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Abstract
During the planning phase the eﬃcacy of diﬀerent strategies to manage marine
resources should ultimately be assessed by their potential impact, or ability to make
a diﬀerence to ecological and social outcomes. While community-based and systematic approaches to establishing marine protected areas have their strengths and
weaknesses, comparisons of their eﬀectiveness often fail to explicitly address potential impact. Here, we predict conservation impact to compare recently implemented
community-based marine reserves in Tonga to a systematic conﬁguration speciﬁcally
aimed at maximizing impact. Boosted regression tree outputs indicated that ﬁshing
pressure accounted for ∼24% of variation in target species biomass. We estimate that
the community-based approach provides 84% of the recovery potential of the conﬁguration with the greatest potential impact. This high potential impact results from
community-based reserves being located close to villages, where ﬁshing pressure is
greatest. These results provide strong support for community-based marine management, with short-term beneﬁts likely to accrue even where there is little scope for
systematic reserve design.
KEYWORDS
boosted regression trees, community-based management, conservation biology, ﬁshing pressure, marine
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I N T RO D U C T I O N

The prevailing combination of ongoing ecosystem exploitation and limited conservation resources highlights the critical need to develop rapid, cost-eﬀective management actions.
No-take marine protected areas (MPAs) are a key tool used
in marine conservation and are suggested to enhance ecosystem resilience and reduce the decline of ﬁsheries resources
(Gaines, White, Carr, & Palumbi, 2010; Halpern & Warner,
2002; Mellin, Aaron Macneil, Cheal, Emslie, & Julian Caley,
2016). The objectives for MPA implementation are also broad

(Govan & Jupiter, 2013; Jupiter, Cohen, Weeks, Tawake, &
Govan, 2014), targeting both general (e.g., increasing biodiversity) and local (e.g., maintaining ﬁsh stocks) conservation
priorities. In some cases, reserve systems have been systematically designed to meet particular objectives of species inclusion, based on the best available knowledge of ecosystems and
species distributions (Pressey & Bottrill, 2009). In other cases,
reserves have been established at ad hoc locations by local
communities (Mills, Adams, Pressey, Ban, & Jupiter, 2012).
While each approach has its strengths and weaknesses, the
degree to which the two diﬀer in eﬀectiveness depends upon
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their likely impact. The conservation impact of a reserve is
the diﬀerence it makes to one or more intended or unintended
outcomes relative to no intervention or a diﬀerent intervention (Pressey, Visconti, & Ferraro, 2015; Pressey, Weeks, &
Gurney, 2017).
Community-based approaches to MPA management are
common in developing nations and tend to involve the opportunistic establishment of reserves where there is a willingness of local resource owners to participate in marine management (Gaymer et al., 2014; Horigue et al., 2015; Mills
et al., 2012). Here, we deﬁne community-based conservation
as natural resource or biodiversity protection by, for, and with
the local community (Western & Wright, 1994). This governance approach generally prioritizes the goals of local communities, such as maintaining target ﬁsheries, and responds
to local constraints and opportunities (Ban et al., 2011), but
does not focus explicitly on goals such as biodiversity conservation per se. Local engagement results in greater compliance,
participation in enforcement and other management activities
(Gurney et al., 2016), with a longer-term commitment to
reserves (Gaymer et al., 2014). Community-based reserves
can also be implemented eﬀectively even without the coordination and logistic support from a centralized government
(Cox, Arnold, & Villamayor, 2010). However, conservation
eﬀorts implemented opportunistically and focused on local
priorities might not meet biodiversity conservation objectives
(Horigue et al., 2015).
Other approaches to reserve design include top-down central management, which we deﬁne as natural resource and biodiversity protection by a central governing authority. Central
management can incorporate systematic conservation planning, which is characterized by explicit objectives and considerations of spatial context to guide the selection and management of conservation areas (Pressey & Bottrill, 2009).
The systematic approach theoretically has the capacity to target conservation actions in a way which maximizes impact,
thereby being more eﬀective at achieving national and international conservation objectives (Hansen et al., 2011; Mills
et al., 2012). However, globally it is now well established
that many protected areas are residual, in locations that
are less than likely to be aﬀected by extractive activities
(Devillers et al., 2015; Joppa & Pfaﬀ, 2011). Residual MPAs
might be more likely to arise from central management,
with political agendas minimizing conﬂict with extractive
uses while maximizing perceived gains for conservation, with
gains often gauged by misleading measures such as MPA
extent (Pressey et al., 2017).
While both central and systematic MPA planning can incorporate the interests of communities to varying degrees, the
conservation actions they suggest are frequently at odds with
the interests of communities, and often face strong opposition
from stakeholders (Bennett & Dearden, 2014). Local communities might not feel involved in these processes, so com-

