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Community-based approaches to conservation and natural resource

management are considered essential to meeting global conservation
targets. Despite widespread adoption, thereislittle understanding about
successful and unsuccessful community-based practices because of the
challenges of designing robust evaluations to estimate impacts and analyse
the underlying mechanisms to impact. Here we present findings froma
national scale evaluation of the ‘locally managed marine areas’ network in
Fiji, amarine community-based management initiative. Using data from
146 villages selected using matching methods, we show that engagement
inthe Fijian locally managed marine areas network leads to improvements
inall mechanisms hypothesized to generate conservation outcomes
(participation, knowledge, management and financial support). Yet these
mechanisms translate to few social outcomes and have no effect on the
perceived ecological health of a village’s fishing grounds. Our findings show
that practitioners may need to carefully evaluate and adapt the mechanisms
that they expect will generate impact from community-based projects to
improve outcomes for people and the rest of nature.

Community-based natural resource management (CBNRM) has long
been hailed asasolutionto the failure of top-down regulation to stem
ecological degradation"? and is increasingly highlighted as critical
to achieving global conservation targets®™. This decentralized man-
agement model—in which natural resource rights are partly or fully
devolvedtolocal communities—typically aims to advance conservation
and/or resource management objectives while prioritizinglocal values
and needs®’. Given the spread of community-based initiatives around
the world—and concerns about their performance® it is essential to
identify what works (and what does not work) in CBNRM to inform the
design and implementation of effective initiatives that help achieve
global conservation targets in ways that benefit local communities.

Anextensive literature has contributed towards this aim by exam-
ining the social and ecological outcomes of CBNRM projects (for
recent meta-analyses, see refs. 6,11,12), with the evidence suggesting
mixed results. Yet few studies” " use robust designs that control for
confounding to estimate impact. In evaluating CBNRM projects and
initiatives, it is essential to ensure that the observed effect is not due
to unaccounted-for factors that also determine participation in the
project. Examples of such confounding factorsinclude: resource pres-
sure, size of resource to be managed, and access to external support,
all of which may influence whether a village participates ina CBNRM
project as well as how it performs. Failure to control for the effects of
these confounders canlead to incorrect assessments of impact.
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Fig.1|Directed acyclic graphs (DAGs) of FLMMA impact on final outcomes
and hypothesized mechanisms toimpact. Arrows between variables
indicate direct causal effects. a, A basic DAG depicting the overall (total)
average treatment effect of FLMMA village membership on final outcomes,
controlling for confounders (in red); this corresponds to a simple analysis of
impact that does not account for mechanisms. b, An elaborated DAG showing
the mechanisms that are hypothesized to mediate the effect of FLMMA on the
final outcomes, and interactions between these (for details, see Methods).
Confounders are not shown inb. for ease of viewing, but are controlled for on
all exogenous and endogenous variables in both models. Black arrows show
pathways to and between intermediate outcomes/mechanisms; the causal
effects of these pathways are constant irrespective of the final outcome. Blue
arrows show pathways leading to final outcomes; the causal effects of these blue
arrows vary by final outcome.

Understanding what worksin CBNRM does not only imply estimat-
ing impact, but also understanding the mechanisms through which
community-based initiatives cause—or fail to cause—the desired
impacts'®. Although causal models have been proposed explaining
how community-based approaches may lead to final outcomes'®",
so far no studies have quantified these mechanisms. Indeed, we have
identified only three studies in the wider conservation literature
that quantify mechanisms, with respect to protected areas®®, marine
reserves” and conservationincentives?, and findings broadly suggest
that the hypothesized mechanisms do not always work as expected.
By examining how CBNRM initiatives succeed or fail, decision-makers
willbe better able to co-design and implementlocally appropriate and
effective programmes at scale”.

Our study contributes to these aims, firstly by measuring the
impact of a CBNRM initiative on a range of social and economic out-
comes, and on perceptions of ecological health, using robust methods
that control for confounding; secondly, by estimating the effect of key
mechanisms hypothesized to mediate the effect of the CBNRM initiative
on the final outcomes of interest. To do this, we present findings from
thefirst robust, national-scale evaluation of amarine CBNRM initiative—
the ‘locally managed marine areas’ (LMMA) network initiative in Fiji.

LMMAs are areas of nearshore waters, and their associated coastal
and marine resources, that are managed atalocal level by coastal com-
munities with support from partner organizations* . Partners (for
example, non-governmental organizations (NGOs)) typically provide
guidance, information and technical supportto villagers forimproved
monitoring and management of local coastal resources”?*. Fiji has
one of the most extensive networks of LMMAs in the world, currently

estimated to span over 350 communities across 12 provinces (FLMMA
2020 database). These LMMAs are supported by a variety of NGOs and
a university, and there is a Secretariat that coordinates responses to
village requests for support. This network of LMMASs and partners is
known as the ‘Fiji LMMA network’ (hereafter, FLMMA) since 2001. Itis
governed by aBoard of Trustees and Councillors and an Executive Com-
mittee with representatives from partner NGOs, government agencies
and member communities, and is chaired by the Permanent Secretary
of the Ministry of iTaukei Affairs. The Secretariat team (including a
national coordinator, support and technical staff, community engage-
ment officers, and provincial and community representatives) imple-
ments decisions made during annual meetings involving allmembers
aswellasthe Board of Trustees and the Executive Committee. The aim
of FLMMA is to enhance adaptive management of marine resources
invillages so as to generate livelihood and ecological benefits”. Itis a
learning network, in which members are encouraged to share knowl-
edge generated through their experiences with fisheries management
practices®. Villages optintojoining the FLMMA network and establish-
ing LMMAs in their customary fishing grounds (known as ‘igoligoli’ in
Fiji); thus, network membershipis voluntary.

Given that villages self-select into FLMMA, it is likely that they
differ from non-member villages in ways that also influence how they
perform with respect to different outcomes. To minimize the effect
of such potential confounding, we used propensity score match-
ing to select FLMMA and non-FLMMA villages that are similar with
regard to potential confounders (Methods). Datawere collected from
these villages using key informant group interviews with the main
social groups (leaders, fishers, women and youth) (Supplementary
Information1). Using this data (n = 146), we identify whether participa-
tionin the FLMMA network has led to improvements in key outcomes
of importance to villages (recorded in ref. 30 and ref. 27), as well as
additional outcomes of importance to CBNRM more generally®'">*,
The final outcomes we study here include: economic wellbeing and
livelihoods, food security, subjective wellbeing, perceived ecologi-
cal conditions and perceived benefits from management (Methods;
Extended Data Table 1 for indicators; Supplementary Information 2
for how indicators were operationalized).

Given the lack of longitudinal or pre-intervention data on out-
comes, we estimate impact by comparing post-intervention out-
comes of FLMMA and non-FLMMA villages without accounting for
changes over time. This analysis is represented in Fig. 1a. Although
recent research suggests that difference-in-difference (also known
as ‘before-after-control-intervention’) designs may be more suitable
to estimate impacts from conservation policies®, single difference
estimators with matching have been found to perform similarly in
replicating results of a randomized controlled trial®. In the absence
of longitudinal data, we can only analyse post-intervention data; we
do this using OLS regressions (Methods) and assess the robustness
of our results using a series of sensitivity analyses (Methods and Sup-
plementary Information 5-8).

