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Abstract

At a global scale, island ecosystems are recognised as high priority for biodiversity conservation, with
introduction of invasive species a significant threat. To investigate prioritisation of control of invasive species
on islands, we conducted a cost effectiveness analysis of donkey control on Bonaire, Caribbean Netherlands. To
be successful, prioritisation of conservation actions must take account of the ecological, economic and social
aspects. Further improvements may be seen where impacts can be measured across ecosystem boundaries, and
where management actions can be tied to funding sources. We modelled the expected ecological impacts of
three potential control options, estimated costs of each option, and connected this to the willingness of
beneficiaries to fund such projects. Finally we surveyed experts to understand the social acceptability of donkey
control. Of the control options, eradication is predicted to have the highest ecological impacts in both the dry-
forest and coral reef, and to be most cost-effective over the long term. Costs of all control options were within
user willingness to pay. Social acceptability was highest for fencing, and lowest for lethal control. Though
eradication offers the highest ecological benefits, we suggest that lower initial costs and higher social
acceptability make fencing the more appropriate choice for Bonaire in the immediate future. In this way we
illustrate the importance of considering economic and social impacts alongside the ecological in environmental

conservation, and present an integrated application for prioritising conservation policy choices.

Keywords: environmental management; cost-effectiveness analysis; invasive species; willingness to pay;

funding; island conservation
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1. Introduction

Invasive species present a significant threat to ecosystems worldwide. This is particularly the case on islands,
where species have been isolated from competition or predation pressure, and thus are less able to withstand
invasions when they occur (Dawson et al., 2015; Martins et al., 2006). Understanding the impacts of invasive
species and the tools available for their control is important for prioritising environmental conservation actions.
While evaluations of the cost-effectiveness and social acceptability of alternative control options are becoming
more widespread, studies drawing these together with potential funding mechanisms remain scarce. Given the
large impacts of invasive species on islands, further gains in environmental conservation may also be observed

where such prioritisation is able to consider impacts across ecosystem boundaries (e.g. terrestrial to marine).

Eradication is widely regarded as the most environmentally effective solution to control damage by invasive
species (Cruz et al., 2009; Donlan et al., 2003). However high economic costs or social concerns may make
eradication a less-preferable or indeed an inappropriate action. Alternatives to eradication, such as lethal
(Saunders et al., 2010) and non-lethal (Reiter et al., 1999) population control, or restricting species movement,

often need to be considered (Cruz et al., 2009; Donlan et al., 2002).

Prioritising actions to tackle ecological degradation caused by introduced species requires prediction of
environmental states both with and without action, to identify the added environmental value of proposed
initiatives (Maron et al., 2013). This can be challenging, partly due to the long time scales involved with
recovery (Shwiff et al., 2013). In addition, the highly specific spatial and temporal variation associated with
costs and benefits of environmental conservation (Armsworth, 2014; Balmford et al., 2003; Cullen, 2013) limits
the transferability of studies between locations. Invasive species control is associated with high economic costs,
while environmental management remains chronically underfunded (Armsworth, 2014; Boyd et al., 2015;
Bruner et al., 2004). Prioritisation of environmental conservation, and invasive species in general, has drawn
upon risk analysis (Harwood, 2000), decision analysis (Maguire, 2004), multi-criteria analysis (Liu et al., 2011;
Mendoza and Martins, 2006) and return on investment analysis (Boyd et al., 2015), among others, to incorporate
multiple uncertainties, objectives and stakeholders involved in prioritising conservation actions. However the
high data needs of such methods presents a barrier to many projects. As such we present here an initial step
towards prioritisation of conservation actions, and the analysis presented in this paper may inform the basis of a

more in-depth prioritisation plan.
3
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This paper is the last in a series of papers investigating the impacts and control of invasive grazing species on
the island of Bonaire in the Caribbean Netherlands (12° 10° N 68° 17’ W). Previous work has modelled the
relationship between ecosystem characteristics and natural variation in invasive species densities, estimating a
negative relationship between grazing pressure by donkeys and vegetation ground cover (Roberts, 2017). We
demonstrate how these models can be utilised to estimate the impacts of alternative management strategies (in
this case donkey control) on ecosystem characteristics. We draw on models developed in Roberts et al 2017b,
which estimate a positive relationship between terrestrial vegetation and coral reef health, to illustrate the
impacts that invasive species control can have across ecosystem boundaries. Though estimating costs of
invasive species control is fraught with difficultly (de Brooke et al., 2007; Donlan and Wilcox, 2007; Martins et
al., 2006), inclusion of even broad cost estimates have been shown to be valuable to prioritising conservation
actions (Boyd et al., 2015). We therefore estimate the costs of actions and relate these to predicted

environmental impacts from Roberts et al 2017 & 2017b to assess the cost-effectiveness of each control option.

Conservation actions are limited by restricted funding (Bruner et al., 2004). Since the persistence of
conservation programs is more likely where they are self-financed (Whitelaw et al., 2014), user fees have the
potential to greatly improve conservation gains. As alternative conservation actions are expected to have varied
environmental outcomes, user willingness to pay should vary across actions. Quantifying the willingness to pay
of those who benefit from conservation actions, using a payment mechanism deemed acceptable by users,
provides valuable information for availability of funding, and therefore the long-term economic sustainability of
the project. In Roberts et al 2017a we estimated willingness to pay of SCUBA divers for control of terrestrial
invasive species, where this would be expected to improve reef health. In this paper we use those estimates to
calculate willingness of SCUBA divers to pay for the coral reef improvements predicted to arise from the

alternative donkey control strategies.

Finally, addressing social concerns has been recognised as of high importance for successful invasive species
control (Guerrero et al., 2010; McLeod et al., 2015). Failing to account for social acceptability of actions can
lead to unforeseen costs and delays, public opposition, and cancellations of management actions (Frank et al.,

2015; Lodge and Shrader-Frechette, 2003; Moon et al., 2015). We therefore present an initial overview of the
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social acceptability of each donkey control strategy, and discuss further work needed before any action can be

implemented.

2. Methods

Drawing together the four criterion needed for prioritising conservation actions (conservation effectiveness
(Roberts, 2017; Roberts et al., 2017b); economic costs; willingness to pay of beneficiaries (Roberts et al.,
2017a), and social acceptance), we analyse options for invasive species control options, and make
recommendations for future management in our study site. This approach is particularly applicable to sites
where data and expertise for formal risk analysis, feeding into multi-criteria analysis, is not available. The

process followed in this paper is summarized in Fig 1.
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108 2.1 Study system

109  Theisland of Bonaire, Caribbean Netherlands, is a highly-regarded SCUBA diving destination, and has an
110  extensive marine conservation program (Steneck et al., 2015). However the island has a long history of

111  terrestrial degradation, as invasive goats, donkeys and pigs were introduced for farming as early as the 16"
112 Century (Westermann and Zonneveld, 1956). Today all three species have established feral populations (goats:

113 30,000 (Cado van der Lelij et al., 2013), donkeys: 1000 (unpublished data), pigs <1000 (unpublished data),
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whilst goats continue to be farmed, with privately-owned goats allowed to roam free alongside the feral
population. As a result, Bonaire’s dry forest is now characterised by only a few surviving trees and by low levels
of vegetation ground cover (Freitas et al., 2005). Low vegetation cover is associated to increased sediment run-
off, due to reduced root systems, which otherwise anchor soils (Alvarez-Romero et al., 2011; Maina et al., 2013;
Mateos-Molina et al., 2015). Increased sediment levels adversely impact the coral reefs surrounding Bonaire.
Increased suspended sediment is associated to reduced light levels, which slows coral growth rates (Pollock et
al., 2014), reduces structural stability (Erftemeijer et al., 2012) and disrupts coral (Jones et al., 2015) and fish
(Wenger et al., 2014, 2011) development and recruitment. Nutrient levels are also increased, which promote
macroalgal growth and smothers hard corals (De’ath and Fabricius, 2010). Settling sediment can lead directly to
coral mortality, as well as restricting feeding polyps, altering coral morphology (Erftemeijer et al., 2012),
promoting disease (Weber et al., 2012) and disrupting fish communities (Goatley and Bellwood, 2012). Further
disruption to recruitment is seen as juvenile corals struggle to establish on high sediment substrates (Jones et al.,
2015). Such damage to coral reef system decreases its attractiveness to divers. Consequently, terrestrial
degradation is recognised as threatening Bonaire’s marine ecosystems (Slijkerman et al., 2011; Wosten, 2013), a

situation which is common with many other coral reef systems worldwide.

