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A B S T R A C T

Climate change poses severe threats to coastal social-ecological systems (SES) worldwide. Recent calls recognize
the importance of including Indigenous and local knowledge (ILK) in research on climate change impacts. Yet
studies that have attempted to weave ILK and scientific knowledge have seldom considered the gendered nature
of climate change impacts. Building on the literature on gender and climate change and knowledge pluralism,
this study contributes to addressing this research gap by exploring local knowledge on climate change impacts
and its relation to scientific knowledge through a gendered approach and focusing on the Western Indian Ocean
region, and more specifically on Kenya. We adopted a mixed methodology combining qualitative and quanti-
tative approaches. We found evidence of pronounced climate change impacts on coastal SES both in the scientific
literature and in local reports. Our findings highlight that there is an extensive overlap between information
derived from scientific and local knowledge systems. Importantly, our study revealed reports of change that were
only provided by SSF communities, namely changes in coastal dynamics, a decrease in rainfall, and a decrease in
the abundance of green algae. Although we found gendered variations in changes reported by SSF communities,
gendered differences of climate change impacts on SSF were not detected in the reviewed literature. Overall, our
results suggest that knowledge cross-fertilization generates a holistic, relational, and place-based view of climate
change impacts, which may support sound and gender-inclusive adaptive policies. We conclude by suggesting
key policy recommendations for climate adaptation and risk management

1. Introduction

As climate change escalates, its effects amplify worldwide (IPCC,
2021). In the ocean, climate change is substantially affecting coastal and
marine ecosystems in complex and connected ways (Scheffers et al.,
2016). Further, coastal and marine ecosystems are closely interwoven
with human societies in dynamic social-ecological systems (SES), with

climate change considerably altering coastal communities worldwide
(Eddy et al., 2021). Given their high reliance on fish for their daily
protein needs and a weak adaptive capacity to a changing climate,
tropical regions in particular are severely affected by climate change
impacts on marine fisheries (UNEP-Nairobi Convention & the Western
Indian Ocean Marine Science Association WIOMSA, 2015). In turn,
climate risks in tropical regions are exacerbated by other anthropogenic
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stressors such as overfishing or pollution, which accentuate the overall
vulnerability of local communities (IPCC, 2021; UNEP-Nairobi
Convention & the Western Indian Ocean Marine Science Association
WIOMSA, 2015).

Against this background, there has been a growing interest in
studying responses of tropical coastal SES to climate change impacts
(Cinner et al., 2012). While most of the research on climate change
impacts predominantly originates from the natural sciences
(Doblas-Reyes et al., 2021), the Intergovernmental Panel on Climate
Change (IPCC) and part of the scientific community have called for
greater inclusion of other knowledge forms, especially knowledge held
by Indigenous Peoples and local communities (IP & LC) on their envi-
ronment, also referred to as Indigenous and local knowledge (ILK) (Cai
et al., 2017; Reyes-García et al., 2016; Reyes-García et al., 2023a).
Indigenous and local knowledge constitute complex knowledge systems
embracing knowledge about biological and ecological dynamics, prac-
tices shaping environmental use and management, and their
socio-cultural dimension (Berkes, 2008; Martin et al., 2009; Puri and
Vogl, 2005). Above all, ILK must be understood as a way of life for
diverse IP & LC across the world (Latulippe and Klenk, 2020).

In this context, recent efforts have sought to embrace knowledge
pluralism in climate research, that is the recognition of plural ways of
knowing – or knowledge systems – and the dynamic relations and ex-
changes between them (Hoelting et al., 2022; Orlove et al., 2023; White
and Lidskog, 2023). There have been recent discussions about the con-
ditions under which collaboration and exchange between ILK and sci-
entific knowledge systems can occur (Singleton and Boyd Gillette, 2023;
Whyte, 2018). Orlove et al. (2023) suggest that knowledge pluralism has
the potential for enabling transformative change through just partner-
ships between knowledge holders. However, in practice, knowledge
pluralism in environmental and climate research has often been trans-
lated into the subordination of ILK to scientific knowledge. For instance,
reviewing research on climate adaption based on plural knowledge
systems, Klenk et al. (2017) show that most studies presented ILK as a
data source decoupled from its socio-cultural and environmental
context. This instrumental view of ILK in scientific research has been
criticized by both Indigenous and non-Indigenous scholars. Latulippe
and Klenk (2020) denounce the extractive approach commonly used in
knowledge co-production across plural knowledge systems and call for
considering ILK as “embodied, relational and place-based systems” and
constitutive of specific worldviews (p.8). In the same vein, according to
Whyte (2018) most scientists that engaged in knowledge exchange with
IP & LC have focused on the supplemental value of Indigenous knowl-
edge, that is a supplementary source of data to improve research out-
comes, at the expense of its governance value. The author argues that
scientists should better consider how their research may contribute to
strengthen this governance value, which represents a vector of resur-
gence and collective continuance for many Indigenous communities.

