acanthurus, Caranx,
Cetoscarus, Chlorurus,
Hipposcarus, Lethrinus,
Lutjanus, Macolor,
Monotaxis, Naso,
Plectropomus, Scarus,
Siganus

Balistoides, Caranx,
Cephalopholis, Chlorurus,
Epinephelus, Plector,
Scarus, Siganus
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Figure A3.1. Histogram of expected and observed abundancesate 63 sites for the family
Acanthuridae.
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Figure A3.2. Histogram of expected and observed abundancesatite 63 sites for the family
Carangidae.
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Figure A3.3. Histogram of expected and observed abundancesate 63 sites for the family
Lutjanidae.
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Figure A3.4. Histogram of expected and observed abundancesatite 63 sites for the family
Scaridae.
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Figure A3.5. Histogram of expected and observed abundancesate 63 sites for the family
Serranidae.
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Appendix 4 Survey used for chapters 6 and 7
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The project seeks to understand your preferencedefding with conservation matters on your
land and the financial, biological and politicahasens for this. As such, we are trying to reach
all landholders in the Daly Catchment (extendiragrfrthe coast, south-west of Darwin, about
250 km inland) with land parcels of at least 10ha.

As you are aware, the clearing moratorium in thi/Beea as well as the land clearing cap has
maintained much of the native vegetation. Howeelanging climate and fire regimes, as well
as increased invasive weeds and feral animalsgptzmge threat to native vegetation and are
causing losses of native vegetation and animasrder to maintain healthy native systems
your aid is necessary to control invasive speamesantinue healthy fire regimes.

We hope that our survey will help answer imporgustions such as:
What would best reflect your preferences for covegosn — payment schemes to support
conservation management agreements or to establisgervation covenants?
What support you would need to be able to engagjeeipreferred conservation actions?

We have attached the questionnaire to this latferwould be very grateful if someone in the
household could fill it in (only one response ieded), RETAIN THIS COVER LETTER (so
that your response remains confidential) and thaihibback to us in the enclosed reply-paid
envelope. As noted in our earlier letter, albrmhation which we collect will be keptrictly
confidential. No information will be attributed to any singlerson or household, and results
will only be released in aggregate form. Respotsdise survey will be stored separately from
the names and addresses of households, so thakraah be made between them.

Should you have any queries about the project youfare interested in seeing the results of our
survey please do not hesitate to contact me.

On behalf of the JCU research team, thank you vamck for your assistance.
Yours sincerely,

Vanessa Adams

ARC Centre of Excellence for Coral Reef Studies
James Cook University

Townsville, QLD 4814

Tel: 07 4781 6024, Fax: 07 4781 6722

Email: Vanessa.Adams@jcu.edu.au

203



CURRENT LAND USEAND MANAGEMENT

First, we would like to find out about how you useyour land and what your current land
use management practices are.

1. Are you the owner of the property or the manager

] Owner [] Other(please specify)
2. If you are the owner or manager of multiple gmigs, how many properties are you referring to in
your responses for this survéplease indicate the number of properties, and/ifilable something that
would identify those properties such as the addoedke ‘laiskey’ of the properties)

3. Are you willing to answer a survey individuaftyr each of the properties that you indicated you
manage in question 2?
| would like a separate survey to complete for gacperty, please send me additional surveys.
| would like to answer the survey in aggregatealbmy properties, do not send me additional
surveys.
If you have indicated that you will answer a surf@yeach property, please indicate the address or
‘laiskey’ of the property you refer to for the redtthe survey

4. How long have you (or your family) been runnthig propertyPlease indicate years.

5. What is your age?
[]<30[]30-39 [] 40-49 [] 50-59 [] 60-69 1>70

6. What is your gender?
[] Male [] Female

7. What tenurés the property under?

[]freehold []leasehold [ other(please specify)
8. How many people are working on the propertytiolle and part time (including contract)?
How many are family members (including yourself)?

In totat Full time...... Part time.....Part time hrs/wiKAverage hrs/week per part time staff) ......
Family: Full time...... Part time.....Part time hrs/wKAverage hrs/week per part time staff) ......