2.2 Control options

Options for mitigating the ecological damages due to over-grazing by donkeys, goats and pigs were identified
through communication with local stakeholders (Bonaire Island Government; Bonaire conservation
organisation, Echo; National Park Authority STINAPA). Three management strategies were considered:

1. Fencing of designated nature areas (Error! Reference source not found.);

2. Lethal control of feral donkey populations (reducing populations but not eliminating them);

3. Eradication of feral donkey populations.
Due to the high densities of goats recorded across the island it was not possible to model the impacts of goat
control, as no variation in goat grazing pressure was observable. Conversely pig densities were too low across
the island to enable modelling of pig impacts . For these reasons we have considered only donkey control within

this study.
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Fig 2 Bonaire Zoning Plan, showing nature areas in dark green. (Openbaar Lichaam Bonaire, 2011)

2.3 Quantifying grazer impacts on vegetation health

Vegetation characteristics anticipated to impact reef health were identified as tree biomass and percentage
ground cover (Aguirre-Mufioz et al., 2008; Rojas-Sandoval et al., 2014). These characteristics were estimated
within 101 quadrats of 100m?, randomly located, stratified by landscape type. Due to low densities of donkeys
point counts were not possible, therefore donkey densities were estimated from transect counts, with a density
index calculated from the number of donkeys observed at a given location, divided by the number of visits to
that location. Kernel density estimation was then used to extrapolate this data to create a density map across the
island, from which estimated density at each point could be extracted. General linear models were used to
estimate the relationship between donkey density and tree biomass (estimated from height and diameter, no
attempt to estimate belowground biomass was made) or vegetation ground cover (data log transformed).
Vegetation ground cover was estimated to be negatively impacted by dry season donkey density. Tree biomass

did not show any variation with variables modelled (Appendix A).

We calculated the predicted impacts on ground cover of each grazer control strategy. To calculate ground cover

for fencing estimates were first made for median and zero donkey density. Weighted means of these estimates
8
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were used to calculate ground cover for fencing from zero to 41% of island area (Oha — 1,208ha, area covered by
nature areas which when fenced will have a donkey density of zero). Ground cover following donkey control
and eradication was estimated from zero to maximum donkey density (max donkey density index = 18).
Estimates of ground cover if no action were taken were estimated using median donkey density. Median density
was used because grazer populations on Bonaire are well established, and therefore likely at equilibrium within
the ecosystem. Sensitivity of models to errors associated with the estimates was tested through repeating
calculations using the upper and lower 95% confidence intervals for donkey density impact. For full explanation

of methods and results see (Roberts, 2017).

Due to low spatial variation in both goat and pig densities we were not able to model their impacts on
vegetation, and therefore concentrate on donkey impacts only. This limits the outputs of our model in two ways.
When considering removal of multiple species, such as would be the case in fencing, we are able to estimate
only the benefits arising from donkey control, likely underestimating impacts. Conversely when estimating
impacts of donkey eradication we are not able to incorporate potential for goats or pigs to fill the niche, and may
therefore over estimate impacts (though that a relationship is observed between ground cover and donkey
density at the current goat and pig densities suggests that some reduction in grazing would be observed with the

removal of donkeys alone).

2.4 Quantifying vegetation impacts on coral reef health

Coral reef characteristics predicted to be affected by sedimentation rates were identified through a review of the
literature as: coral cover (at 5m and deeper than 5m) (Erftemeijer et al., 2012; Jones et al., 2015; Pollock et al.,
2014); visibility (Mateos-Molina et al., 2015; Risk, 2014); and fish community (abundance; species richness;
and diversity) (Goatley and Bellwood, 2012; Wenger et al., 2014, 2011). A full explanation of methods and
results can be found in Roberts et al. 2017b, and we will give only a brief overview here. Visibility and coral
cover data were mapped using citizen science data collection, with fish data collected from the REEF fish
database (REEF, 2016). Vegetation characteristics were measured at 101 sites across Bonaire, and average
vegetation ground cover and tree biomass estimated for each watershed. General linear models were then used
to estimate the impacts of vegetation characteristics on each of the coral reef characteristics measured. Coral
cover below 10m depth was the only model to show a significant relationship to watershed characteristics. A

positive relationship was found between coral cover and vegetation ground cover, interacting with tree biomass
9
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to show a larger positive impact when tree biomass was high. Tree biomass showed a negative relationship to
coral cover, with high impacts when ground cover was low. Coral cover was also positively impacted by
distance from town and presence of a salina on the watershed, and negatively impacted by the site being shore

accessible to divers, and adjacent to urban areas (Appendix B).

We estimated changes in coral cover for each grazer control option. For all calculations, tree biomass and
distance from urban areas were input as median values, and sites treated as shore accessible. Ground cover was
entered using the estimates calculated above. To enable comparison to environmental condition with no control
(Maron et al., 2013) coral cover was estimated using median ground cover estimates.. Due to the unbounded
nature of the model, estimates of coral cover arising from donkey control were estimated beyond the possible
range for coral cover. Cover reported in figures is restricted to between 0 and 100%. Sensitivity of the model to
errors associated with the estimates were tested through repeating the calculations for upper and lower 95%

confidence intervals of ground cover.

2.5 Economic costs and grazer control strategies

Economic costs are estimated only for material and labour involved in donkey control. Only government owned
‘nature areas’, covering 41% of the island (1,208ha, Error! Reference source not found.), are considered for
fencing, because these are the only areas in which farming is currently prohibited, and could therefore be
effectively fenced. As the donkey population is feral, reducing the population does not impose financial losses
on individuals. Costs could not be calculated for loss of grazing for free ranging goats associated with the

establishment of fenced areas.

Costs for fencing were adapted from budgets for a fencing project begun by Echo on Bonaire in 2016. This
included materials, labour, transport, and administration costs. Labour and material costs were scaled up
proportionally with the size of the project, whilst infrastructure and administration costs increased at 10% of
proportional costs. An additional 10% was added to each budget to reflect underestimation of costs in initial

budgets (S. Williams & L. Schmaltz, pers. comm.).

Control and eradication costs were initially estimated using costs reported in the literature. A search of Web of

Science for: eradication and ungulate or goat or donkey or pig returned 81 relevant papers, of which six reported
10
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costs (Cruz et al., 2009; Holmes et al., 2015; Martins et al., 2006; Massei et al., 2011; McCann and Garcelon,
2008; Melstrom, 2014). Costs for control were estimated using median cost per hectare, and repeated using the

lower and upper quantile.

Following communication with industry experts (Chad Henson, Island Conservation), Bonaire specific costs
were also calculated. Costs were estimated for a two year long program using only ground hunting (including
corrals and dogs), and for a 14 month long program with the additional use of helicopter for two months. Costs
of confirming eradication were estimated for 6, 12, and 24 month programs. Control costs were estimated as a
proportion of the total eradication costs. Full cost estimates can be found in Appendix D. It is important to note
that even when considering a single control option, variations in costs occur depending on exact design of
control efforts, particularly where and when actions are concentrated (Baker and Bode, 2016). Because we have
not considered such cost variations here the values presented should be recognised as estimates only, and a full

cost analysis would be needed to design the most appropriate control schedule.

2.6 Funding grazer control strategies

Choice experiments (Grafeld et al., 2016; Hanley et al., 2003; Train, 2009) were used to estimate the maximum
willingness of SCUBA divers to pay for terrestrial grazing control, where this would be expected to improve
reef health. Divers valued improvements in coral cover (ranging from under 25% to over 75%), visibility (25-
100ft), and reduced fish decline (5%-35%) through an increased annual user fee. Prior to completing the survey
divers were provided with information cards explaining that coral in Bonaire is declining, and that sediment run-
off is one of the causes of this decline. Cards (Appendix C) explained that one way to reduce sediment run-off
would be to control grazing by invasive species, though lethal control or restricting movements. Participants
were then asked if they would be willing to pay an increased fee in principle to fund this action, before moving

on to the choice experiment.

