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How much is too much
information? Testing the effects
of digital feedback on fisher
behavior and governance in
coastal small-scale fisheries

Tim McClanahan?, Jesse Kosgei', Lorenzo Longobardi? and
Alexander Tilley?*

'Wildlife Conservation Society, New York, NY, United States, *WorldFish, Bayan Lepas, Malaysia

The proposed research protocol aims to evaluate the effects of digital
information on behavior change in small-scale reef fisheries. The study addresses
the challenges of sustainable fisheries management, particularly in environments
where collective action is necessary but difficult to achieve due to diverse
stakeholder behaviors and preferences. Utilizing the Knowledge-Attitude-
Practice framework, the study will implement and test the WorldFish Peskas
digital monitoring system across various Beach Management Units (BMUs) in
Kenya. The experimental design includes five intervention levels, ranging from
a control group with minimal information feedback to treatments providing
increasingly localized and disaggregated. These interventions will be assessed
using a Before-After-Control-Impact (BACI) approach. The study will test three
heuristic models of human behavior: the information deficit model, the self-
interested actor model, and the neighborhood interested actor model. These
models will guide the interpretation of outcomes, which include changes in
fishing practices, governance participation, and socio-economic benefits. The
research will run over a 2-year period, with data collection on variables such
as fishing patterns, compliance with regulations, and community well-being.
Ultimately, this study seeks to inform policy on the effectiveness of digital
tools in promoting sustainable fishing practices and improving livelihoods in
coastal communities. The findings will provide governments and conservation
organizations with a communication framework to better balance ecological
sustainability with community needs.

KEYWORDS

small-scale fisheries, behavioral intervention, governance, digital feedback, information
use, value of information, behavior change

1 Introduction

Sustainable fisheries are challenged by the environmental commons’ problems.
Commons are notoriously complex to manage and especially where there is an
absence of knowledge, feedback information, forums, communication, and attitudes
that promote cooperation, coordination, and collective action (Vollan and Ostrom,
2010). The complexity increases when resource users have close neighbors that have
different preferences and extraction behaviors and fail to acknowledge their neighbors
management systems. This can lead to the weakest-neighbor phenomenon where only
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the weakest restrictions are agreed on and followed among
communities, which can lead to large-scale failures (Agrawal
et al, 2013; McClanahan et al, 2024). A weak-neighborhood
phenomenon is likely to occur in locations with dense populations,
closely adjacent villages, and trans-jurisdictional environments
(McClanahan et al, 2024; 2018;
McClanahan and Abunge, 2020). Many of Kenya’s nearshore coral

Fache and Breckwoldt,
reef fisheries provide these conditions and are therefore a good
location to test various knowledge sharing and communication
solutions in highly biodiverse nearshore fisheries commons
(Barnes et al., 2019a,b).

Digital feedback systems such as the Peskas open-source
toolkit offer real-time, scalable, and transparent information
sharing, which can reduce information asymmetries, foster trust,
and enable adaptive management in complex commons settings.
By providing timely and localized data, these systems can
empower stakeholders to make informed decisions and facilitate
collective action, addressing key barriers in traditional fisheries
governance. Below, we describe an experimental design proposed
for implementing the Peskas digital toolkit in Kenyan nearshore
fisheries. It is designed to evaluate the efficacy of the Knowledge-
Attitude-Practice (KAP) framework of science communication
(Gustafson and Rice, 2016) utilizing emerging technologies and
digital information sharing approaches.

The KAP model has a long history in education (Sawin,
1957), and has been applied to medical practice (Kallgren and
Wood, 1986) and other science communication issues, such as
sustainability (Rehren et al., 2022). Outcomes have been mixed due
to the complexity of human behaviors, but it remains a standard
to stimulate behavioral change. We propose to examine the uptake
and utility of knowledge sharing among fishing communities in
the case of Kenya’s coral reef fisheries commons using a before-
after-control-impact (BACI) design with five levels of intervention
(Table 2).

The design will be composed of five potential levels of
The first
intervention is a more standard “top-down” approach used

information access and distribution. proposed
in managing many fisheries. Here, information is collected
and interpreted by people with skills to evaluate and interpret
the information and report findings and recommendations
to stakeholders. This treatment can be considered a control
or benchmark for the other four interventions that increase
the amount of locally available information. We propose
many response variables that we would expect to change
over the intervention period potentially representing the
utility of each intervention. Proposed landing sites naturally
exist in neighborhoods with nearby landing sites and these
neighborhoods will be assigned different scales or levels of
information inclusiveness.

In terms of a theory for making predictions, we proposed
three heuristic theories, namely (1) the information deficit model,
(2) a self-interested actor model, (3) a neighborhood interested
actor model. These are common and simplified theories of human
behaviors that will create a context for interpreting results. We
acknowledge that they are potentially caricatures of more complex
models of human behaviors but provide a useful tool for examining
and interpreting results. The information deficit model suggests
that public uncertainty and skepticism toward science (here
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fisheries science) around environmental issues is driven by a lack of
sufficient knowledge and information, and that this can be rectified
by supplying more information.