pliance can be low (Gaymer et al., 2014). While, in theory,
the ability of these top-down approaches to achieve target
objectives will generally be greater than ad hoc communitybased management, they often fall short in practice (Ban et al.,
2011; Gaymer et al., 2014).
The most common method used to compare systematic
and community-based conservation planning has been to rate
their abilities to reach habitat representation targets (e.g., Ban
et al., 2011; Bode et al., 2016; Hansen et al., 2011; Horigue
et al., 2015; Mills et al., 2012). Generally, this approach suggests that community-based MPA designs either fail to reach
national conservation targets for habitat representation or fall
well below the systematic approach. However, the pervasive use of habitat representation as the sole basis for identifying conservation priorities risks failure to achieve impact
(Pressey et al., 2017). Despite extensive literature on the relative pros and cons of community-based and systematic MPA
design, the eﬀectiveness of both methods in terms of conservation impact is unknown. Furthermore, while there is now an
extensive body of literature measuring ecological outcomes of
MPAs, few tools exist to predict the relative impact of alternative reserve designs during the planning phase.
Here, we predict the potential conservation impact, measured as the recovery of target species biomass, of alternative
conﬁgurations of no-take MPAs in the Vava'u island group of
Tonga. Tonga has recently expanded its marine conservation
program to incorporate the widespread use of communitymanaged MPAs, of which 13 were implemented in Vava'u in
2016-2017. In this program, the size and location of MPAs
are determined by local communities rather than systematically by the government based on ecological and/or social factors. We set out to answer two main questions: (1) How much
of the predicted optimal impact is achieved by communitybased MPAs? (2) What is the potential impact of a secondary,
theoretical conﬁguration of MPAs designed to balance both
impact and maximum total potential biomass in MPAs?

2

M ETH O DS

Potential impact was calculated using a two-step process
incorporating both social and ecological data. First, social
data on ﬁshing eﬀort across Tonga were obtained from
questions regarding ﬁshing practices in the 2016 Tongan
National Census (Statistics Department of Tonga, 2017)
and key informant interviews (Figure S1). To quantify the
relationship between ﬁshing pressure and target species
biomass, a continuous spatial layer of ﬁshing pressure derived
from the social data set and ground-truthed during key
informant interviews was included as a predictor variable
(Harborne, 2016; Harborne et al., 2018). Fishing pressure was
calculated as the weighted abundance of ﬁshers in each village
overlaid on the ﬁshing grounds of Vava'u using separate decay
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FIGURE 1

Map of Vava'u, Tonga, depicting the sample sites and
new no-take reserves. Fishing grounds are deﬁned as reef and patch
reef environments at depths shallower than 10 m. Right-hand map
shows the location of the Vava'u island group in the Tongan
archipelago. Dark areas on land represent the outlines of villages