Within the choice experiment we did not include details of other, more direct, actions which could also improve
coral cover. Bonaire already has a well established marine conservation program, the main body of which is run
by STINAPA, the national park authority, and is funded by the existing dive fee of $25. Actions funded by this

fee includes a lionfish hunting program, patrols to enforce fishing restrictions, and coral reef monitoring, and

therefore would continue to be funded alongside any terrestrial conservation actions. As such the willingness to
11
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pay estimates presented here are applicable only to control of invasive grazing species, and cannot be used to

trade off a broader set of alternative options for coral reef conservation.

Divers were sampled using a convenience sampling strategy, as no central record of divers exists to enable
random sampling. Divers were approached at shore-accessible dive sites, and at dive centres. Sample size was
299, with a response rate of 72%. Analysis using latent class modelling, which groups respondents into ‘classes’
with similar preferences, indicated three classes in terms of preferences for coral reef improvements. We found

a positive preference for reef health improvements for the majority of respondents.

Model estimates from the latent class analysis were used to estimate willingness to pay for the improvements in
coral cover predicted to arise from each grazer control strategy, assuming a linear relationship between
willingness to pay and coral cover!. These improvements fell within the range of attribute levels presented in the
choice experiment. Coral cover coefficients were divided by cost coefficients to estimate willingness to pay for
each percentage point improvement in coral cover. Maximum willingness to pay of divers for potential
environmental improvements was calculated by multiplying this willingness to pay for a single percentage point
improvement by predicted improvements arising from each control strategy (estimated coral cover from models
above, minus 46% as estimated mean current coral cover) (Appendix C). For full explanation of methods and

results see (Roberts et al., 2017a).

To provide insight on what financial resources this stated willingness to pay could provide for environmental
management measures, individual willingness to pay for any specific predicted environmental quality change
was multiplied by the number of dive tags sold annually (2015 estimate: 89,460 (Statistics Netherlands, 2015;
STINAPA Bonaire, 2010), minus the $25 fee already paid to run the marine park. The current $25 fee was
removed as it is already allocated to existing actions, such as marine park patrols, and therefore would not be

available to cover costs of donkey control. The variability in funding potential was illustrated through repeating

! To assess linearity in the relationship between coral cover and willingness to pay this model was also
estimated using dummy variables, results present in Table 4, Appendix C. These results show a positive
willingness to pay for very high coral cover in class one, and all increases in coral cover for class two. Because
the willingness to pay for improved coral cover estimated from these models was higher than that estimated
using the linear model, the results of the linear model are used throughout the study, as the most conservative
estimate.

12
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estimates using the upper and lower 95% confidence intervals of preference parameters for improvements to
coral cover. We note that, should the environmental improvements represented in the choice experiment actually
occur, then the number of dive visitors per year could easily rise: we have not tried to quantify this effect in our

calculations of available funding.

2.7 Social acceptability of control options

Though social acceptability of control options is central to selecting the most appropriate action, the potentially
sensitive nature of controlling grazing species on Bonaire meant that conducting such as survey without an
established plan for moving forward with control risked damaging future control efforts. Therefore the social
acceptability survey described here is designed only to provide a very broad overview of acceptability, and a full

survey would be required as part of any donkey management put in place.

Social acceptability of grazer control options were estimated through scores assigned by five experts in invasive
species control on Bonaire (Bonaire Ministry of Economic Affairs; Bonaire Department of Nature and the
Environment; Echo; and the lead author of this study). Experts scored each strategy, and no grazer control, for
social acceptability to five local stakeholders (Conservation NGO; Government; Goat farmer; Pro-donkey
group; and tour organisers), from 0 to 2:

0 — This group has no opposition to this strategy;

1 — This group has some opposition to this strategy which must be taken into account, but the project

could feasibly commence within the next 6 months;

2 — This group has large opposition to this strategy, which would prevent the project from beginning

within the next 6 months.

Scores for each strategy were taken as the mean.

3. Results

Full donkey eradication was predicted to improve median ground cover from the current estimate of 4% to 18%,
compared to an estimate of 14% for fencing (lower estimate: 13%; upper estimate: 15%, likely underestimate as
do not include impacts of excluding goats and pigs) (Fig 3). Donkey control was estimated to improve median

coral cover to 100% compared to cover of 46% estimated for median donkey density, while fencing predicted

13
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increases in coral cover to 85% (Fig 4). These estimates all lie within the range of ground and coral cover
recorded on Bonaire (Min ground cover = 0%, max ground cover = 75%. Min coral cover = Under 25%, max
coral cover = Over 75%). Donkey control impacts exceeded the maximum possible values for coral cover,
therefore figures present only those impacts between 0 and 100%. To account for uncertainty in model estimates

relationships were also considered using the upper and lower bounds of donkey density estimates.

The costs of fencing for the total area designated for nature (1,208ha) was estimated at $1,120,378 (NPV, 2%

discount rate over 10 years), with an estimated lifetime of ten years before replacement.
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Fig 3 Ground cover change with alternative grazer control measures. Left: Fencing of nature areas; Right:
Removal of donkeys. Dashed lines show estimates using lower and upper bounds of donkey densities. Median

donkey density = 3.6, max donkey density 17. Current proportion fenced <0.01.
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Fig 4 Changes in coral cover with alternative grazer control strategies. Left: Fencing, Right: Donkey control.
Dashed lines show estimates using upper and lower estimates of ground cover. Median donkey density = 3.6,

max donkey density = 17. Current proportion fenced <0.01.

To estimate eradication costs, six papers detailing the costs of eleven eradications were identified (Holmes et al.,
2015; Martins et al., 2006; McCann and Garcelon, 2008; Melstrom, 2014; Ramsey et al., 2009). We considered
only ungulate eradications, within wooded areas. Ten of the eradications were on true islands (Cruz et al., 2009;
Holmes et al., 2015; Martins et al., 2006; Massei et al., 2011; Melstrom, 2014), and one within a fenced area
(McCann and Garcelon, 2008). Eradication costs ranged from $10/ha USD2015 (Cruz et al., 2009) to $1,353/ha
USD2015 (Holmes et al., 2015) (Appendix D) For this analysis, cost estimates calculated from the median value
($118/ha), and lower and upper quantile ($30.50/ha and $174/ha) were used. Total eradication of donkeys (goat
and pig eradications were not costed) was estimated to cost $3.5 million (lower estimate: $0.8m; upper estimate:
$5.1m). For Bonaire-specific estimates, costs (NPV, 2% discount rate over 10 years) ranged from $8.1 million
for eradication including two months helicopter use and six months of monitoring, to $11.8 million for ground
hunting only and 24 months of monitoring (Appendix D). Given the highly context specific nature of such cost
estimates (de Brooke et al., 2007; Donlan and Wilcox, 2007; Martins et al., 2006), and the preference for
overestimating, rather than underestimating costs, we have only use the expert estimated costs for further
analysis. Although costs calculated in such a way do not allow for uncertainties to be quantified, in each case the
median cost estimates as well as the lower and upper estimates have been included, to enable comparison across

the range of likely costs.

15



335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

From the latent class modelling results for the choice experiment undertaken with divers, mean maximum
willingness to pay for class one (latent class share: 0.66, Appendix C for reef recovery arising from fencing
(85% coral cover), when compared to predicted cover with median donkey density (46% coral cover), was
estimated at $107.76/individual/year (lower bound: $82.11/individual/year; upper bound:
$128.29/individual/year). Mean maximum willingness to pay for donkey removal (for a predicted improvement
to 100% coral cover), was estimated at $149.21/individual/year (lower bound: $120.79/individual/year; upper
bound: $177.00/individual/year). These estimates presume a linear relationship between willingness to pay and
coral cover, following visual assessment of the results. Estimates have not been extrapolated beyond the levels
presented within the survey. It is estimated 89,460 dive tags were sold in 2015, when this is multiplied by
individual willingness to pay for improvements seen with fencing, funds raised (NPV, 2% discount rate over 10
years) are estimated at $8,832,588 ($6,730,176 - $10,515,337), exceeding estimated costs of fencing. Funds
raised for donkey control across divers was estimated at $12,230,053 ($9,900,597 - $14,507,870), exceeding the
costs of full eradication. To account for uncertainties within these estimates we also include the lower and upper
bounds, with the estimated willingness to pay from the lower bound exceeding the cost of fencing, but being

lower by ~$2 million for the highest estimated cost of eradication (Fig 5).
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Fig 5 Estimated income from a user fee on divers for increasing levels of coral cover (line), related to costs of
alternative conservation measures, and their predicted impacts on coral cover (points). Solid line shows mean
willingness to pay, whilst dotted lines show higher and lower confidence intervals of the coral coefficient, as
estimated from the choice experiment. Circle = fencing, square = donkey eradication. Filled symbols represent
mean cost estimates, with empty symbols representing upper (ground hunting and 24 months’ monitoring) and
lower cost (helicopter and ground hunting, and six months’ monitoring) estimates. Note the points and lines

represent different data, and are not dependent on one another.