The self-interested actor model suggests that individual actors
(fishers) are largely concerned with their own catch, food, and
income and will largely focus on this information relevant to their
condition and make decisions accordingly, as in an individual
cost-benefit and opportunity cost analysis (e.g. Teh et al., 2015).
The neighborhood interested actor model suggests that fishers
are integral parts of local and nested communities, and this will
stimulate interactions to move the production of resources to be
optimized at a higher level than the individual, or a community
cost-benefit where net production, profits, and sharing at a local or
neighborhood will be maximized e.g. (Barnes et al., 2019a; Wilson
et al,, 2013; Finkbeiner et al., 2017). Measured responses in the
interventions should be variable and complex but multivariate
analysis should produce distinct clustering of responses that
are best interpreted in terms of these three meta-theories of
human behaviors.

We acknowledge that these meta-theories may be inappropriate
to any specific location. Stakeholders may have ethical, political,
religious, and cultural beliefs, in addition to personal histories and
experiences that are not easily classified. Therefore, investigators
are cognizant that responses may not represent any of the three
theories of behaviors. Regardless of the theories, time and learning
trade-offs among stakeholders implies that more aggregated,
targeted, or pre-processed information might be more useful
than raw and abundant forms of information. Community and
neighborhood information may be essential to avoid commons
conflicts and therefore essential to achieve larger scale goals. Failure
to provide information at these large scales would, therefore,
prevent reaching broad sustainable goals. This study will evaluate
a potential trade-off effect of different levels of information focus
as the most simplified and practical means of interpreting results.
That is, there is some appropriate trade off in the levels of
information that should become evident from the experimental
design regardless of the theoretical context.

Our trial will evaluate the effectiveness of digital fisheries
information on marine conservation,

resource capture,

and fisheries management preferences and behaviors in
coastal reef fisheries in Kenya. Findings from our study
will inform governments, practitioners, and donors on the
implementation of effective digital interventions to improve
dissemination of knowledge relevant to marine biodiversity
and sustainable fisheries outcomes. Our study proposes a 2-
year intervention among rural, coastal fishers and national
government established Beach Management Units (BMUs) using
a framework to test the effect of the interventions, alone and
in combination.

Research Questions and Hypotheses

1. Does the provision of digital information at different scales
(individual, community, neighborhood) lead to measurable
changes in fisher behavior, governance participation, and socio-
economic outcomes?

2. Which theoretical model (information deficit, self-interested
actor, neighborhood-interested actor) best explains observed
behavioral changes?
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3. Is effects of information

interventions across neighboring communities?

there evidence for spillover

Hypotheses

H1: Increasing levels of digital feedback (toward individual) will
result in greater behavioral change compared to control.

H2: Self-interested and neighborhood-interested models will
predict different patterns of response to information.

H3: There will be measurable effects
neighboring BMUs.

spillover between

2 Study context

Fisheries management in Kenya has gone through many social-
economic changes (McClanahan et al.,, 2005). These have included
traditional management by local ethnic authorities, national
government controls, and more recent development toward co-
management between national and local authorities. This new
concept of co-management governance evolved because of the
recognition that both local and national government themselves
failed to achieve both human needs and sustainable biodiverse
fisheries. The latest stage in this adaptive process is the upgrading
of co-management areas to Joint Co-management areas (JCMAs).
Consequently, more managerial power is being given to local
level governance bodies through a process of decentralization
and the creation of connected co-management arrangements.
Recent evaluations of nearshore fisheries governance suggest
that the fisher or landing site community is the central forum
for airing grievances and discussing solutions but less effective
at communicating and solving problems at larger social scales
(McClanahan, 2024).

Pre-colonial based on the
recognition of local community proprietorship of nearshore
fisheries (McClanahan et al., 1997). Thus, fishers were attached
to and seen to have authority over fishing grounds. Fisher moved

fisheries management was

with seasonal patterns but required to observe local customs
and the payment or gift-giving to local traditional authorities.
Local authorities also practiced cultural customs of cleanliness,
prayer, and sacrifices aimed to increase capture and reduce harm
to fishers. Colonial Kenya followed a British style parliamentary
governance with a strong central government that promoted an
expansionist free-trade economy with few restrictions. Free trade
policies lacked local propriety or enforced restrictions, which led
to fisheries capture rates that could not sustain the demand for fish
and a near-poverty equilibrium (McClanahan and Kosgei, 2025).
The results have been a nearshore fishery where unrestricted use
has led to resource capture that exceeds local production, which
has degraded biodiversity and loss of employment (McClanahan,
2022).

Tourism was promoted by the colonial and post-colonial
governments to gain foreign exchange needed to maintain
Therefore,
protecting key environmental attractions for tourism through the

international trade. promoting an interest in
establishment of national parks. However, the benefits to local
stakeholders were often weak and a source of conflict. A few
well-managed areas closed to fishing in the marine national parks

and community closures locally known as “tengefus” surround
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these fisheries and maintain production in the near surroundings
(McClanahan, 2021). Their success is variable but in some
locations these parks and community closures protect many of the
remaining species and populations that have become rare in the
fisheries (Buckley et al., 2019; McClanahan et al., 2025). Tourism
in parks has made it possible to maintain these areas in the face
of pressures to exploit the last remaining resources. Therefore,
there has been government revenue to maintain national control
over resource management, but this has, at times, conflicted with
both fisheries and some forms of local community resource use
and management.

