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Abstract

Larval dispersal connectivity is typically integrated into spatial conservation decisions
at regional or national scales, but implementing agencies struggle with translating these
methods to local scales. We used larval dispersal connectivity at regional (hundreds of kilo-
meters) and local (tens of kilometers) scales to aid in design of networks of no-take reserves
in Southeast Sulawesi, Indonesia. We used Marxan with Connectivity informed by biophys-
ical larval dispersal models and remotely sensed coral reef habitat data to design marine
reserve networks for 4 commercially important reef species across the region. We com-
plemented regional spatial prioritization with decision trees that combined network-based
connectivity metrics and habitat quality to design reserve boundaries locally. Decision trees
were used in consensus-based workshops with stakeholders to qualitatively assess site desir-
ability, and Marxan was used to identify areas for subsequent network expansion. Priority
areas for protection and expected benefits differed among species, with little overlap in
reserve network solutions. Because reef quality varied considerably across reefs, we suggest
reef degradation must inform the interpretation of larval dispersal patterns and the con-
servation benefits achievable from protecting reefs. Our methods can be readily applied
by conservation practitioners, in this region and elsewhere, to integrate connectivity data
across multiple spatial scales.
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Integración de la conectividad larval al proceso de toma de decisiones en la conservación
marina en escalas espaciales
Resumen: Comúnmente se integra la conectividad de la dispersión larval a las decisiones
de conservación espacial a escalas regionales o nacionales, pero las agencias de imple-
mentación luchan con la transferencia de estos métodos a las escalas locales. Usamos la
conectividad de la dispersión larval a escalas regionales (cientos de kilómetros) y locales
(decenas de kilómetros) para ayudar en el diseño de redes de reservas con protección total
en Sulawesi Sudoriental, Indonesia. Usamos Marxan con la conectividad guiada por los
modelos biofísicos de dispersión larval y detectamos a distancia los datos de hábitat de los
arrecifes de coral para diseñar redes de reservas marinas para cuatro especies de importan-
cia comercial en la región. Complementamos la priorización espacial regional con árboles
de decisión que combinaron medidas de conectividad basadas en las redes y la calidad del
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hábitat para diseñar localmente los límites de la reserva. Usamos los árboles de decisión con
los actores en talleres basados en el consenso para evaluar cualitativamente la conveniencia
del sitio. También usamos Marxan para identificar áreas para la expansión subsecuente de
la red. Las áreas prioritarias para la protección y los beneficios esperados difirieron entre
especies, con un traslape reducido en las soluciones de la red de reservas. Ya que la calidad
del arrecife varió considerablemente entre los arrecifes, sugerimos que la degradación de
estos debe orientar la interpretación de los patrones de dispersión larval y los beneficios
de conservación alcanzables con la protección de los arrecifes. Los practicantes de la con-
servación pueden aplicar nuestros métodos inmediatamente, en esta región o en cualquier
otra, para integrar los datos de conectividad en varias escalas espaciales.

PALABRAS CLAVE

dispersión larval, Marxan, planeación de la conservación, priorización espacial, redes de reservas marinas
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INTRODUCTION

The exchange of larvae between subpopulations is a fundamen-
tal ecological process in many marine ecosystems (Almany et al.,
2009). Recent technological advancements have popularized the
adoption of larval connectivity into the design of no-take marine
reserves (Magris et al., 2014), aiming to make metapopulations
more resilient to localized disturbances (Almany et al., 2009)
and to provide adjacent unprotected areas biodiversity and fish-
ery benefits via spillover (Harrison et al., 2012). Methods to
incorporate larval connectivity in reserve design range from
complex mechanistic metapopulation models (Bode et al., 2016;
Chollett et al., 2017) to simpler static optimizations performed
with software, such as Marxan (White et al., 2014; Beger et al.,
2015; Daigle et al., 2020), to basic rule of thumb guidelines
(McCook et al., 2009) and decision trees (Smith & Metaxas,
2018). Despite this diversity, barriers remain for wider uptake
by conservation practitioners working on less studied areas
and species. Data availability, level of expertise, computational
power, and specific stakeholder needs limit the suitability of
certain approaches (Bode et al., 2016). Additionally, approaches
tend to be limited to a single spatial scale (Cheok et al., 2020);
spatial prioritization incorporating connectivity is often used at