kernels for subsistence and commercial practices, derived
from the key informant interviews (Figure S2; Thiault,
Collin, Chlous, Gelcich, & Claudet, 2017). Fisher abundance
was weighted by district-level data on ﬁshing practices (commercial or subsistence), gear type (spear and handline), and
frequency of ﬁshing activities. This ﬁshing pressure metric assumes that, all else being equal, ﬁshers preferentially
select sites closer to home and move further out as closer
sites become exhausted or closed to ﬁshing. While the model
might therefore be decoupled from current ﬁshing eﬀort, it
is nonetheless useful in constituting the long-term eﬀects of
ﬁshing on ﬁsh assemblages throughout the island group.
Second, ecological surveys of coral reef ﬁsh community
composition and biomass were conducted at 129 sites in
Vava'u in 2016 to 2017 (Figure 1, Figure S3). At each site,
the abundance and size of all target ﬁsh species was recorded
in four 30 m x 5 m belt transects. Key target species were
identiﬁed from survey questions in a baseline socioeconomic
report for the new management areas (Parks & Specialist,
2017). The length and abundance of reef ﬁsh was converted to
biomass following published length-weight relationships for
each species (Kulbicki, Guillemot, & Amand, 2005). We then
used Boosted Regression Trees (Elith, Leathwick, & Hastie,
2008) and eight predictor variables (ﬁshing pressure, habitat, wave energy, rugosity, slope, historic management status,
district, surveyor; Figure S4 Table S1, S2) to create a spatial
predictive model of the current biomass of target ﬁsh species
across all reefs in the Vava'u group (Harborne, 2016; Harborne et al., 2018). A random number variable was included
and any predictor variables that explained less variability
in the data than random were removed. Boosted Regression
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Trees are an additive regression model in which individual
terms are simple trees, ﬁtted in a forward, stagewise fashion (Elith et al., 2008;). The model parameters (learning rate
and tree complexity) were calculated across a series of values and the values that gave the best explanatory power were
included in the ﬁnal model. Conﬁdence intervals were estimated around these ﬁtted functions by taking 1,000 bootstrap
samples, to which we ﬁtted the model. We used these samples
to make separate predictions for the spatial data. All models
were run using the “gbm” package in R 3.X.
To assess the potential impact of the recently implemented
no-take marine reserves in terms of recovery of target ﬁsh
biomass, we re-inputted the data into the model with the same
environmental variables, but with all ﬁshing pressure values
set to zero. Potential impact was calculated by subtracting,
for each 50 m grid cell, current biomass from the potential
biomass. The result was a layer continuous across the island
group predicting the recovery of target species biomass for
each 50 m grid cell.
The predicted impact of the current community-based
conﬁguration was then compared to two alternative systematic conﬁgurations with the same total area (8.8 km2 ). The
ﬁrst comparison was made with the conﬁguration that systematically protected an area equal to the community-based
approach, but was conﬁgured to have the greatest impact.
Impact is a measure of change and could therefore be equal
in areas of both high and low predicted current biomass.
Consequently, multiple conﬁgurations might exist with
comparable impact, but with large diﬀerences in maximum
recovered biomass. The community-based conﬁguration was
therefore also compared to a second systematic conﬁguration,
which aimed to maximize both potential impact and total
biomass following recovery. This was done by preferentially
selecting grid cells with high predicted biomass under no
ﬁshing when diﬀerences in impact between candidate cells
were minimal.
A caveat to our estimation of impact is that it aimed to
maximize the short-term beneﬁt inside reserves only, without
accounting for increased ﬁshing pressure in nonreserve areas.
However, because the relocated ﬁshing pressure is spread over
a large area, the ﬁsheries squeeze eﬀect is likely to be small.
In addition, by maximizing the impact inside reserves, the
recruitment subsidies from reserves will be greater than if
reserves were situated in unﬁshed areas.

3

RESULTS

The predictor variables in the current biomass model
explained 69% of the total variation in target ﬁsh biomass
across Vava'u (Figure 2). The boosted regression tree learning
rate was set to 0.001 and the interaction depth to 5, which
resulted in a best iteration of 1,720 trees. The greatest
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FIGURE 2

Boosted regression tree
outputs. Relationships between each signiﬁcant
predictor variable and target species biomass
(y-axes) after accounting for the average eﬀects
of all other variables in the model. Percent values
represent how much of the deviance was
explained by each variable. Habitat labels are:
DW – deep wall, FR – exposed forereef, P – bare
pavement, SESR – semiexposed sloping reef,
SR – sheltered reef, SRP – sandy rubble with
patches, SW – shallow wall. Wave energy was
calculated as joules per square meter. Fishing
pressure is the abundance of ﬁshers per grid cell
ﬁshing every 2 weeks or more frequently using a
spear or handline. Slope and rugosity were both
recorded on a ﬁve-point scale (Figure S3
Table S1)