Fencing of nature areas had a mean social acceptability score of 0.52 (SE= 0.12, 0= fully acceptable,

2=unacceptable), while donkey control had a score of 0.95 (SE= 0.14). Taking no action had a mean score of
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0.72 (SE=0.15). All options, including no action, received a score of 2 for at least one stakeholder from at least

one expert.

4, Discussion

Using the island of Bonaire as a case study, we demonstrate the incorporation of ecological, economic and
social domains for prioritising conservation actions for donkey control. Though eradication provides the largest
ecological benefits, initial assessments suggest that lethal control is unlikely to be successful due to resistance
by local stakeholders. Incorporation of economic costs shows that, in the short term, control of donkeys through
exclusion areas created through fencing is most cost effective and is covered by the lowest estimate of diver
willingness to pay. However, within 30 to 50 years, eradication would be more cost-effective, when considering

only impacts from donkey control, though these costs exceed the lowest estimates of funds from a diver fee.

Including these four strands (conservation effectiveness; economic costs; willingness to pay of beneficiaries,

and social acceptance) into decision making we can make the recommendation for fencing of nature areas as a
short-term program for donkey control on Bonaire. Long term donkey control will require undertaking a full
social program, including a full survey to understand social barriers, and working to improve social acceptability
of lethal control. Considered from only an ecological standpoint this action would appear to have lower
ecological impacts while from an economic standpoint it is also less cost effective than eradication over the long
term. However though we were able to only broadly assess social acceptability of actions, the results from our
expert survey indicate that eradication would have a low chance of success, and therefore in reality likely result
in less ecological improvement. The incorporation of a user fee illustrates that a funding mechanism for such a
program exists, which improves the potential for planning to move into action, and for the program to be

sustained over the long term (Whitelaw et al., 2014).

When considering this recommendation for fencing it is important to note that our calculations consider only
those impacts from donkey control, the additional benefits of excluding goats and pigs which would arise from
fencing are not estimated. This is due to a limitation in the models used to estimate grazer impacts on
vegetation, which relies on natural spatial variation to estimate impacts on vegetation. Though our models do

estimate donkey impacts in the presence of goats and pigs, suggesting therefore that some additive impact is
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present (areas with no donkeys have higher ground vegetation cover despite the presence of goats and pigs), we
are not able to consider the interactions of the three grazing species. With this in mind our estimates of the
impacts of eradication may be overestimated, as we cannot account for increased grazing by goats or pigs.
Fencing would therefore also present the opportunity to further refine our understanding of the impacts of
grazing species on Bonaire, to inform future control actions. Additionally fencing will provide the opportunity
to identify any unexpected ecosystem responses from removal of grazers, such as increases in invasive plant

species, and enable plans to be put into place to address such issues prior to further eradication or control.

Further limitations of our models are also apparent when considering the estimated improvements from donkey
control, which are estimated to exceed 100%. This illustrates the importance of considering such models as
guidelines only, and the challenges of estimating models in situ, with multiple interacting factors. Though we
are confident larger improvements would be observed with donkey control than fencing, continued monitoring

would be needed to refine estimates of true improvements to coral cover.

Though it is suggested that inclusion of even rough cost estimates greatly improves prioritisation of
conservation actions (Boyd et al., 2015), prioritisation remains highly problematic due to the scarcity of
reporting of eradication costs. We identified only six studies, reporting the costs of eleven ungulate eradications
(Cruz et al., 2009; Holmes et al., 2015; Martins et al., 2006; Massei et al., 2011; McCann and Garcelon, 2008;
Melstrom, 2014), with further challenges presented due to lack of reporting on time scales; habitat types; or
number of individuals removed. Martins et al. (2006) identify island area and taxon group as significant in
determining eradication costs. Median island area in studies considered was 5,683ha (500ha — 464,000ha),
compared to Bonaire size 2,940ha. Larger islands are predicted to have lower per ha costs (Martins et al., 2006),
therefore costs reported here may underestimate eradication costs for Bonaire. This is supported by expert
estimation of costs, which estimated costs between $8,773,831 to $12,968,945 for full donkey eradication on
Bonaire, more than twice that estimated from the literature. Such differences indicate the importance of
estimating costs in the local context, as well supported within the literature (de Brooke et al., 2007; Donlan and
Wilcox, 2007; Martins et al., 2006). While these costs are valuable for initial prioritisation they refer to broad
costs for hypothetical projects, that is they do not take account of variations in spatial and temporal design of
control actions, which are known to impact cost-effectiveness of invasive species control (Baker and Bode,

2016). Further refinement of these costs would therefore be valuable to design any final control program.

19



421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

Willingness to pay for grazer control actions to improve reef health was positive for the majority of divers
responding to our choice experiment study, and exceeded the estimated costs of fencing and donkey eradication.
However a minority of divers were not willing to pay an increased fee for reef health improvements achieved
through terrestrial conservation, and therefore the risk of pushing these divers to alternative locations (and thus
losing their expenditures on the island) must be considered when increasing fees on all divers. One response to
this diversity in willingness to pay for conservation policy is to differentiate user fees according to variations in
preferences. Despite the shore accessibility of Bonaire’s dive site preventing the setting of site-specific fees,
lower fee options could be offered for a restricted numbers of dives, or for family groups. Though it is useful to
account for preference variations, analysis also indicates that those divers with a the highest positive
willingness to pay are those most likely to return within the next five years. In calculating total funds raised no
account has been made of increases in visitors arising from improved coral cover. Divers lost through increased
fees may therefore have little impact on overall diver numbers, and thus on local incomes. Our survey also only
considered willingness to pay for coral reef improvements arising from terrestrial grazing control. Willingness
to pay for improvements arising from other actions, such as reducing diver numbers or putting restrictions on
cruise ships, may therefore vary. Such actions would also be expected to have a more direct impact on the coral
reef, and therefore preferences between actions should be considered where coral reef improvements are the sole

project aim.

Our study considered only broad understanding of the social acceptability of donkey control, as the sensitive
nature of control meant that a full social survey would have been detrimental to future conservation work.
However, even at this broad level, considering only expert opinion, it is apparent that lethal control would be
precluded by social opposition at this time. The higher social acceptability and lower costs of fencing, despite
consequent lower levels of ecological improvement, indicate that fencing of nature areas presents the best option
for coral reef restoration through donkey control on Bonaire in the immediate future. However, it is important to
note that fencing is expected to have a life of only ten years, compared to indefinite length of control for donkey
eradication. Within 30 to 50 years, therefore, eradication becomes the most cost-effective option. Long term
donkey control on Bonaire would therefore benefit from increased understanding of the social barriers present
for lethal control, and targeted campaigns to improve acceptability for such programs. Further gains would be

seen with additional studies to understand the impacts of goats and pigs. Finally the models presented here and
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in Roberts et al 2017, 2017a and 2017b are based on the current ecological state of the system, and contain
inherent uncertainty surrounding the ecological, economic, and social data. Throughout data analysis and
modelling upper and lower bounds of estimates have been incorporated, and for the recommended action of
fencing highest costs and lowest ecological outcomes still fall within the lowest willingness to pay of divers,
suggesting that even under the least favourable outcome, fencing remains a viable option for control donkey
populations on Bonaire. However given the dynamic nature of ecosystem restoration, particularly when working
across ecosystem boundaries, as well as the impact this has on consumer preferences, the management
recommendations are suitable only for near-term decision making. For effective management of grazing species
on Bonaire management, plans should be updated with changing situations as control actions are rolled out over

time.

5. Conclusions

Prioritisation of conservation actions is vital in achieving conservation goals. Previous studies have highlighted
that ecological outcomes of conservation can be improved through considering impacts across ecosystem
boundaries (Klein et al., 2014; Maina et al., 2013; Mateos-Molina et al., 2015), accounting for economic costs
(Boyd et al., 2015), considering social concerns (Guerrero et al., 2010; McLeod et al., 2015), and become self-
financing (Whitelaw et al., 2014). Here we have illustrated an integrated application for considering all of these
issues, in the context of donkey control on an island. While ecological outcomes are central to environmental
conservation, the option with the highest potential for ecological success is only optimum as long as it is cost
effective, socially acceptable, and connected to funding. Achieving significant gains in biodiversity conservation
requires that decision makers are able to incorporate all of these considerations into prioritisation of alternative

actions.