regional scales (Beger et al., 2015); and rules of thumb, such as
reserve sizing, are used at smaller scales (Krueck et al., 2017).
These barriers highlight the need for further guidance around
integrating connectivity into conservation planning.

An ongoing challenge is how effects of spatial scale should be
explicitly considered in reserve design (Cheok et al., 2020). Plan-
ning outcomes are affected by the different scales at which both
human governance systems and larval dispersal processes oper-
ate (Huber et al., 2010). This problem is particularly relevant
in tropical coral reef ecosystems, characterized by fragmented
habitat patches that host fish species with relatively sedentary
adult stages (Almany et al., 2009) and larvae that can disperse
tens of meters to tens or hundreds of kilometers (Green et al.,
2015). Although conservation actions, such as reserve estab-
lishment, are often undertaken locally, reserve networks are
most effective when designed regionally to account for disper-
sal (Mills et al., 2010). Consequently, multiscale planning where
governance and actions at different scales inform one another is
required to improve conservation outcomes and minimize scale
mismatches (Cheok et al., 2020).

A further challenge is that reefs vary from semipristine to
highly deteriorated states, depending on exposure to anthro-
pogenic stressors (Norström et al., 2016). Larval dispersal

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14038 by <

Shibboleth>
-m

em
ber@

leeds.ac.uk, W
iley O

nline L
ibrary on [22/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



CONSERVATION BIOLOGY 3 of 10

models often make the simplifying assumption that larval pro-
duction relates to habitat quantity, but not habitat quality, even
though both influence reproductive output (Magris et al., 2016).
Regional analyses based on coarse data may fail to reflect the
heterogeneity of the area, but considerable resources may oth-
erwise be required to collect fine-resolution habitat quality data
for a larger region (Mills et al., 2010). In many situations, des-
ignating sites based on habitat extent and quality can be more
important than decisions based on measures of connectivity
(Cabral et al., 2016). Tropical reefs generally require a high coral
cover to support large fish populations that yield a large lar-
val output (Wilson et al., 2010), regardless of protection status
(Jones et al., 2004). To be effective, reserve network design must
therefore concurrently consider connectivity and habitat quality
at multiple spatial scales of significance.

We integrated connectivity in marine spatial planning at
regional and local scales to demonstrate a connectivity-based
planning and consultation process of no-take reserve networks
that occurred in the province of Southeast Sulawesi, Indone-
sia. The conservation organization Rare’s Fish Forever program
is establishing networks of marine reserves coupled with man-
aged access areas (MAAs), where local fishers are granted the
exclusive right to fish. These are being designed for biodiver-
sity protection and fishery benefits over 30 years with a focus
on 4 commercially important fish species. Following an initial,
assessment-based selection of a system of MAAs across the
province, we used simple decision trees combining habitat qual-
ity data and measures of larval dispersal to help delineate reserve
boundaries at the local, district scale (tens of kilometers). In the
subsequent expansion of the reserve network at the regional,
provincial scale (hundreds of kilometers), we used Marxan, a
spatial prioritization tool, to identify connected priority areas
for protection. Methods were specifically chosen to be easily
communicable in nonspecialist, community consultations.

METHODS

Planning region

The province of Southeast Sulawesi in central Indonesia is in
the heart of the Coral Triangle biodiversity hotspot (Figure 1a).
Following the Indonesian government’s 2018 announcement to
protect 30 million ha of marine area by 2030, there has been
a provincial drive to designate additional marine areas as MAAs
(defined above), inside of which smaller no-take marine reserves
are established. Joint village management bodies are formed
from joint village and fishing community groups and allocated
comanagement rights to manage MAA resources and develop a
management plan with assistance from district governments.