FIGURE 3

Vava'u ﬁshing pressure, predicted current biomass, and potential impact (a) ﬁshing pressure in Vava'u deﬁned as the number of
ﬁshers capable of ﬁshing an area fortnightly or more frequently (b) predicted current biomass of target species per 50 m grid cell (c) potential impact,
or change in target species biomass per 50 m cell, following the implementation of a no-take MPA. The black lines indicate the conﬁguration of the
13 recently implemented MPAs

proportion of deviance (23.9%) was explained by ﬁshing
pressure (Figure 3a), with target species biomass declining
rapidly as ﬁshing pressure increased. However, the predictive
power of ﬁshing pressure decreased as ﬁshing pressure
increased, and this variable was unable to predict variation
in target ﬁsh biomass at locations with values beyond ∼40
ﬁshers. The boosted regression tree models indicated that ﬁsh
biomass increased rapidly with increasing distance from land
(and decreasing population pressure), with biomass at the
southernmost islands 2.5 times greater than around the inner
islands (Figure 3b). The predictor variables district, historic
management status and surveyor all explained less variability
in the data than the random variable and were therefore
removed.

The predicted total recovery of target species biomass
(Figure 3c) across the 13 community-based MPAs was 84% of
the systematic conﬁguration with the greatest recovery potential (Figure 4). The second systematic conﬁguration, which
preferentially selected grid cells with high total biomass when
diﬀerences in impact were minimal, achieved 8.8% greater
total biomass than the ﬁrst systematic conﬁguration while
only reducing predicted recovery by 2.3%. The systematic
approach targeting high-impact areas focused protection on
the central region of Vava'u where ﬁshing pressure was highest (Figure 5a). The plateau of ﬁshing pressure's eﬀect on
biomass corresponded spatially to the inner island group of
Vava'u (Figure 5b). Within this region, the second systematic conﬁguration targeted areas with high-quality habitat and

Predicted biomass recovery (kg/ha)
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FIGURE 4

Numerical comparisons of a community-based and
two systematic MPA conﬁgurations (a) predicted impact as recovery of
biomass (b) total predicted biomass. Error bars represent the 95%
conﬁdence intervals estimated from taking 1,000 bootstrap samples of
the input data, but selected randomly with replacement, and repeating
the analysis for each sample

greater wave energy, and not those with the greatest ﬁshing
pressure (Figure 5c).

4

DIS CUSSI O N

Our results indicate that local ﬁshing pressure is reducing the
biomass of target species close to villages, with ﬁshing pressure accounting for ∼24% of the variation in ﬁsh biomass.
This suggests that community-managed no-take MPAs could
have positive impacts on ﬁsh stocks, particularly in areas of
high ﬁshing pressure. The predicted impact of the communitybased conﬁguration of no-take reserves was 84% of the impact
of the best-case systematic conﬁguration. This result is important because it suggests that close-to-ideal beneﬁts of MPAs
can be achieved in situations where there is relatively little
data for systematic placement of reserves or social/political
constraints on applying systematic approaches.
This study conﬁrms that ﬁshing pressure can be a strong
predictor of target species biomass. Other ecological metrics such as size distributions and community structure have