Reconciling these conflicts initiated a new set of legislation
that included the introduction of Beach Management Units
(BMUs) under Legal Notice 402 of the Fisheries Act in 2007.
Prior to this Act, the sole managers of fisheries resources were
Kenya Fisheries Services. Later from 2010 to 2013, Kenya enacted
a national program of governance devolution bringing power
and income to the county levels where benefits could be more
locally focused. The intention of this new legislation was to
resolve some problems facing Kenya fisheries. Specifically, by
increasing participation in governance, as expressed in the
process of rulemaking to monitoring and enforcement. The
challenge being to strengthen management of landing sites and
fisheries resources with the inclusion of local communities and
stakeholders. Thus, participation in governance was expected to
improve the production of marine resources and livelihoods of
dependent communities.

The creation of the BMU networks and Indian Ocean
Waterbody caused the revision in 2014 to capture the roles of these
2 emerging governance bodies (Figure 1). The BMU now has 4
main objectives. These are: (1) to change fishers’ perceptions, (2)
to change fisher behavior to remove illegal gears, (3) to conserve
fish resources, and (4) to improve fisher wellbeing. While there
is an increasing number of governing bodies and BMUs, the
number of successes is limited often because of the failure to
fully integrate the principles of co-management into governance.
In this way, Kenya BMUs differ from Tanzania and Mozambique,
where co-management differs in the degree of national government
centralization and from approaches in the Pacific Islands that
emphasize customary tenure and traditional management.

2.1 Mandates of three governance levels

Some of the clear mandates of the three governance systems
in Kenya are as follows; The National government’s role is
to plan, develop and implement legislation including fisheries
enforcement by national Coast Guard. They also act as the
county and BMU watchdogs but primarily focused on county level
(Figure 1). For example, licensing of fishers was initially under the
county government but when county officers overlooked vetting
systems to get votes during elections, the mandate was returned to
national government.

County government takes the same role as the national
government but within the boundaries of their counties. However,
there are functions in the county government that are still under
the national government e.g. management and development of
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FIGURE 1

distinct levels.

Regulatory structure of fisheries in Beach Management Unit management system capturing the national, coast guard, county and BMU networks at

fisheries, issuing of export permits and permission for international
vessels in the Kenyan waters.

Beach management Units (BMUs) role is to identify, plan,
manage and implement legislative functions within BMU
itself, county and national government. It is therefore clear
that development and establishment of legislation is not a
BMU role. They are mandated to form sub-committees for
management depending on needs and therefore the number
of sub-committees varies from one BMU to another. Common
sub-committees include environment, patrol, conflict resolution,
sanitation/hygiene, health, welfare, finance, and enforcement. Out
of the mentioned above, finance, enforcement, welfare, health
should include issues of HIV and conflict resolution.

3 Methods

3.1 Experimental design

3.1.1 Timeline and workflow

The experiment will be composed of a pre-intervention,
treatment period, and post-intervention period (Figure 2).
The pre-intervention phase establishes baselines, stakeholder

engagement and dashboards designs and should not take
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less than 12 months to complete. The treatment phase
implements the digital feedback interventions and ongoing
monitoring and will run for 12 months. The post-intervention
phase involves endline data collection, analysis, and feedback
and should take six months. Data collected at each stage
is integrated to enable before-after-control-impact (BACI)
analysis, ensuring robust attribution of observed changes to
the interventions.

The first phase will involve utilizing legacy or historical fisheries
catch data to Peskas and collating baseline social data from
previous surveys. Pre-intervention sensitization and introductory
presentations will begin in communities and BMUs, enumerators
will be selected through a selective merit process, and baseline
survey and catch data collection will be started. Thereafter, the
design and coding of 5 information dashboards according to
the 5 treatments will be initiated. The treatment period will
require follow-up to ensure the KAP aspects of each treatment
group are followed. The post-intervention period will begin with
an endline survey, followed by data analysis, consultation, and
feedback sessions, and reporting to make recommendations for
future fisheries monitoring.

Several response variables (~20) will be evaluated to determine
the level of influence of the interventions (Table 1). These
include variables related to knowledge of fishing, fishing patterns

frontiersin.org
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A workflow diagram describing the experimental process.
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TABLE 1 Specific predictions for responses according to treatment among the 3 behavioral models.

