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In brief
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unresolved, highlighting the need for
coordination across sectors and
engagement of affected actors in
processes aimed at increasing
environmental sustainability and
equitable benefit sharing.

¢? CellPress


mailto:eselig@stanford.edu
https://doi.org/10.1016/j.oneear.2026.101644
http://crossmark.crossref.org/dialog/?doi=10.1016/j.oneear.2026.101644&domain=pdf

One Earth ¢ CelPress

OPEN ACCESS

Patterns of marine resource conflicts
across Africa highlight need for fair access
and benefit sharing for a blue economy

Elizabeth R. Selig,’-'8* Nahla Gedeon Achi,’-2 Frode Sundnes,® Colette C.C. Wabnitz,'-** Shinnosuke Nakayama,'
Dag @. Hjermann,? Juliano Palacios-Abrantes,* Jessica Spijkers,%” Mafaniso Hara,® Moenieba Isaacs,®

Timothy R. McClanahan,?° Ethan McKown,!! Adelina Mensah,'2 Ragnhild Overa,' Siri Aas Rustad,’4

Thordis L. Thorarinsdottir,’>:1¢ and Andreas Forg Tollefsen'+17

1Center for Ocean Solutions, Woods Institute for the Environment, Stanford Doerr School of Sustainability, Stanford University, Stanford, CA
94305, USA

2FishWise, Santa Cruz, CA 95062, USA

3Norwegian Institute for Water Research (NIVA), @kernveien 94, 0579 Oslo, Norway

4Institute for the Oceans and Fisheries, 2202 Main Mall, The University of British Columbia, Vancouver, BC V6T 1Z4, Canada
5Stockholm Resilience Centre, Stockholm University, Albanovagen 28, 106 91 Stockholm, Sweden

SUWA Oceans Institute, 35 Stirling Highway, Crawley, WA 6009, Australia

7Augur Bv, Driesstraat 72, 3550 Heusden-Zolder, Belgium

8|nstitute for Poverty, Land and Agrarian Studies (PLAAS), University of the Western Cape, Private Bag X17, Bellville 7535, South Africa
SWildlife Conservation Society, Global Marine Programs, Bronx, NY 10460, USA

10Kenya Marine Program, P.O. Box 99470, Mombasa, Kenya

1 American University, School of International Service, Global Environmental Policy Program, 4400 Massachusetts Avenue NW, Washington,
DC 20016, USA

12|nstitute for Environment and Sanitation Studies, University of Ghana, P.O. Box LG 209, Legon, Accra, Ghana

13Department of Geography, University of Bergen, P.O. Box 7800, 5020 Bergen, Norway

14Peace Research Institute Oslo, 0186 Oslo, Norway

15Department of Mathematics, University of Oslo, Postboks 1053 Blindern, 0316 Oslo, Norway

16Norwegian Computing Center, P.O. Box 114 Blindern, 0314 Oslo, Norway

17Department of Sociology and Human Geography, University of Oslo, Postboks 1072 Blindern, 0316 Oslo, Norway

18 ead contact

*Correspondence: eselig@stanford.edu

https://doi.org/10.1016/j.oneear.2026.101644

SCIENCE FORSOCIETY Competition over ocean spaces and resources can result in conflicts that jeopardize
the goals of a blue economy—environmental sustainability and equitable benefit sharing. The prominence of
the blue economy in regional and national policies across Africa, coupled with rapid ocean development, re-
quires a better understanding of where conflicts occur, who is involved, and the nature of the disputes to find
pathways to resolution. To fill this gap, we compiled and analyzed a database of reported conflicts across 34
coastal African countries from 2008 to 2018. Most conflicts were related to access issues, and less than a
third were resolved. Notably, 28% of conflicts involved only non-fisheries sectors. These findings can help
policymakers, managers, and civil society anticipate pressures, coordinate across sectors, and inform
more equitable interventions. Ensuring affected actors have meaningful roles in shaping decisions will be
instrumental in reducing conflicts and fostering a blue economy.

SUMMARY

An increased focus on the blue economy across coastal African countries requires effective strategies for
reducing marine resource conflicts to achieve goals of sustainable, equitable ocean development. We created
a spatial database documenting marine resource conflicts (2008-2018) and conducted an expert survey to
analyze patterns in conflict types and how they relate to actors, drivers, and resolution. Our findings indicate
that 73% of conflicts were associated with access disputes and 28% were between non-fisheries sectors.
National governments, small-scale or industrial fishers, and state enforcement agents were the most frequent
actors. lllegal fishing, inequitable benefit distribution, and inadequate regulations were commonly reported
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conflict drivers. Less than one third of conflicts were resolved, but increased governance was cited as important
for resolution. These results suggest policymakers may need to focus on access and benefit sharing issues and
increase engagement of key actors in governance processes to realize blue economy ambitions.

INTRODUCTION

The original goals of a “blue economy” were to improve environ-
mental sustainability and ensure equitable, inclusive, and just
benefit sharing while supporting livelihoods and increasing
food production, revenues, and energy.’ ™ By contrast, an ocean
economy or ocean-based growth typically emphasizes eco-
nomic expansion without explicit attention to environmental sus-
tainability or social responsibility.® Increasingly, the terms are
used interchangeably, obscuring the focus on equity and
ecosystem health in a blue economy. While scaling up develop-
ment in the oceans presents numerous opportunities,’ it also
risks jeopardizing the potential for a true blue economy by under-
mining sustainability and exacerbating existing conflicts over
marine resources or triggering new ones as sectors expand.®™®

The blue economy has received considerable attention in na-
tional and regional development planning across Africa,
including efforts to mainstream it in national policies and prac-
tices.'® The Africa Blue Economy Strategy envisions an “inclu-
sive and sustainable blue economy that significantly contributes
to Africa’s transformation and growth.” " The stakes for potential
benefits from ocean development are high, with estimates that it
generated nearly US $300 billion and created 49 million jobs
across the African continent in 2018.""

However, competing goals for marine resources can lead to
antagonistic interactions across or within sectors, particularly
for fishing, tourism, shipping, and oil and gas.'? Poorly designed
or implemented development can also result in environmental
degradation and widen inequities in access to marine resources
and distribution of their benefits.”'*'* The compound impacts of
a growing ocean economy,'®"'" climate-change-associated
shifts in marine resources’ availability,’®" and the expansion
of spatial conservation measures may create triple exposure,??
increasing the likelihood of marine resource conflicts.