To shed light on the mechanisms through which village participa-
tionin FLMMA potentially generates impacts, we quantify intermediate
outcomes on the causal pathway between the FLMMA intervention
and the final outcomes® using structural equation modelling (SEM;
Methods and Supplementary Information 3). The mechanisms exam-
ined here (Fig. 1b) represent the means by which the FLMMA part-
ners and Secretariat support local communities in achieving their
desired objectives (Methods), and they include: participation in
decision-making, enhanced marine resource knowledge, manage-
ment of customary fishing grounds (specifically, implementation by
villagers of the basic tools needed for effective management, Extended
DataTable1) and external financial and/or infrastructure support®*>>¢,

Through these mechanisms, which are grounded in the theory
of collective action and common-pool resource management®>>>¢,
partners and communities aim to strengthen traditional systems of
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Fig. 2| Estimates of the impact of FLMMA membership on key outcomes.
Impacts are presented as mean values + 90% confidence intervals. Colour
codingis as follows: yellow, economic wellbeing outcomes; blue, food security;
green, perceived ecological outcomes; orange, other (subjective wellbeing
and perceived benefits of management). Extended Data Table 1 describes
individualindicators; Supplementary Information 1 describes how they were
operationalized. Sample size in all models is n =146, except for ‘satisfied with
food fromsea’ (n =145) and fish catch (n =131) due to non-responses, and reef
health (n=128) and mangrove cover (n =132) due to absence of reefs and/or
mangroves in some locations. Filled circles (dark blue) indicate that impact as
estimated using OLS regressions is significant at P < 0.05, and light-blue filled
circlesindicate P< 0.1 (two-sided tests).

sustainable fisheries management, which have been eroded due to
colonization and globalization pressures”, while integrating them with
modernfisheries best practices. Broadly, the expectationis thatgreater
participationin decision-making and increased marine resource knowl-
edge—combined with guidance regarding management tools—will
lead to more informed and locally appropriate management, which
will lead to improved ecological conditions and increased fish catch,
whichin turn may enhance economic wellbeing and livelihoods, food
security and subjective wellbeing. Participation may also directly
influence subjective wellbeing. As for financial and/or infrastructure
support, thisisexpected toimprove acommunity’s ability to manage its
resources, giving rise to other positive impacts (for details about how
these mechanisms are expected to lead to the final outcomes examined
here, see Methods; Supplementary Information 2 explains how the
mechanisms were operationalized). This analysis seeks to identify
whether these mechanisms deliver the final outcomes outlined above.

Impacts of LMMAs on final outcomes

Our analysis shows that membership of the FLMMA network has led
to impact for 3 of the 12 final outcomes considered here (Fig. 2). Spe-
cifically, we find a small but statistically significant impact of FLMMA
onmean subjective wellbeing® (P = 0.024), with the key social groups
in FLMMA villages reporting on average that their subjective wellbe-
ingis 0.6 points greater (on a scale of 0-10) than the mean subjective
wellbeing of those same social groups in non-FLMMA villages. Results
also show apositive influence of FLMMA membership onthe perceived
benefits from management of the customary fishing grounds. For this
question, community leaders were asked to indicate whether their
community had experienced improvements in five social and liveli-
hood outcomes (outlined in Extended Data Table1). Perceived benefits

are modelled as a proportion (out of five benefits). Results show that
participationin FLMMA is associated with a22% increase in the propor-
tion of benefits selected by key informants (P=0.006), equivalent to
one extra benefit.

We also find that FLMMA villages are 17% more likely to depend
on non-fisheries activities for income (P = 0.033); there is also mod-
erate evidence of greater dependence on non-fisheries sources for
food (17% more likely, P= 0.056). This however is not accompanied by
increased diversity ofincome or food-generating activities, suggesting
thatdecreased fisheries dependenceis not due to the development of
new livelihoods, but to anincreased dependence on other pre-existing
activities (Supplementary Information 10 and Supplementary Fig.13).
We assessed whether this result is due to reverse causality, whereby
villages that depend less on fisheries are more likely to sign up to the
network, but statistical testing suggests this is not the case (Methods
and Supplementary Information 6).

Neither village infrastructure, household assets, income diversi-
fication, food diversification, satisfaction with food from the sea, fish
catch, nor perceived ecological health of the reef are influenced by
FLMMA membership.

Examining expected mechanisms toimpact

Here we decompose the causal pathway from FLMMA to each final
outcome (as shown in Fig. 1a) into the various hypothesized mecha-
nisms (participation in decision-making, perceived marine resource
knowledge, management of fishing grounds, and financial and/or infra-
structure support) (Fig. 1b). This analysis may allow us to elucidate
where the process is breaking down between FLMMA and the final
outcomes. Forexample, does the FLMMA intervention fail to activate
the hypothesized mechanisms (for example, management)? Or are
the mechanisms (for example, management) failing to lead to final
outcomes (forexample, increased fish catch)? Or are some mechanisms
counteracting each other, so that their effects cancel out?

Our findings (Extended Data Fig.1) show that FLMMA membership
leads to positive direct, or indirect, impacts on all the mechanisms, yet
theselead to few final outcomes. There is no evidence of mechanisms
cancelling each other out, which would be shown if coefficients for
any two intermediate outcomes had similar magnitudes but opposite
signs. Taken together, these results suggest that the process between
FLMMA and the final outcomes breaks down on the causal pathway
between the intermediate and final outcomes.

Only four of the final outcomes evaluated in this study were
impacted by at least one mechanism. Figure 3 shows resultsin graphi-
cal form for this subset of four final outcomes (for the full set of SEM
results for all final outcomes, see Extended Data Fig. 1).

Focusingfirstly on the effects of FLMMA on the mechanisms (indi-
cated by the black arrows in Fig. 3), we find that FLMMA membership
directly increases average participation in decision-making (increase
of 0.43 on a scale of 1to 5 where 1 represents no participation and 5
represents full participation, P= 0.004) and perceived marine resource
knowledge (increase of 0.28 onascale of 1to 5, where 1represents not
at all knowledgeable and 5 represents very knowledgeable about fac-
torsinfluencingreefhealth, fisheries diversity and fisheries quantity,
P=0.001).). Notably, perceived knowledge is not affected by participa-
tionin decision-making (P = 0.591). This may be because knowledge is
shared informally throughout the community by those who participate
in decision-making; alternatively, perceived knowledge gains may
arise from other experiences associated with FLMMA membership
that are unrelated to participation in decision-making (for example,
attendance at workshops).

FLMMA also directly increases the likelihood that avillage receives
financial and/or infrastructure support (increase of 23%, P= 0.013);
thissupportinturnincreases the likelihood (by 14.7%, P= 0.004) that
villages have implemented the basic tools for management of the
customary fishing grounds. Combining these results (Methods), we
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Fig. 3| Effects of FLMMA viamechanisms on subset of final outcomes found
tobeinfluenced by at least one mechanism, including the direct effect

from FLMMA. Path coefficients (showing direct effects) shown alongside
respective path; black arrows and coefficients are constant across all SEM models
irrespective of final outcome. Blue arrows and coefficients vary according to the
final outcome being modelled; bolded arrows and coefficients denote significant
paths (P < 0.05); transparent arrows denote non-significant paths (P> 0.05)
(two-sided tests). Goodness-of-fit tests for combined SEM (all four outcomes

0.198

modelled simultaneously): coefficient of determination (CD) of 0.752
(indicating the fraction of variation (variance) explained by model, and
standardized root mean square residual (SRMR) of 0.025 (describing the
standardized difference between the observed correlation and the predicted
correlation, with values <0.08 indicating a good fit). For alternative presentation
of results as separate SEM models (coefficients and standard errors are the
same), see Supplementary Fig.14.

estimate that FLMMA membership indirectly increases management
likelihood by 3.4% (P = 0.067) via the financial support mechanism.