Our objective was to develop proposals for expansion of a
network of marine reserves across the province to place 20%
of coral reefs under strict protection. Data on coral reef habi-
tat occurrence were obtained from local habitat surveys and
the publicly available Global Distribution of Coral Reefs data
set (UNEP-WCMC et al., 2018). Due to time and resource

constraints, 20% of reefs will not be protected at once; rather,
they will be protected through sequential expansion of reserves
coupled with MAAs. The iterative workflow of local delineation
of reserves followed by regional identification for reserve net-
work expansion is repeated as long as the 20% target is not met
(Figure 2).

An initial system of 22 MAAs was established in 2019
through assessments with government partners and commu-
nity inputs (Figure 2, step 1A). Assessments involved broad
baseline profiling of fisheries, local governance, and willingness
of district government and communities to implement a man-
agement system, accompanied by behavior campaigns to build
stakeholder support and policy development. This was followed
by no-take reserve delineation undertaken at the local scale that
combined additional habitat quality data available only locally
with measures of larval import and export (Figure 3). Following
reserve establishment in the 22 MAAs, we used Marxan with
Connectivity to identify potential priority areas for expanding
the reserve networks across the province.

The sociopolitical constraints in Southeast Sulawesi meant
that initial MAA selection was carried out by first identifying
willing government and community partners. However, in other
implementations of this 2-scale process, the initial selection
of reserves may be carried out through regional conservation
prioritization (Figure 2, step 1B; Appendix S1).

Larval dispersal modeling

We modeled larval dispersal for the commercially important
fishery species of coral trout (Plectropomus leopardus), emperor
(Lethrinus lentjan), snapper (Lutjanus malabaricus), and rabbitfish
(Siganus canaliculatus) with coupled biological–oceanographic
models with a 500-m horizontal resolution, the highest resolu-
tion currently available for the region (Treml et al., 2012).

Species life-history parameters were taken from the literature.
When specific data were unavailable, we used the most similar
species and closest location. Reef habitat was divided into 487
discrete patches ranging in size from 0.25 to 122.75 km2 with
natural clustering of habitat and geomorphological attributes of
the coastlines. A nearest-neighbor and overwater distance algo-
rithm was used for initial clustering of reef habitat in the model.
In locations where these algorithms failed to identify unique
reef patches, we used the underlying fine-scale habitat maps to
identify ecologically meaningful and geomorphologically appro-
priate patch boundaries. Patches were contiguous with a low
outer boundary to area ratio. Patches were subsequently used
as conservation planning units (PUs), the fundamental spatial
management unit. Larval dispersal simulations were initiated
from each reef patch in months when spawning occurs for each
species to generate a matrix of interpatch dispersal probability.
Dispersal probability was scaled by the relative habitat amount
in each patch to generate a larval flow matrix. The larval flow
matrix was then converted to a migration matrix by dividing by
column sums (Caswell, 2014; Daigle et al., 2020) for use in local
and regional planning steps (details in Appendix S2).
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4 of 10 MUENZEL ET AL.

FIGURE 1 (a) Map of the planning area of Southeast Sulawesi, Indonesia, showing provincial waters and the 22 managed access areas (MAAs) identified
through government consultations (inset, location of the province in the wider Coral Triangle region); (b) example of one of the MAAs with benthic data on habitat
quality; and (c) incoming and outgoing coral trout larval connectivity as proportion of larvae arriving at a reef originating from a donor reef (connection proportions
<0.01 have been omitted for ease of visualization)