This tension between the instrumental view of ILK and the recogni-
tion of its absolute value is reflected in the three main logics applied to
knowledge pluralism in environmental science-policy arenas: integra-
tionism, parallelism, and pragmatism (White and Lidskog, 2023). Most
of the recent attempts to bring together ILK and climate sciences have
used an integrationist logic based on that aims to integrate elements
from plural knowledge systems into a single system. This approach re-
flects an instrumental view of ILK and has been rejected by some re-
searchers who denounced the risk of exclusion and disempowerment of
local knowledge holders (Roue and Nakashima, 2018; Torrents-Ticó
et al., 2021). Conversely, the parallelist logic strives to achieve collab-
oration between knowledge systems by considering each given system as
a distinct and autonomous entity, hence recognizing the inherent value
of ILK (Snively and Williams, 2016). In this line, Tengö et al. (2014) have
proposed the Multiple Evidence Base (MEB) approach as an approach
“whereby indigenous, local and scientific knowledge systems are viewed to
generate different manifestations of knowledge, which can generate new in-
sights and innovations through complementarities” (p. 579). In this

approach, the validation process operates within each knowledge sys-
tem rather than across them or through the lens of a particular one. A
third path is the pragmatic logic that is context-dependent and addresses
knowledge pluralism by seeking to favor positive impacts and maximize
outcome efficiency.

To advance discussions on knowledge pluralism in relation to
climate change, feminist theories provide a relevant ground by broad-
ening the understanding of climate change impacts (Bee et al., 2015).
Feminist scholars have long criticized dominant techno-scientific dis-
courses and suggested instead to recognize and value plural forms of
knowledge and ways of being, as well as a greater focus on embodied
and everyday experiences of climate change impacts (Bee et al., 2015;
Neimanis and Walker, 2014; Sultana, 2013). Adopting this feminist
approach, many scholars have investigated the gendered dimensions of
climate change (e.g., Dankelman, 2010; Khan, 2022; Pearse, 2017).
Their attention has primarily focused on women’s vulnerability to
climate change, questioning the common view that climate change im-
pacts are “gender neutral” (WEDO, 2010) and showing how existing
power asymmetries may be exacerbated by climate change impacts
(Arora-Jonsson, 2011; Goh, 2012; Hemmati and Röhr, 2007; Pearse,
2017). Another strand of the literature on gender and climate change has
also explored how gender relations shape climate adaptive responses
(Dankelman, 2010; Kaijser and Kronsell, 2014). Findings from diverse
case studies around the world suggest that women and men respond
differently to climate change impacts and natural disasters (Blomstrom
and Burns, 2015; Terry, 2009). In particular, it has been noted that
women’s local knowledge provides women with distinct perspectives
and adaptive strategies (Legesse et al., 2013; Pearse, 2017). For
example, a case study based on Northeast Ghana shows that women ‘s
farming practices and knowledge have contributed to their adaption to
climate-related floods (Glazebrook, 2011). However, according to
Arora-Jonsson (2011), most of the literature on gender and climate
change has focused on women’s knowledge and experiences of climate
change, portraying them either as victims of its impacts or agent of
change. This narrowed view of gender issues in the context of climate
change may challenge the understanding of the complex, relational and
intersecting nature of climate change impacts, and calls for further
empirical studies from a greater diversity of viewpoints (Arora-Jonsson,
2011).

Bridging scholarship on gender and climate change and knowledge
pluralism, this study aims to tackle the historical power imbalance in
climate knowledge production by exploring ILK on climate change im-
pacts through a gender perspective. To do so, we adopt a parallelist logic
drawing on the MEB approach. While we acknowledge that ILK has a
governance value, irrespective of its global contribution to advance
scientific knowledge, we build on recent research highlighting how ILK
can also serve an important purpose in improving our understanding of
climate change impacts (Belfer et al., 2017; Fernández-Llamazares et al.,
2017; Reyes-García et al., 2023a).

Specifically, we investigate how local knowledge relates with sci-
entific knowledge on climate change impacts in the Western Indian
Ocean (WIO) through a gender lens. It is estimated that more than 30 %
of the population in the WIO lives near the coast and strongly depends
on fisheries resources for food and income (Obura et al., 2017). In-
dividuals of diverse gender identities are substantially engaging in the
fisheries value chain. In this context, there is a critical need to better
understand the gender-differentiated impacts of climate change on the
fisheries sector and on local livelihoods (Bell et al., 2016; Taylor et al.,
2019). However, to date, only a couple of studies have explored such
impacts through a local and emic perspective from small-scale fishing
communities themselves in the WIO region. Those that have been un-
dertaken have aimed to link scientific evidence and local reports of
environmental changes without applying a gender-sensitive analysis (e.
g., Lemahieu et al., 2018; Makame and Shackleton, 2020). Therefore,
attempts to cross-fertilize scientific knowledge and ILK that consider the
gendered nature of climate change impacts in the region are still in their
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infancy. This research gap undermines our ability to build comprehen-
sive assessments of climate change impacts on coastal SES and may
challenge the formulation of culturally acceptable and equitable adap-
tation policies (Guodaar et al., 2021). We address this gap by focusing on
a case study in coastal Kenya, in the WIO region, where populations
largely rely on fish for their protein intake (Taylor et al., 2019) in a
context in which the marine fisheries sector is highly vulnerable to
climate change (Cinner et al., 2012). The specific objectives of our study
are:

(O1) To assess the state of scientific knowledge on climate change
impacts on coastal SES in the WIO.