10.3389/fsufs.2025.1689512

Response Treatment Treatment Treatment Treatment Treatment Theoretical Dashboard
variable 1: control  2: : 4: 5:individual model(s) usability & digital
individual community individual+ + comm. + literacy notes
community  neigh.
Knowledge on Baseline/Annual | 4 individual 4 Community 4 Both 4 All scales; All models Training provided;
fisheries exam forum only knowledge knowledge possible spillover interface tailored for
literacy levels
Number of NA High High High (both) Highest All models Usability pilot; support for
dashboard views (personal (community (multi-scalar) low-literacy users
focus) focus)
Infractions Baseline No change J Community | Both J All scales; All models Visual cues for reporting;
reported infractions spillover possible help materials
Meeting Baseline No change 4 Community 4 Both 1 All scales NI Group training; peer
participation (% participation support
BMU)
Days fishing per Baseline Moves to Moves to Both move to Moves to SI, NI Dashboard shows
fisher (vs. individual community optima neighborhood recommended values
recommended) optimum optimum optimum
Income per Baseline 4 Individual 4 Community 4 Both 4 All scales All models Income visualization;
fisher/area income income training on interpretation
Gear use Baseline Moves to Moves to Moves to both Moves to All models Visuals for gear types;
(sustainability) individual community optima neighborhood digital literacy support
optimum optimum optimum
Perceptions of Baseline No change 4 Community 4 Both 4 All scales NI Survey support;
equity/satisfaction equity/satisfaction oral/visual options
Perceptions of Baseline No change 4 Community 4 Both 4 All scales NI Simplified governance
governance perception visuals; training
benefits
Perceptions of Baseline No change 4 Community 1 Both 1 All scales NI Restriction types
restriction perception explained visually
benefits
Catch per unit Baseline 4 Individual 4 Community 4 Both 4 All scales SI, NI Graphs and metrics;
effort (CPUE) CPUE CPUE training on interpretation
Fuel usage per Baseline J Individual J Community J Both J All scales SI Cost-saving tips; visual
trip fuel usage fuel usage comparisons
Profit (revenue - Baseline 4 Individual 4 Community 4 Both 4 All scales SI, NI Profit breakdown visuals;
costs) profit profit training
Fishing ground Baseline No change J Community J Both J All scales NI Maps and spatial tools;
overlap overlap training
Species Baseline No change 4 Sustainable 4 Sustainable 4 Sustainable 1D Species visuals; training
composition species species species on sustainability
Size composition Baseline 4 Individual 4 Community 4 Both 4 All scales 1D Size charts; training on
size size awareness minimum sizes
awareness
Compliance with | Baseline No change 4 Community 4 Both 4 All scales NI Gear visuals; compliance
gear restrictions compliance training
Participation in Baseline No change 4 Community 4 Both 4 All scales NI Enforcement roles
enforcement enforcement explained; peer support
Conflict Baseline No change 4 Community 1 Both 4 All scales NI Conlflict scenarios;
resolution resolution training materials
participation
Perceived Baseline 4 Individual 4 Community 4 Both 1 All scales SI, NI Wellbeing indicators;
wellbeing wellbeing wellbeing visual feedback
Perceived Baseline No change 4 Community 4 Both 4 All scales NI Fairness metrics; training
fairness fairness on equity

The table summarizes the expected effects of each digital information treatment (Control, Individual, Community, Individual 4+ Community, Individual + Community + Neighbor) on 21
key response variables in the study. Directional arrows indicate the hypothesized direction of change relative to the control group: 1 denotes an expected increase or improvement, | denotes
an expected decrease or improvement (e.g., reduced infractions or fuel use), and “No change” indicates no anticipated effect. “All scales” refers to effects observed at individual, community,
and neighborhood levels. Theoretical models [Information Deficit (ID), Self-interested (SI), Neighborhood-interested (NI)] underpin the rationale for each expected effect. The final column
summarizes dashboard usability and digital literacy strategies to support effective engagement across all treatment groups.
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and pressure, behavioral change, benefits of governance and
restrictions, livelihood improvement, and wellbeing.

3.2 Sample and recruitment

3.2.1 Landing sites selection

Landing sites are generally close together, particularly in the
southern Kenyan fringing reef. The distance between them is
about 5km, and some smaller landings are grouped under a single
BMU to fit the minimum population size criteria. Furthermore,
the neighborhood informational design requires that they have
neighbors that are being treated similarly by the experimental
design. Consequently, the design requires working with adjacent
but also administratively linked landing sites. These conditions
require including related sites into a single treatment. The result is
a clustered distribution of treatments along the coast except for the
treatment 1 or benchmark group, which is more evenly distributed
and has several more isolated landing sites (Figure 3).

3.2.2 Historical interventions at landing sites
Kenyan governance went through many local and national

political changes before 2010. Among the key initiatives was

the establishment of nationally protected marine areas (marine

10.3389/fsufs.2025.1689512

protected areas — MPAs) through the efforts of Kenya Wildlife
Service (KWS) and gear restrictions under Kenya Fisheries Service
(KeFS). Specifically, management of Kisite-Mpunguti marine park
and reserve from 1988 and the gazettement of Diani Chale marine
reserve in 1994 by KWS, as well as introduction of fisheries
restrictions in 1990s and ban on most of destructive fishing gears
in 2001 by KeFS in Kwale county. KWS begun managing three
no-take marine protected areas, namely Mombasa, Watamu, and
Malindi between 1968 and 2012, while Kuruwitu community fully
enforced no-take area in 2007 in Mombasa and Kilifi counties.
Subsequently, KWS begun to manage Kiunga national marine
reserve in 1979. Additionally, several BMUs within the Mombasa
and Kilifi counties established locally managed community closures
often characterized by low compliance and weak management.

In 2010, Kenya adopted a new constitution which gave counties
resources and some independence in fisheries management
decision-making. For instance, Kwale County invests more in
subsidizing fishing effort through purchase of fishing gears, boats
and coolers while Kilifi and Mombasa counties invest more on
capacity building and initiatives aimed at restoring resources. Lamu
and Tana River counties invest both in subsidizing fisheries and
restoration initiatives such creation of locally managed closures and
coral restoration. These differences have seen more conservation
initiatives in Kwale and Lamu counties and least in Tana River
due to its limited coastline. Among the conservation initiatives
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FIGURE 3

with detailed descriptions for formulation of the dashboards.

A map depicting the proposed landing sites and the proposed treatment assignments (left pane), and a graphical representation of the treatments

Dashboard Treatment

Fisheries data collected by enumerators but no new or additional
feedback will be given to BMU stakeholders.