At the United Nations World Summit on Sustainable Develop-
ment in 2002, leaders recognized that the failure to understand
and resolve marine resource conflicts inhibits attempts to
achieve sustainable resource management,®® jeopardizing the
attainment of several Sustainable Development Goals (SDGs)
related to poverty, hunger, health, gender equality, economic
growth, life below water, life on land, and peace (SDGs 1, 2, 3,
5, 8, 14, 15, and 16, respectively). Ongoing conflicts disrupt
effective management and create negative impacts for nutrition
and food security, livelihoods, and human rights.®2426

Previous research has focused primarily on fisheries-related
conflicts in specific geographies,””+*® regional conflict charac-
teristics across freshwater and marine fisheries,?® or interna-
tional' fisheries conflicts.®°~*? Through qualitative, quantitative,
or mixed approaches, these studies identified failures in gover-
nance,””?9%% fisheries scarcity and competition within the
sector,?®®® spatial competition between small-scale and
industrial fishers,”® legal pluralism combined with power
asymmetries,®* past conflicts,®° and illegal, unreported, or
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unregulated (IUU) fishing as factors that contribute to conflict
development.?®

However, a growing diversity of activities in the coastal zone ne-
cessitates developing a broader understanding of marine resource
conflict dynamics that captures emergent patterns in the coastal
zone that may involve fisheries but are not necessarily centered
on them. For example, port development may affect fishers’
access to spaces like mangroves or landing sites,***® yet such
tensions may not have been included in previous fisheries-only
conflict analyses. Similarly, coastal mining operations,®” thermal
power stations,*® and seismic surveys® can trigger conflicts not
only over access to marine spaces but also due to the environ-
mentalimpacts of those activities on the livelihoods and well-being
of coastal communities, including fishers. In addition, conflicts
over mangroves,’® coral reefs, and sand*'*? remain underex-
plored in the literature, in spite of increasing concerns that “ocean
grabbing”®*® or “blue grabbing”?® will further limit equitable ac-
cess or usage of these resources and spaces.”? A wider perspec-
tive on marine resource conflicts helps identify a more accurate set
of actors to involve in solution design and accounts for cross-sec-
toral interactions that are important to consider in potential gover-
nance approaches.

Our study expands the scope of prior work by comprehen-
sively assessing conflicts over marine resources and marine
spaces beyond fisheries, including access to and usage of
beaches, ports, and nearshore areas, where marine ecosystems
are present. Hereafter, we refer to these conflicts as marine
resource conflicts, which we define as instances in which two
or more actors have an incompatibility in their goals over marine
resources, consistent with parallel definitions used for fisheries-
only analyses (see methods).?”*? We examine a wider set of con-
flict variables, including conflict types, reported drivers, actors,
sectors, and resolution status. Together, the relationships be-
tween these variables can inform the design of more effective so-
lutions by highlighting which actors should be engaged. They
can also help identify which conflict characteristics may affect
conflict resolution and where different governance or manage-
ment approaches may be needed—dynamics that have not
been well explored previously. Although conflicts can impede
the development of a blue economy, they can also serve as cat-
alysts for positive change™ by highlighting the need for improved
practices and reforms in governance processes.'® Collectively,
our analyses can inform strategies to avert conflict emergence
and shift states of conflict to more effective, just, and equitable
marine resource governance at the heart of aspirations for a
blue economy.

RESULTS

Methods summary

We conducted a systematic review of the periodical literature
using Factiva to develop a comprehensive database of marine
resource conflict occurrences between 2008 and 2018 (Table S1
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and Table S2). We began data collection in 2019, choosing the
selected time period as a representative, recent sample that has
been characterized by major population growth, coastal develop-
ment, and increasing attention to a blue economy.'® We excluded
activities like oil and gas extraction or piracy unless they involved a
connection to a living marine resource (e.g., theft of catches).

From relevant articles, we classified each conflict according to
conflict type (Table S3), reported drivers (Tables S4 and S5),
actors (Table S6), sectors, and resolution status. Conflict types
included the access or usage of a marine-related space or ma-
rine resource, the distribution of marine resource benefits, or pi-
racy involving marine resources (Table S3). Our analyses
centered on coastal African countries, territories, and depart-
ments (hereafter countries) from Mauritania to Sudan
(Table S1), where there is a growing interest in developing a
blue economy'?'"13:48:49 and relative similarity in official lan-
guages (Table S1), which facilitated media analyses.

Overall database results

The Marine Resource Conflicts in Coastal Africa (MARICA) data-
base included 1,013 reported conflict events across 34 countries
in Africa from 2008 to 2018 (Figure 1). The number of conflict
events per country ranged from 1 to 135, with 905 unique com-
binations (80% of conflict events) of conflict types, actors,
drivers, and resolution status. Because piracy related to marine
resources (e.g., seizure of a fishing vessel) can have different
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Figure 1. Spatial marine
resource conflicts

(A) Number of conflicts by country, territory, or
department from 2008 to 2018 and (B) change in
number of conflicts between 2008-2012 and
2013-2018. The two time periods illustrate how
conflict frequencies have changed from the mid-
point of the database time series. Piracy-only
events were excluded. Gray indicates no data.
Cabo Verde, Comoros, Mauritius, Mayotte & fles
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drivers and resolutions,?® we removed it from our analyses if
there was no other conflict type associated with it (n = 121;
see Notes S1 and S2 in reference to piracy conflicts).

Conflict types and illegal activities

Patterns in conflict types and their relationships to different ac-
tors and reported drivers can inform the selection of relevant
governance and management approaches. We assessed con-
flicts according to six types: (1) access to space (e.g., access
to a fishing ground), (2) access to resources (e.g., who can har-
vest mangroves), (3) usage of space (e.g., construction of a ho-
tel over a mangrove), (4) usage of a resource (e.g., fishing
methods), (5) distribution of benefits (e.g., trade or price dis-
putes), and (6) piracy involving marine resources (e.g., seizure
of catches or a fishing vessel) (Table S3). Conflict types could
co-occur (Figure 2). Across all reported conflict events, 73%
of conflicts were related to access to space or access to re-
sources (Figure 2). Conflicts over access to space and access
to resources, which occurred individually or in combination with
other conflict types, accounted for 48% and 44% of conflicts,
respectively, followed by conflicts related to usage of a
resource or space or distribution of benefits (Figure 2). Conflicts
related to access to space and access to resources co-
occurred most often (Figure 2), while conflicts over usage of
space were largely unconnected to other conflict types
(Figure 2).

Figure 2. Frequency of occurrence and co-
occurrence of conflict types

Orange bars above the dot matrix show the
number of conflicts involving only one conflict
type, with the number of conflicts displayed on top
(e.g., 208 conflicts over access to space only).
Blue bars on the right show conflicts involving two
or more types. Black vertical lines in the dot matrix
show which conflict types co-occur in each
combination (e.g., 96 conflicts related to both
access to space and access to a resource). Dark
gray bars on the left represent the number of
conflicts for each conflict type (e.g., 207 conflicts
related to usage of space), with the numbers in
parentheses indicating percentage relative to the
total number of conflict events, inclusive of piracy-
only events.
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Figure 3. Frequency of conflicts by country, territory, or department across six conflict types from 2008 to 2018

Country, territory, or department labels include the total number of recorded conflicts in parentheses, excluding piracy-only conflicts. (A) The total number of
conflict events in that country, territory, or department (Table S7). The darker the shade of red, the greater the number of conflicts.

(B) The darker the shade of blue, the greater the proportion of conflicts within a country, territory, or department (Table S8).

Conflict types also varied by country (Figures 1 and 3;
Tables S7 and S8). Countries with the highest numbers of con-
flicts related to access to space or access to resources were
Senegal (87% of conflicts in Senegal; n = 116), Somalia (97%
of conflicts in Somalia; n = 66), and Mauritania (91% of conflicts
in Mauritania; n = 59). Conflicts over the distribution of benefits
were highest in Senegal (29%; n = 38). There was no statistically
significant general trend for each conflict type (p > 0.05 for all)
and no temporal trend for conflict types at a country level
(o > 0.05 for all).

Approximately 49% of the reported conflicts involved an illegal
activity, with illegal fishing the most reported illegal activity
(87%), although it cannot be easily disaggregated from illegal us-
age of space or resource. Senegal had the highest number of con-
flicts related to illegal fishing (n = 46), but the frequency of such
conflicts decreased over time (—9% per year, y%; = 3.36, p = 0.067).