6. Acknowledgements

We acknowledge extensive field support provided by Bonaire NGO, Echo, and director Sam Williams. We also
acknowledge dive centres: Wannadive; Dive Friends; GoooDive; Cariblnn; Tropical Dive; VIP diving; Divi
Flamingo; Bel Mer resort; Div’Ocean; and Caribbean Club for participating in reef surveys, and the Dutch

Caribbean Nature Alliance for support on Bonaire.

21



480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

Funding: University of St Andrews, School of Geography and Geosciences; Van Eeden Foundation [Project
number: 201505]; and the Sophie Danforth Conservation Biology Fund. Funders were not involved in study

design; data collection, analysis or interpretation; writing the article; or the decision to submit the article.

Conflict of interest: The authors declare that they have no conflict of interest.

6. References

Aguirre-Mufioz, A, Croll, D. a, Donlan, C.J., Henry, R.W., Hermosillo, M.A., Howald, G.R., Keitt, B.S., Luna-
Mendoza, L., Rodriguez-Malagdn, M., Salas-Flores, L.M., Samaniego-Herrera, A., Sanchez-Pacheco, J.A.,
Sheppard, J., Tershy, B.R., Toro-Benito, J., Wolf, S., Wood, B., 2008. High-impact conservation: invasive
mammal eradications from the islands of western México. Ambio 37, 101-107.
https://doi.org/10.1579/0044-7447(2008)37{[}101:HCIMEF]2.0.CO;2

Alvarez-Romero, J.G., Pressey, R.L., Ban, N.C., Vance-Borland, K., Willer, C., Klein, C.J., Gaines, S.D., 2011.
Integrated Land-Sea Conservation Planning: The Missing Links. Annu. Rev. Ecol. Evol. Syst. 42, 381-409.
https://doi.org/10.1146/annurev-ecolsys-102209-144702

Armsworth, P.R., 2014. Inclusion of costs in conservation planning depends on limited datasets and hopeful
assumptions. Ann. N. Y. Acad. Sci. 1322, 61-76. https://doi.org/10.1111/nyas.12455

Baker, C.M., Bode, M., 2016. Placing invasive species management in a spatiotemporal context. Ecol. Appl. 26,
712-725. https://doi.org/10.1890/15-0095/suppinfo

Balmford, A., Gaston, K.J., Blyth, S., James, A., Kapos, V., 2003. Global variation in terrestrial conservation
costs, conservation benefits, and unmet conservation needs. Proc. Natl. Acad. Sci. U. S. A. 100, 1046—
1050. https://doi.org/10.1073/pnas.0236945100

Boyd, J., Epanchin-Niell, R., Siikamaki, J., 2015. Conservation planning: A review of return on investment
analysis. Rev. Environ. Econ. Policy 9, 23—42. https://doi.org/10.1093/reep/reu014

Bruner, A.G., Gullison, R.E., Balmford, A., 2004. Financial Costs and Shortfalls of Managing and Expanding
Protected-Area Systems in Developing Countries. Bioscience 54, 1119. https://doi.org/10.1641/0006-
3568(2004)054[1119:FCASOM]2.0.CO;2

Cado van der Lelij, J.A., van Beukering, P.J.H., Muresan, L., Zambrano Cortes, D., Wolfs, E., Schep, S., 2013. The

22



508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

total economic value of nature on Bonaire 84.

Cruz, F., Carrion, V., Campbell, K.J., Lavoie, C., Donlan, C.J., 2009. Bio-Economics of Large-Scale Eradication of
Feral Goats From Santiago Island, Galapagos. J. Wildl. Manage. 73, 191-200.
https://doi.org/10.2193/2007-551

Cullen, R., 2013. Biodiversity protection prioritisation: a 25 year review. Wildl. Res. 40, 108-116.

Dawson, J., Oppel, S., Cuthbert, R.J., Holmes, N., Bird, J.P., Butchart, S.H.M., Spatz, D.R., Tershy, B., 2015.
Prioritizing islands for the eradication of invasive vertebrates in the United Kingdom overseas territories.
Conserv. Biol. 29, 143-153. https://doi.org/10.1111/cobi.12347

de Brooke, M.L., Hilton, G.M., Martins, T.L.F., 2007. The complexities of costing eradications: A reply to Donlan
& Wilcox [2]. Anim. Conserv. 10, 157-158. https://doi.org/10.1111/j.1469-1795.2007.00107.x

De’ath, G., Fabricius, K., 2010. Water quality as a regional driver of coral biodiversity and macroalgae on the
Great Barrier Reef. Ecol. Appl. 20, 840-850.

Donlan, C.J., Tershy, B.R., Campbell, K., Cruz, F., 2003. Research for Requiems: The need for more collaborative
action in eradication of invasive species. Conserv. Biol. 17, 1850-1851.

Donlan, C.J., Tershy, B.R., Croll, D.A., 2002. Islands and introduced herbivores: Conservation action as
ecosystem experimentation. J. Appl. Ecol. 39, 235-246. https://doi.org/10.1046/j.1365-
2664.2002.00710.x

Donlan, C.J., Wilcox, C., 2007. Complexities of costing eradications [1]. Anim. Conserv. 10, 154-156.
https://doi.org/10.1111/j.1469-1795.2007.00101.x

Erftemeijer, P.L.A., Riegl, B., Hoeksema, B.W., Todd, P.A., 2012. Environmental impacts of dredging and other
sediment disturbances on corals: A review. Mar. Pollut. Bull. 64, 1737-1765.
https://doi.org/10.1016/j.marpolbul.2012.05.008

Frank, B., Monaco, A., Bath, A.J., 2015. Beyond standard wildlife management: a pathway to encompass
human dimension findings in wild boar management. Eur. J. Wildl. Res. 61, 723-730.
https://doi.org/10.1007/s10344-015-0948-y

Freitas, J. a De, Nijhof, B.S.J., Rojer, a C., Debrot, a 0., 2005. Landscape Ecological Vegetation Map of Bonaire.

Goatley, C.H.R., Bellwood, D.R., 2012. Sediment suppresses herbivory across a coral reef depth gradient. Biol.

Lett. 8, 1016—-1018. https://doi.org/10.1098/rsbl.2012.0770

23



536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

Grafeld, S., Oleson, K., Barnes, M., Peng, M., Chan, C., Weijerman, M., 2016. Divers’ willingness to pay for
improved coral reef conditions in Guam: An untapped source of funding for management and
conservation? Ecol. Econ. 128, 202-213. https://doi.org/10.1016/j.ecolecon.2016.05.005

Guerrero, A.M., Knight, A.T., Grantham, H.S., Cowling, R.M., Wilson, K.A., 2010. Predicting willingness-to-sell
and its utility for assessing conservation opportunity for expanding protected area networks. Conserv.
Lett. 3, 332—-339. https://doi.org/10.1111/j.1755-263X.2010.00116.x

Hanley, N., MacMillan, D., Patterson, I., Wright, R.E., 2003. Economics and the design of nature conservation
policy: a case study of wild goose conservation in Scotland using choice experiments. Anim. Conserv. 6,
123-129. https://doi.org/10.1017/51367943003003160

Harwood, J., 2000. Risk assessment and decision analysis in conservation. Biol. Conserv. 95, 219-226.
https://doi.org/10.1016/S0006-3207(00)00036-7

Holmes, N.D., Campbell, K.J., Keitt, B.S., Griffiths, R., Beek, J., Donlan, C.J., Broome, K.G., 2015. Reporting costs
for invasive vertebrate eradications. Biol. Invasions 17, 2913-2925. https://doi.org/10.1007/s10530-015-
0920-5

Jones, R., Ricardo, G.F., Negri, A.P., 2015. Effects of sediments on the reproductive cycle of corals. Mar. Pollut.
Bull. 100, 13-33. https://doi.org/10.1016/j.marpolbul.2015.08.021

Klein, C.J., Jupiter, S.D., Watts, M., Possingham, H.P., 2014. Evaluating the influence of candidate terrestrial
protected areas on coral reef condition in Fiji. Mar. Policy 44, 360—-365.
https://doi.org/10.1016/j.marpol.2013.10.001

Liu, S., Sheppard, A., Kriticos, D., Cook, D., 2011. Incorporating uncertainty and social values in managing
invasive alien species: A deliberative multi-criteria evaluation approach. Biol. Invasions 13, 2323-2337.
https://doi.org/10.1007/s10530-011-0045-4

Lodge, D.M., Shrader-Frechette, K., 2003. Nonindigenous species: Ecological explanation, environmental
ethics, and public policy. Conserv. Biol. 17, 31-37. https://doi.org/10.1046/j.1523-1739.2003.02366.x

Maguire, L.A., 2004. What can decision analysis do for invasive species management? Risk Anal. an Off. Publ.
Soc. Risk Anal. 24, 859—-68. https://doi.org/10.1111/j.0272-4332.2004.00484.x

Maina, J., de Moel, H., Zinke, J., Madin, J., McClanahan, T., Vermaat, J.E., 2013. Human deforestation

outweighs future climate change impacts of sedimentation on coral reefs. Nat. Commun. 4, 1-7.