BMU stakeholders have access to a dashboard displaying

y fisheries information of individuals (e.g. median
total monthly catch, median monthly effort, median monthly CPUE,
median fuel usage, median profit (revenue - costs)

BMU stakeholders have access to a dashboard displaying
fisheries information aggregated to community level (e.g.
median total monthly catch, median monthly effort, median monthly
CPUE, median fuel usage, median profit (revenue - costs)

BMU stakeholders have access to a dashboard displaying

y fisheries information of individuals and
aggregated to community level (e.g. median total monthly catch,
median monthly effort, median monthly CPUE, median fuel usage,
median profit (revenue - costs)

BMU stakeholders have access to a dashboard displaying
(anonymous) fisheries information of individuals and
aggregated to level, and level data from
adjacent BMUs (e.g. median total monthly catch, median monthly
effort, median monthly CPUE, median fuel usage, median profit
(revenue - costs)
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are gear exchanges of traditional traps with gated traps in selected
landing sites in Kwale, Mombasa, and Kilifi counties. Also, training
and capacity building initiatives from research institutions and
non-governmental institutions.

3.2.3 Sampling frame

The sampling frame comprises rural, coastal fishers and beach
management units in Kenya. The 35 BMUs selected represent
sites of historical coverage of WCS programs and additional
representative sites that would cumulatively inform on Kenya’s
fisheries. To ensure the required sample size is satisfied (in
accordance with the power analysis) we will generate a list of all
fishers in the fishing community, both BMU members and non-
members and involve them in the experiment. All fishers will be
visited and asked if they would be willing to participate in the study.
Where specific fishers are not willing, they will not be included.

3.2.4 Power analysis

A power analysis was conducted to determine the adequacy
of the study design for detecting a small-to-moderate effect size
(Cohen’s f = 0.20) in the primary outcome: number of days
fishing per fisher relative to recommended levels. Assuming five
groups (one control and four treatment arms), an intra-cluster
correlation (ICC) of 0.05, and 25 fishers per BMU across 35 BMUs
(7 per arm), the total sample size yields an effective sample size of
398 respondents after adjusting for clustering. Using this effective
sample size, the study achieves a statistical power of 90.6% at a
significance level of o = 0.05. The minimum number of clusters
required to achieve 80% power under the same assumptions was 27
BMUs. Therefore, the current study design is sufficiently powered
to detect meaningful differences across treatment groups.

3.2.5 Recruitment and consent

This research will undergo the ethical approval process of
WCS/WF as well as community level discussion and approval
during the pre-intervention stage. Any BMU can opt in or out of
participation in this research or social experiment endeavor. Given
that WCS has a long history of successful engagement with fishing
communities, it is expected that most will agree to participate in
this research and learning process. Eligible participants include
all active fishers associated with selected BMUs, regardless of
membership status. Part-time fishers will be included if they
participate in fishing activities at least once per week. Non-response
will be documented, and refusal rates will be reported. Sensitivity
analyses will assess the impact of non-response on study findings.

3.3 Intervention details

Behavior change will be structured on the KAP framework
to include various important aspects of behavioral interventions
(Alves et al,, 2022). The interventions will differ based on the type
and availability of information made accessible to each group via
digital dashboards.
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Hypotheses will make predictions for the differences in rates
and types of responses between the treatment groups. The
Information will be organized at the individual, community, and
neighborhood levels and presented to stakeholders accordingly.
Control group 1 will be the default expert opinion approach, where
skilled personnel will have access to all information, interpret it,
and present it at intervals not to exceed one year. Treatment
groups will present information about individuals, communities,
individuals + communities, and individuals 4+ communities +
neighbors. The primary information they will receive is the catch,
income, and costs at these different levels of pooling and relative
to previously estimated sustainable fishing levels (McClanahan
and Azali, 2020; McClanahan and Kosgei, 2023). Secondary
information will include information about fishing gear and boat
use. This will be accomplished by providing dashboards developed
specifically for the 5 treatments. Observers will do both the training
and follow up to ensure that there is regular learning and feedback
that matches the proposed attitudes and practices.

Testing theories of human organization will be based on
5 intervention treatment groups or Beach Management Units
(BMUs) (Table 2). BMUs are an existing Kenyan government legal
entity to organize landing sites into related groups with some
minimum size of people and infrastructure per given geographic
area. These BMUs and their associations will be the basis for
clustering of similar or related sites and replication of treatment
programs. Treatment groups listed herein reflect the trade-off
between all possible combinations and the need to replicate
treatments. A total of 35 accessible landing sites spread across
the 5 coastal counties of Kenya will allow 5 treatments each with
replicates between 5 and 10 per treatment.

Treatment Group 1: Control group - fisheries data will be
collected by enumerators at this site and uploaded to Peskas, but
no structured or regular feedback will be given to local BMU
stakeholders. Feedback will consist of an annual forum where
results are interpreted by research partners and presented to
stakeholders for discussion and recommendations.

Treatment Group 2: BMU stakeholders have access to a
dashboard displaying (anonymous) fisheries information of
individuals (e.g. median total monthly catch, median monthly
effort, median monthly CPUE, median fuel usage, median profit
(revenue - costs).