Local reserve placement

The small number of PUs in each of the 22 MAAs precluded the
use of software-driven spatial prioritization for local decision
support. Although smaller PUs could be used by downscaling
the connectivity matrix (Beger et al., 2015), this would overstate
data quality (Mills et al., 2010). There are advantages to using
PUs that follow habitat patch delineations (Nhancale & Smith,
2011). Instead, we identified priority areas for reserve desig-
nation through consensus-based workshops with stakeholders,
based on maps of habitat quality and larval flow, and simple
decision trees to qualitatively assess site desirability (Figure 3).
Workshops were carried out by trained facilitators from the dis-
trict government and supported by the Rare Indonesia team.
Each meeting was attended by 20–30 participants represent-
ing the villages in the MAA, women from villages, and workers
in various fishery-related roles in the community (e.g., fishers,
buyers).

Habitat quality in MAAs was assessed using manta tow
surveys (Figures 1b & 3b). Trained snorkel divers were towed
behind a boat and recorded benthic cover for 250- to 300-m
stretches, after which the boat stopped to allow divers time
to record their quantitative assessment of substrate cover.
Habitat quality was recorded in percentages as live hard coral,
dead hard coral, soft coral, macroalgae, rubble, rock, or sand
over the towed distance. Surface personnel recorded the
starting and ending coordinates of each tow. We incorpo-

rated additional habitat quality data for local decision-making,
accounting for widespread reef degradation resulting from
pervasive destructive fishing practices in the region (Burke
et al., 2012).

Larval import was calculated as weighted in degree (Opsahl
et al., 2010):

ki
in
=

N∑
j

x ji for j ≠ i (1)

and

si
in =

N∑
j

M ji for j ≠ i, (2)

where the in degree ki
in is the column sum of an adjacency

matrix x and the sum of incoming weights si
in is the column

sum of the migration matrix M. The i refers to rows and j refers
to columns of both x and M, and N is the total number of PUs.
These were combined into weighted in degree with an α = 0.5
to balance the number of incoming connections (ki

in) with their
weight (si

in) to ensure a diversity of larval sources for offsetting
risks:

C w𝛼
D−in

(i ) = ki
in
×

(
si

in

ki
in

)𝛼

. (3)
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CONSERVATION BIOLOGY 5 of 10

FIGURE 2 Steps in the iterative workflow to establish a network of marine reserves and managed access areas (MAAs) through combined regional and local
planning processes

Larval export was calculated as source influence (Roberts
et al., 2021), a measure of export contribution of a patch to
downstream patches, as the row sum of M:

SrcInf (i ) =

N∑
j

Mi j for j ≠ i. (4)

Integrated regional spatial prioritization

We used Marxan with Connectivity as spatial dependencies
(Beger et al., 2010) to identify reserve network expansion, which
included the reserves established in the 22 MAAs. The objec-
tive was to cover 20% of coral reef habitat and maximize larval
flow between reserves. Marxan solves a minimum set prob-
lem of identifying efficient spatial reserve configurations that
meet a target for habitat representation while minimizing overall
socioeconomic cost based on the following objective function:

a
⏞⎴⏞⎴⏞∑

PUs
cost

+

b
⏞⎴⎴⎴⎴⎴⎴⏞⎴⎴⎴⎴⎴⎴⏞∑

ConValue
SPF × penalty

+

c
⏞⎴⎴⎴⎴⎴⎴⏞⎴⎴⎴⎴⎴⎴⏞

CSM
∑

PUs
connectivity

= Marxan

score (5)

Each of the 487 PUs contained a certain amount of coral
reef conservation feature calculated from the regional data
(UNEP-WCMC et al., 2018) and was assigned PU size as a
proxy for cost (Ardron et al., 2010). The PUs are the poten-
tial sites or spatial management units that are either selected or
not selected for protection in prioritization solutions. Because
larger PUs contained more habitat area, the use of size as a
proxy for cost ensured that solutions did not exclusively pick
the biggest PUs. The objective function minimized the cumula-
tive cost (Equation 5a) and the penalty associated with failing
to protect conservation features (Equation 5b) weighed by a
species penalty factor. Dispersal connectivity (connectivity) was
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6 of 10 MUENZEL ET AL.