Notably, FLMMA does not have a direct effect on management,
only an indirect effect via financial and/or infrastructure support.
However, if we account for all direct and indirect effects of FLMMA
onmanagement (thatis, via allmechanisms), we find that FLMMA vil-
lages are18.1% more likely (P=0.011) to have in place the basic tools for
managing their fishing grounds. Thus, the sum total of these various
weak direct and indirect effects leads to a significantly positive effect
overall on management likelihood.

These mechanisms, however, translate to impact for only a few
final outcomes (shownin Fig. 3). Participation and financial/infrastruc-
ture supportbothincrease perceived benefits from managementbut
have no direct effects on other final outcomes. Management has no
effect onany of the outcomes—although there is weak evidence of nega-
tive effects (household assets and satisfaction with food) (Extended
DataFig.1).

Asfor perceived marine resource knowledge, we find (Fig. 3) that
villages in which people consider themselves more knowledgeable
about marine resources are more dependent on fisheries for income
(shown as a negative effect of knowledge on ‘non-dependence on
fisheries’). If this relationshipisindeed causal, itimplies thatincreased
knowledge (or perceptions thereof) bolsters fisheries dependence;
for example, knowledge about the factors affecting fisheries abun-
dance and diversity may reduce uncertainty about harvests, allow
for more targeted efforts and hence moderate the perceived need
to shift to non-fishing activities. On the other hand, this relationship
may reflect reverse causality, whereby fisheries dependence affects
perceived knowledge; however, we are unable to statistically test this
(for details, see Methods and Supplementary Information 5). This result
highlights the potentially complex role of knowledge in determin-
ing FLMMA impacts, and the need to consider possibly unexpected
effects and interactions of knowledge with other outcomes, such as
fisheries dependence.

The causal pathway with the greatest number of direct effectsisthe
unmediated path leading from FLMMA directly to the final outcomes
(Fig. 3). For some final outcomes, such as subjective wellbeing, this
direct effect may reflect an intrinsic ‘feelgood’ factor associated with
being part of the FLMMA network. However, this result could also
indicatethe presence of other mechanisms not consideredin this study
(Methods). For example, FLMMA membership may provide connec-
tions tonon-FLMMA organizations and agencies, which could increase
access toresources; it may alsoincrease access to alternative livelihood
support, which could explain the effect on fisheries dependence. We
also acknowledge the possibility that key informants in FLMMA villages
were providing socially desirable responses, although data collection
was designed to minimize this (Supplementary Information 1). Fur-
thermore, if social desirability explains the results, we would expect
similar positive results for other outcomes that could be construed
associally desirable (for example, management or household assets).

Operationalizing mechanisms differently

Here we examine the sensitivity of our results to how we operationalized
the mechanisms, focusing on participation in decision-making, per-
ceived marine resource knowledge and management of the customary
fishing grounds. We note that financial and/or infrastructure support
was elicited and operationalized as a binary variable, so there is only
one way we could operationalize it. Our analysis suggests that results
are qualitatively similar across different operationalizations of the
management and knowledge mechanisms (Supplementary Informa-
tion 8). How participation is operationalized, however, can affect the
estimated final outcomes.

Our main indicator of participation represents an average (on a
scale of 1-5, where 1 represents no participation/no meetings, 2 rep-
resents a little participation, 3 represents moderate participation, 4
represents a lot of participation and 5 represents full participation)
over all social groups in a village; given the diversity of approaches
used and target groups for participation interventions in FLMMA
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villages (Methods), we chose this measure of participation as it remains
agnostic to how participationis operationalized in practice. However,
by representing this mechanism in terms of participation levels of
individual social groups—rather thanin terms of average participation
over all social groups—we find that FLMMA membership significantly
increases leaders’ participation levels but not those of other social
groups. Yet participation of women in decision-making has positive
effects on household wealth, food security and fish catch in com-
munities regardless of FLMMA membership (Extended Data Fig. 2).
It also has a positive effect on dependence on fisheries for food. We
observe no such effects if participation is operationalized in terms of
leader or fisher participation levels, or if it is measured in terms of a
minimum level of participationacross all social groups (Supplementary
Figs. 3,4 and 6). Although villages were not selected to control for fac-
tors that might confound the effect of women’s participation on these
outcomes, statistical tests indicate that these relationships are robust
to unobservable confounders, and we find no evidence of endogeneity
(Supplementary Information 9), which suggests that these findings
approximate causality. These results provide preliminary insights into
how participationinterventions may be designed and implemented so
asto generate social and livelihood benefits.

Discussion

Our study shows that community-based approaches canimprove the
conditions needed for effective governance of natural resources. Focus-
ing on the FLMMA network, we find higher levels of participation in
decision-making around the customary fishing grounds, increased
perceived marine resource knowledge, more financial and/or infra-
structure support, and an increased likelihood that basic manage-
menttools are presentin FLMMA villages, compared withnon-FLMMA
villages. Yet we also find that these mechanisms are not ‘working’ at
delivering the desired social, economic or (perceived) ecological health
outcomes. Although outcomes from any policy or intervention may
manifest over longer periods of time"*%, our study finds little evidence
ofimpact10-15 years after implementation, which is arguably enough
to generate impact.

Despite no evidence of economic, livelihood or perceived ecologi-
calimpacts (with the exception of dependence onfisheries, see below),
we found higher levels of subjective wellbeing and more reported
benefits from management in FLMMA villages. This echoes findings
in Mansuri and Rao*®, who report higher levels of satisfaction among
participants of community-based projects around the world, inde-
pendent of outcomes. Community-based initiatives may thus have
intrinsic value to villagers, which could be associated with increased
participation and empowerment*®*, and/or being part of a collective
that provides linkages to external agencies and services*’. This is an
important outcome that is likely to ensure the longevity of participa-
tionin CBNRM initiatives such as FLMMA.

Nonetheless, ecological and livelihood benefits remain a criti-
cal aim for FLMMA as well as other CBNRM initiatives. The only
livelihood-related factor shown to be affected by FLMMA is fisheries
dependence, with FLMMA membership leading to less dependence
on fisheries for income (with statistical tests refuting the possibility
of reverse causality). This effect is not mediated by any of the pro-
posed mechanisms and is not accompanied by increased income
diversification. Perceived marine resource knowledge does have
an effect, although it is opposite in direction (that is, it is associated
with increased fisheries dependence); whether this effect is causal,
as proposed by our model, or suggestive of reverse or simultaneous
causality, could not be ascertained due to insufficient information
for statistical testing (Supplementary Information 5), and remains an
areaforin-depth further research. Regardless of the role of perceived
knowledge in our causal model, there remains a substantial negative
effect of FLMMA on fisheries dependence that is not mediated by any
ofthe considered mechanisms. This result highlights the importance

of quantifying the expected mechanisms underlying CBNRMinterven-
tions, as this canreveal gaps in our causal models and pave the way for
further research to uncover mechanisms to change.