(O2) To examine whether local meteorological measurements for the
period 1991–2018 align with regional climate trends reported in the
literature.

(O3) To analyze perspectives on climate change impacts by local
small-scale fishing communities using a gendered approach.

(O4) To explore the relation between local and scientific knowledge
on climate change impacts on coastal SES in the WIO.

This research was carried out within the framework of the Local
Indicators of Climate Change Impacts (LICCI) project (https://www.
licci.eu/), a research project aiming to bring Indigenous and local
knowledge systems into climate research and policy (Reyes-García et al.,
2023b). The definitions of the main concepts used in this study are
provided in a glossary in supplementary material A (Table S1). We
recognize the heterogeneity and diversity that characterize fisherfolk,
and the internal differences within women and men groups, in relation
with intersectional considerations (Kenny and Tapu-Qiliho., 2022).
While we strongly support intersectional research on SSF (e.g., Axelrod
et al., 2022; Ferguson, 2021; Rohe et al., 2018), in our study we applied
a binary view of gender since this approach was the most relevant given
the socio-cultural context of our study site. In addition, we did not
explore intersectional aspects of local climate change impacts owing to a
lack of time and capacities during our data collection period.

2. Materials and methods

2.1. Study site

This study was conducted in the Kenyan coast (“pwani”) within the
WIO region. Specifically, we worked within the Shimoni-Vanga seascape
area of the Kwale county, on the South Coast of Kenya. This study site
was selected for four main reasons: i) the SSF sector is essential to the
local economy, with up to 100 % of the population relying, at least
partially, on fish (“samaki”) for a living (Government of Kenya (GoK).
Ministry of agriculture, livestock and fisheries, 2017), ii) both men and
women engage in fishing activities, iii) fisheries management within the
site is characterized by a dynamic Beach Management Units (BMU)
network that facilitated access to data collection, and iv) the site falls
within the nearshore waters along the Kenya-Tanzania border, which
are identified as a climate refugia (McClanahan and Kosgei, 2023).
Altogether, these characteristics of the Shimoni-Vanga seascape make it
a relevant study site to explore local reports of climate change impacts
by SSF communities through a gender lens.

The study site lies within the Inter-Tropical Convergence Zone
(ITCZ), which is a key element of the Earth’s climate system. The study
site is characterized by two opposite monsoon seasons – the Northeast
(November-March – NEM) and the Southeast monsoons (April-October –
SEM) (“Kaskazi” and “Kusi” respectively). This unique wind reversal
pattern influences the physical, biological, and chemical processes in the
ocean (McClanahan, 1988). The main marine habitats in the study area
include vast mangrove forests, coral reefs, and seagrass beds (WWF,
2001). During low -tides, reef flats get exposed and are commonly strode
by foot fishers to catch invertebrates in intertidal areas (Alati et al.,
2020). The current population of the Shimoni-Vanga seascape is esti-
mated at 18,000 people (Government of Kenya (GoK). Ministry of
agriculture, livestock and fisheries, 2017). While this region is culturally

diverse, the Swahili culture predominates in the organization of local
social systems. Small-scale fisheries represent the main livelihood ac-
tivity, followed by small-scale farming, tourism, and seaweed farming.

Gender is a key factor driving fisheries-related activities within the
study site. While recognizing the diversity of social factors such as age or
ethnicity that may intersect with gender in shaping individuals’ roles in
SSF, in this study we focus on the influence of gender according to binary
categories (i.e., women; men). Women are mostly involved in the post-
production sector, either as fish processors, or vendor/traders. Women
also engage in the sale of fish in local shops or restaurants, and more
rarely in trade as fish dealers. In the production sector, women take part
in fishing capture although they are less numerous than men. Women
are mostly foot fishers owing to local gender and cultural norms and
economic barriers that restrict their access to fishing vessels. They fish
mostly during the SEM season, when the conditions are cooler, by
contrast with fishermen who prefer the NEM season characterized by
calm conditions at sea. Beyond the value chain itself, women are largely
in charge of family support and caring duties at home, which are
necessary for sustaining the whole SSF sector. Given their gender role as
family provider, men have more flexibility in the use of their time and
mobility. As such, they engage in most stages of the SSF value chain.
They take part in pre-production tasks such as the preparation of boats
and net repair. They also engage in direct fishing and post-production as
fish dealers, vendors, or traders. These diverse roles held by men and
women are fundamental drivers of their respective identities and epit-
omize their gender-specific connection to the ocean (“bahari”).