Spatial and temporal patterns

To determine whether conflicts were influenced by proximity to
one another, we tested for spatial autocorrelation at the country
scale for conflict events with spatial coordinates. Conflicts were
not evenly spatially distributed, with Somalia (n = 78) and
Senegal (n = 135) accounting for 21% of all conflicts (Figures 2
and 3). However, there was no spatial autocorrelation across
countries (global Moran’s I = 0.05, p = 0.310), suggesting there
are no regional concentrations of conflicts. There was a non-sig-
nificant, but positive, temporal trend in number of conflicts when

4 One Earth 9, 101644, April 17, 2026

aggregated across all countries (3% increase per year; y%
3.18, p = 0.075), with an average of 2.6 reported conflicts per
year in each country. There was no temporal pattern for any
individual country (p > 0.05 for all, after p-value adjustment for
multiple comparisons).

Violence and intensity

The degree of violence or intensity of marine resource conflicts
and their association with conflict types can highlight which con-
flicts may escalate. Nearly all reported conflicts were non-violent
(92%, n = 928). Only 3% (n = 26) included threats, 4% (n = 37)
had injuries, and 2% (n = 19) involved death. Violence levels
(i.e., no violence, threat, injury, or death) were significantly
different among conflict types (y%15 = 86.79, p < 0.001). For con-
flict events with deaths, 68% (n = 13) were associated with ac-
cess to space, 21% (n = 4) with access to the resource, and
16% (n = 3) with usage of the resource. Conflict events resulting
in injuries were most frequently associated with access to space
(57%, n =21), followed by usage of the resource (22%, n = 8) and
access to the resource (19%, n = 7). Similarly, there were signif-
icantly different violence levels among types of illegality (%15 =
80.51, p < 0.001). Conflict events with deaths or with injuries
were most often associated with illegal fishing (47%, n = 9, for
deaths; 51%, n = 19, for injuries) and fishing gear destruction
(11%, n =2, for deaths; 14%, n = 5, for injuries). Most non-violent
conflict events were associated with verbal discord (60%) and
military, policing, or enforcement actions (33%).
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Figure 4. Patterns of conflict drivers and their association with conflict types

(A) Proportion of reported proximate conflict drivers relative to all conflict events.

(B) Proportion of conflicts associated with the most common proximate drivers for each conflict type (Table S9).

(C) Proportion of reported distal conflict drivers relative to all conflict events.

(D) Proportion of conflicts associated with the most common distal drivers for each conflict type (Table S10).
Colors in (A) and (B) and, separately, in (C) and (D), indicate the most commonly reported conflict drivers. Gray bars indicate the proportion of conflict events for

less common drivers. Piracy-only conflicts were excluded.

Proximate and distal drivers
Reported conflict drivers can help to identify reasons for conflict
emergence and refine the scope of relevant management ap-
proaches. We classified drivers as proximate if they were an im-
mediate or direct cause of conflict (Table S4) and distal if they
were related to indirect, underlying contextual factors
(Table S5). The most commonly identified proximate drivers of
conflict were illegal fishing incidents (31%), followed by recent
changes in distribution of benefits (21%); inadequate, lacking, or
conflicting regulations (11%); and poor resource condition due
to human activity (9%) (Figure 4A; Table S9). Distal drivers that
were highlighted frequently were inadequate governance (32%),
systematically occurring illegal fishing (30%), ongoing poor
resource condition due to human activity (28%), and poverty
(10%) (Figure 4C; Table S10). As a proximate driver, recent illegal
fishing was largely linked to ongoing illegal fishing as a distal driver
(61% of cases) but also to inadequate governance (18%) and poor
resource condition due to human activity (16%) (Table S11).
Proximate drivers differed across conflict types (Figure 4B;
Table S9). For example, the primary proximate drivers for con-
flicts over access to space were recent illegal fishing (41%)
and benefit distribution (24%; Figure 4B; Table S9). In contrast
to proximate drivers, distal drivers had similar patterns across
conflict types (Figure 4D; Table S10), with inadequate gover-
nance related to both piracy (59%) and conflicts over distribution
of benefits (58%).

Distribution of benefits was considered both a conflict type,
when the conflict was related to benefit distribution, and a driver,
when the conflict resulted from the way benefits were distrib-
uted. There was a strong positive association between conflict
type and driver (Jaccard index = 0.532, p < 0.001). Likewise,
illegal fishing was both a type of illegal activity and a potential
driver of conflict. When categorized as an illegal activity associ-
ated with a conflict type, 79% of events were also associated
with illegal fishing as a proximate driver. Similarly, 95% of events
with illegal fishing as a proximate driver were positively associ-
ated with illegal fishing as an illegal activity (Jaccard index =
0.761, p < 0.001).

Actors

The success of any management or governance intervention is
likely to depend on engaging the appropriate set of potential ac-
tors. In our analysis, actors denote those involved in a conflict
regardless of their role as an instigator, participant, or a group
that has been affected by the conflict (Table S6). The most
frequently reported actors were national government officials
(71%; n = 714) followed by small-scale, subsistence, or artisanal
fishers (n = 487, 48%); industrial fishers (41%; n = 414); and state
enforcement agents (36%; n = 369) (Table S12). State enforce-
ment agents were counted separately from national government
actors to examine the role of enforcement in instigating or
resolving conflict. Some actors may not have been included

One Earth 9, 101644, April 17, 2026 5
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Figure 5. Actor co-occurrence network and centrality of actors in conflicts across conflict types and resolution status

(A) Network of actor co-occurrence in conflicts. Nodes represent actors and edges indicate their co-occurrence in the same conflict. Node colors correspond to
actors in (B). The weighted force-directed layout places actors with stronger co-occurence relationships closer together.

(B) Actors ranked by eigenvector centrality, which measures their influence within the actor network by considering both the number and importance of an actor’s
connections (i.e., whether those connections are to other well-connected actors). L and NL denote living resources and non-living resources, respectively.

(C) Eigenvector centrality by conflict type.
(D) Eigenvector centrality by resolution status.

For (C) and (D), only the top 10 most central actors are shown. Actor definitions are in Table S6. Piracy-only conflicts were excluded.

that were involved in or affected by conflict because they are
marginalized (e.g., women) and less likely to be reported.

The distribution of actors differed significantly among conflict
types (p < 0.001). For example, small-scale fishers were more
involved in conflicts over the distribution of benefits (76%) and
less in conflicts over usage of space (30%). Industrial fishers
were more involved in conflicts over usage of the resource
(62%) but less in conflicts over usage of space (16%)(Table S12).