More detailed examination of the mechanisms through which
FLMMA partners support villages (Supplementary Information 8)
provides key insights into why FLMMA has had only modest effects on
final outcomes, as measured here. Specifically, we found that FLMMA
membershipimproves leaders’ participation levels, and yet itiswom-
en’s participation—whichis not affected by FLMMA—that has positive
effectsonarange of outcomes, including food security and household
wealth (Extended DataFig. 2). InFiji, women fishers play a critical role
infood security and household income contributions***, whichwould
explainwhy their participationleads toimprovements in these specific
outcomes. Other studies have highlighted how women’s participation
canimprove household-level outcomes across a range of settings*> .
Giventhatwomen’s fishing activities (for example, gleaning) typically
differ from men’s (for example, offshore fishing)***, their participa-
tionin fisheries decision-makingis critical to ensure managementalso
benefits the fisheries that they participate in. Although moreresearch
isneeded on participationin CBNRM, including applying agender lens
tounderstand outcomes, these findings broadly suggest that different
social groups may be better able and/or motivated to deliver different
outcomes. This highlights the importance of extending participation
in decision-making to all social groups, and/or targeting it as needed”’.

As for management, we found this mechanism had no effect on our
measured final outcomes, regardless of how the indicator was opera-
tionalized (Supplementary Information 8). We might expect that hav-
ingthebasic tools to manage afishing ground (that s, the presence of
rules, monitoring, enforcement and penalties, Extended Data Table 1)
would benefit livelihoods viaimproved fisheries and marine resources;
however, thereis no evidence that thisis the case. Recent studies about
marine management in Fiji have linked management performance to
factorssuch asappropriateness of the rules®**°, management capacity
shortfalls® and biophysical and wider ecosystem context™. Identify-
ing how and why management leads to impact (or not) would ideally
require analysis of more elaborate causal pathways capturing detailed
ecological conditions with controls for biophysical context, better
ecological and fisheries data based on ecological assessments rather
than perceptions, more detailed measures of management, compliance
and user behaviour, and data on implementation of national policies
governing natural resource management. Ideally these datawould be
collected at baselineand at regularintervals, allowing researchers and
practitionerstoidentify where causal processes are stalling or breaking
down. This information would strengthen the causal models explain-
ing change and inform the design and implementation of effective
management interventions's*,

Limitations

Although the results from this study may provide abetter understand-
ing of community-based management in Fiji and other Pacific Island
countries, these findings may not be generalizable to other countries
or contexts. Property rights for Indigenous populations are relatively
well developed in Fiji and other Pacific Island countries and territo-
ries”, but this is not necessarily true in other countries with CBNRM
initiatives®>**. Thisis critical as the underlying mechanisms determin-
ing impact will probably vary depending on communities’ resource
management rights. As noted in ref. 20 (p. 4336), to develop a com-
prehensive understanding of the mechanisms driving conservation
and resource management, we need to build an evidence baseon a
‘policy-by-policy and country-by-country (or region-by-region) basis’.
This study contributes to this endeavour.

Our conclusions are also tempered by the lack of baseline and/or
longitudinal dataon outcomes or mechanisms. Although the ‘single dif-
ferences’approach used here can generate robust causal results®, this
hinges on the assumptionthat FLMMA and non-FLMMA villages would
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have evolvedin parallelin the absence of treatment, and that thereis no
reverse or simultaneous causality undermining the results. Although
statistical tests (Supplementary Information 5and 6) show no evidence
of reverse causality or the presence of unobservable confounders—
suggesting that our findings approximate causality—ex post statistical
tests are no substitute for quality baseline and monitoring social and
ecological data, which would allow for more robust causal inference.
Conservation and natural resource management efforts would greatly
benefit from concerted data collection efforts in this regard.

We also emphasize that the wide variety of organizations and
approaches that operate under the umbrella of the FLMMA network,
and therange of resourcesinvested across sites (an estimated 30-fold
range in yearly investments®), invariably affects the type, durationand
intensity of support provided. Additionally, the objectives of partners
may differ from those of communities, and the degree of match may
affect the success of the collaborations. Depending on which factors are
more likely toinfluence outcomes, there may be aneed to specifically
identify theinvestments and specific interventions used in conjunction
withamore elaborate causal model (theory of change) in future studies.

Despite these limitations, our study demonstrates the importance
ofidentifying whether environmental and/or social interventions arein
fact ‘working’,and whether the components of these interventions are
effective at delivering desired outcomes. This is particularly criticalin
light of the need to cost-effectively increase the scale and effectiveness
of CBNRM*. Our study adds to the growing number of studies using
counterfactual methods to elucidate impact of community-based con-
servation and natural resource management approaches” . With this
growing evidence base, communities and supporting partners will be
increasingly able to co-design and co-implement effective conservation
and natural resource management policies. Our findings suggest that
FLMMA practitioners and communities need to carefully evaluate the
mechanisms and tools that are expected to generate benefits to com-
munities; one recommendation is to find ways to encourage broader
participationin fisheries decision-making, given that different social
groups may be better able and/or motivated to deliver different out-
comes. These are first steps towards more effective community-based
management of marine resources; we anticipate that future research
building onthese findings will add to our understanding of how CBNRM
initiatives canimprove outcomes for people and the rest of nature.

Methods

LMMAs in Fiji

The FLMMA network, established in2001, spans over 350 communities
across 12 provinces (FLMMA 2020 database). Fisheries management
efforts among member villages are applied to the igoligoli, which are
coastal waters that villagers have customary rights to fish from. These
igoligoliextend from the shore to the seaward limit of the reef, and are
demarcated by the boundaries of the vanua®®, which comprises the
land, coastal waters and Indigenous people living on the land, all of
which are treated as a single, indivisible unit”. Inherent in the vanua
conceptis stewardship for the environment*® and maintaining this for
future generations®. A key tradition that helped form the basis for the
LMMA approachis the funeral ritual associated with the death of ahigh
chief. This centuries-old tradition involves closing off small areas of reef
and/or river for ahundred nights following the burial of the high chief
to allow fish populations to recover; this is known as a ‘tabu’ area®®®".
LMMAs today integrate such traditional practices and Indigenous
fisheries knowledge with modern fisheries best practices (https://
Immanetwork.org/our-work-building-on-traditional-practices/).

Sample selection

We selected study villages from a list of 581 coastal villages in Fiji
(excluding Lau and Rotuma) located within 1 km of the water for
which we had spatial data (source: Ministry of Lands & Resources).
Our identification of ‘intervention’ villages was based on the list of

villages in the FLMMA 2019 database. For a village to be listed in the
database, the following criteria were applied, as determined in the
FLMMA constitution?’: (1) the village must have reached out to the
FLMMA network and formally requested support, (2) the application
must be endorsed by the village council and signed by the head of
village, (3) there is an assessment confirming the need for support.
FLMMA study sites are thus defined as villages in the FLMMA data-
base, while non-FLMMA sites are defined as villages that are notin the
database and that have never been listed there. Given that villages join
the FLMMA network in a continuous manner over time, our sampling
frameincluded only FLMMA villages established 15 years ago (between
2004 and 2007; n=94), and ~10 years ago (between 2009 and 2012;
n=_88).Thisselectionapproachallowed us to have asufficiently large
sampling frame in whichimpacts of FLMMA membership have had time
to manifest® while moderating variability due to the year of adoption,
or duration of the intervention. We constrained our sampling frame
to account for spillover effects, shared customary fishing grounds
and removed non-FLMMA villages that had other marine manage-
ment projects. Details about the sampling strategy are provided in
Supplementary Information 1.