In addition to village chiefs, who represent the main authority at the
local level, BMU are a pivotal institution in each studied village. Beach
Management Units are responsible for SSF management and governance
and exercise an authority on matters related to other livelihood activ-
ities such as seaweed farming or tourism. They also represent the main
discussion partner for collaboration with other stakeholders on blue
economy topics, such as governmental bodies, non-governmental or-
ganizations (NGOs), or research institutions. While BMU chairpersons
and the members of their executive committee get their legitimacy from
their active engagement in SSF management and social capital, a recent
study indicates that their power and representativity is contested among
fisherfolk in certain villages (Chambon et al., 2024). The same study also
reported that BMU within the Shimoni-Vanga seascape contribute to
reinforcing social inequalities, especially gender imbalances (Chambon
et al., 2024).

Within our study site, we selected five villages that were represen-
tative of the site variability in terms of ecological and socio-cultural
diversity, while sharing certain characteristics regarding their coastal
ecosystems, fishing practices, and fishery management regulations
(Fig. 1). The five selected villages are all part of the Shimoni-Vanga Joint
Co-Management Area under which the coastal environment and fish-
eries resources are jointly managed by the local BMU. A commercial
fishing port is currently under construction in the study area. The port is
expected to have major adverse effects on local marine biodiversity and
SSF livelihoods and to reshape the local economic landscape (Envasses
Environmental Consultants Limited (EECL), 2020).

2.2. Data collection

We used a mixed-method approach for data collection and analysis,
combining qualitative and quantitative research methods. We collected
i) secondary data from the scientific literature, ii) meteorological and
ocean surface temperature data, and iii) primary data on reports of local
indicators of climate change impacts. To ensure comparability between
instrumental data and local information, we asked for individual reports
of change over the last 30 years.

2.2.1. Scientific literature
We performed a narrative review of the scientific literature on

climate change impacts on coastal SES in the WIO. This type of literature

M. Chambon et al.

https://www.licci.eu/
https://www.licci.eu/


Environmental Science and Policy 160 (2024) 103846

4

review was chosen because of its relevance for examining the state of the
art of a particular research topic and identifying potential research gaps
(Snyder, 2019). We applied a topical search (in title, abstract, and
keywords) in Web of Science® Core Collection, which is characterized
by a multidisciplinary scope that suits our research topic (Birkle et al.,
2020). To comprehensively include relevant academic work to the
research topic, we adopted a broad search strategy (Aromataris and
Riitano, 2014; Atkinson and Cipriani, 2018), and accordingly, used two
search strings that were general but included variation: TOPIC: “climate
chang*” AND TOPIC: “Western Indian Ocean”. Our search did not
include any temporal restriction and returned 298 publications. We used
two inclusion criteria to select the publications to be reviewed: i)
providing an analysis at the WIO level by considering at least two WIO
countries; and ii) examining climate change impacts on coastal SES. We
screened these publications and decided about their inclusion through a
two-step process. First, we read all titles and abstracts and selected 63
publications that were relevant to our research topic based on our in-
clusion criteria. Second, from the pre-selected publications, we per-
formed a full-text screening using the same criteria. In total, we selected
54 peer-reviewed publications providing information on climate change
impacts on coastal SES in the WIO region. We have provided the final list
of publications in Table S2.

2.2.2. Meteorological data
The lead author made a request to the Kenya Meteorological

Department to obtain meteorological data for the Kwale county. We
focused on three main measurements that were openly accessible: i)
daily minimum temperature; ii) daily maximum temperature; and iii)
daily mean rainfall. We obtained those data for the period 1991–2018.
This meteorological data at the county level is obtained from the
Enhancing National Climate Services ENACTS approach (Dinku et al.,
2018), which aims to provide African countries with quality datasets for
meteorological and climate studies. This method optimally merges the
discontinuous data (in space and time) from eleven meteorological
stations across the Kenyan coast with continuous data from satellite
datasets and meteorological re-analyses. Meteorological measurements
obtained for the Kwale county are thus continuous in time, but not
directly based on local meteorological data, since there is no meteoro-
logical station at this specific location. However, estimates can be
considered representative of the temperature and precipitation regions
over the entire county. We also used the National Oceanic and Atmo-
spheric Administration Daily Optimum Interpolation Sea Surface Tem-
perature (National Oceanic and Atmospheric Administration (NOAA),
2022) dataset to describe the observed warming trends in the WIO for
the period 1982–2021. We obtained this data set from the NOAA PSL
website (https://psl.noaa.gov/).