24



564 https://doi.org/10.1038/ncomms2986

565 Maron, M., Rhodes, J.R., Gibbons, P., 2013. Calculating the benefit of conservation actions. Conserv. Lett. 6,
566 359-367. https://doi.org/10.1111/conl.12007

567 Martins, T.L.F., Brooke, M. de L., Hilton, G.M., Farnsworth, S., Gould, J., Pain, D.J., 2006. Costing eradications of
568 alien mammals from islands. Anim. Conserv. 9, 439-444. https://doi.org/10.1111/j.1469-

569 1795.2006.00058.x

570 Massei, G., Roy, S., Bunting, R., 2011. Too many hogs? A review of methods to mitigate impact by wild boar
571 and feralhogs. Human-Wildlife Interact. 5, 79-99.

572 Mateos-Molina, D., Palma, M., Ruiz-Valentin, I., Panagos, P., Garcia-Charton, J.A., Ponti, M., 2015. Assessing

573 consequences of land cover changes on sediment deliveries to coastal waters at regional level over the
574 last two decades in the northwestern Mediterranean Sea. Ocean Coast. Manag. 116, 435-442.
575 https://doi.org/10.1016/j.0cecoaman.2015.09.003

576 McCann, B.E., Garcelon, D.K., 2008. Eradication of Feral Pigs From Pinnacles National Monument. J. Wildl.
577 Manage. 72, 1287-1295. https://doi.org/10.2193/2007-164

578 MclLeod, L.J., Hine, D.W., Please, P.M., Driver, A.B., 2015. Applying behavioral theories to invasive animal
579 management: Towards an integrated framework. J. Environ. Manage. 161, 63-71.

580 https://doi.org/10.1016/j.jenvman.2015.06.048

581 Melstrom, R.T., 2014. Managing apparent competition between the feral pigs and native foxes of Santa Cruz
582 Island. Ecol. Econ. 107, 157-162. https://doi.org/10.1016/j.ecolecon.2014.07.004

583 Mendoza, G.A., Martins, H., 2006. Multi-criteria decision analysis in natural resource management: A critical
584 review of methods and new modelling paradigms. For. Ecol. Manage. 230, 1-22.

585 https://doi.org/10.1016/j.foreco.2006.03.023

586 Moon, K., Blackman, D.A., Brewer, T.D., 2015. Understanding and integrating knowledge to improve invasive
587 species management. Biol. Invasions 17, 2675-2689. https://doi.org/10.1007/s10530-015-0904-5

588 Pollock, F.J., Lamb, J.B., Field, S.N., Heron, S.F., Schaffelke, B., Shedrawi, G., Bourne, D.G., Willis, B.L., 2014.
589 Sediment and turbidity associated with offshore dredging increase coral disease prevalence on nearby
590 reefs. PLoS One 9. https://doi.org/10.1371/journal.pone.0102498

591 Ramsey, D.S.L., Parkes, J., Morrison, S. a, 2009. Quantifying eradication success: the removal of feral pigs from

25



592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

Santa Cruz Island, California. Conserv. Biol. 23, 449-459. https://doi.org/10.1111/j.1523-
1739.2008.01119.x

REEF, 2016. Reef Environmental Education Foundation Volunteer Survey Project Database [WWW Document].
URL www.REEF.org

Reiter, D.K.D., Brunson, M.W., Schmidt, R.H.R., 1999. Public attitudes toward wildlife damage management
and policy. Wildl. Soc. Bull. 27, 746—758.

Risk, M.J., 2014. Assessing the effects of sediments and nutrients on coral reefs. Curr. Opin. Environ. Sustain. 7,
108-117. https://doi.org/10.1016/j.cosust.2014.01.003

Roberts, M., 2017. Environmental Conservation Across Ecosystem Boundaries: Connecting Management and
Funding. University of St Andrews. https://doi.org/10023/12052

Roberts, M., Hanley, N., Cresswell, W., 2017a. User fees across ecosystem boundaries: Are SCUBA divers
willing to pay for terrestrial biodiversity conservation? J. Environ. Manage. 200, 53-59.
https://doi.org/10.1016/j.jenvman.2017.05.070

Roberts, M., Hanley, N., Williams, S., Cresswell, W., 2017b. Terrestrial degradation impacts on coral reef
health: Evidence from the Caribbean. Ocean Coast. Manag.

Rojas-Sandoval, J., Meléndez-Ackerman, E.J., Fumero-Caban, J., Garcia-Bermudez, M.A., Sustache, J., Aragon,
S., Morales, M., Fernandez, D.S., 2014. Effects of hurricane disturbance and feral goat herbivory on the
structure of a Caribbean dry forest. J. Veg. Sci. 25, 1069-1077. https://doi.org/10.1111/jvs.12160

Saunders, G., Cooke, B., McColl, K., Shine, R., Peacock, T., 2010. Modern approaches for the biological control
of vertebrate pests: An Australian perspective. Biol. Control 52, 288—295.
https://doi.org/10.1016/j.biocontrol.2009.06.014

Shwiff, S.A., Anderson, A., Cullen, R., White, P.C.L., Shwiff, S.S., 2013. Assignment of measurable costs and
benefits to wildlife conservation projects. Wildl. Res. 134-141.

Slijkerman, D., Peachey, R., Hausmann, P., Meesters, H., 2011. Eutrophication status of Lac, Bonaire, Dutch
Caribbean Including proposals for measures. Rep. to Dutch Minsitry Econ. Aff. https://doi.org/C093/11

Statistics Netherlands, 2015. Trends in the Caribbean Netherlands 2015. The Hague.

Steneck, R.S., Arnold, S.N., de Ledn, R., Rasher, 2015. Status and trends of Bonaire’s coral reefs in 2015: Slow

but steady signs of resilience.

26



620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

STINAPA Bonaire, 2010. Annual Report 2010.

Train, K., 2009. Discrete Choice Methods With Simulation. Cambridge University Press, New York, NY.

Weber, M., de Beer, D., Lott, C., Polerecky, L., Kohls, K., Abed, R.M.M., Ferdelman, T.G., Fabricius, K.E., 2012.
Mechanisms of damage to corals exposed to sedimentation. Proc. Natl. Acad. Sci. 109, E1558—-E1567.
https://doi.org/10.1073/pnas.1100715109

Wenger, A.S., Johansen, J.L., Jones, G.P., 2011. Suspended sediment impairs habitat choice and chemosensory
discrimination in two coral reef fishes. Coral Reefs 30, 879-887. https://doi.org/10.1007/s00338-011-
0773-z

Wenger, A.S., McCormick, M.l., Endo, G.G.K., McLeod, .M., Kroon, F.J., Jones, G.P., 2014. Suspended sediment
prolongs larval development in a coral reef fish. J. Exp. Biol. 217, 1122-1128.
https://doi.org/10.1242/jeb.094409

Westermann, J., Zonneveld, J., 1956. Photo-Geological Observations and Land Capability and Land Use Survey
of the Island of Bonaire. Royal Tropical Institue.

Whitelaw, P.A., King, B.E.M., Tolkach, D., 2014. Protected areas, conservation and tourism - financing the
sustainable dream. J. Sustain. Tour. 22, 584—603. https://doi.org/10.1080/09669582.2013.873445

Wosten, J., 2013. Ecological rehabilitation of Lac Bonaire by wise management of water and sediments.