We used one-to-one propensity score matching without replace-
ment to select non-FLMMA villages so that they resembled FLMMA
villages at baseline with regard to covariates expected to influence
both LMMA adoption and impacts. The covariates used in matching
were: distance to nearest road, distance to nearest market, distance
to nearest previously established LMMA, area of customary fishing
ground, coral reef cover and number of other villages sharing the
fishing ground. This resulted in a sample of 152 villages, of which half
were FLMMA members (for details, see Supplementary Information 1).

Data collection

We collected data between October 2019 and March 2020 through
interviews with four groups of key informants—village leaders, women,
fishersand the youth (defined as people between the ages of 18 and 35)
(Supplementary Information 1). With reference to the village leader
group, we note that leadership iniTaukei (native or Indigenous Fijian)
villages is predominantly held by men, although it is acceptable for
women to be chiefs. Three of the study villages included awoman in
the village leader group. In advance of the interviews, requests were
sent to the head of the group (if relevant) along with other members
of'the group prior to the visit, to ensure that people were available for
theinterview.

Participants were selected through consultation with the village
chiefand other senior leaders in the community, withinputs from other
community representatives present during the traditional sevusevu
ceremony. The sevusevuis the equivalent of afree, prior and informed
process that is conducted in Fiji by any researcher (local or foreign)
wishing to interview people in a village. Consent was obtained from
the village chief before any interviews were conducted, followed by
individual consent from key informants. Data collection was designed
to minimize social desirability response bias among respondents in
FLMMA villages (Supplementary Information 1). The teams spent an
average of 60 min on interviews, although leaders’ interviews aver-
aged 75 min. Due to unforeseen events during fieldwork, our final
sampleincludes datafrom134 matched village pairs, and datafrom12
additional unmatched villages (n =11 FLMMAs, and n =1non-FLMMA).
However, as covariate balance for the final sample (Supplementary
Table 5) compares favourably to that of the matched sample (Sup-
plementary Table 3), we opt to use all the data for analysis. The final
sample size is 146 villages (for details of sampling and map of study
sites, see Supplementary Information 2).

Selection of final outcomes
The aim of LMMAs is to enhance coastal villages’ ability to manage
and sustainably use their marine resources. However, communities

Nature Sustainability


http://www.nature.com/natsustain
https://lmmanetwork.org/our-work-building-on-traditional-practices/
https://lmmanetwork.org/our-work-building-on-traditional-practices/

Article

https://doi.org/10.1038/s41893-023-01123-7

have varied motivations for establishing and maintaining LMMAs*’;
hence, multiple indicators are needed to measure impact. We there-
fore focused our analysis on the broad outcomes identified as most
desirable by FLMMA villagers (recorded in ref. 30 and ref. 27), which
include: improved economic wellbeing and livelihoods, and food
security. The indicators used to measure these broad outcomes are
listed in Extended Data Table 1. Indicators were selected using expert
knowledge from Fijian team members who have worked with coastal
villages in Fiji for 20+ years, and who have extensive experience collect-
ing socio-economic and ecological data, while considering published
research fromFiji, particularly on LMMAs*>**“* as well as from the wider
marine conservation literature™*', and a social-ecological monitoring
handbook for coastal fisheries®.

The final list of indicators includes two measures of wealth
(village-level and household-level assets), two indicators of liveli-
hood security (income diversification and dependence on fisheries
for income), a measure of self-reported satisfaction with food from
the sea and two measures of food security (diversification of food
production and dependence onfisheries for food). Political empower-
mentisalsolisted as a desirable outcome by villagers**°, although we
include this as an intermediate outcome, as it is expected to mediate
other outcomes. We also considered ecological outcomes, which are
important for marine CBNRM generally***. Ideally, we would have
directly measured ecological health using indicators such as fish bio-
mass, coral algae cover and mangrove canopy cover; however, due to
limited resources we had to rely on perceptions from fishers (about
coral health and change in mangrove cover over time). We also elicited
subjective wellbeing, which is increasingly recognized to contribute
to quality of life beyond material factors®, and villagers’ perceived
benefits from management of the customary fishing grounds. Sup-
plementary Information1details howindicators were operationalized.
All outcomes analysed for this study are based on quantitative data
obtained during key informant interviews.

Selection of mechanisms
The mechanisms examined in this study were identified through dis-
cussions withmembers of the FLMMA secretariat, and partner organi-
zations working with villages in Fiji. These mechanisms (Fig. 1b) are
hypothesized to mediate the impact of FLMMA membership on the
final outcomes. We quantify these mechanisms by estimating relevant
intermediate outcomes that are hypothesized to lie on the causal
pathway between the LMMA intervention and the final outcomes®.
One of the most important mechanisms through which FLMMA
partners aim to support communities is through increased villager
participationin decision-making about marine management®. Despite
formal recognition of customary rights to use and manage coastal
resources, globalization pressures combined with a post-colonial
top-down approach to planning have reduced engagement in tradi-
tional systems of sustainable marine management”. By encouraging
increased participation of local communities in managing their own
resources (bearinginmind that participation levels will vary depending
onthe approaches used by different partnersinthe villages they work
with®®’), the expectation is that rules implemented in the customary
fishing grounds will be culturally and locally appropriate, and hence
more likely to be complied with, in turn leading to improvements in
ecological conditions (reef healthand mangrove cover) andincreased
fish catch®. These expectations are aligned with the wider literature
that finds that participation promotesimproved management, because
local knowledge can improve complex management decisions®®, and
involvement in management decisions can increase support for and
compliance with the rules®?**°, We also anticipate that greater par-
ticipation may increase subjective wellbeing (for example, refs. 70,71).
Althoughwe do notexpect participationto directly influence economic
wellbeing or food security, these could be indirectly influenced by par-
ticipation throughimproved increased fish catch. Our analysis of these

causal pathways (from FLMMA through participation to economic
wellbeing or food security) are exploratory.

Another mechanism through which FLMMA aims to generate
social and ecological benefits, is improved management of marine
resources. Although customary systems of resource management have
always existed, these were eroded during colonization in the twentieth
century””%, Thus, technical skills and training are provided by FLMMA
partners via on-site workshops and meetings to help strengthen tra-
ditional management approaches, and to support implementation of
science-based tools”. FLMMA organizations and villages are encouraged
toshareknowledge generated through their experiences with different
fisheries management practices® with the expectation that villages will
gaininsights about best practices around fisheries management.

The effect of this mechanism could go two ways: on the one hand,
the implementation of rules, monitoring, penalties and enforcement
(Extended Data Table 1) may increase conflicts and non-compliance
if considered unfair to fishers, which could negatively impact eco-
logical and social outcomes (for example, food security). Alternatively,
management may improve fish catch and ecological conditions if the
rules are complied with, thus increasing food security. The direction
of influence remains an empirical question. We also expect manage-
menttoindirectlyimpact economic wellbeing viachanges in fish catch.
Analyses of all other causal pathways are exploratory, as we have no
prior expectationsin this regard.

Marine resource knowledge is another key mechanism that is
expected toimprove livelihoods and ecological outcomes. By provid-
ing training and sharing knowledge about the factors influencinglocal
marine resource health, FLMMA organizations aim to counteract the
loss of traditional marine resource knowledge that has occurred across
Fiji”’—and this is expected to lead to more informed decisions about
management, which may translate to improved ecological condi-
tions”. In this study, we use perceived marine resource knowledge as
our knowledge indicator (discussed in more detail in Supplementary
Information1).