2.2.3. Local indicators of climate change impacts
We collected primary data on local reports of climate change impacts

using the Local Indicators of Climate Change Impacts data collection

Fig. 1. Location map of the study site. A) Location of the study area in East Africa (based on OpenStreetMap, 2024). B) Main ecosystems present in the Shimoni-
Vanga seascape, including mangroves, seagrass beds, coral reef cover and marine protection tools such as the Kisite-Mpunguti Marine Park and Reserve (MPA) and
six Locally Managed Marine Areas: 1-Vanga, 2-Jimbo, 3-Majoreni, 4-Kibuyuni, 5-Wasini and 6-Mkwiro. The three main marine habitats in the Shimoni-Vanga
seascape: C) mangroves, D) seagrass beds/rocky substrate, and E) coral reef habitats. The map was built under QGIS 3.28.0. Pictures: M. Chambon (C&D) and D.
Knoester of Reefolution Foundation Shimoni (E).
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protocol (hereafter “LICCI Protocol”) (Reyes-García et al., 2023b). We
collected data over five months, from November 2021 to April 2022. Our
research was supported at the national level by the Kenya Marine and
Fisheries Research Institute (KMFRI) that facilitated collaboration with
local people and fishery committees in the studied villages, and with the
Kenya Meteorological Department. At the local level, we collaborated
with BMU, which represent the core institution for fisheries
co-management in Kenya and support local adaptive measures through
the Shimoni-Vanga Joint Fisheries co-management area plan
(Government of Kenya (GoK). Ministry of agriculture, livestock and
fisheries, 2017). To collect field data, we were supported by Kenyan
collaborators from KMFRI who ensured the translation from English to
Kiswahili and vice versa. Throughout the manuscript, we included the
local language terminologies for relevant parts describing local liveli-
hoods, fishing activities and reports of local indicators by specifying the
Swahili translation in italic and in bracket. According to the guidelines
suggested by MacLeod (2021), we cite informants in references, as
knowledge holders, although we used pseudonyms to protect their an-
onymity. From all existing gender identities, we focus on two that were
culturally understood and appropriate: women and men. However, we
acknowledge gender diversity beyond this binary view and encourage
the development of gender-inclusive methodologies in social sciences
(Cameron and Stinson, 2019). We collected information on the re-
spondents’ gender identities based on their self-identification and we
respected a balance sample between men and women respondents.

We conducted semi-structured interviews (SSI) with 28 key in-
formants (14 women and 14 men) to explore the gendered dimension of
local marine knowledge and observed changes in the coastal SES
(Fig. 2). We selected individuals who actively engage in SSF in the study
site, and we used convenience quota sampling to reflect key informants’
diversity in terms of gender, age and participation in the SSF sector
(Rukmana, 2014). We specifically asked the respondents what changes
they had noticed in their coastal environment since they were young.
For each report of change, we recorded the direction (e.g., stop; start)
and the driver of the change (e.g., climate conditions; illegal fishing). In
a second step, we conducted a series of focus group discussions (FGD)
(N=8) with individuals engaging in SSF including four to nine people in

each group, to examine the level of agreement for all reported changes
using convenience quota sampling. We organized two FGD per village,
except in one village where we did not secure enough participants.
Given i) the importance of religious norms in the study site that imply a
gender division in public places, and ii) existing gender power imbal-
ances, we organized one FGD by gender in each village (i.e., two in total)
to ensure that respondents feel comfortable expressing their views
during the group discussions.

We combined reports of local indicators of climate change impacts,
hereafter “indicators”, following a two-step process. First, we selected
reports of changes for which the driver was directly or indirectly related
to changes in elements in the atmospheric system. Then we categorized
the reports of change according to the classification by Reyes-García
et al. (2023b) (for more details, see: https://www.licci.eu/licci-tree/li
cci-tree.svg). Finally, we conducted a face-to-face survey with in-
dividuals engaging in the SSF sector to assess variation in individual
observations of a subset of indicators. We used convenience quota
sampling (Rukmana, 2014) to capture gender diversity among re-
spondents at the site level. To select respondents to the survey, we fol-
lowed a two-stage approach. First, we randomly selected households in
each of the five surveyed villages. Then, in each household visited, we
interviewed one or two adult(s) using convenience quota sampling. In
total, we surveyed 203 individuals, of which 51 % were women (103
women and 100 men). Among the survey respondents, 67 % (n=135)
were aged over 35 years old and 71 % (n=145) were fishers (“wavuvi”).
About 30 % (n=58) of the respondents were not fishers but engaged in
the SSF post-production stage. To build the survey, we used the list of
indicators compiled from the SSIs and validated through FGD
(Table S3). Out of the initial list of 60 indicators agreed, we randomly
selected 30 (50 %). We tested them with ten individuals to ensure
variation in individual observations. For the final version of the survey,
we selected a total of 19 indicators, which corresponded to the ones
showing the most variation among respondents during the pilot-testing
phase. The final version of the survey is available in supplementary
material B.

Fig. 2. Summary of the LICCI protocol applied at the study site during the fieldwork period (November 2021-April 2022). Main steps include 1) semi-structured
interviews (SSI); 2) focus group discussions (FGD); and 3) individual surveys based on the final list of indicators.
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2.3. Data analysis

To assess the state of scientific knowledge on climate change impacts
on coastal SES in the WIO (O1), we applied a content analysis to identify
and describe key thematic patterns derived from the literature (Braun
and Clarke, 2006). We also used the NOAA OI SST V2 High Resolution
dataset to compute the anomaly of the sea surface warming trend be-
tween 1982 and 2021 using a linear regression of the annual average
anomaly relative to the mean warming over the Indian Ocean to time
(the anthropogenic signal can be considered quite linear over the
1982–2021 period).