FIGURE 5

Spatial comparison of community-based and
alternative conﬁgurations of no-take MPAs (a) the current
community-based conﬁguration compared to a systematic conﬁguration
aimed at maximizing potential impact (b) the region in which ﬁshing
pressure's eﬀect on ﬁsh biomass plateaus; within this region, alternative
reserve conﬁgurations would have marginal diﬀerences in predicted
recovery (c) the current community-based conﬁguration compared to a
second systematic conﬁguration that maximizes total biomass when
diﬀerences to potential impact are minimal
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also been demonstrated to vary along gradients of ﬁshing
pressure (Graham, Dulvy, Jennings, & Polunin, 2005; Wilson
et al., 2010). However, despite the high variance explained
by ﬁshing pressure, the model's predictive power decreased
in areas of high ﬁshing pressure. This result is indicative of
the potential depletion or collapse of the inshore reef ﬁshery
in Vava'u. This is further corroborated by the ecological surveys, in which we observed that most of the inner island sites
had small sizes and low abundances of reef ﬁsh.
Studies assessing the community-based approach to establishing MPAs have generally used habitat representation, and
generally concluded that the resulting conﬁgurations of MPAs
failed to reach 50% of their total capacity (Hansen et al., 2011;
Horigue et al., 2015; Mills et al., 2012). However, by using
predicted impact on target species as a metric of potential success, our results indicate the beneﬁts could be much greater.
The high impact predicted by our results is attributable to
community-based MPAs generally being established close to
villages where ﬁshing pressure is likely to have been high.
In contrast, systematic designs based on habitat representation are likely to include areas that are subject to little or no
ﬁshing pressure.
MPAs are often situated next to villages for social reasons,
as a way to support local enforcement and maximize compliance (Cinner & Aswani, 2007). While social and ecological strategies are not always aligned (Gaymer et al., 2014),
the high potential impact of implementing reserves near villages in this study illustrates how ecological beneﬁts can
be achieved by emphasizing social priorities. The systematic
approach to reserve design is also not always feasible, especially in resource-limited nations, and a community-driven
approach can therefore often be the most viable solution for
marine management in the absence of well-supported centralized management (Ban et al., 2011). High compliance
and marine stewardship by local communities are also critical to the success of MPAs (Mascia, Claus, & Naidoo,
2010), and the greater support of community-driven projects
could potentially oﬀset the diﬀerence in predicted impact
between the systematic and community approach. Furthermore, in practice, centralized planning is frequently not systematic, often resulting in residual MPAs situated to have minimum conﬂict with human activities and therefore low impact
(Devillers et al., 2015).
The similarity in potential impact between alternate MPA
conﬁgurations suggests that within this system there can be
ﬂexibility when selecting areas using the predictive impact
approach. Although the systematic conﬁguration suggested
placing reserves around the most populated part of the region,
this might not be practical because compliance and enforcement around urban centres could be diﬃcult. Our results
demonstrate that alternative conﬁgurations can maintain high
impact while also maximizing total biomass. This ﬂexibility
enables this approach to be incorporated into future manage-
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ment decisions both in Tonga and other small-island developing nations.
Given Tonga's remoteness, the net rate of stock depletion will likely remain constant following reserve establishment, potentially resulting in a ﬁshery squeeze eﬀect whereby
ﬁshing pressure is displaced rather than reduced (Agardy, di
Sciara, & Christie, 2011; Halpern & Warner, 2002). Although
this study did not explicitly examine the potential loss of
biomass in the absence of protection, this limitation was partially oﬀset by factoring maximum biomass into the conﬁguration as well as impact. Depletion of ﬁsh stocks might be
exacerbated initially as ﬁshers move to less harvested areas,
with long-term beneﬁts accruing only when MPAs build up
standing populations of large, spawning ﬁsh (Agardy et al.,
2011; Hopf, Jones, Williamson, & Connolly, 2016). In addition, changes in ﬁsh biomass are not always predictable and
the impact of no-take reserves on ﬁsh stocks can be limited by
large-scale chronic impacts such as habitat degradation, pollution, and climate change (Green et al., 2014). However, many
of these caveats are not isolated to our predictive method, but
are limitations of MPA design in general. Various additional
management strategies such as size limits and gear restrictions can be employed to help mitigate these impacts outside
of existing MPAs (Lundquist & Granek, 2005; Weeks, Green,
Joseph, Peterson, & Terk, 2016).
Our model allowed us to estimate, based on local environmental parameters and changes to ﬁshing pressure, a hypothetical carrying capacity representing the biomass an area
might reach with the implementation of a well-managed notake reserve after suﬃcient time has passed for ﬁsh stocks
to recover. The time required for the biomass ceiling to be
reached is beyond the scope of this study, encompassing many
aspects of reef ecology. There is also a myriad of additional
ecological factors that will aﬀect the carrying capacity of a
site, so our results are only indicative of which sites could
have the greatest potential impact. Other factors such as coral
cover, frequency of disturbances, and larval transport will also
be important in establishing the ﬁnal carrying capacity of
each site (Hopf et al., 2016; Jones, McCormick, Srinivasan,
& Eagle, 2004). In addition, other conservation targets such
as ﬁsheries yield are also important for ﬁsheries management
and could also be incorporated into estimates of the eﬃcacy
of alternative management strategies (McClanahan, 2018)
There are various other approaches to the design and
implementation of MPAs, each with their own merits and
shortcomings (Botsford, Micheli, & Hastings, 2003; Gaines
et al., 2010). Our technique can be added to the existing
toolset of marine conservation planners to highlight regions
in which eﬀorts should be focused and additional methods
employed. While habitat representation is not a panacea to
reserve design (Pressey et al., 2017), there are still signiﬁcant
ecological beneﬁts to be accrued by protecting a range of
habitats and conservation targets (Airame et al., 2003; Ward,
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Vanderklift, Nicholls, & Kenchington, 1999). Importantly,
these two approaches are not mutually exclusive, and future
management should aim to incorporate both in conjunction
when formulating decisions.