Increased marine resource knowledge (or perceptions thereof)
may also influence livelihood choices, although the direction of influ-
encemay vary: forexample, increased perceived knowledge about the
link between fishing effort and fisheries health may encourage fishers
to shift their efforts to other livelihood activities where possible, thus
decreasing their fisheries dependence; alternatively, increased aware-
ness about factors influencing fisheries abundance may encourage
increased fishing effort in (say) certain locations or at certain times
of'year. Although we do not expect knowledge to directly impact eco-
nomicwellbeing (Extended Data Table1), it may have anindirect effect
through adjustments in fishing behaviour that influence fish catch.
These are exploratory questions.

We also examine the impact of financial and/or infrastructure
inputs from external partners to FLMMA villages. These key inputs
areprovided in variable amounts by different partners to different vil-
lages>, and are expected to influence acommunity’s ability to manage
itsresources, whichmay enhance ecological outcomes, as well as (indi-
rectly, viaimproved fish catch) economic and subjective wellbeing.

Causal model
The hypothesized causal pathways through which FLMMA member-
shipisexpectedtoimprove final outcomes are showninFig.1b. Arrows
linking variables in the model indicate direct causal effects. Indirect
effects (for example, from LMMA through participation to final out-
comes) are calculated by multiplying coefficients on the pathways (for
example, from LMMA to participation, and from participation to final
outcomes). Thesumofall direct and indirect effects equals the overall
average treatment effect, that s, the single arrow from FLMMA to the
final outcomesin Fig. 1a.

Any effect not caused by these hypothesized mechanisms is
captured via the arrow from FLMMA to final outcomes. This might
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include effects due to unaccounted-for mechanisms, or it might cap-
ture an ‘intrinsic’ sense of belonging associated with participation in
the FLMMA network, whichinturn may impact the final outcomes. Our
design does not allow us to disentangle these intrinsic effects fromthe
effects of unaccounted-for mechanisms; we canidentify only whether
thereisanaverage FLMMA treatment effect that is net of other effects.

We acknowledge that these four mechanisms may not represent
all possible mechanisms, and that the causal model may not represent
the full complexity of the processes by which FLMMA village member-
ship leads to different outcomes. As noted by Ferraro and Hanauer™,
the degree of elaboration of causal pathways depends on how well
developedthe theory is that guides the specification, the goals of the
study, and the data available. In the present study, we are constrained
by theamount of data available, which limits our ability to model mul-
tipleintermediate steps along the main pathways. Additionally, there
isscarcerobust evidence about the causal mechanisms through which
CBNRM initiatives lead to impacts. Hence, we focus on broad mecha-
nisms, and anticipate that future studies will build on this by investigat-
ing more elaborate processes within these broad mechanisms.

Finally, we note that, while LMMAs share some common principles,
there is diversity in how these principles are operationalized across
Fiji**”. The FLMMA ‘treatment’ thus does not consist of a standardized
intervention with clearly defined and implemented components, but
may be considered a ‘complex intervention’, It is suggested’®”” that
evaluations of complex interventions should avoid narrow definitions
of the intervention or its components and should standardize on the
‘function’ of the intervention; multiple methods to address questions
from different anglesarealso advised. This study is designed with these
considerations in mind.

Statistical analysis

We combine matching with regressions (in which we control for treat-
ment status, covariates used inmatching and other controls) to obtain
estimates of impact on final outcomes. Linear regressions were used
forallmodels, irrespective of whether the outcome measureis binary,
ordinal, count or continuous (Supplementary Information 3). We
use the reg command in Stata 17.0 (ref. 78) to conduct ordinary least
squares (OLS) regressions, with clustering by igoligoli (customary fish-
ingground) to account for potential correlationsin outcomes between
villages sharing igoliqolis. We note that, when multiple villages share
igoligolis, they typically fish and extract resources fromthe areain front
ofthevillage,and do not fish or gleanin front of other villages. They also
usually make management decisionsindependently from each other.
Clustering the standard errors allows us to control for correlations
between the characteristics of villages sharing an igoligoli. To verify
whether we arejustified in usinglinear regressions on categorical vari-
ables, we compare results from various models; we confirm that OLS
regressions produce unbiased estimates of impact (Supplementary
Information 4 and Supplementary Table 6).

SEMwas used to identify the role of different mechanisms in medi-
atingtheinfluence of FLMMA on final outcomes of interest. To do this,
we used the sem command in Stata17.0 onall12 final outcomes exam-
ined in this study, with the same set of potential confounders used in
the OLSregressions controlled forin all paths of the models, and with
clustering by igoligoli. Goodness-of-fit tests indicate agood fit overall
for allmodels (Extended Data Fig. 1).

Although multiple analyses were performed on this dataset, we do
not make post hoc adjustments for multiple comparisons, as per recom-
mendations inrefs. 79-82. The theoretical basis for such adjustments
isthat ‘chance’ serves as the first-order explanation for observed phe-
nomena—known as the ‘universal null hypothesis™°. Since our analysis
isbased onactual observations and not randomly distributed numbers,
non-adjustment facilitates correct interpretation of results. Further-
more, given that we are examining multiple individual outcomes—and
not conducting multiple tests of one joint outcome®—it makes sense to

evaluate theresults of individual tests one-by-one without adjustment
while addressing the internal consistency of results®. Each individual
analysis still retains a probability of Type I error of P < 0.05. While post
hocadjustments based onthe number of tests may reduce Typelerrors,
they also increase the likelihood of Type Il errors, potentially result-
ing in important findings being deemed non-significant. As many of
our analyses are exploratory (for example, influence of FLMMA on
subjective wellbeing), the risk of missing these findings is considered
non-negligible. We therefore present unadjusted results and acknowl-
edge therisk that some findings may be false positives.

Sensitivity analyses and alternative explanations

We examine the sensitivity of our results to different ways of operation-
alizing the indicators and conducting the analysis. Firstly, we explore
whether theimpacts of FLMMA membership on the final outcomes can
be considered causal, or potentially due to reverse (or simultaneous)
causality. To do this we assess the likelihood that FLMMA membership
isendogenous (that is, explained by other variables in the model), as
this may be indicative of reverse causality. We find no evidence of endo-
geneity (Supplementary Information 5) for any of the final outcomes
(including dependence on fisheries, discussed above), suggesting that
the direction of causality goes from FLMMA to final outcomes, and
not the other way round (that is, the outcomes did not cause villages
tojoin FLMMA).

Results are less clear with respect to the impact of FLMMA on the
hypothesized mechanisms; although we find no evidence of reverse or
simultaneous causality for participation, results are not conclusive for
perceived marine resource knowledge as we had insufficient informa-
tionto conductreliable tests for this variable (Supplementary Informa-
tion 5). As for management, we could not evaluate endogeneity with
respect to this mechanism, so the extent to which FLMMA membership
is influenced by management (indicating reverse causality) cannot
be tested. If there were areverse causal relationship between FLMMA
and knowledge or management (and we emphasize that we have no
evidence supporting or refuting this), any estimated effect of FLMMA
on these mechanisms would be smaller than estimated. If, however,
knowledge or management influenced FLMMA membership and the
final outcomes, this would imply the presence of unaccounted-for
confounding that could affect our results. However, tests (reported
below) show no evidence of unobservable confounding. Crucially,
giventhat FLMMA partners aim to supportincreased knowledge about
marine resource management and to encourage adoption of the vari-
ous managementtools examined here, we consider it unlikely that the
influence of FLMMA on perceived knowledge and managementis due
toreverse causality. We do not evaluate endogeneity for financial and/
orinfrastructure support, as thisindicator refers explicitly tosupport
provided after a village joined the FLMMA network, removing any
potential for reverse causality.