To examine whether local meteorological data for the 1991–2018
period align with regional climate trends reported in the literature (O2),
we used available meteorological data for Kwale county from the Kenya
Meteorological Department. We first calculated the monthly mean of
daily minimum and maximum atmospheric temperatures at 2 m height
to reduce the aliasing from high-frequency variations. This gave us a
time series of 336 observations of monthly atmospheric temperatures
over 28 years. Then we performed a time series analysis on R version
4.2.1 (Core Team, 2021) to estimate linear trends in atmospheric tem-
perature and assess their statistical significance using the Seasonal
Decomposition of Time Series by Loess (STL) function. We applied the
same method to assess trends in rainfall by considering both monthly
mean rainfall and the number of consecutive dry days per month
calculated from daily rainfall data.

To analyze perspectives on climate change impacts by local SSF
communities using a gendered approach (O3), we first used descriptive
statistics to identify the indicators most often reported by respondents.
In a second step, we compared the reports of indicators between men
and women using data from individual surveys. We analyzed whether
there was a difference in the number of indicators reported by women
and men using a Welch two-sample t-test (Rasch et al., 2011). We also
used a Chi-square test (Agresti, 2007) to assess whether there was a
significant relationship between gender and the type of indicators
reported.

Lastly, to explore the relation between local and scientific knowledge
on climate change impacts on coastal SES in the WIO (O4), we applied
the MEB approach (Tengö et al., 2014) as an integrated and qualitative
approach to bring together the main findings from the scientific litera-
ture and local meteorological measurements with the indicators re-
ported by SSF communities. We examined indicators in the light of the
trends reported for the corresponding regional scientific variables as
detailed in supplementary material A (Tab. S4). More specifically, we
identified cases where indicators were also reported in scientific data
sources and coded their alignment (i.e., overlap; divergence), as well as
cases of change reported by Shimoni-Vanga SSF communities but not
associated with scientific evidence, either because the lack of scientific
documentation or lack of scientific consensus. We coded this latter
category as “local knowledge”.

2.4. Research positionality statement

We are aware that we only provide a partial and situated under-
standing of local perspectives of climate change impacts on coastal SES
in the WIO, mostly shaped by our own epistemological background. Our
research team is international, bringing together Kenyan scientists
native from other parts of the country than the coast and European
scientists of diverse genders, all from an academic background. The lead
author acknowledges her positionality as a young woman, trained in
Western universities and originating from a European country with a
heavy colonial imprint on Africa. It is from this positionality that this
work should be read since it shaped the study design, data collection and
analysis. In particular, the lead author’s positionality may have influ-
enced her interactions with local communities. For instance, as a woman
she had an easy access to women’s groups and discussions, but as a white
person she was granted a special status which may have made some

people feel shy to engage with her. Further, when analyzing the data,
some dimensions of the local knowledge system, especially those related
to cultural values, ethics, and spiritual practices, may not be well re-
flected in our research work developed from a positivist standpoint
despite our effort to adopt an inclusive approach. This limitation should
invite caution in the interpretation of our results, while encouraging
further studies on the topic to improve the understanding of local
knowledge held by coastal societies in Kenya and its connection to sci-
entific epistemology.

3. Results

3.1. Scientific knowledge

3.1.1. Review of scientific literature: climate trends in the WIO
Examining the selected literature, we found a strong climate signal in

the WIO, with researchers reporting a significant increase in mean at-
mospheric temperatures (Vincent et al., 2011). This trend is expected to
be amplified in future decades in a “business as usual” scenario (Maina
et al., 2021). The long-term change in regional rainfall patterns is more
difficult to detect, although current trends suggest a decrease in mean
and daily extreme rainfalls (Vincent et al., 2011). Models predict hotter
and drier future conditions in the WIO, with more extreme seasons
(Maina et al., 2021). Climate change could also amplify the magnitude
of a natural mode of climate variability that strongly impacts rains over
East Africa and may cause more frequent extreme events (Cai et al.,
2013). Climate change may further modify the ITCZ dynamics.

Mean sea surface temperatures in the WIO have increased by up to
1.28 ◦C at a rate of 0.1 ◦C/decade since 1900 (Roxy et al., 2014; Vincent
et al., 2011). In that sense, the WIO represents a “special case” as it has
been warming faster than any other tropical region (Roxy et al., 2014),
including the other parts of the tropical Indian Ocean (Fig. 3). In addi-
tion to continuous warming, the WIO has also experienced the highest
frequency of marine heatwaves recorded for the whole Indian Ocean
basin (Saranya et al., 2022). Models predict that this warming trend will
continue in the next decades (Jacobs et al.,2021). As in most other ba-
sins, the WIO will experience an increased oceanic acidification with a
drop of surface pH, and a seasonal reduction of near-surface nutrients
available for ocean marine productivity (Jacobs et al., 2021). The WIO
region should also experience major changes in ocean circulation and
winds (Painter et al., 2021), which in turn are expected to affect ocean
currents and coastal upwelling systems (Praveen et al., 2016). A regional
sea level rise is more complicated to detect owing to relatively short
tide-gauge records and the high natural variability in the WIO region
(Church et al., 2006).