Devillers, R., Pressey, R. L., Grech, A., Kittinger, J. N., Edgar, G. J.,
Ward, T., & Watson, R. (2015). Reinventing residual reserves in the
sea: Are we favouring ease of establishment over need for protection? Aquatic Conservation: Marine and Freshwater Ecosystems, 25,
480–504.

ACKNOW LEDGMENTS

Elith, J., Leathwick, J. R., & Hastie, T. (2008). A working guide to
boosted regression trees. Journal of Animal Ecology, 77, 802–813.

The authors are grateful for the support oﬀered by the McIntyre Adventure Marine Discovery Centre on Nomuka iki for
this project. Additional data were also provided by Danielle
Ceccarelli. The authors also thank the communities in Vava'u
for their participation and the Prime Minister's oﬃce for
approval of the research. We also acknowledge and are grateful to Karen Stone from the Vava'u Environmental Protection
Agency and Georgina Gurney for support and advice. Animal and human ethics for research projects was approved by
James Cook University. PSW, TCB, RLP, and GPJ acknowledge support from the Australian Research Council.
ORC ID
Patrick F. Smallhorn-West
http://orcid.org/0000-0001-6782-3704
http://orcid.org/0000-0003-3951-284X
Tom C. L. Bridge
http://orcid.org/0000-0003-2740-0330
Robert L. Pressey
http://orcid.org/0000-0002-6244-1245
Geoﬀrey P. Jones
REFERENCES
Agardy, T., di Sciara, G. N., & Christie, P. (2011). Mind the gap:
Addressing the shortcomings of marine protected areas through large
scale marine spatial planning. Marine Policy, 35, 226–232.
Airame, S., Dugan, J., Laﬀerty, K., Leslie, H., McArdle, D., & Warner,
R. (2003). Applying ecological criteria to marine reserve design: A
case study from the California Channel Islands Permalink. Ecological Applications, 13, 170–184.
Ban, N. C., Adams, V. M., Almany, G. R., Ban, S., Cinner, J. E., McCook,
L. J., ... White, A. (2011). Designing, implementing and managing
marine protected areas: Emerging trends and opportunities for coral
reef nations. Journal of Experimental Marine Biology and Ecology,
408, 21–31.
Bennett, N. J., & Dearden, P. (2014). Why local people do not support conservation: Community perceptions of marine protected area
livelihood impacts, governance and management in Thailand. Marine
Policy, 44, 107–116.
Bode, M., Williamson, D. H., Weeks, R., Jones, G. P., Almany, G. R.,
Harrison, H. B., ... Pressey, R. L. (2016). Planning marine reserve
networks for both feature representation and demographic persistence
using connectivity patterns. PLoS One, 11, 1–23.
Botsford, L. W., Micheli, F., & Hastings, A. (2003). Principles for the
design of marine reserves. Ecological Applications, 13, 25–31.