Treatment Group 3: BMU stakeholders have access to a
dashboard displaying fisheries information aggregated to
community level (e.g. median total monthly catch, median
monthly effort, median monthly CPUE, median fuel usage,
median profit (revenue - costs).

Treatment Group 4: BMU stakeholders have access to a
dashboard displaying (anonymous) fisheries information of
individuals and aggregated to community level (e.g. median total
monthly catch, median monthly effort, median monthly CPUE,
median fuel usage, median profit (revenue - costs).

Treatment Group 5: BMU stakeholders have access to a
dashboard displaying (anonymous) fisheries information of
individuals and aggregated to community level, and community
level data from adjacent BMUs (e.g. median total monthly catch,
median monthly effort, median monthly CPUE, median fuel
usage, median profit (revenue - costs).

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1689512
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

McClanahan et al.

10.3389/fsufs.2025.1689512

TABLE 2 Description of the treatment groups and their information exposures.

1) Information provided to fisheries experts

As provided by experts as deemed relevant to fishers stakeholders

Experts able to analyze and interpret data

Occasional visits and discussion with experts about
data collection but presentation of results restricted to
an annual forum that will discuss all trends at
individual, community, and neighborhoods

2) Individual fisher information available

Fishing effort and costs of individual

CPUE - catch per fisher

IPUE - income per fisher

Costs - travel, equipment, replacement, sharing profits with
investors

Minimize individual costs and effort
Maximize individual net yield and income

Training, framing, and dialogue about individual
actions, costs, and net individual benefits

3) Community information available

Fishing effort and costs at community level

CPUA - catch per unit area

IPUA - income per unit area

Costs - travel, equipment, replacement, sharing profits with
investors at community level

Minimize community costs and effort
Maximize community gain
Maximize community net income

Training, framing, and dialogue about community
actions and benefits to achieve net community benefits

4) Individual and community information available

Catch and income per individual and community (area) available
Costs - travel, equipment, replacement, sharing profits with
investors at individual and community levels

and effort

net gain

Minimize individual and community costs
Maximize individual and community

Maximize between-community income

Training, framing, and dialogue about individual and
community actions and benefits

5) Individual, community, and neighborhood information available

Catch and income per individual, community, and neighbors
available

Maximize catch at all 3 scales
Maximize income at all 3 scales
Minimize costs at all 3 scales

Dialogue about all scales of actions and benefits of
multi-scaler integration of benefits and costs

Based on the KAP framework of social change.

3.3.1 Dashboard design

Ordinarily, the co-designing and development of visualization
dashboards with end users involves a collaborative, iterative
approach to ensure the final product meets the needs and
expectations of its users. However, to ensure robust testing in
this experimental setting, there is a need for dashboard elements
within treatment groups to be consistent, and for the iterative and
consultative process to be truncated.

Prototype dashboard will be designed based on the original
Peskas dashboard developed in Timor-Leste (https://timor.peskas.
org/), and the catch data and sampling regime already in place
in Kenya from WCS and Kenya Fisheries Service to maximize
uptake and sustainability of the digital tools at the end of the
study. Information will be displayed with plots and metrics in a
way that is consistent as far as possible with data fed back to fisher
communities and participants over the past 20 years in Kenya from
WCS and government agencies.

These dashboards will be assigned to 5 user types, reflecting
the 5 treatment groups and the associated level of data aggregation
(Figure 3).

3.4 Outcome measures
3.4.1 Fisheries data collection

Trained community data enumerators will record data from
fishers on catches at their respective landing sites 3 times per

week on alternate days. Landings data will be collected digitally
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using KoboCollect installed on smartphones, and will include
descriptive information (consent to share data, name of landing
site, date of sampling, name of observer, and name of fishing
ground), effort information (gear type, number of fishers, number
of boats), and catch information (fish categories and associated
weights nearest to 0.1kg). Data submitted by enumerators will
be entered into the Peskas fisheries monitoring software as
reported in Longobardi et al. (2025). The vessel activity coefficient
(average length and frequency of fishing trips per month) will
be calculated from geospatial tracks from vessels tracks with
a vessel monitoring system (Pelagic Data Systems Inc.) and
compared with fishers’ reports of fishing days, trip length and
catch records.

Costs of fishing will be included in the data collected
by asking fishers to estimate their daily costs. These will
include travel, purchase or rental of gear, ice, bait, fuel,
loans, and replacement/maintenance of fishing gear, boats
or engines.

The different fish categories namely, rabbitfishes, parrotfishes,
goatfishes, octopus, scavengers, lobsters, sharks, rays, pelagic fishes
and mixed catch generated from the commonly used groupings
by fishermen/traders guided by pricing and often corresponds
with fish families except three categories will be considered
during weighing. The “Scavengers” category comprises both fishes
in Lutjanidae and Lethrinidae families, whereas the “mixed
catch” category comprises multiple families not included in other
categories. The “Pelagic” category comprises families that live in
midwater and upper layers of the ocean.
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Additional sampling will be conducted monthly collating fish
prices per kilo for each fish category. Price data will be used
to estimate fishers’ daily revenues based on recorded catch rates.
Weighing and pricing will consider large and small fish groupings
as naturally grouped by fishers/traders.

Shapefiles of community mapped fishing grounds by gear type
(generated through previous WCS research in study sites will be
used to calculate catch per unit area information in dashboards.