The social network analysis revealed that national govern-
ments, small-scale fishers, industrial fishers, and state enforce-
ment agents occupy central positions within a marine resource
conflict network (Figures 5A and 5B). In this network, nodes

6 One Earth 9, 101644, April 17, 2026

represent actor types and edges connect actors that co-occur
in the same conflict events. Eigenvector centrality measures
the extent to which an actor is connected to other actors, with
connections to well-connected actors weighted more heavily
than connections to peripheral ones. Actor centrality varied
greatly depending on the type of conflict. Industrial fishers ex-
hibited lower centrality in conflicts related to usage of space,
whereas small-scale resource users (e.g., sand miners or
mangrove harvesters) had higher centrality (Figure 5C). State
enforcement agents had high centrality in conflicts that reached
resolution (Figure 5D). Most conflicts involved both national-
(61%; n = 616) and international- (54%; n = 549) scale actors.
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Fisheries and non-fisheries sectoral patterns

Conflicts between different groups of actors can highlight
broader issues that can inform decisions on who to engage
and how to design effective interventions. When we grouped ac-
tors by sector (i.e., civil society, government, small-scale fish-
eries, industrial fisheries, and non-fisheries actors) (Table S6),
we found that 93% of conflicts involved government actors
and 72% involved actors across fisheries value chains (e.g.,
small-scale, industrial fishers, or fish traders). Only 2% of con-
flicts included only fisheries actors (Figure 6). However, 28% of
conflicts were between sectors other than fisheries. The distribu-
tion of conflict types varied significantly across fisheries (small-
scale fisheries and industrial fisheries), non-fisheries (civil
society, government, and non-fisheries actors), or mixed sectors
(i.e., a combination of fisheries and non-fisheries sectors) (4> test
of independence, ¥? = 208.37, p < 0.001) (Table S13). Conflicts
over usage of space deviated the most from expected sectoral
compositions across conflict types based on standardized re-
siduals from the 2 test. These conflicts involved more non-fish-
eries sectors and fewer mixed-sector cases than expected, indi-
cating the fisheries sector was less likely to be involved in
conflicts over usage of space compared with other sectors.

Resolution and stalemate
Assessing where conflicts are resolved or remain unresolved can
help identify successful approaches that could be replicated or
highlight the need for new strategies. Only 30% (n = 304) of re-
ported conflicts were resolved, and 4% (n = 38) were stalemates.
Conflicts related to usage of space and distribution of benefits
were seldom resolved (10% and 4% of cases, respectively). Con-
flicts concerning access to space, access to resources, and usage
of resources were more likely to be resolved (36%, 33%, and 32%,
respectively; Figure 7A). The majority of resolved conflicts included
state enforcement agents (60%), while conflicts involving small-
scale fishers or the national government were more likely to be un-
resolved (71% and 74%, respectively) (Figure 7B). The proportions
of unresolved conflicts differed significantly across conflict types
(¢’s = 91.21, p < 0.001) and among the four major actors (i.e., na-
tional government, small-scale fishers, industrial fishers, and state
enforcement agents) (y%; = 172.35, p < 0.001).

The path to resolution was noted in 93% of the resolved cases
(n=304). In 75% of the resolved cases, increased governance or
enforcement played a key role (n = 228), and it was the only factor
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Figure 6. Frequency of sector involvement
in conflicts

Dark gray bars at the top show the total number of
conflicts involving specific combinations of sec-
tors. Black dots connected by vertical lines in the
dot matrix identify which sectors co-occur in each
conflict combination (e.g., 166 conflicts involving
government and industrial fisheries users). Dark
gray bars on the left represent the number of
conflicts involving each sector. Piracy-only con-
flicts were excluded.

Je

in 90% of those cases. Legal or court res-
olutions were involved in 20% of resolved
cases (and were the only factors in 58%
of those cases) (n = 60), while mediation
was a part of the resolution process in only 8% of cases (n =
23). For unresolved conflicts, 52% were related to an inability
to reach consensus (n = 356), 30% to an inability to increase or
change governance or enforcement (n = 204), and 6% to larger
social factors (n = 41).

Expert surveys

Expert survey responses (n = 27 completed surveys; n = 41 par-
tial completions; see Methods S1 for survey instrument) from 25
of the 34 focal countries (Table S1) revealed patterns largely
consistent with database results, with notable differences. For
example, the threat of violence was the most commonly
perceived level of conflict intensity (55%). Less than half of re-
spondents indicated that conflicts were sometimes resolved
(43%), which aligned with estimates from the database analysis.
When asked to identify the most effective factors in resolving
conflicts, experts selected greater community engagement,
including community meetings and consultation (54%). In
contrast to the database results, respondents identified access
to the resource as the type of conflict least likely to be resolved.
They also highlighted small-scale, artisanal, and subsistence
fishers, including women, to be more affected by conflicts than
other populations. More than 80% of respondents perceived
catches to have decreased or decreased greatly over the last
5 years.

Comparison with violent conflict databases

To determine whether reported marine resource conflicts were
related to patterns in fatal conflicts or conflicts associated with po-
litical violence or protest, we assessed the correlation between
MARICA events and those cataloged in the Uppsala Conflict
Database Program Georeferenced Event Dataset (UCDP
GED)*"*° and the Armed Conflict Location and Event Data
(ACLED) database® (2008-2018), respectively. Conflict events
in the MARICA database were significantly correlated with
ACLED across countries (Spearman’s rank correlation, y = 0.48,
p = 0.004) and had a positive, though marginal, association with
UCDRP (y = 0.33, p = 0.058), which has a higher mortality threshold
for conflict inclusion (at least 25 deaths). When we tested for tem-
poral correlations between conflict databases, we found a weak
positive correlations with ACLED (y = 0.53, p = 0.091) and a signif-
icant positive correlation with UCDP (y = 0.64, p = 0.033). We
found no correlations with two fisheries-specific databases,?**°
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but both had low sample sizes for comparison with our data (see
Note S3).

Bias assessment

To assess potential conflict reporting biases, we examined the
correlations between MARICA and datasets associated with
freedom of the press®! (2013-2018), national levels of corrup-
tion®? (2012-2018), and population density>® (epoch 2015). The
number of conflicts by country in MARICA was not significantly
explained by either freedom of the press (negative binomial
mixed-effects models of country-year conflict counts with year
fixed effects and country-level random intercepts, ;(21 = 0.87,
p = 0.350) or corruption (42 = 1.25, p = 0.263). The model that
incorporated log-transformed population density significantly
outperformed the null model (;(21 = —12.96, p < 0.001), and the
estimated coefficient was positive (0.6), indicating that conflict
reporting frequency increased with population density. Howev-
er, the coefficient was less than 1, suggesting that, although
more conflict events are reported in densely populated areas,
the number of events per capita decreased with increasing pop-
ulation density, so the observed pattern is unlikely to be fully ex-
plained by reporting bias favoring larger cities.

DISCUSSION

Developing a blue economy requires balancing new opportu-
nities for economic expansion with sustainability, securing equity
and justice in decision-making, and reducing marine resource
conflicts.>?>°* |dentifying conflicts over marine resources and
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Figure 7. Conflict resolution status by con-
flict type and actor

Bars show the proportion of conflicts that were
resolved (blue), unresolved (orange), or in stale-
mate (green) across conflict types and actors.

(A) Resolution status by conflict type.

(B) Resolution status by most frequent actors.
Numbers shown in the bars represent the number
of conflicts for each resolution status. Piracy-only
conflicts were excluded.

spaces as well as their key characteris-
tics provides an essential foundation
for informing and designing more effec-
tive governance and management
approaches. This knowledge is particu-
larly important for coastal African coun-
tries that are grappling with the chal-
lenges associated with the increasing
opportunities presented by a developing
ocean economy. In some cases, failing
to adequately consider equity and
sustainability in planning or implementa-
tion have already caused con-
flicts.”'#16:17:35:36:55 We found that each
country had its own conflict signature
shaped by different conflict types, actors,
drivers, and resolution patterns (Figures 1
and 3). Conflicts were dynamic over time
within countries, likely reflecting changes in policy, develop-
ment, and enforcement intensity (Figure 1B). Access to space
was the dominant conflict type (Figure 2), aligned with previous
work on fisheries conflicts.?®°%:5¢

Interestingly, conflicts between sectors other than fisheries
comprised 28% of all conflicts, emphasizing the importance of
a holistic view of marine resource conflicts (Figure 6;
Table S13). However, the frequency of national government ac-
tors, small-scale fishers, and industrial fishers in marine resource
conflicts also suggests the need for greater engagement® and
more inclusive decision-making processes. Consulting with
small-scale actors is particularly critical when developing inter-
ventions that affect their livelihoods,'>?° including activities not
directly related to fisheries. Although marine resource conflicts
were related to political violence and protests in the region,*>*’
we found enough variability to suggest targeted efforts will still
be needed to address marine resource conflicts.