9. In general, would you like to see your land rteired:
[ Inits current state [] In a more natural state  [] In a more developed state

10. In general would you like to see the Daly cateht as a whole managed at:
[ Inits current state [] In a more natural state  [] In a more developed state

11. What is the approximate siaéyour propertyPlease indicate the area measure you use.
Size hectares acres square km square miles

12. Approximately how much of your property is usedgrazing7Please indicate the area measure you
use.

Grazing area hectares acres square km square miles
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And of the land used for grazing approximately mowch occurs on land that {ase the same area
measure used above):

13. Approximately how much of your property is usedintensive agricultural use (such as dry land,
irrigated and fallow crops or other horticulturales such as plantation$)®ase indicate the area
measure you use.

Area ] hectares acres square km square miles

And of the land used for agriculture approximatedw much area is used for each of the followings$yp
of intensive uséuse the same area measure used above):

14. Approximately how much of your property is usedtourism?Please indicate the area measure you
use.

Area. hectares acres square km square miles

And of the land used for tourism how much areasedfor each of the following types of intensive us
(use the same area measure used above):

15. Approximately how much of your property is usedother uses (e.g. residential or other indastri
not already mentionedPlease indicate the area measure you use.

Area hectares acres square km square miles

16. Do any of the following pose threats to yound If not, please indicate O for “Not Presenf’. |
present please indicate the prominence of eachtthith 1 being low threats and 5 being a largedhto
the entire property:

Threaten: Threaten:
only about half Threateng
Not some of of the entire
Present| property property property
0 1 2 3 4 5
Uncontrolled fire ] ] ] ] ] ]
Declared Weeds* such Mimosa pigr: ] ] ] ] ] ]
Other weec ] ] ] ] ] ]
Feral animals (pigs, buffalo et ] ] ] ] ] ]
Unauthorised Access (hunting e ] ] ] ] ] ]

*the Northern Territory declared weed list is azhik at:
http://www.nt.gov.au/nreta/natres/weeds/legislatiam|
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We know that there are laws which require you to udertake certain actions to manage your
property. We are interested in asking you more abat how much it costs you and how long it takes
you to undertake these actions to meet these obligans. Examples of actions you may be required
to take to maintain your land are:

Minimum requiremen . Control weeds
Control feral animals
Control erosion
Minimise fire hazards

We would also like to know about any extra environrental actions that you take that go above and
beyond your legislative obligations. For example s could be to prevent and mitigate threats to
natural values before they are actually being damagg. Actions that may be beyond requirements
are, for example:

Actions beyond minimur - Fencing to protect rainforest patches and watesesur
requirements - Revegetation of threatened plants

Weed control for non declared weed species
Strategic and extensive feral animal control effort

Patch burning in bush areas to minimise risk ajédires
and promote regeneration of native species

17. How would you describe the time/effort requiteaneet the minimum required land management
obligations?

Requires little extra work

Is a moderate amount of hours and dollars

Is too demanding, both in hours and dollars, totramdards

18. On average how many days a month do you dedicahanaging your land to meet these required
management obligations?

<1 []1-2 [13-7 1>7

19. On average how much do you spend in a yearamaging your land to meet these management
obligations? Please answer in dollars for theitedhlist below:

Item Amount ($) and any details you can pro

Supplies (regular operation costs such as fugel,
pesticides and fencing materials such as timber
and wire)

Labor (wages and salaries that reflect your
time, your employee’s time and hired services
such as culling of feral animals)

Other cost (please specify, e.g. replacement of
worn-out equipment and investment in new
facilities)
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20. How often do you undertake the following to g your land:
Frequency

Never | Weekly | Monthly | Quarterly | Annually
Back burn away from areas that are fire sens ] ] ] ] ]
Control weedy grasses (such as Mission Grass
increase fuel loads [] [] [] [] []
Control other type of weeds with f ] ] [] ] []
“Cool burn” early in dry season or after first vegbrm
to break up fuel layer (indicate whether you urelest
(annually) or not (never)) [] L]
Control weeds mechanica ] ] ] ] ]
Control weeds with chemic: ] ] ] ] ]
Use integrated or biological pest control to rem
weeds [ ] [] [] [] L]
Cull feral animal [] [] [] [] []