Gaines, S. D., White, C., Carr, M. H., & Palumbi, S. R. (2010). Designing marine reserve networks for both conservation and ﬁsheries management. Proceedings of the National Academy of Sciences, 107,
18286–18293.
Gaymer, C. F., Stadel, A. V., Ban, N. C., Carcamo, P. F., Ierna, J.,
& Lieberknecht, L. M. (2014). Merging top-down and bottom-up
approaches in marine protected areas planning: Experiences from
around the globe. Aquatic Conservation: Marine and Freshwater
Ecosystems, 24, 128–144.
Govan, H., & Jupiter, S. (2013). Can the IUCN 2008 protected areas
management categories support Paciﬁc island approaches to conservation. Parks, 19, 73–80.
Graham, N. A. J., Dulvy, N. K., Jennings, S., & Polunin, N. V. C. (2005).
Size-spectra as indicators of the eﬀects of ﬁshing on coral reef ﬁsh
assemblages. Coral Reefs, 24, 118–124.
Green, A. L., Fernandes, L., Almany, G., Abesamis, R., McLeod, E.,
Aliño, P. M., ... Pressey, R. L. (2014). Designing marine reserves for
ﬁsheries management, biodiversity conservation, and climate change
adaptation. Coastal Management, 42, 143–159.
Gurney, G. G., Cinner, J. E., Sartin, J., Pressey, R. L., Ban, N. C., Marshall, N. A., & Prabuning, D. (2016). Participation in devolved commons management: Multiscale socioeconomic factors related to individuals’ participation in community-based management of marine
protected areas in Indonesia. Environmental Science & Policy, 61,
212–220.
Halpern, B. S., & Warner, R. R. (2002). Marine reserves have rapid and
lasting eﬀects. Ecology Letters, 5, 361–366
Hansen, G. J. A., Ban, N. C., Jones, M. L., Kaufman, L., Panes, H. M.,
Yasué, M., & Vincent, A. C. J. (2011). Hindsight in marine protected area selection: A comparison of ecological representation arising from opportunistic and systematic approaches. Biological Conservation, 144, 1866–1875.
Harborne, A. R. (2016). The Nature Conservancy's mapping ocean
wealth project, and the current and potential standing stocks of coral
reef ﬁshes in ﬁve jurisdictions of Micronesia. The Nature Conservancy.
Harborne, A. R., Green, A. L., Peterson, N. A., Beger, M., Golbuu, Y.,
Houk, P., ... Mumby, P. J. (2018). Modelling and mapping regionalscale patterns of ﬁshing impact and ﬁsh stocks to support coral-reef
management in Micronesia. Diversity and Distributions, 1–15.
Hopf, J. K., Jones, G. P., Williamson, D. H., & Connolly, S. R. (2016).
Fishery consequences of marine reserves: Short-term pain for longerterm gain. Ecological Applications, 26, 818–829.

Cinner, J. E., & Aswani, S. (2007). Integrating customary management
into marine conservation. Biological Conservation, 140, 201–216

Horigue, V., Pressey, R. L., Mills, M., Brotánková, J., Cabral, R., &
Andréfouët, S. (2015). Beneﬁts and challenges of scaling up expansion of marine protected area networks in the Verde Island Passage,
Central Philippines. PLoS One, 10, 1–28.

Cox, M., Arnold, G., & Villamayor, S. (2010). A review of design principles for community-based natural resource management. Ecology
and Society, 15(4), 38.

Jones, G. P., McCormick, M. I., Srinivasan, M., & Eagle, J. V. (2004).
Coral decline threatens ﬁsh biodiversity in marine reserves. Proceedings of the National Academy of Sciences, 101, 8251–8253.

8 of 8

SMALLHORN-WEST ET AL.

Joppa, L. N., & Pfaﬀ, A. (2011). Global protected area impacts. Proceedings of the Royal Society B: Biological Sciences, 278, 1633–
1638.