—_

—_

Greater inclusivity to reduce access-related conflicts

The prevalence of conflicts over access to resources and access
to space, and the strong relationship between the two (Figures 2
and S1), indicates shortfalls in current policies, their implementa-
tion, and regulatory enforcement addressing access issues.””"*
These conflicts span diverse sectors, including fisheries,®?®
tourism,*® aquaculture,®® built infrastructure such as ports,'®°
offshore petroleum installations,®" and other coastal develop-
ments, all of which can affect access to mangroves, beaches,
and other ecosystems.“?5? Our analysis found that 55% of ac-
cess conflicts involved the small-scale fisheries sector (i.e.,
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small-scale fishers, processors, and traders). However, 21% of
access conflicts involved only non-fisheries sectors, and 77%
involved both fisheries and non-fisheries sectors, suggesting ac-
cess issues extend beyond fisheries (Figure 6; Table S13). For
non-fisheries access conflicts, major actors involved the national
government (78%) and small-scale or subsistence-living
resource users that were not fishers (28%) (e.g., sand miners
or mangrove harvesters). The recurring involvement of the
small-scale sector in these conflicts—whether as instigators or
as affected parties—highlights their likely exclusion from plan-
ning and decision-making processes, as well as their vulnera-
bility to management decisions and policies that affect access
to marine resources and spaces that they depend on.

Decisions related to growth of the ocean economy an
disproportionately disadvantage small-scale actors®’ because
they are often most affected by changes in resource access or
development due to their reliance on nearshore areas.®**** These
dynamics have been well documented for fisheries in Ghana and
Senegal, where incursions by industrial fishing vessels into
zones designated for small-scale fishers have led to access-
related conflicts.?®%6* Shifting stocks as a result of climate
change'® may also lead industrial fishers to target different
areas, potentially escalating or creating new conflicts with
small-scale fishers.®>%°

Coastal developments such as ports can also negatively
impact coastal ecosystems, including coral reefs and man-
groves, and reduce access to fishing grounds, affecting the liveli-
hoods of small-scale fishers, fish traders, and fish proces-
sors.”'®° Similarly, conservation efforts such as marine
protected areas implemented without consultation can result in
conflicts over reduced access to coastal habitats.®” Despite hav-
ing the least economic and political influence over planning and
coastal development,®® small-scale actors’ participation is
critical to reducing conflict®”®® and ensuring continued local
nutrition and economic security benefits.”’>"" The intentional
recognition of power asymmetries and inclusion of small-scale
actors, alongside other relevant non-fisheries actors, in
decision-making processes may help address underlying griev-
ances, reduce the likelihood of conflict, and strengthen pros-
pects for a more equitable and sustainable blue economy.?"?~"®

35,42 c

Improve governance and equity of benefit distribution
Conflicts were primarily associated with illegal fishing, recent
changes in the distribution of benefits, and persistent levels of
inadequate governance or enforcement (Figure 4A). Although
resource scarcity has been identified as a potential large-scale
driver of resource conflicts,®® we found it to be a distal driver,
consistent with fisheries-focused research.”®*° lllegal fishing
emerged as the most common illegal activity and served as a
proximate and distal driver of conflict, particularly in disputes
over access to resources and space and usage of resources
(Figures 4A-4C), aligned with IUU fishing patterns across coastal
Africa.?>"’

lllegal fishing impacts both the productivity and the profitability
of industrial fleets and the livelihoods of small-scale fishers.®"®
For example, prior to enforcement of the saiko fishing ban, ille-
gally caught and transshipped small-pelagic fish made their
way into local markets, affecting fish prices and the livelihoods
of small-scale fishers and processors in Ghana,® although the
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mode of the ban’s implementation has also had negative im-
pacts on women’s livelihoods.”® Similarly, in Sierra Leone, illegal
foreign fishing has led to competition with small-scale fishers.®°
We found that 51% of conflicts involving illegal fishing included
small-scale fishers, while 66% included industrial fishers.

The secondary importance of distribution of benefits as a
proximate conflict driver (Figure 4A) underscores the need to
reevaluate the incentives, subsidies, access agreements, and
trade practices that shape who benefits from or is harmed by
development activities®®' at a range of scales.”®®? In our ana-
lyses, these conflicts mainly involved national governments,
small-scale fishers, and industrial fishers as well as workers’
unions, reflecting the roles these actors may play in determining
how benefits are allocated (Figure 5C). Policymakers may need
to more intentionally consider who will benefit from development
activities and how changes may negatively affect current bene-
ficiaries to support more equitable benefit distribution and
reduce conflict.®'®

Government actors play a key role in most conflicts
Government actors—national and local governments, state
enforcement agents, and international multilateral bodies—
were involved in 93% of conflicts. The roles that national govern-
ment and other government actors play in conflicts reflect the
dual responsibilities they hold to enforce regulations while
ensuring that governance processes are inclusive, transparent,
and fair. The importance of inadequate, lacking, or conflicting
regulations as a distal conflict driver (Figure 4C) suggests that
government actors and state enforcement agents are often
perceived as failing to enforce existing rules or establishing rules
that lack legitimacy or clarity. Government actors can perpetuate
conflicts when regulations are implemented or enforced in opa-
que or inequitable ways that may exclude resource users or
disadvantage dependent groups, thereby creating conditions
that can seed future conflicts.®*%3

Failing to include relevant actors in the design and implemen-
tation of management process tools can undermine actor buy-in,
weaken legitimacy, and lead to outcomes that provoke con-
flict.*>3* For example, failure to enforce regulations, such as
those reserving exclusive usage of nearshore waters for small-
scale fishers, can cause conflict between small-scale fishers
and industrial fishers®® or between small-scale fishers and the
national government over perceived enforcement failures.®®
Management approaches that strengthen compliance to reduce
IUU fishing while actively engaging fishers and other affected
groups in decision-making and resource governance may help
mitigate conflicts among these actors.®®

More inclusive governance may help reduce conflicts

More than two-thirds of conflicts lacked reported resolutions,
indicating an opportunity to transfer knowledge from successful
approaches and a need to develop new ones to resolve persis-
tent conflicts. For example, conflicts concerning the distribution
of benefits and usage of space were the least likely to be
resolved, making them a natural focus for additional efforts
(Figure 7). For conflicts regarding the distribution of benefits, po-
tential strategies could include engaging small-scale actors in
decision-making processes® ®° and addressing power imbal-
ances between actors such as small-scale and industrial
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fishers®®°° or between sectors like fisheries and petroleum

extraction.?" Policies that improve transparency around in-
centives, access arrangements, and revenue sharing may also
help reduce perceptions of inequity that often underpin these
conflicts.?