We also examine sensitivity to unobservable confounding, using
amethod proposed by Oster®* that produces an estimate of the degree
of selection on unobservables (omitted or missing variables) com-
pared with observable variables that would be needed to confound
the effect of interest (that is, FLMMA impact). Focusing only on those
final outcomes that were significantin the OLS regressions (Fig. 2) and
all intermediate outcomes (mechanisms), we show that results are
robust to the presence of unobservable influences (Supplementary
Information 6).

Turning to specific results of interest, we statistically assess
whether the positive relationship between perceived knowledge
and dependence on fisheries for income (Fig. 3) is causal. We find no
evidence of unobservable confounding suggesting that the effect
is causal; however, we were unable to directly test for reverse or
simultaneous causality, so we cannot know whether knowledge influ-
ences dependence on fisheries for income, or the other way around
(Supplementary Information 6).
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Additional sensitivity analyses confirm that estimated impacts
arerobust to different buffer zone specifications, that is, the minimum
distance between villages (Supplementary Information 8). Finally, we
ranthe same analysis but differentiating between older LMMAs (those
established ~15 years ago) and younger LMMAs (established -10 years
ago); results show that these perform similarly to each other (Supple-
mentary Information 10 and Supplementary Fig. 15).

Ethical considerations

Thisresearch was approved by the Middlesex University Ethical Review
Board (application number 8030) on17July 2019. Consent was obtained
fromthevillage chiefbefore any interviews were conducted, followed
by individual consent from key informants.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

Summary data that support the findings of this study are available
withinthe paper and Supplementary Information. FLMMA member vil-
lage dataare available upon request fromthe FLMMA Secretariat (email
contact: info@lmmanetwork.org). Covariate data used for matching
were provided by the Ministry of Lands and Mineral Resources and
Fiji Roads Authority, with the exception of coral cover data, which are
publicly available from the Millennium Coral Reef Mapping Project
(available at https://oceancolor.gsfc.nasa.gov/cgi/landsat.pl). Raw data
from the interviews are available on request from the corresponding
author (T.0O.) with reasonable restrictions, as respondents belong to
the Indigenous iTaukei group and have additional protections under
our ethical review process. Data and code used for the analysis will be
made available no more than 2 weeks after the data use agreement has
beenagreed and signed.

Code availability
Stata code used for analysis in this study is available at the repository
inthe Open Science Framework (https://osf.io/g94ya/).
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Extended Data Fig. 1| Full set of SEM results depicting pathways from Perceived management benefits. Coefficient of determination (CD) shows the
FLMMA to final outcomes via hypothesized mechanisms. a. Causal model fraction of variation (variance) explained by a model (higher values indicate
showing relationships to and between mechanisms (black pathways). Blue better fit). The standardized root mean square residual (SRMR) describes the
pathways vary by final outcome. b. Coefficients (standard errors in parentheses) standardized difference between the observed correlation and the predicted
for (blue) pathways (h, j, k, 1, m) leading to final outcomes, listed as follows: (1) correlation (values <0.08 indicate a good fit). TMissing observations are due
Village assets, (2) Household assets, (3) Diversity of income activities, (4) Non- to non-answers (refusal to answer or ‘don’t know’) except for outcomes (9) and
dependence on fisheries for income, (5) Diversity food-gen activities, (6) Non- (10) which only have responses from villages with reefs or mangroves. Level of

dependence on fisheries for food, (7) Satisfied with food from sea, (8) Fish catch, significance: *p < 0.1, **p < 0.05, ***p < 0.001 (two-sided tests).
(9) Reef health good, (10) Mangrove not declined, (11) Subjective wellbeing, (12)
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Extended Data Fig. 2| SEMresults, participation operationalized in terms
of women’s participation. a. Causal model showing relationships to and
between mechanisms (black pathways). Blue pathways vary by final outcome.
b. Coefficients (standard errors in parentheses) for (blue) pathways (h, j, k, I,
m) leading to final outcomes, listed as follows: (1) Village assets, (2) Household
assets, (3) Diversity of income activities, (4) Non-dependence on fisheries for
income, (5) Diversity food-gen activities, (6) Non-dependence on fisheries for
food, (7) Satisfied with food from sea, (8) Fish catch, (9) Reef health good, (10)
Mangrove not declined, (11) Subjective wellbeing, (12) Perceived management

benefits. Coefficient of determination (CD) shows the fraction of variation
(variance) explained by amodel (higher values indicate better fit). The
standardized root mean square residual (SRMR) describes the standardized
difference between the observed correlation and the predicted correlation
(values <0.08 indicate a good fit). tMissing observations are due to non-answers
(refusal to answer or ‘don’t know’) except for outcomes (9) and (10) which only
have responses from villages with reefs or mangroves. Level of significance:
*p<0.1,*p <0.05,**p <0.001 (two-sided tests).
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Extended Data Table 1| Indicators used to measure intermediate and final outcomes

Outcomes

I Indicator

I Description

Final outcomes

Economic wellbeing &

Village-level infrastructure

Index of village-level infrastructure and assets (L)

livelihoods

Household-level assets

Index of key assets owned by households in the village (L)

Diversification (for income)

Total number of activities that villagers engage in for income (L)

Non-dependence on fisheries
for income

Whether fisheries are not the main source of income in the village™
(binary) (L)

Food security

Diversification (for food)

Total number of activities that villagers engage in for food, and other
food sources (W)

Non-dependence on fisheries
for food

Whether fisheries are not the main source of food in the village™
(binary) (W)

Satisfaction with food from the
sea

Whether people are “generally happy” with the amount and variety of
food from the sea (binary) (W)

Fish catch

Number of fish bundles collected per week on average per household
(where a bundle of large, medium and small fish has 1-4, 6-8 and 8-12
fish respectively) (count) (W)

Perceived ecological
health

Perceived coral reef status

Whether coral reef is in “good” or “bad” health as described using
photos of reefs in both conditions (binary) (F)

Perceived mangrove cover
change

Whether mangrove cover in iqoliqolif has not declined over time
(binary) (F)

Subjective wellbeing

Subjective well-being

Mean subjective wellbeing across leaders, women, fishers and youth
per village (mean of responses to 11-pt Cantril scale) (ALL)

Perceived benefits

Perceived benefits from
igoligoli management

Benefits to the community from igoligoli management out of increased
fish catch, increased sales of marine produce, improved livelihoods,
increased knowledge about marine resources and how to manage the
igoligoli, and increased cooperation (proportion selected) (L)

Intermediate outcomes

(mechanisms)

Participation (proxy
for political
empowerment)

Village-level participation

Mean participation in making marine resource rules for the iqoligolit
across leaders, women, fishers and youth (mean of 5-pt scale, where
1=no participation/no meetings* to 5=full participation of social group
in meetings) (ALL)

Management of
marine resources

Whether a village has the
basic tools to manage it's
igoligoli

Whether a village has all of the following: rules regulating fisheries,
monitoring (proxied by presence of a fish warden), penalties for
breaking rules, enforcement of penalties (binary) (L)

Marine resource
knowledge

Village-level perceived
knowledge about marine
resources

Mean perceived knowledge about factors influencing reef health,
fisheries diversity and fisheries quantity over leaders, women, fishers
and youth (continuous) (ALL)