ALTERRA Wagnenigen Univerisity.

27



638

639

640

641

642

643

644

645

646

647

Appendix A

Table 1 Results from General Linear Model (log transformed data) investigating effects of grazing on
ground cover. The full model (ground cover ~ goat density + dry season donkey density + wet season
donkey density + pig presence + land use + landscape type + soil + goat density: dry season donkey
density + goat density: wet season donkey density + wet season donkey density: dry season donkey
density, n=86) is presented alongside the representative model (ground cover ~ goat density + dry season
donkey density + landscape type + soil class, n=86). Full model deviance = 110.8, df=68, representative
model deviance = 128.8, df=78. Full model intercept set to landscape type: higher terrace; soil type: sand
and land use: agriculture. Best model intercept set to landscape type: higher terrace; soil type: sand.

Values log transformed.

Ground cover

Full model AIC = 303.8 Representative model AIC = 296.8

Est. SE t P Est. SE t P
(Intercept) 1.79 1.03 1.73 0.09 3.00 0.67 4.48 <0.01
Goat density -501.99 316.39 -1.59 0.12

Dry season donkey
density -0.12 0.10 -1.18  0.24 -0.15 0.06 -2.61 0.01

Wet season donkey

density 0.06 0.12 0.51 0.61
Pig presence -0.40 0.48 -0.83 0.41
Nature area 1.10 0.51 2.14 0.04
National Park 0.85 0.74 1.16 0.25
Open use area 0.97 0.58 1.67 0.10
Urban use area -0.67 1.33 -0.50 0.62
Lower terrace -1.28 0.77 -1.66 0.10 -1.28 0.65 -1.96 0.05
Middle terrace 0.00 0.64 0.00 1.00 -0.46 0.57 -0.81 0.42
Undulating landscape -0.30 0.64 -0.48 0.63 -0.95 0.49 -1.95 0.05
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649

Loam soil

Rocky soil

Terraced soil

Goat density : Dry
season donkey density
Goat density : Wet
season donkey density
Dry season donkey
density: Wet season

donkey density

-0.35

0.27

0.87

164.62

-45.19

0.00

0.58

0.62

0.62

138.61

82.13

0.02

-0.60

0.44

1.40

1.19

-0.55

-0.10

0.55

0.66

0.17

0.24

0.58

0.92

-0.47

0.36

1.25

0.53

0.56

0.58

-0.89

0.64

2.14

0.38

0.52

0.04
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Appendix B

Table 2 Results from General Linear Model investigating effects of watershed vegetation on mean coral

cover deeper than 5m. n=49. Full model deviance = 17.39, df=37, representative model deviance = 19.08,

df=41. Intercept for full model set to soil type: loam; shore access: no; salina: no’ land use: nature.

Representative model: shore access: no; land use: nature. Significant terms in bold. Table from (Roberts

etal., 2017b)
Full Model Representative Model
AIC: 114.3 AIC: 110.85
Est. SE P Est. SE

Intercept 4.85 1.25 3.88 <0.01 3.09 0.44 6.99 <0.01
Tree biomass index -1.43 041 -3.53 <0.01 -0.77 0.15 -5.21 <0.01
Percentage ground cover -0.02 0.02 -1.33 0.19 0.00 0.01 -0.27 0.79
Shore accessible -0.73 032 -2.27 0.03 -0.71 0.30 -2.35 0.02
Distance from town 0.63x10*  0.26 x10*  2.47 0.02 0.66x10* 0.23x10* 2.84 0.01
Rocky soil -1.67 091 -1.83 0.07
Terrace soil -1.73 1.14 -1.51 0.14
Terrace/rocky soils -2.00 1.41  -1.42 0.17
Salina present 1.50 0.83 1.81 0.08 0.78 0.46 1.70 0.10
Slope 2.14 7.19 0.30 0.77
Urban use -1.88 1.68 -1.12 0.27 -1.06 0.53 -2.00 0.05
Tree biomass index : 0.11 0.03 3.51 <0.01 0.06 0.01 5.21 <0.01

percentage ground cover
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658 Fig 6. Change in deep coral cover with ground cover showing how this relationship was dependent on tree
659 biomass. Dashed — Median tree biomass; Solid — Min tree biomass. Estimates with maximum tree

660 biomass are not presented as these are not representative of the majority of locations on Bonaire. Dotted
661 lines indicate upper and lower confidence intervals of ground cover impact. Originally presented in

662 (Roberts et al., 2017b)

663
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664  Appendix C

665

666 WTP = (( Bris ) x AVis) + ((ﬁ Coraly ACoral) + ((ﬁ Fishy & AFish)
Cost ﬁCast Cost

667

668 Bvis = Visibility preference coefficient (Table )

669 Beoral = Coral preference coefficient (Table )

670 Brish = Fish preference coefficient (Table )

671 Beost = Cost preference coefficient (Table )

672 AVis = Change in visibility/m

673 ACoral = Percentage change in coral cover

674 AFish = Percentage change in fish abundance

675  Table 3 Results from latent class logit model on choice experiment data for SCUBA divers valuing coral
676 reef attributes. Significant results in bold. This table has been summarised from data originally reported

677 in Roberts et al. 2017a

Class 1 Class 2 Class 3

Coef. SE Coef. SE Coef. SE
Visibility 0.023 0.003 0.021 0.005 0.032 0.034
Coral cover 0.021 0.002 0.018 0.004 0.040 0.028
Reduced fish decline 0.027 0.005 0.002 0.009 -0.063 0.056
Cost -0.007 0.003 -0.058 0.005 -0.141 0.081
Status quo -3.04 0.5 -2.31 0.30 291 0.81
Return within 5 years 1.5 1.7 -
Class share 0.65 0.20 0.16

678

32



679  Table 4 Results from latent class logit model on choice experiment data for SCUBA divers valuing coral

680 reef attributes, with coral cover dummy coded. Significant results in bold.

Class 1 Class 2 Class 3
Coef. SE Coef. SE Coef. SE
Visibility 0.02 0.003 0.02 0.005 0.03 0.04
Coral cover - Mid -0.28 0.59 1.03 0.48 0.69 1.53
Coral cover - High 0.67 0.61 1.62 0.56 2.00 1.53
Coral cover — Very High  1.36 0.17 1.49 0.33 2.90 2.64
Reduced fish decline 0.03 0.005 0.001 0.009 -0.06 0.07
Cost -0.005 0.17 -0.06 0.006 -0.14 0.09
Status quo -3.46 0.18 -1.92 0.38 2.92 0.93
Class share 0.65 0.20 0.16
681
682

683 Fig 7. Information cards presented to participants of the choice experiment to explain the connection between

684 terrestrial grazing, sediment run-off and coral reef decline.
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686

Bonaire is internationally renowned as a high quality SCUBA
dive destination (SCUBA Diving Magazine, 2015). However,
like coral reefs worldwide, the health of Bonaire’s reef is
declining over the long-term.

Studies carried out on Bonaire’s reef by the University of
Maine (Steneck and colleagues 2003-2013) have shown the
number of young corals is falling, and the diversity of fish
species is changing. This will reduce the quality of the coral
reef for diving.

34

Soil run-off from land is one cause of reef health decline. On
Bonaire this is increased due to grazing by introduced goats,
donkeys and pigs.

Goats, donkeys and pigs were introduced to Bonaire by Spanish
settlers, they are not native to the island. Grazing by these
animals reduces plant numbers, meaning that there are fewer
roots to hold the soil, and it is washed onto the reef.

Increased soil on the reef reduces the number of young corals. In
time this will lead to reduced coral cover and fish diversity.
Increased soil in the water also reduces visibility for divers.



687

688

One way to maintain the health of Bonaire’s coral reef is therefore to reduce grazing. This could
be done by:

* Restricting movements of grazing animals;

* Reducing the number of grazing animals on Bonaire;

* Restricting where goat farmers can graze their goats.

To maintain the reef requires funding. You already pay an annual
nature (dive tag) fee of $25 to STINAPA, which is used for the running
of the Bonaire National Marine Park. This study is to find out if you
would be willing to pay a higher fee in the future, to be used to reduce
grazing. This fee would be collected at the same time as the current
nature (dive tag) fee, but would be administered by a new non-
governmental organisation. The fee would be guaranteed to be used
for this purpose.