Conflicts over usage of space may involve physical transfor-
mation of coastal areas (e.g., construction of a new hotel or
port), which can create long-lasting impacts and grievances.
These conflicts also commonly involved non-fisheries sectors,
indicating a need for cross-sectoral collaboration (Table S13).
Achieving consensus around planning processes, regulations,
and their implementation in consultation with affected groups
may help to forestall or mediate these kinds of conflicts.**%*9

Increased governance or enforcement was the most
frequently documented approach for resolving conflicts in the
database. These results align with the centrality of state enforce-
ment actors present in resolved conflicts (Figure 5D) and with
expert survey responses, in which approximately half of respon-
dents identified law breaking as a primary cause of conflicts,
suggesting a need for enforcement intervention. Among conflicts
resolved through increased governance or enforcement, 61%
involved industrial fishers, but only 37% involved small-
scale fishers.

Our results suggest governments may need to coordinate
more closely with small-scale fishers, industrial fishers, enforce-
ment agents, and other relevant actors to develop effective and
durable solutions.?”~8%% Experts highlighted small-scale fish-
eries actors, including women, as being disproportionately
affected by conflict, consistent with research in specific geogra-
phies.®**%° These actors are often underrecognized for their
contributions across fisheries value chains and excluded from
formal decision-making processes despite management deci-
sions directly affecting their livelihoods and well-being.®”+":96:97
Identifying and intentionally including overlooked populations,
such as women and Indigenous groups, in planning and deci-
sion-making processes may help to address inequities at the
center of many conflicts.®7:9%:9

Conflicts can serve as inflection points for rebalancing the dis-
tribution of benefits from shared resources®”"'%° and integrating
marginalized communities into decision-making and manage-
ment processes.*"'°" Results from our expert survey indicated
that community engagement, through community meetings or
other forms of consultation, was the most effective factor in
resolving conflict. These findings underscore the importance of
procedural fairness and meaningful participation in addition to
the increased governance highlighted by database results.
Such engagement will be especially important as countries
consider how to expand protected areas to meet Target 3 of
the Global Biodiversity Framework to conserve 30% of terres-
trial, inland water, coastal, and marine areas by 2030.°7-192-104
Working collaboratively with communities, and explicitly assess-
ing how management measures may redistribute costs and ben-
efits, will be key not only to resolving current conflicts but also to
preventing future ones and ensuring that conservation and
development outcomes are socially just and durable.

Future research priorities
Periodical sources provide one of the most accessible means of
macrolevel conflict reporting but may be subject to potential
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biases. Freedom of the press, media coverage of rural
areas, '°>'% or individual variation in what constitutes a “news-
worthy” event could affect whether conflicts are reported.’®”
Most studies of media bias have focused on violent con-
flicts, °>'% so biases in non-violent conflict reporting remain
less well understood. In addition, a lack of on-the-ground sam-
pling precluded a quantitative assessment of bias, an area that
could be the focus of future work. Correlation analyses suggest
that our data were not influenced by biases associated with
freedom of the press or corruption. Conflict reporting did in-
crease with population density, but the number of events per
capita decreased with increasing population density, indicating
the pattern is not fully explained by reporting bias favoring larger
cities.

Marine resource conflicts may also be underreported due to
their non-violent nature, limited media interest in them, or the
absence of reporting in local languages in our database.'®” Re-
porting related to conflict drivers and actors may still reflect
confirmation biases, shaped by persistent public or media narra-
tives about blame or causality. Validation using independent da-
tasets could help assess the objectivity of these conflict
dimensions.

Conclusions

Marine resource conflicts are undermining the potential for equi-
table and sustainable blue economy development across Africa,
exacerbating social injustices and contributing to political insta-
bility. By systematically cataloging these conflicts, our database
provides a critical foundation for understanding national-scale
marine resource conflict patterns and informing more effective
interventions. The non-violent nature of most marine resource
conflicts emphasizes the importance of proactively addressing
issues like disputes and threats before they escalate. Achieving
a sustainable, equitable blue economy will require governance
approaches that prioritize inclusion, transparency, and meaning-
ful participation in decision-making by groups that are often
marginalized, including small-scale fishers, Indigenous commu-
nities, and women. The observed dynamism in conflict types
over time illustrates that current management and governance
approaches may need to be periodically reassessed and adapt-
ed to remain effective. By analyzing conflict patterns and draw-
ing lessons from successful conflict resolution approaches, pol-
icymakers and practitioners can develop strategies that promote
equitable benefit sharing, support community well-being, foster
economic prosperity, and improve the environmental sustain-
ability of marine resources across the African continent.

METHODS

Database construction

The MARICA database was built based on reported occurrences
of marine resource conflicts in 34 countries, territories, and de-
partments across Africa (hereafter, countries) (Table S1). We
defined conflict events as incompatibility in the goals for marine
resources between at least two parties, leading to a discrete
manifestation of conflict, similar to previous definitions of conflict
in marine ecosystems.””*° As with fisheries-focused conflict
analyses, we included violent altercations, illegal activity,
and piracy but also non-violent interactions such as verbal
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disagreements and disputes (e.g., making threats, civil protests,
or group statements).?>*° MARICA includes conflicts over fish-
eries as well as marine resources and spaces (e.g., coral reefs,
mangroves, beaches, and ports).

Reported conflict occurrences were extracted from a system-
atic review of periodical literature, sourced from the Factiva
database, to identify relevant articles about conflict events in En-
glish, French, and Portuguese, the main official languages in the
focal countries (Table S1). The database spans an 11-year
period, from January 1, 2008, to December 31, 2018, to capture
a representative period from the beginning of data collection in
2019, which would be long enough to identify trends.

Factiva aggregates content from licensed and free sources,
including newspapers, journals, magazines, television, and radio
transcripts. We developed our search string to find reports of
conflicts that met our definition of conflict and the scope of our
research. Therefore, our search string targeted a broad set of po-
tential issues or activities leading to or affected by conflicts,
including access, planning, and management as well as liveli-
hood, revenue, and economic benefits across a range of marine
species, places, and ecosystems (Table S2). We refined the
search string by testing it in three pilot countries (Ghana, South
Africa, and Kenya) and adjusting it based on its ability to capture
relevant conflict events while minimizing the inclusion of non-
relevant articles, many of which were not about conflicts (e.g.,
financing issues with a port, but not two actors in conflict with
each other). We excluded non-relevant articles as well as those
that did not have enough information to code them as specified
below. Unless articles about oil and gas extraction or piracy
mentioned a connection to a living marine resource (e.g., theft
of catches), we did not include them.

However, the search string could still return ~30,000 potential
articles per country for some countries (e.g., Senegal), so we im-
plemented a cutoff based on the “relevance” algorithm as imple-
mented within Factiva. We assessed all articles for six randomly
selected countries in one of their official languages: Republic of
the Congo (French-speaking) (n = 6,389 articles), Ghana (n =
13,849), Madagascar (n = 7,315), Mauritania (n = 5,930), Sierra
Leone (n = 2,813), and Tanzania (English-speaking) (n =
11,267). We quantified whether each article had a conflict that
could be coded. Then we noted the order in which they appeared
based on the relevance sorting. Using these countries, we as-
sessed the probability of finding articles beyond a certain point
in the Factiva-generated relevance list. Using a Poisson model,
we implemented a cutoff of 65% of the total pages produced
by a search for each country. Within this page cutoff, we found
90% of relevant articles with a 95% confidence level. We then
used this process for all countries, assessing articles based on
their complete text.