Financial &/or

infrastructure support

Provision of financial and/or
infrastructure support

Whether a village has had financial and/or infrastructure inputs from
partner(s) for LMMA functions since joining FLMMA (binary) (L)

Letters in parentheses show which key informant social group provided this data: (L)=leaders, (W)=women, (F)=fishers, (ALL)=all key informant social groups. * These variables have been
re-oriented so that higher values correspond with desired outcomes (that is lower dependence on fisheries), in common with all other outcomes. #¥As noted in the main text, igoliqoli refers to the
customary fishing ground. We use this term in the table for reasons of space. *For participation, we combined ‘no meetings’ with ‘no participation’ responses (Supplementary Information 2).
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Data analysis All analysis was conducted using Stata 17.0; specific commands used are listed in the Methods section of the article
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Reporting on sex and gender Although the main unit of analysis in this study is the village, we conduct additional analyses focusing on the key social groups

Population characteristics

Recruitment

Ethics oversight

Note that full information on th

(leaders, women's group, fisher's group) that might benefit from increased participation in decision-making, and enhanced
knowledge about marine resources. We find an interesting result with regards to women's participation in decision-making,
namely that it appears to positively influence a range of outcomes including household assets and food security. We propose
that future research should apply a gender lens to understanding participation in marine resource decision-making, and how
it may deliver key sets of outcomes.

Taking our sampling frame of 265 villages as our population of interest (see "Sampling strategy"), these villages are on
average 4.3km from the nearest road and 42km from the nearest municipal market; their customary fishing grounds
(igoligoli) cover a mean area of 247 square metres and contain 177 square meters (mean) of coral cover. The average
number of villages sharing each iqoliqoli is 5.2. The nearest previous LMMA adopter (i.e. village that had joined FLMMA
before they did) is 13km away on average, and the proportion of FLMMA villages in this sampled population is 58.8%. See
Supplementary Table S3 for a breakdown of covariates by FLMMA membership (‘unmatched' columns).

Participants generally self-selected into the key informant groups if they were present during the welcome ceremony (the
'sevusevu', Supplementary Information 1). In some cases, specific individuals were also suggested by village leaders and/or
other member of the same social group who were present at the sevusevu ceremony, and these suggestions followed by
enumerators who would ask these potential respondents if they wanted to participate. However, the decision to participate
was made by each individual. Given that self-selection bias is a consideration for all studies involving key informant interviews
with consenting participants, we opted to obtain data from small groups of key informants rather than from individual key
informants to allow for deliberation and pooling of knowledge, potentially improving the accuracy of responses; we expect
quantitative responses provided through group discussion and consensus to be less susceptible to biases from individual
values or characteristics (for discussion see Supplementary In formation 1).

This research was approved by the Middlesex University Ethical Review Board (application number 8030) on 17th July 2019.
Consent was obtained from the village chief before any interviews were conducted, followed by individual consent from key
informants.

e approval of the study protocol must also be provided in the manuscript.
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Study description

Research sample

Sampling strategy

Data collection

these points even when the disclosure is negative.

This is a quantitative study which uses primary village-level data, generated using key informant group surveys, to identify the impact
of a national community-based natural resource management initiative - the ‘locally-managed marine areas’ (LMMA) network in Fiji.

Our research sample consists of coastal villages (within 1km of the water) throughout Fiji that we had spatial data for (needed to
perform statistical matching). We excluded the distant island groups of excluding Lau and Rotuma, which we could not include due to
the difficulty and cost of accessing these islands. The sample was selected using matching approaches to allow for causal inference.

To identify causal impacts of FLMMA membership, we first identified 581 coastal villages in Fiji (excluding Lau and Rotuma) located
within 1km of the water that we had spatial data for (source: Ministry of Lands & Resources). FLMMA villages (identified using the Fiji
LMMA 2019 village member database) were selected in two ‘cohorts’ based on year of adoption: cohort 1 includes villages with
LMMAs established ~15 years ago (n=94), and cohort 2 includes villages with LMMAs established ~10 years ago (n=88). In developing
our sampling frame, we imposed 1km buffers to minimise ecological spill-over effects, removed villages with other coastal-
management interventions, and ensured that non-FLMMA villages did not share fishing grounds with FLMMA villages; this leaves a
final sampling frame of 265 villages, from which we selected our final sample of study villages.

Using this sampling frame, we used one-to-one propensity score matching without replacement to select non-FLMMA villages so that
they resembled FLMMA villages at baseline with regards to covariates expected to influence both LMMA adoption and impacts
(outlined in Supplementary Information 2). This resulted in a final sample of 152 villages, of which half are members of FLMMA and
half are not.

We collected data through interviews with groups of key informants between Oct. 2019 — Mar. 2020. Group interviews were
conducted with four groups of key informants — village leaders, women, fishers, and the youth (defined as people between the ages
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of 18-35). In advance of the interviews, requests were sent to the head of the group (if relevant) along with other members of the
group prior to the visit, to ensure that people were available for the interview. Consent was obtained from the village chief before
any interviews were conducted, followed by individual consent from key informants. Enumerators collected data on printed surveys;
Importantly, neither the instructions nor the questions explicitly refer to “FLMMA” or “LMMAs”, and all questions about marine
resource management and other LMMA-related factors were framed in terms of the customary fishing ground (‘igoligoli’). This was
done to minimise social desirability response bias among respondents in FLMMA villages (details in supplementary Information 2).
No-one else was present during interviews other than enumerators teams and participants; enumerators were not aware how the
data would be used, the research questions underlying the study or the specific analyses that would be conducted on the data, to
minimise any possible influences on how respondents answered questions.

Due to unforeseen events during fieldwork (see "non-participation"), our final sample includes data from 134 matched villages
(selected through matching), and data from additional unmatched villages (n=11 FLMMA and n=1 non-FLMMA villages). However,
covariate balance for the final sample (Supplementary Information Table S5) compares favorably to that of the matched sample
(Supplementary Information Table S3), hence we opt to use all the data for analysis. The final sample size is 146 villages. We were
able to the conduct interviews with the leaders” and women’s groups in all (n=146) villages in the final sample, fishers in 143 villages,
and youth in 136 villages (ten villages didn’t have a youth group).

Timing Data collection commenced in October 2019; there was a break from December 19th to January 12th for the Christmas period. Data
collection resumed January 12th but was terminated early in March 2020 due to the onset of the Covid-19 pandemic, resulting in a
final sample size of 146 villages. The teams spent an average of 60 minutes on interviews, although leaders’ interviews averaged 75
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minutes.
Data exclusions No data was excluded
Non-participation Ten selected villages did not participate in the study due to either last-minute commitments, absence of certain groups, or conflicts

within the village. With regards to conflicts, although not a common occurrence, we were pre-warned by the provincial office of any
ongoing traditional disputes over the leadership titles in a few villages in the sample and these were dropped to avoid exacerbating
conflict and maintain data quality. Another two villages had recently merged into one village, so these were interviewed together
(accounting for one fewer village in the final sample). Finally, due to the onset of Covid-19, a further 11 villages could not be
interviewed.

Randomization As noted under 'Sampling Strategy', we used one-to-one propensity score matching without replacement to select non-FLMMA
villages so that they resembled FLMMA villages at baseline with regards to covariates expected to influence both LMMA adoption
and impacts. The covariates used in matching were: distance to nearest road, distance to nearest market, distance to nearest
previously-established LMMA, area of customary fishing ground, coral reef cover and number of other villages sharing the fishing
ground.
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