In addition, other studies have examined how these anthropogenic
climate change effects affect coastal biodiversity. Most publications
have focused on the adverse impacts of climate change on coral reef
ecosystems (Gudka et al., 2020; McClanahan et al., 2020). Projections
suggest an increase in the frequency and severity of bleaching events
over the next decades (Couce et al., 2023), representing a major risk of
collapse for coral reef ecosystems in the WIO (Obura et al., 2022). While
past trends indicate a substantial reduction in net primary production
(Roxy et al., 2016), future trajectories are likely to be heterogeneous
within the region (Wilson et al., 2021). Combined with increased ocean
warming, changes in marine productivity will affect the rest of the food
web with an amplified effect at higher trophic levels (Wilson et al.,
2021) and lead to potential shifts in species distribution towards cooler
regions (Painter et al., 2021) and eventually species extinction (Feare
et al., 2007). This situation has severe socio-economic implications for
fisheries-reliant coastal communities in the WIO. Several studies antic-
ipate a sharp decline in fish catch in the region by the end of the century
(Anildo et al., 2021; Jacobs et al., 2021). Especially, Wilson et al. (2021)
project a significant decline in fish species biomass in the Kenyan and
Tanzanian EEZs (median reduction of 63–76 % and 56–69 % respec-
tively), as well as in species richness, over the 21st century under the
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Fig. 3. The WIO is a global warming hotspot within the Indian Ocean basin. The maps represent the anomaly of sea surface warming (relative to the annual mean
trend over the Indian Ocean) at A) the WIO basin level and B) along the East African coast using linear regression on the National Oceanic and Atmospheric
Administration ¼◦ Daily Optimum Interpolation Sea Surface Temperature between 1982 and 2021.

Fig. 4. Significant increasing trend in mean annual atmospheric temperatures for Kwale county.A) Heatmap and linear regression showing B) long-term and C)
seasonal trends in monthly mean atmospheric temperatures in Kwale county between 1991 and 2018.
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RCP8.5 scenario. This alarming trend is projected to increase regional
food insecurity (Painter et al., 2021).

3.1.2. Local meteorological measurements in coastal Kenya
Using available meteorological data from the Kenya Meteorological

Department, our statistical analysis indicates an increasing trend in
mean atmospheric temperatures of + 0.47◦C/decade in Kwale county
between 1991 and 2018 (F-statistic=683.8; p- value < 2.2e-16) (Fig. 4).
This general trend is in line with the observed increasing mean seasonal
temperatures during both the Northeast and Southeast monsoon seasons
(F-statistic=244.4; p-value < 2.2e-16; F-statistic=330.8; p-value < 2.2e-
16 respectively). However, we did not find any statistically significant
trend in rainfall, neither in terms of monthly mean rainfall nor in terms
of consecutive non rainy days per month (see supplementary material C,
figures S1).

Overall, we found an agreement between regional trends in climate
change impacts reported in the reviewed literature and trends found in
local meteorological data. These two data sources are consistent in
indicating a marked increase of atmospheric temperatures – correlated
with rising sea surface temperatures – and an absence of significant
signals for long-term change in regional rainfall patterns. The reviewed
literature further emphasized how changes in the climate system are
increasingly affecting marine biodiversity and, subsequently, coastal
livelihoods in the WIO region.

3.2. Local knowledge

3.2.1. The ocean as a way of life
SSF communities from the Shimoni-Vanga seascape [hereafter

“Shimoni-Vanga SSF communities”] have a strong connection to the sea.
People’s lifestyle is fully shaped by their daily interactions with the sea,
especially through small-scale fishing activities which play a key role in
food security. Across generations, local people have accumulated and
maintained in-depth knowledge on the species they fish, sell, or eat,
their behavior or marine habitats, as explained by Juma (2021), a local
fisherman: “Here, everyone is doing fishing, [this knowledge] is passed on
by our parents. It is how I have learned how to fish.”

Local knowledge on the marine environment is deeply gendered.
Fishermen use the whole seascape, from the beach to the open ocean, to
harvest fisheries resources, while fisherwomen are restricted to the
intertidal areas. This can be summarized in the words of Mariam (2021),
a renowned female octopus fisher: “Men go out in the deep ocean to fish
octopus. They use boats to reach their fishing grounds and then diving in-
struments. But women are restricted to the shoreline since they do not know
how to dive and can only get around on foot.” Consequently, women and
men usually target distinct species and hold gender-specific knowledge
of marine resources. For example, fisherwomen possess very particular
knowledge about the tides, the lunar cycle, and the ecology of their
targeted species, which mostly consists of octopus (“pweza”) and shell
species. Conversely, fishermen’s knowledge is more centered on cur-
rents, winds, and pelagic and demersal fish species since they commonly
fish beyond the reef and can access the open ocean by boat. The
gendered nature of the local knowledge held by women and men in
Shimoni-Vanga SSF communities, combined with long-term interactions
with their coastal environment, allow them to detect fine changes in the
seascape.