Article coding

Each article was coded by data elements common to other con-
flict databases”“>*"'9®—article source, conflict location
(including longitude and latitude), and the dates that the conflict
began and ended. We also coded for conflict type (Table S3),
proximate drivers (Table S4), distal drivers (Table S5), the actors
involved (Table S6), the degree of violence, the relative intensity
of the conflict, and its resolution status, each described in
detail below.
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Conflict events were included only if they involved at least two
actors, specified a location (although spatial precision for this
location may range from a beach name to a country), and spec-
ified a defined time (recognizing that events can range from a few
hours to several years). A conflict that lasted for several years
was still coded as a single conflict. We also categorized whether
individual events were part of a broader conflict pattern that
included many conflicts about the same issue. To be linked to
the same broad conflict, conflict events needed to display con-
tinuity in grievance, actors, and resource(s). For example, there
is a near-annual disagreement over seal hunting in Namibia.'%®
Conflicts between the usage of living marine resources and
non-living marine resources (e.g., a fishing area and an oil well)
were included, whereas conflicts based solely around non-living
marine resources (e.g., an oil tanker and a wind energy company)
were not.

MARICA events were georeferenced so that they could be
spatially linked with other location-specific data, such as local
stock assessments, ethnolinguistic inequality, or economic
development data. For each conflict event, we noted a spatial
precision rank as well as the place or area name noted in the
article. Spatial precision was coded on a scale of 1-3, using a
method similar to the basic event descriptors used in the Fish-
eries Conflict Database (FCD).?° Conflicts were coded as 1 if
the location could be tied to a specific place (e.g., a beach, neigh-
borhood, town, or small city). A spatial precision of 2 was coded if
the location provided was a general locale or regional area (e.g., a
county, province, state, or large city) or if the conflict happened in
a country’s Exclusive Economic Zone (EEZ)—a country’s territo-
rial waters out to 200 nm—and a nearby geographical location
was provided. A spatial precision of 3 was used if the location
mentioned only that it took place within a country’s EEZ.

We also assigned a beginning and end date for each conflict
using either the day, month, and year the conflict began, as
noted by the article, or the month and year of the article publica-
tion. If the article did not report an end date, we did not note an
end date.

Our analysis focused on methodological consistency to facili-
tate comparisons in conflict patterns across countries. We may
have underestimated conflicts associated with specific place
names or taxa that were not included in our search strings. Our
results were also potentially shaped by a lack of articles written
in local vernacular languages. Similar to other conflict databases
that have been built on periodicals, there can be biases in the
types of conflicts that are reported, which kinds of information
articles choose to focus on or include, and coverage of conflicts
within countries, particularly in rural areas.?®*%47:195-107 Gonfir-
mation bias was difficult to determine, but could impact aspects
of our database, such as how frequently illegal fishing was re-
ported as a driver because it was a known issue.

Spatial and temporal patterns

We evaluated spatial autocorrelation in conflicts across coun-
tries using global Moran’s I. To assess changes in conflicts
over time, we applied a generalized linear mixed-effects model
(GLMM) with a negative binomial family, using the annual count
of events in each country as a predictor variable, year (mean-
centered) as a response variable, and country as a random ef-
fect. The fixed effect was tested by an analysis of deviance
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(type lll). To further explore the trends within each country, we
fitted a generalized linear model (GLM) with an interaction term
between year (mean-centered) and country. We then conducted
a post hoc analysis to estimate the marginal means of the slope
for each country, with false discovery rate (FDR) correction
applied to p values. Analyses in this section and hereafter were
performed using R packages “MASS,” “car,” “glmmTMB,”
“Ime4,” and “emmeans” and Python packages “libpysal”
and “esda.”

Conflict type and illegal activities

Different conflict typologies have been proposed that categorize
reasons for conflict emergence,””'"° the nature of the con-
flict,'"" and a combination of both.?” We coded conflict type
based on the conflict typology proposed by Bennett et al.?’
but further elaborating the types as follows: (1) access to space,
including conflicts over borders or boundaries; (2) access to a
resource; (3) usage of space; (4) usage of a resource; (5) distribu-
tion of benefits; or (6) piracy involving marine resources such as a
fishing vessel (Table S3). Conflicts were categorized as being
more than one conflict type, if relevant. For piracy, we examined
patterns involving piracy-only separately from those in which pi-
racy co-occurred with other conflict types, because piracy alone
might exhibit different patterns from other marine resource con-
flicts.?® We report only conflicts in which piracy co-occurred with
another conflict type in the main text. Access conflicts included
disagreements over access to spaces like fishing grounds or ac-
cess to resources through permits (Table S3). Usage conflicts
covered issues pertaining to the specific usage of a space or
resource, such as whether a hotel could be built on a beach or
whether certain fishing methods were legal, respectively
(Table S3).

In addition, we coded whether the event was related to an
illegal activity (e.g., illegal fishing, trespassing, harvesting of a
protected species, or fishmeal factories illegally disposing of
wastewater). We considered an event to be illegal if an authorita-
tive body such as a national government or multilateral organiza-
tion labeled it as such, recognizing that all actors may not view
the activity as illegal. The MARICA database may not be as
comprehensive as other databases that focus solely on illegal
activities,''? IUU fishing,"'® or piracy,''* because Factiva may
not capture legal cases, interdictions, or official monitoring con-
trol and surveillance reports. Additionally, illegal activities at sea
could not be included without a specified location within a coun-
try’s EEZ. Articles that mentioned IUU fishing were almost
entirely related to illegal fishing, so we categorized it as such,
although some instances may also include unregulated or unre-
ported fishing.

We assessed which conflict types were most frequent and
how the composition of conflict types varied by country. In addi-
tion, we examined how conflict types were associated with one
another. For each pair of conflict types, we measured the
strength of co-occurrence using the Jaccard index. This index
was calculated as the proportion of the intersection (the number
of co-occurrences) over the union (the total number of occur-
rences in either one or both conflict types). To assess whether
conflict types changed over time, we applied a negative binomial
GLMM for each conflict type, following the same approach as for
testing temporal trends in total conflict events.
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Violence and intensity
Violent and militarized conflict events are well captured by exist-
ing datasets,”>*” especially for specific regions.’**' The
MARICA database includes both violent and non-violent conflicts
with the following categories for the level of violence: (1) non-vi-
olent, (2) involving the threat of violence, (3) violent with injuries,
or (4) violent with deaths. Intensity was ranked as (1) expressions
of discord, (2) national or international legislative action, (3) diplo-
matic acts, or (4) military, policing, and enforcement acts.*°

We summarized these data by analyzing the frequency of each
level of violence and intensity. To determine whether levels of
violence or intensity were more associated with specific conflict
types, we applied a 42 test to a contingency table derived from
the frequency data. We also analyzed whether violence was
more likely when conflicts were associated with illegal activities
using the same approach.

Proximate and distal drivers

Conflict drivers are important components of understanding and
responding to conflicts.??%1">11¢ Aninitial list of conflict drivers
was developed based on previous work®®*%:*® and refined as we
coded the first three pilot countries. We cataloged article-re-
ported proximate and distal drivers (Tables S4 and S5) of marine
resource conflicts and then analyzed how they related to conflict
type and resolution. Proximate drivers—immediate or direct
causes that precipitate a conflict event—were defined as
spatially and temporally explicitly linked to the conflict
(Table S4) (e.g., recent change in enforcement practice). Distal
drivers were defined as indirect, underlying contextual factors,
which can be systemic (Table S5) (e.g., long-term inadequate
governance or enforcement).

We used frequency data to identify the most common proxi-
mate and distal drivers overall and for each conflict type. In addi-
tion, we examined the association between these drivers and
other aspects of conflicts (i.e., conflict type or illegality). To
assess the strength of these associations, we calculated the
Jaccard index and performed a permutation test to obtain empir-
ical p values.