The following questions will present you with a choice of three dive sites under different
management conditions:

* The first two dive sites show diving conditions where grazing has been reduced

* The final dive site shows diving conditions where grazing has been allowed to continue

In each round you will be asked to choose which of the three dive sites you would like to visit.
You should assume that the sites are identical except in the ways presented on the card.

Each site has a different annual fee associated with it. Remember to pay close attention to the
fee, and take into account the cost of your holiday, and other economic constraints before
making a decision. If the prices of the dive sites with management are too high, choose the
option with no management.
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Appendix D

Table 5 Cost of eradication of goats and pigs from islands

Species  Methods Island Human Individuals Cost/ha Study
size/ha population removed (USD2015)

Goat Helicopter 58,465 No 79,000 $129 (Cruz et al.,
Dogs 2009)
Judas goat
Corrals
Ground hunting

Goat Helicopter 464,000 Yes 59,000 $10 (Cruz et al.,
Dogs 2009)
Judas goat
Corrals
Ground hunting

Goat Ground hunting 520 No Unknown $1354 (Holmes et
Corrals al., 2015)

Goat Ground hunting 500 No Unknown $91 (Holmes et
Corrals al., 2015)

Pig Trapping 5,700 No 200 $120 (McCann
Ground hunting and
Dogs Garcelon,
Judas pigs 2008)

Pig Helicopter 25,000 No 5,036 $219 (Melstrom,

2014)
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692

Pig

Cattle

Goat

Goat

Goat

Ground hunting
Trapping

Judas pigs
Ground hunting
(primary, others
unknown)

Unknown

Ground hunting
(primary, others
unknown)

Ground hunting
(primary, others

unknown)

5,666

710

3,230

14,600

2,938

No

No

No

Yes

Unknown

Unknown

Unknown

Unknown

Unknown

$118

$19

$13

$42

$242

(Massei et

al., 2011)

(Martins et

al., 2006)

(Martins et
al., 2006)
(Martins et

al., 2006)

(Martins et

al., 2006)
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Table 6 Estimated costs of donkey eradication on Bonaire for ground and aerial hunting, plus 6, 12, or 24
month monitoring period following eradication. Costs are shown per unit, as defined in row heading (e.g.
day, month, or per equipment piece), and multiplied by number required for each option. Time taken for
ground hunting without monitoring is 24 months, and aerial hunting without monitoring 14 months. This

initial time is added to costs of 6, 12, or 24 month monitoring in each column. Costs in USD2015

Cost  Ground hunting Helicopter
per

unit 6 months 12 months 24 months 6 months 12 months 24 months

Professional
hunter /day 320 4454400 4915200 5836800 3686400 4147200 5068800

Local hunter

/day 160 1113600 1228800 1459200 921600 1036800 1267200
Housing

/hunter

/month 800 950400 1056000 1267200 598400 704000 915200
Ammunition 1500 1500 1500 1500 1500 1500 1500
GPS collar 3000 90000 90000 90000 90000 90000 90000
Fitting GPS

collar 1000 30000 30000 30000 30000 30000 30000
Corral 2250 2250 2250 2250 2250 2250 2250
Firearms /unit 2000 72000 72000 72000 72000 72000 72000
Permit /firearm 2000 72000 72000 72000 72000 72000 72000
Dog and

handler /day 400 1856000 2048000 2432000 1536000 1728000 2112000
Management

/day 480 307200 364800 480000 259200 316800 432000
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Transport /km 0.3 5760 6840 9000 4860 5940 8100
Vehicle 1500 3000 3000 3000 3000 3000 3000
Camera Traps 700 35000 35000 35000 35000 35000 35000
Helicopter

/hour 2000 O 0 0 640000 640000 640000
Pilot /day 600 0 0 0 24000 24000 24000
Admin 899311 992539 1178995 797621 890849 1077305
TOTAL 9892421 10917929 12968945 8773831 9799339 11850355
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701  Table 7 Breakdown of costs for removal phase of eradication by ground control only. 24 month long

702  project, not including monitoring of success.

Ground hunting - Removal phase

24 Professional hunters, 24 months full time, $40/hour $3,993,600.00
12 Local hunters, 24 months full time, $20/hour $998,400.00
Accommodation, 36 hunters, 8 dog handlers, 24 months $844,800.00
Ammunition, 3000 bullets (3 times estimated donkey population) $1,500.00
30 GPS collars, including VHF transmitters, for Judas donkeys $90,000.00
Fitting GPS collar, including tranquiliser and trained personnel $30,000.00
Corral, fence materials for single semi-permanent corral $2,250.00
Firearms, 36 rifles of high power $72,000.00
36 firearm permits over two years (approximate fee) $72,000.00
8 dogs and handlers, 24 months full time, $50/hour $1,664,000.00
Project manager, 24 months full time, $60/hour $249,600.00
Transport, estimated 30km/day, $0.3/km $4,680.00
Vehicle, used pickup, price for acquiring on island $3,000.00
Admin, 10% of project cost $802,583.00
Total $8,828,413.00

703

704

705
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Table 8 Breakdown of costs for removal costs of eradication including 2 months aerial hunting and 14

months ground hunting, not including monitoring of success.

Ground hunting and helicopter - Removal phase

24 Professional hunters, 14 months full time, $40/hour

12 Local hunters, 14 months full time, $20/hour
Accommodation, 36 hunters, 8 dog handlers, 14 months
Ammunition, 3000 bullets (3 times estimated donkey population)
30 GPS collars, including VHF transmitters, for Judas donkeys
Fitting GPS collar, including tranquiliser and trained personnel
Corral, fence materials for single semi-permanent corral
Firearms, 36 rifles of high power

36 firearm permits over 14 months (approximate fee)

8 dogs and handlers, 14 months full time, $50/hour

Project manager, 14 months full time, $60/hour

Transport, estimated 30km/day, $0.3/km

Vehicle, used pickup, price for acquiring on island

Helicopter, full day for 2 months

Pilot, full time, 2 months

Admin, 10% of project cost

$3,225,600.00
$806,400.00
$492,800.00
$1,500.00
$90,000.00
$30,000.00
$2,250.00
$72,000.00
$72,000.00
$1,344,000.00
$201,600.00
$3,780.00
$3,000.00
$640,000.00
$24,000.00

$700,893.00

Total

$7,709,823.00
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710  Table 9 Breakdown of costs for 6 months monitoring post-eradication

6 months monitoring

12 Professional hunters, 6 months half time, $40/hour $460,800.00
6 Local hunters, 6 months half time, $20/hour $115,200.00
Accommodation, 18 hunters, 4 dog handlers, 6 months $105,600.00
4 dogs and handlers, 6 months half time, $50/hour $192,000.00
Project manager, 6 months half time, $60/hour $57,600.00
Transport, estimated 30km/day, $0.3/km $1,080.00
50 Camera traps, Infrared, no glow, including batteries and memory cards $35,000.00
Admin, 10% of project cost $93,228.00
Total $1,060,508.00

711
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714  Table 10 Breakdown of costs for 12 months monitoring post-eradication

12 months monitoring

12 Professional hunters, 12 months half time, $40/hour $921,600.00
6 Local hunters, 12 months half time, $20/hour $230,400.00
Accommodation, 18 hunters, 4 dog handlers, 12 months $211,200.00
4 dogs and handlers, 12 months half time, $50/hour $384,000.00
Project manager, 12 months half time, $60/hour $115,200.00
Transport, estimated 30km/day, $0.3/km $2,160.00
50 Camera traps, Infrared, no glow, including batteries and memory cards $35,000.00
Admin, 10% of project cost $186,456.00
Total $2,086,016.00
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717  Table 11 Breakdown of costs for 24 months of monitoring post-eradication

24 months monitoring

12 Professional hunters, 24 months half time, $40/hour $1,843,200.00
6 Local hunters, 24 months half time, $20/hour $460,800.00
Accommodation, 18 hunters, 4 dog handlers, 24 months $422,400.00
4 dogs and handlers, 24 months half time, $50/hour $768,000.00
Project manager, 24 months half time, $60/hour $230,400.00
Transport, estimated 30km/day, $0.3/km $4,320.00

50 Camera traps, Infrared, no glow, including batteries and memory cards $35,000.00
Admin, 10% of project cost $372,912.00
Total $4,137,032.00
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