3.4.2 Household surveys

The study will include multiple interview topics designed to
evaluate the household, institutional status, and preferences for
restriction options prior to interventions. The key objective of
the project will be to assess changes by gathering information
prior to and after the intervention. A secondary objective will be
to evaluate knowledge and agreement with the 2016 and 2022
national fisheries laws. The two studies will be used to assess
the relationships and responses to the five treatments to enhance
knowledge, engagement, and stakeholder perceptions. Household
respondents will be selected by a systematic random sampling
protocol whereby a sampling fraction of every ith household (e.g.,
2nd, 3rd, 4th...) will be determined by dividing the total number
of households by the total expected sample size given the available
survey resources constraints of time and funds following (Gurney
et al,, 2019). In each village, we will work with community guides
(1 per enumerator) to ensure the correct households are visited
and to ease any unnecessary tension or reluctance to interact
with strangers. Each guide will cover a different section of the
community. The interview location coordinates will be recorded
as part of the interview using KoboCollect software. If the head
of the household is not present, we will return later. If this person
is still not present, we will move to the next selected household.
Interviewees will be asked about their age. Youth will be defined as
individuals between 15 and 24 following the UN definition.

We will ask questions about socio-economic characteristics,
including ages, gender, origin, years of residence in the community,
number of years in formal education, household size, income-
generating jobs per household, dependency on fish, and
membership in social groups. Respondents will be asked to
indicate the frequency of fish consumption, where responses will
include more than once a day, once a day, once a week, and more
than once a month but less than once a week.

3.4.3 Assessing the strength of governance
institutions

Governance institutions or design principles will be evaluated
to elicit respondents perceptions. We chose 13 governance
institutions that will be based on a modification of the 8 original
Good Governance Principles (Ostrom, 2015; Cox et al, 2010).
We further distinguished some principles to be clear about
specifics, such as the types of monitoring (users, ecosystems, and
resources) following (McClanahan and Abunge, 2019): Our list of
institutions includes

1) group identity
2) clear management boundaries
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3) Dbenefits of membership

4) sharing of benefits

5) engagement in decision making

6) monitoring resources

7) monitoring fisheries

8) monitoring ecology

9) graduated sanctions
10) conflict resolution among members
11) conflict resolution between neighbors
12) group autonomy
13) polycentric governance

These institutions will be first described to respondents, who
then score their strengths on a 5-point scale ranging from very
weak (—2) to very strong (+2). Questions will be framed to elicit
the respondent’s perceptions at the scale of the seascape.

3.4.4 Perceived benefits of fisheries restrictions

Users’ perceptions of fisheries restriction benefits will be
evaluated by assessing management preferences of six basic types
of fisheries restriction. Interviewees will be asked about specific
management restrictions and their perceptions in terms of benefits
and sustainability. Restrictions evaluated included gear restrictions,
minimum size of fish, species selection, protected or no fishing
areas, national parks, and closed seasons. Protected or areas closed
to fishing will be distinguished from national parks in that the
former are permanent no-fishing zones managed by various local
stakeholders, and the latter are area-based management restrictions
managed by the national government. A question of how each
restriction is expected to benefit the fishery will be read to
interviewees who then will score their perceptions of the benefit
on a 5-point scale ranging from disagree completely (—2) to agree
completely (+2). Respondents will be also asked who benefits most
from the restriction. Perceived benefits will be in four categories of
no benefit and small, medium, and large benefits. The beneficiaries
will include self, community, and government.

3.5 Analytical strategy

Several response variables can be evaluated to determine the
level of influence of the interventions. These include variables
related to fishing pattern and pressure, behavior change, livelihood
improvement, and wellbeing.

The primary outcome variable is a dummy variable that
indicates to which of the five treatment arms a fisher was assigned,
but treatment arms will be masked during the analysis. Our primary
model is an unadjusted model. However, if we find that after
unmasking, there are variables in the dataset that appear different
by treatment arm, we may consider adjusting for confounders in
the model.

Primary analyses will use linear mixed-effects models to
account for clustering at the BMU level, with treatment arm as a
fixed effect and BMU as a random effect. Difference-in-differences
models will be used for BACI analysis. Logistic regression will be
applied for binary outcomes. If baseline imbalances are detected,
covariate adjustment will be performed, and sensitivity analyses will
be conducted.
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A principal component analysis (PCA) will be undertaken to
evaluate the associations with demographic traits from the PCA
function in FactoMineR package 2.4 in R. Household PCA scores
for axis 1 and 2 will be the wealth metrics used in subsequent
perceptions analyses.

Several response variables can be evaluated to determine the
level of influence of the interventions. These include variables
related to fishing pattern and pressure, behavior change, livelihood
improvement, and wellbeing:

3.5.1 Spillover effects

In addition to our research design feature for controlling
spillovers, we will formally test for evidence of spillovers across
neighboring BMUs and communities using Global Positioning
System (GPS) coordinates of the fishers and BMUs. We test whether
the presence of an individual from another experimental arm
in a neighboring village affects the knowledge or attitudes of
the neighbor. To check whether attitudes of the control group
neighbors will be affected by spillovers, we will compare outcomes
of control group neighbors who are close to a treated neighbor
and control group neighbors further away from treated units.
Using a border-to-treatment dummy variable, a t-test will be
conducted to check that control group neighbors’ attitudes will
be not significantly affected by the presence of a neighbor from
another experimental arm.