FIGURE 3 Inputs used in local decision-making for reserve delineation in Pasi Kolaga, one of the 22 managed access areas in Southeast Sulawesi: (a) coral
trout larval import metric of weighted in degree and export metric of source influence, (b) percent live hard coral cover from benthic surveys (blue, newly designated
reserves following community consultations), and (c) simple decision tree to rank the desirability of planning units in managed access areas for reserve designation

incorporated as an additional penalty to be minimized (Equa-
tion 5c); a high penalty was incurred if only 1 of a pair of strongly
connected PUs was selected (Beger et al., 2010). This connec-
tivity penalty replaced the traditional boundary.dat file used in
Marxan to describe physical boundary lengths between PUs
to create spatially compact solutions. The connectivity weight-
ing factor weighed the penalty of missing connectivity against
the other elements in the objective function and was calibrated
such that cost of solutions was similar to baseline runs with-
out connectivity. To create the connectivity file, we converted
the larval migration matrix into a weighted edge list readable
by Marxan. Reserves established in the 22 MAAs were locked
in to solutions, and the spatial dependency component ensured
that subsequently selected PUs were connected to established

reserves, forming a functionally connected network (Beger et al.,
2015; Daigle et al., 2020).

We assessed the potential benefits of reserve network con-
figurations with discrete time, age-structured, single-species
metapopulation models to assess biomass change of the fish
species over 30 years after reserve implementation based on an
assumption of total compliance with no fishing inside reserves
(Appendix S3) (Garavelli et al., 2018). At each 1-year time step,
settling larvae undergo density-dependent survival and adults
are exposed to natural and fishing mortality and produce eggs
that are distributed across PUs following the larval dispersal
probabilities. We compared the performance of reserve net-
works with a random selection of reserves to gauge the potential
biomass increase achieved by incorporating connectivity in
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conservation planning. Reserves were implemented for 30 years
after running models to equilibrium for 250 years, and biomass
change was normalized so a baseline of 1 represented biomass
before any reserve designation.

RESULTS

Local reserve placement

The 22 MAAs ranged in size from 17 to 511 km2; individual
areas contained 2–14 larval dispersal PUs. Live coral cover var-
ied between PUs; roughly 50% of PUs contained <30% live
hard coral and 10% of PUs contained >50% live hard coral
cover (Appendix S4).

The scientific inputs used in the workshops (Figure 3)
were negotiated and traded off to achieve the best ecological
result while accommodating community fishing practices.
The decision tree illustrated that first priorities for reserve
placement were areas of high-quality reef and high import
and export. High-quality reefs with low connectivity were
prioritized over areas of high connectivity and low quality.
Reefs with low quality but high larval import and export may
be options for protection if additional restorative management
actions could be taken. In general, the connectivity data were
well-received by communities and used in the reserve design
with socioeconomic factors complementing this decision-
making and habitat quality data used in combination with local
understanding.

Integrated regional prioritization

Following the community consultations for reserve delineation,
89 reserves were designated locally within the 22 MAAs by
November 2020 that would protect 59 km2 of coral reef and
reached 15% of the regional habitat protection target (Figure 4).
The Marxan regional prioritization identified potential areas for
subsequent reserve network expansion to protect 20% of reef
across the province (Figure 4). These reserve networks gener-
ated greater expected benefits in biomass gain compared with
a random selection of reserves for protection, with variation
across species (Figure 5). Removal of fishing pressure from des-
ignated PUs resulted in an immediate biomass increase inside
reserves and a delayed increase outside reserves, during which
the adult population in reserves built up, which increased lar-
val export to unreserved areas. Coral trout and emperor had
greatest expected biomass increase, followed by snapper and
rabbitfish. Certain runs of random selection achieved nearly
similar benefits in 3 of the species. There was little overlap in
the priority areas identified across different species, although
certain locations around the south of Muna Island and north
of the provincial capital Kendari were consistently selected with
high selection frequencies (Appendix S5).