21. We understand that a common method for proigdtiind against feral animals is to put up fencing.

22. If there are actions you take to manage yeuil beyond legislative obligations please list thzem
the approximate cost of undertaking such actions:

ltem

Amount ($) and any details you can provide
including breakdown of labor, operational
costs such as fuel or other supplies,
maintenance of existing facilities or investmé
in new facilities

Nt

For example, you may have fenced off rainfores
patches on your property

S$ in fencing suppli¢

t T$ in paid labor to construct fences

Y hrs supervising and aiding in construction of
fences

Z hrs annually in fence maintenance
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23. Aside from areas that you may be requireddedeaincleared such as riparian strips along cree
wetlands, do you have native vegetation or oth&rabfeatures that you are managing, incluc
required management actions and environmentalns beyond the minimum required? What sps
configuration below best describes the placemettiede areas on your lanPlease refer to th
diagrams and indicate what spatial configuratiomisst representative. Note grey indicates )
property andblack indicates areas being managed. If you festi A— D are not applicable please use
to draw the configuration that applies to your peoty.

A) None

B) Limited and patchy

C) Extensive and patchy

D) Extensiveand continuot

E) None of these are applicable, | will draw my awn

Now, we would like to ask about your familiarity wih different land management options. For your
reference, conservation covenants and conservai@magement agreements are described b

A conservation covenants a legally binding agreement (similar to a poliee easement) that is he
with the land title. The covenant is volunta entered into, and includes land management raetr&
that are aimed to protect special natural valuethemproperty (such as a population of threate
species). Land uses such as grazing may be conepatth the covenant depending on the requints
of the special natural values the covenant is dtept. Covenants can cover either all or a spegdition
of a land title. There are no native title implicats as the agreement is not a subdivision anddetnes
not change.

A conservation maragement agreement (CMA is a contract or binding agreement regarding tlee
and management of a portion of land that has speafiaral values. A CMA specifies conservat
actions and or outcomes that you agrtA CMA differs from a conservation coant in that it is not
placed against the land title and thus does notl hilure owners of the property if it is to chargads

24. Please indicate your familiarity with eachtod management options, from “not at all” to “ve
Not Very
familiar familiar

Current land management obligati
Conservation Management Agreen

Conservation Covene

|
|
|
|
L]
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We would like to ask you a little bit more about wiat capacity, infrastructure, or financial support
you need to undertake increased conservation managent on your land.

If government funding was available to run conseovaschemes the payments provided to you, under a
Iegal agreement, to support specific conservatitiords may be in many forms such as providing:
People (e.gindigenous Rangersor Conservation Managers)that will undertake management
actions such as controlled burning on your land
Suppliessuch as chemicals for weed control or fencing redte
Public recognition (such &onservation Certification) for your property
Offsetssuch as increased clearing rights
Financial payments

25. Please indicate your interest in each of theagement options, from “would not consider” to
“very”:

Would not Would be
consider very
0 1 2 3 4 interested 5

Indigenous Rangers or
Conservation Managers

Supplies

Conservation Certification

Offsets

NN
OO
NN
NN
NN
NN

Financial Support
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CHOICE SETS
Finally, we would like to find out more about your preferences with espect to conservatiol
arrangements and compensation for undertaking congeation on your property.

We will do this by presenting you with 10 differed¥ POTHETICAL situations. In eac
situation, you wil be told what the HYPOTETICAL aim/goal of the gonment is- and will be
shown a picture of how this would affect your HYREHTICAL property. You will then b
given a set of options, namely"
a) agree to change your property, using a CONSERVAT@DNVENANT — and
receiving the compensation specified in the hypthkexampl
b) agree to change your property, using a CONSERVATNANAGEMENT
AGREEMENT —receiving the level of compensation specified i #xample; ¢
c) sell the entire propert+ at the going market rate.
For each of the 10 different hypothetical situatios, we ask you to indicate which of th
options (agree to a covenant; negotiate a managentagreement; or sell) you would select
To indicate your choice, simply tick the box nexie oftion you select. Please make suri
indicate your selection for each of the 10 sets @musider only the options presented in a st
determine your preference.