The Stable Unit Treatment Value Assumption (SUTVA),
which requires that each unit’s outcome is unaffected by the
treatment status of other units. Moreover, that there is only one
version of the treatment, which may also be violated if WCS
or other organizations working in the study sites implement
interventions like the ones proposed in the study. This is especially
problematic if the control group is targeted because of the
feeling that they have been left out of a potentially beneficial
intervention. We have controlled for this potential problem by
collecting data about all organizations working in the study site
and the interventions implemented (see Site selection section and
Historical interventions at landing sites). In addition, we collaborate
and discuss with partner and other organizations in Kenya to
understand any future interventions, to ensure alignment, and to
avoid parallel interventions being targeted at the same respondents
by different organizations.

3.5.2 Dealing with attrition

Our study design incorporates strategies to minimize attrition
including working with existing BMUs with whom WCS have
worked for many years. However, we cannot rule out that
attrition may still occur due to migration or death etc. Following
implementation, we will check whether attrition rates are equal
across the experimental arms or if concentrated in one arm. High
attrition is potentially problematic, as it could signal selection bias.
In case of high attrition, we will examine the implication of attrition
for our results in several ways. First, we will test whether attrition
is affected by treatment assignment. For example, the proportion of
fishers deciding to exit the fishery based on information they receive
in the study is a variable of interest and so could also be correlated
with attrition specific to a treatment group.

Frontiersin Sustainable Food Systems

10.3389/fsufs.2025.1689512

3.5.3 Multiple hypothesis testing

Because we are making inference on many hypotheses, it is
possible that significant results emerge from our analysis due to
chance rather than actual treatment effects. We will follow (Arouna
et al., 2021) and adjust the p-values using suitable methods. We
will calculate Romano-Wolf adjusted p-values following (Clarke
et al., 2020) to correct for the familywise error rate (FWER), the
probability of making at least one false discovery among a family
of comparisons. We will also calculate sharpened g-values as in
Anderson (2008) to correct for the false discovery rate (FDR),
the probability of making at least one false discovery among the
discoveries already made.

3.5.4 Balance at baseline

The balance of treatment and control groups in terms of average
characteristics will be tested formally at baseline through an F-
test of joint orthogonality using a multinomial logit regression,
which tests whether the observable characteristics in Table 2 are
jointly unrelated to treatment status (Imai et al., 2008). Failure to
reject this null hypothesis indicates that randomization succeeded
in achieving balance across the experimental arms. In addition, we
will calculate the standardized difference in means (Deaton and
Cartwright, 20165 Canavari et al., 2019). We will check whether the
standardized difference in means will be below the threshold of 0.25
as recommended in literature (Canavari et al., 2019; Cochran and
Rubin, 1974), indicating balance.

4 Justification and conclusions

This multi-treatment experimental design and KAP framing
is unusual for fisheries but is increasingly being used to evaluate
interventions for poverty alleviation (Banerjee et al, 2015) and
nutrition (Tilley et al., 2022). This study will be undertaken above
the individual or household level, which is the focus of poverty.
Therefore, it requires more engagement and coordination above
the individual and household level. This creates challenges but is
expected to succeed due to the long history of WCS involvement
in Kenyan beach management units through measuring fish catch,
conservation trainings and capacity building, hosting regular
fisheries fora and information dissemination at BMUs and social
media platforms. There is already a formal catch monitoring
program underway through the Kenya Fisheries Service in Kenya,
which involves BMUs submitting aggregated data at the county,
and then national level, but there is frustration among stakeholders
who receive very limited feedback or information in return for
these data. Hence, the local availability of catch statistics is the most
frequently requested information that fishers and stakeholders at
landing sites require.

Therefore, this intervention is seeking to simply act on this
frequent request. We are, however, trying to evaluate the efficacy
of this information through a BACI and multiple treatment
intervention that will provide useful information going forward
to developing a sustainable catch data collection system. The
intervention is expected to last ~2 years, but by the 3" year
we expect to be able to hold forums to discuss the longer-term
organizational options of the landing sites. This will provide
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important lessons for implementation on a much larger scale. It
will also provide quantitative information beyond subjective self-
reports that are useful but insufficient to develop a comprehensive
evaluation of fisheries sustainability (Tilley et al., 2024).

5 Limitations

Several limitations should be acknowledged: The adoption
of digital tools may be uneven, as varying levels of digital
literacy and access to technology among participants could hinder
effective engagement. Concerns around data privacy may also
influence willingness to participate and the accuracy of self-
reported information. Additionally, behavioral fatigue over the
course of the intervention could reduce participant engagement
and affect the consistency of data collection. Although the findings
are grounded in the Kenyan context, they may hold relevance for
other small-scale fisheries facing similar governance challenges;
however, careful adaptation to local contexts will be necessary to
ensure broader applicability.

6 Ethics and data management

Ethics approval was received from the WCS Institutional
Review Board (IRB) in 2024. Written informed consent will be
obtained from all fishers and respondents before recruitment into
the study. Based on the experience of similar surveys and trials,
no harm is expected from trial participation. Any changes to the
protocol will be reported to IRB.

Anonymous data from this study and the analysis code will
be available through the Open Science Framework registration,
as well as on the WorldFish Harvard Dataverse Repository and
GitHub respectively.
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