DISCUSSION

In a 2-pronged approach, we used larval dispersal patterns
to inform regional and local scale spatial planning during the
sequential establishment of a reserve network. Where local plan-
ning may benefit from using high-resolution data but result in
a possible collection of disconnected reserves, regional plan-
ning is better able to create a functionally connected network
based on lower resolution connectivity data (Mills et al., 2010).
We integrated steps at these 2 spatial scales to combine the
advantages of both. Local data and knowledge, including habitat
quality, marine use conflicts, and traditional ecological knowl-
edge (Drew, 2005), became available through local engagement.
Engaging stakeholders in workshops allowed discussions on the
relative importance of different areas for different marine uses.
By directly involving stakeholders in reserve planning, better
understanding and compliance with management interventions
could be fostered, increasing the likelihood of management
success (Sterling et al., 2017).

At the same time, local actions need to be viewed in a wider
ecological context to recognize the interdependence of habitat
patches through dispersal and the multiscale nature of conser-
vation problems (Guerrero et al., 2013). By combining these
local approaches with a regional network prioritization, locally
selected reserves were connected to a wider reserve network
to maximize larval exchange. Metapopulation models verified
that explicitly designed, connected networks generated greater
potential benefits than randomly placed reserves (Figure 5).
By following an iterative workflow as presented here, reserve
network configurations can be regularly updated as resources
and willing implementing partners become available for expan-
sion of protection. Regularly updating regional priorities as local
actions are taken provides greater potential to capitalize on pre-
viously investigated areas, even if objectives are not necessarily
achieved more rapidly (Cheok et al., 2018).

In contrast to many conservation projects using only data on
habitat occurrence (Nolan et al., 2021), we additionally consid-
ered habitat condition. Larval dispersal is influenced by both
(Magris et al., 2016) because highly degraded sites hosting small
fish populations would not realize estimated dispersal strengths
(Hock et al., 2017) unless restored. A high proportion of reefs
in Southeast Sulawesi had low live hard coral cover, suggest-
ing that connectivity may well be overestimated for these reefs.
Given the importance of habitat quality data for connectivity
over other data types (Berglund et al., 2012), we decided to
collect data on where degraded reefs occurred. Manta tows pro-
vided an easy-to-perform method with large spatial coverage.
Refining other data types, such as improving the cost infor-
mation by collecting socioeconomic data across the province,
was cost prohibitive. Refining dispersal modeling to a finer res-
olution was also not feasible, as even finer resolution would
require higher resolution data (bathymetry, life-history param-
eters, currents, tidal forcing) and specific expertise—few or no
conservation projects would have access to these resources.
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8 of 10 MUENZEL ET AL.

FIGURE 4 Selection frequency of planning units for reserve designation when Marxan prioritization is run with the 89 new reserves established in November
2020 locked in for (a) coral trout, (b) emperor, (c) snapper, and (d) rabbitfish

FIGURE 5 Biomass change across all reserved planning units and in fished areas for the top 5 Marxan priority conservation area solutions for (a) coral trout,
(b) emperor, (c) snapper, and (d) rabbitfish (yellow, performance of reserve networks designed from the stakeholder-driven selection of 89 reserves in 22 managed
access areas and expanded to cover 20% of habitat identified with Marxan with Connectivity; gray, results of randomly generated reserve systems with similar levels
of protection)
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Because it was logistically infeasible to collect data on reef
quality for the entire province, habitat quality could not be used
to adjust potential contributions of habitat patches to regional
connectivity as in other studies (Magris et al., 2016). Ideally,
use of fine-scale biodiversity data is preferable at all scales of
conservation planning due to its higher information content
and precision (Hermoso & Kennard, 2012), especially in het-
erogenous or disturbed environments (Rouget, 2003). Regional
analyses based on coarse data risk underestimating site irreplace-
ability (Rouget, 2003) and increase uncertainty regarding species
occurrences and the success of conservation actions (Hermoso
& Kennard, 2012). The importance of conservation features can
be apparent at one scale but missed at another (Huber et al.,
2010). However, given the trade-off between resource-intensive
data collection and other steps in conservation planning, the
2-scale approach we used provides a possible solution to this
issue by limiting data collection to a subset of selected areas.