Example choice set:

Imagine that the government would like you to sttl@two more ‘patches’ of land on yc
property for conservation purposes. This wouldhgeethe configuration of your lar

From: To:
® e o
[ ]

where there isone small patch set asid where there are several patches set aside f
for conservation conservation

Payment (as a % C:o/lce

Would you choose to of Total Costs, B

Accept aConservation covenar, that would require youto  andreceive
pay for the survegosts, and then spen-2 days per month ~ compensation fo
‘managing’ the extra conservation ar 50% of all cost:

Or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fc
50% of all cost:

Or

Sell your entire property at market value Market valut

You would consider the options presented here alettsONE of the four options by ticking t
appropriate box. If, you prefer the conservatiomenant, then you would tick the second k
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1. Imagine that the government would like you to sidetwo more ‘patches’ of land on yo
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To:
® e o
[
where there is one small patch set asic where there are several patches set aside f
for conservation conservation

Payment (as a % C$ce

Would you choose to of Total Costs B

Accept aConservation covenar, that would require youto  andreceive
pay for the survey costs, and then spe-2 days per month ~ compensation fo
‘managing’ theextra conservation are 0% of all cost:

Or

Accept aConservation management agreeme, that would
require you to purchase some extra supj(e.g. fencing) and
labour (to put the fences in) and that would regyu to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fc
0% of all cost:

Or
Sell your entire property at market value Market valut

2.Imagine that the government would like you to sédi@several ‘patches’ of land on y«
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To:
e o
[
where there is no land set aside fc where there are several patches set aside f
conservation conservation

Payment (as a % Choice

Would you choose to of Total Costs !

Accept aConservation covenar, that would require you to  andreceive
pay for the survey costs, and then spe-2 days per month compensation fc
‘managing’ the extra conservation ar 150% of all cost:

Or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managir the areas

andreceive
compensation fo
100% of all cost:

Or
Sell your entire property at market value Market valut
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3. Imagine that the government would like you to sédi@several ‘patches’ of land on y«
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To: e o

[
where there is no land set aside fc where there are several patches set aside f
conservation conservation

Would you choose to

Payment (as a %
of Total Costs’

Choice

~/

Accept aConservation covenar, that would require you to
pay for the survey costs, and then spe-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fo
100% of all cost:

Or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@ngirig) anc
labour (to put the fences in) and that would regyu to
spend an extra 2-days per month ‘managir the areas

Or

Sell your entire property at market value

andreceive
compensation fc
0% of all cost:

Market valui

4. Imagine that the government would like you to sid@a continuous section of land
your property for conservation purposes. This wailange the configuration of your la

From: = ’ To: -:|
[ ]

where there are several patches s where there is one continuous area set aside f

aside for conservation conservation

Would you choose to

Payment (as a %
of Total Costs)

Choice

v

Accept aConservation covenar, that would require you to
pay for the survey costs, and then spe-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fc
150% of all cost:

Or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fo
0% of all cost:

Or
Sell your entire property at market value

Market valur
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5. Imagine that the government would like you to sidl@one ‘patch’ of land on yol
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To:
where there is no land set aside fc where there is one small patch set aside fi
conservation conservation

Payment (as a % C@ce
Would you choose to OEIGISICOSIS L

Accept aConservation covenar, that would require you to pay andreceive

for the survey costs, and then spe-2 days per month compensation fo
‘managing’ the extra conservation ar 50% of all cost:
Or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@ngirig) anc
labour (to put the fences in) and that would regyivu to spen
an extra 12 days per month ‘managing’ the ar

andreceive
compensation fo
50% of all cost:

Or
Sell your entire property at market value Market valur

6. Imagine that the government would like you to sédi@a continuous section of land
your property for conservation purposes. This wailange the configuration of your la

From: To:
e |
[ ]

where there are several patches s where there is one continuous area set aside f
aside for conservation conservation

Payment (as a % Choice

Would you choose to of Total Costs) i

Accept aConservation covenar, that would require you to  andreceive
pay for the survey costs, and then spe-2 days per month compensation fc
‘managing’ the extra conservation ar 150% of all cost:

or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fo
50% of all cost:

or
Sell your entire property at market value Market valut
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7.Imagine that the government would like you to sid@ several ‘patches’ of land on yc
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To: e o