Actors
The actors—individuals or groups —involved in a conflict can illu-
minate who may be more prone to engage in conflict and on what
scale. They can also be indicative of which kinds of interventions
may be needed. Because many marine resource conflicts
involve non-state actors,® we included several categories of
organized or informally organized groups or individuals, non-
governmental organizations (NGOs), and community organiza-
tions (Table S6). We also noted the scale of the actors involved
in the conflict: local, sectoral, national, or international (Table S6).
For each conflict type, we identified the frequency at which
different actors were mentioned as being involved in or affected
by the conflict, although we could not identify their specific roles
in the conflict. We then analyzed the importance of actors
involved in conflicts from a social network perspective. We con-
structed a network in which each actor was represented by a
node, and edges connected actors who co-occurred in the
same conflict, with the edge weights proportional to the number
of shared conflicts. We calculated eigenvector centrality to mea-
sure each actor’s relative importance within the network.
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Eigenvector centrality assigns importance scores to nodes
based on the principle that nodes connected to highly scoring
nodes contribute more to a node’s centrality than low-scoring
ones.'"” This procedure was repeated for each conflict type
and resolution type, allowing us to compare how actor impor-
tance varied across different contexts. The social network anal-
ysis was performed using the Python package “networkx.”

Fisheries and non-fisheries sectoral patterns
To examine broader patterns across sectors, we categorized
conflict actors into sectors (Table S6). Sectors included small-
scale fisheries (i.e., fishers, processors, traders, wholesalers,
or retailers), industrial fisheries, non-fisheries (e.g., small-scale
non-fisheries actors, industrial non-fisheries actors, or develop-
ment actors), government, and civil society. Each actor in a con-
flict was mapped to a sectoral category (Table S6), and conflicts
were then grouped based on the combination of sectors
involved.

To investigate whether the combination of sectors involved in
a conflict differed systematically across conflict types, we clas-
sified each conflict into one of three larger sector groupings to
facilitate statistical analyses: (1) fisheries only, (2) sectors other
than fisheries, and (3) mixed (fisheries and other sectors). We
calculated the proportion of conflicts involving each grouping
and examined how these groupings varied across conflict types.
To assess whether the distribution of sectoral groupings was
associated with conflict type, we constructed a contingency ta-
ble and applied a 42 test of independence. Standardized resid-
uals from the »? test were used to identify which conflict types
contributed most to deviations from expected sectoral group
compositions.

Resolution and stalemate

For each conflict, we noted whether it was a stalemate (i.e., ebbs
out without any resolution), resolved, or unresolved (i.e., conflict
continues) and the end date, if it was mentioned. For resolved
conflicts, we noted which approaches were mentioned as
contributing to resolution, such as conflict mediation, increased
governance or enforcement, and legal or court resolutions. Simi-
larly, for unresolved conflicts, we documented whether the lack
of resolution was related to different factors, including an inability
to reach consensus, an inability to increase governance or
enforcement, or larger social factors, such as socioeconomic
inequality or a growing population.

We analyzed the frequency of each type of resolution and the
path to resolution. To assess whether the likelihood of resolution
was affected by conflict type, we applied a 42 test to a contin-
gency table derived from the frequency data. We also used the
same statistical approach to examine whether the actors
involved affected the likelihood of resolution.

Expert survey

To complement our understanding of conflict patterns, drivers,
and resolution mechanisms, we conducted an online expert sur-
vey in English and French through the survey platform Qualtrics
(see Methods S1). The survey was anonymous. Potential re-
spondents were identified by examining government websites,
regional meetings focusing on marine resources, and academic
research papers. We sought to find at least 10 potential respon-
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dents per country for each country included in our database. Po-
tential respondents were selected for their expertise in fisheries,
marine resource management, marine spatial planning, coastal
development, or conflict mediation. The expert survey aimed
to understand which approaches may be most effective for
resolving conflicts and to determine whether experts had per-
ceptions about conflict types, intensity, actors, and drivers
similar to those reflected in analyses of the conflict database.
Surveys were sent between August 29, 2021, and September
5, 2021, to 403 people. The survey was designed to allow people
to forward it on to others. Partially completed surveys were
included. The study protocol was evaluated and approved by
the Stanford Institutional Review Board (Stanford IRB #50847).

Comparison with other conflict databases

Conflicts not related to marine resources could affect marine
resource conflicts if they create political tensions that affect
the management and policies governing marine resources,'"®
exacerbate socioeconomic issues for communities that rely on
marine resources,' '® or utilize marine resources as strategic as-
sets in the larger conflict.”'® Similarly, animosity between com-
munities that are rooted in grievances over marine resources
may manifest as conflicts not explicitly categorized as marine
related. Finally, the presence of violent conflicts may also act
as a confounding factor because they are likely to receive
more attention within the periodical literature than marine
resource conflicts if they happen at the same time.

To explore the relationships between general conflict patterns
and marine resource conflicts, we compared the total number of
conflict events in MARICA from 2008 to 2018 by country with the
number of conflicts from two of the most well-known conflict da-
tabases, the UCDP GED*’**° and ACLED.*> UCDP GED catalogs
organized violent conflict events and ACLED focuses on state
and non-state political violence and protests in Africa. The rela-
tionships between conflicts in these databases and those in
MARICA were explored using Spearman’s correlation test.

We also quantified correlations between MARICA and an inter-
national fisheries conflict database (IFC)*° and one focused on
marine and freshwater fisheries conflicts across countries in
the Horn of Africa (FCD)?° using Spearman’s correlation test.
We limited the IFC and FCD databases to events from 2008 on-
ward to ensure compatibility with MARICA data. We also
included only the countries that appeared in both the MARICA
and the IFC or FCD datasets to prevent interpreting missing
data as an absence of conflict.

Relationships to factors that may introduce biases

Because the MARICA database relies on periodical literature, re-
sults from our analyses may also be affected by sampling biases
or journalists’ perceptions of newsworthiness, which could
shape the relative attention given to actors (e.g., the involvement
of national- or international-level actors may be more news-
worthy), drivers, or conflict resolution. To assess the role of
potential confounding factors, we investigated whether conflict
occurrences were associated with freedom of the press or the
degree of national corruption. Both factors could affect whether
conflicts are reported, who is identified within the article as an
actor, and resolution status. We used the World Press Freedom
Index®" (2013-2018) and the Corruption Perceptions Index>”
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(2012-2018) to analyze their potential relationships with conflict
patterns, using time periods with consistent methodologies for
creating these indices within the time period of the MARICA
database. For each index separately, we applied a negative
binomial mixed-effects model to annual country-level conflict
counts, with the index included as a fixed-effect predictor, year
as a categorical fixed effect, and country as a random intercept.
The contribution of the index was evaluated using likelihood ratio
tests, comparing models with and without the index term.

To assess biases in reporting associated with population den-
sity, we used an inhomogeneous Poisson point process model.
We excluded conflicts with missing spatial coordinates. To mea-
sure population density, we used the GHSL population layer
(GHS-POP) for epoch 2015 at 30 arc-second resolution.® To ac-
count for skewness and zero values, we log-transformed the
data using log(x + 1). The model was specified as a log-linear
function, where the expected intensity of conflict events varied
as a function of the transformed population density. Then we
compared the inhomogeneous model against a homogeneous
Poisson model with constant intensity across space using a like-
lihood ratio test to evaluate whether including population density
significantly improved model fit.
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