Using connectivity in Marxan requires certain simplify-
ing assumptions, for example, that connectivity is static and
unchanging. However, temporal variability and state of the reef
system can dramatically change the importance of individual
reefs in network-wide connectivity (Boschetti et al., 2020). Tem-
poral variability of larval flow may also be substantial, and
consistency in larval supply among and from reserves is likely
to be desirable (Harrison et al., 2020). Our Marxan prioriti-
zation used the mean larval connectivity over 20 years, but
whether using such a mean achieves temporal stability needs
to be explored. We chose not to communicate this additional
complexity in community consultations because we did not
quantify the variability in expected reserve benefits. Marxan
accepts only static connectivity information, but more complex
implementations may become possible in the future.

A core assumption behind the decision tree we used in local
planning was that reefs with high live coral cover are more
desirable for reserve designation than deteriorated sites. A coun-
terargument promulgates that in certain contexts, greater net
conservation benefits are achieved by protecting high-risk sites
if reserves accelerate recovery after habitat disturbance (Game
et al., 2008). However, this presupposes that the region is gen-
erally not degraded to begin with and that lower risk sites will
not deteriorate substantially in the short term. In Southeast
Sulawesi, where large tracts of reefs are rubble fields and the
remaining area of high coral cover reefs is low, this does not
hold true. Moreover, although moderately affected sites may
be candidates for restorative conservation actions, such actions
have high implementation costs making widespread adoption
difficult (Vercammen et al., 2019).

Our methods can be applied to other countries with some
caveats. Public data repositories (UNEP-WCMC et al., 2018)
may contain errors and require ground truthing. Additionally,
parameters may be unavailable for the species of interest, and
variability in life-history parameters has a strong influence on
dispersal outcomes (Treml et al., 2015). Although we accounted
for this by using the best available data for the relevant species, it
is likely that unquantified variability remains; therefore, there is
uncertainty in our modeling output. For these reasons, decision-
making should be realistic about uncertainty (Milner-Gulland &

Shea, 2017), and outputs within a larger decision-making pro-
cess should be informed by many data sources. Where larval
dispersal modeling is not available, local scale habitat quality
should nonetheless be used to inform decisions.

Preliminary discussions with stakeholders in Southeast
Sulawesi highlighted the need for methods that could be eas-
ily communicated and understood in community consultations.
We chose the openly accessible and transparent decision sup-
port tool Marxan and simple import and export metrics, instead
of more conceptually abstract metrics (Daigle et al., 2020).
Stakeholder buy-in and community adherence may diminish if
practitioners are unable to understand and effectively commu-
nicate methods used (Arias, 2015), requiring a balance between
complexity and practicality.

A growing body of evidence demonstrates how connectiv-
ity can inform reserve network design (Beger et al., 2010; Bode
et al., 2016; Chollett et al., 2017; D’Aloia et al., 2017; Magris
et al., 2014; Smith & Metaxas, 2018; White et al., 2014) and
the importance of connectivity to support biodiversity per-
sistence and sustainable fisheries (Fontoura et al., 2022). To
promote wider uptake, we found that effective conservation
approaches can be centered on local stakeholder needs. Our
approach was designed to inform community-based decision-
making processes that combined methods at 2 spatial scales
based on straightforward concepts. Our approach successfully
fostered community buy-in and stakeholder participation and
is predicted to generate positive conservation and fisheries
benefits.
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