[
where there is no land set aside fc where there are several patches set aside t
conservation conservation

Would you choose to

Payment (as a %
of Total Costs’

Choice

v

Accept aConservation covenar, that would require you to
pay for thesurvey costs, and then sper-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fo
100% of all cost:

or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@ngirig) anc
labour (to put the fences in) and that would regyu to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fc
100% of all cost:

or
Sell your entire property at market value

Market valui

8. Imagine that the government would like you to sédi@a continuous section of land
your property for conservation purposes. This wailange the configuration of your la

From: To: -:|

where there is no land set aside fc where there is one continuous area set aside f

conservation conservation

Would you choose to

Payment (as a %
of Total Costs’

Choice

v

Accept aConservation covenar, that would require you to
pay for the survey costs, and then spe-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fc
50% of all cost:

or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fo
100% of all cost:

or

Sell your entire property at market value

Market valur
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9. Imagine that the government would like you to sédi@a continuous section of land
your property for conservation purposes. This wailange the configuration of your la

From: ® ‘ To:
[ ]

where there are several patches s where there is one continuous area set aside f

aside for conservation conservation

Would you choose to

Payment (as a %
of Total Costs)

Choice

v

Accept aConservation covenar, that would require you to
pay for the survey costs, and then spe-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fo
100% of all cost:

or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@ngirig) anc
labour (to put the fences in) and that would regyu to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fc
50% of all cost:

or
Sell your entire property at market value

Market valui

10.Imagine that the government would like you to sid@ several ‘patches’ of land on yc
property for conservation purposes. This wouldhgeathe configuration of your lar

From: To:
e o
[
where there is no land set aside fc where there are several patches set aside f
conservation conservation

Would you choose to

Payment (as a %
of Total Costs’

Choice

v

Accept aConservation covenar, that would require you to
pay for thesurvey costs, and then sper-2 days per month
‘managing’ the extra conservation ar

andreceive
compensation fc
0% of all cost:

or

Accept aConservation management agreeme, that would
require you to purchase some extra supplies (@girig) anc
labour (to put the fences in) and that would regyou to
spend an extra 2-days per month ‘managing’ the ar

andreceive
compensation fo
150% of all cost:

or

Sell your entire property at market value

Market valur

215



GENERAL HOUSEHOLD INFORMATION

Lastly, we would like to know a little bit more abait your household. This information will
be kept strictly confidential and is used to ensurg¢ghat we have collected information from a
wide variety of households.

Please tick appropriate box for each question.
1. What is the total, combined, annual (taxablepme of ALL the people who ‘normally’ live
in your house?

[ ] <%$20,000 AUS Dollars

[ ] $20,000-$40,000 AUS Dollars

[ ] $40,000-$60,000 AUS Dollars

[ ] $60,000-$80,000 AUS Dollars

[] $80,000-$100,000 AUS Dollars

[ ] $100,000-$120,000 AUS Dollars

[ ]$120,000-$140,000 AUS Dollars

[ ] $140,000-$160,000 AUS Dollars

[ ]> $160,000 AUS Dollars

2. Please indicate the percentage of your incomueythu derive from enterprises on your
property and how much of your income is from wotkad the land:

On land enterprises........

Off farm income .........

3. What _enterprisedo you have on your property? Please indicat@éneentage of your on
farm incomethat you derive from these enterprigdekease tick appropriate box(es)
Percent Income
0% 25% 50% 75% 100%

Cattle Grazing on:

[]
[]
[]

Bush and Unimproved Country

Cleared Land with natural
pasture

Cleared Land with Introduced
Pasture or Fodder Crops

Intensive Use for:

Dry land Crops

Irrigated Crops

Fallow Crops

Forest Plantation

Tourism

Property Stay

Access to Tour Provider

Other (specify: )

Other (Please Specify)

O DoO Doog O O
O 000 Dooo O O O
O DoO Doog O O
O DoO Doog O O
O ooo D‘D‘DD OO0 0
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