Pressey, R. L., Weeks, R., & Gurney, G. G. (2017). From displacement
activities to evidence-informed decisions in conservation. Biological
Conservation, 212, 337–348.

Jupiter, S. D., Cohen, P. J., Weeks, R., Tawake, A., & Govan, H. (2014).
Locally-managed marine areas: Multiple objectives and diverse
strategies. Paciﬁc Conservation Biology, 20(2), 165–179.

Statistics Department of Tonga (2016). Tonga national population and
housing census. Nuku'alofa, Tonga Tongan Bureau of Statistics.

Kulbicki, M., Guillemot, N., & Amand, M. (2005). A general approach
to length-weight relationships for New Caledonian lagoon ﬁshes.
Cybium, 29, 235–252.

Thiault, L., Collin, A., Chlous, F., Gelcich, S., & Claudet, J. (2017). Combining participatory and socioeconomic approaches to map ﬁshing
eﬀort in small-scale ﬁsheries. PLoS One, 12, 1–18.

Lundquist, C. J., & Granek, E. F. (2005). Strategies for successful marine
conservation: Integrating socioeconomic, political, and scientiﬁc factors. Conservation Biology, 19, 1771–1778.

Ward, T. J., Vanderklift, M. A., Nicholls, A. O., & Kenchington, R. A.
(1999). Selecting marine reserves using habitats and species assemblages as surrogates for biological diversity. Ecological Applications,
9, 691–698.

Mascia, M. B., Claus, C. A., & Naidoo, R. (2010). Impacts of marine
protected areas on ﬁshing communities. Conservation Biology, 24,
1424–1429

Weeks, R., Green, A. L., Joseph, E., Peterson, N., & Terk, E. (2016).
Using reef ﬁsh movement to inform marine reserve design. Journal
of Applied Ecology, 54, 145–152.

McClanahan, T. R. (2018). Multicriteria estimate of coral reef
ﬁshery sustainability. Fish and Fisheries, 1–14. https://doi.org/
10.1111/faf.12293

Western, D., & Wright, R. M. (1994). Natural connections: Perspectives in community-based conservation. Washington, DC: Island
Press.

Mellin, C., Aaron Macneil, M., Cheal, A. J., Emslie, M. J., & Julian
Caley, M. (2016). Marine protected areas increase resilience among
coral reef communities. Ecology Letters, 19, 629–637.

Wilson, S. K., Fisher, R., Pratchett, M. S., Graham, N. A. J., Dulvy, N. K.,
Turner, R. A., ... Polunin, N. V. C. (2010). Habitat degradation and
ﬁshing eﬀects on the size structure of coral reef ﬁsh communities.
Ecological Applications, 20, 442–451.

Mills, M., Adams, V. M., Pressey, R. L., Ban, N. C., & Jupiter, S. D.
(2012). Where do national and local conservation actions meet? Simulating the expansion of ad hoc and systematic approaches to conservation into the future in Fiji. Conservation Letters, 5, 387–398.
Parks, J., (2017). Baseline Socioeconomic Survey of the Vava‘u Special
Management Areas (SMA) As a Component of the Tonga Climate
Resilience Sector Project MAFFF/MEIDECC Kingdom of Tonga.
Pressey, R. L., & Bottrill, M. C. (2009). Approaches to landscape- and
seascape-scale conservation planning: Convergence, contrasts and
challenges. Oryx, 43, 464–475.
Pressey, R. L., Visconti, P., & Ferraro, P. J. (2015). Making parks make
a diﬀerence: Poor alignment of policy, planning and management
with protected-area impact, and ways forward. Philosophical Transactions of the Royal Society B: Biological Sciences, 370, 20140280.
https://doi.org/10.1098/rstb.2014.0280

S U P P O RT I NG IN FO R M AT I O N
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
How to cite this article: How to cite this article: Smallhorn-West PF, Bridge TCL, Malimali
S, Pressey RL, Jones GP. Predicting impact to
assess the eﬃcacy of community-based marine
reserve design. Conservation Letters. 2018;e12602.
https://doi.org/10.1111/conl.12602