3.2.2. Local indicators of climate change impacts
Shimoni-Vanga SSF communities have observed numerous climate-

driven changes in their coastal environment over the last 30 years.
The five indicators most frequently reported by Shimoni-Vanga SSF
communities from the survey data are 1) a decrease in the amount of
catch of marine animal and plant species (reported by 98 % of survey
respondents), 2) an increase in the average atmospheric temperatures
(97 %), 3) a decrease in average rainfall (97 %), 4) an increase in tem-
peratures during the NEM season (“Kaskazi”) (94 %), and 5) an increase

in the frequency of extreme droughts (92 %). Shimoni-Vanga SSF
communities attributed catch reduction to a combination of both cli-
matic – i.e., rising sea surface temperatures – and non-climatic drivers –
i.e., the degradation of fish habitats and overfishing. Further, they wit-
nessed an increase in atmospheric temperatures, especially during the
NEM season – which corresponds to the high fishing season. Changes in
rainfall patterns were also commonly reported and perceived as an
additional source of uncertainty for local livelihoods. Overall, Shimoni-
Vanga SSF communities perceived that these complex cascading
changes resulted in reduced incomes, with implications for the whole
local economy.

3.2.3. Gender variation in the report of indicators
The total number of indicators reported by men and women in survey

responses was not significantly different (t = − 0.32381, df = 198.9, p-
value = 0.7464). We found that both women and men reported an
average of 14 (74 %) indicators out of the proposed 19 (min = 6 (32 %);
max = 19 (100 %)). We also found a similar distribution of reports for
each indicator across men and women respondents (Fig. 5). For two
indicators, we found a statistically significant difference in the fre-
quency of women’s and men’s reports. Women had a higher probability
of reporting changes in mean rainfall (X2=7.7909; p-value: 0.02033)
and in atmospheric temperatures during the SEM season (X2=7.5831; p-
value: 0.02256) than men.

3.2.4. Insights from scientific and local knowledge
We found an important overlap level between scientific and local

knowledge regarding climate change impacts, with 74 % of the in-
dicators reported by Shimoni-Vanga SSF communities found in the sci-
entific literature (Fig. 6). Especially, four of the five indicators most
frequently reported (i.e., decrease in the amount of catch, increase in
mean and seasonal atmospheric temperatures, and increase in extreme
drought events) are also documented in peer-reviewed scientific publi-
cations at the WIO scale. We also identified five indicators of change
(26 % of the total) reported by Shimoni-Vanga SSF communities that
were not documented in the literature. Specifically, Shimoni-Vanga SSF
communities reported changes in local coastal dynamics – sea level rise,
increase in coastal currents and shifts in temporal tidal patterns – and a
decrease in the abundance of marine algae (Ulva genus) used as bait
(“chambo”) by fishermen. As explained by Said. (2021), a basket trap
fisherman: “We noticed a lack of green algae because of reduced rains. Then
we get less rabbitfish (“tafi”) because we need this alga to attract these fish.”
We did not find evidence of such changes in the reviewed literature.
Further, Shimoni-Vanga SSF communities reported a decrease in mean
rainfall, a trend still debated in the literature for the study area. We did
not find cases of divergence between local indicators and scientific ev-
idence from the reviewed literature.

4. Discussion

This study explores the relation between scientific and local knowl-
edge on climate change impacts in the WIO through a gender lens.
Scientific literature on the topic documents pronounced climate change
impacts in the WIO region with negative implications for the SSF sector,
but there is no consideration of impacts differentiated by gender. In-
dicators of change reported by Shimoni-Vanga SSF communities indi-
cate substantial changes in the coastal SES, with few but noticeable
gendered differences. When weaving scientific and local knowledge, we
found a great degree of overlap between the two, but also unique in-
sights provided by Shimoni-Vanga SSF communities on fine changes in
coastal dynamics, algae abundance, and rainfall. Our results suggest that
local knowledge is very insightful on the social and gendered contexts in
which climate change impacts are felt and understood.

Before discussing our results, we acknowledge three main limitations
in our research methodology. First, owing to the absence of local
meteorological stations at our study site, we relied on a hybrid data
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collection source, combining both in situ data and extrapolations. This
limitation reveals the difficulty of producing long-term and thorough
meteorological datasets in some parts of the African continent (Dinku
et al., 2017). Second, since local people were more comfortable speaking
in their native languages, which are close but slightly different from
Swahili, our use of Swahili as the main research language for conve-
nience purpose may have limited our understanding of respondents’
reports of change in all their nuances. This linguistic challenge high-
lights the value of partnering with local communities when conducting

empirical research. Third, owing to limited capacities in the field, we
mostly focused on women’s and men’s categories, reflecting a binary
view of gender, and did not include other intersecting power structures
that might shape how people experience climate change. This might
restrict a thorough assessment of the complex power dynamics of
climate change impacts, thus calling for further intersectional ap-
proaches in climate research (Djoudi et al., 2016).

Fig. 5. Gendered distribution of reported indicators. Percentage of indicators of climate change impacts reported by women (N = 103) and men (N = 100). Stars (*)
denote indicators for which we found statistically significant differences in reports comparing women and men’s samples using a Chi-square test.

Fig. 6. Picture of climate change impacts on coastal social-ecological systems (SES) in the Western Indian Ocean (WIO) derived from both scientific and local
knowledge. Overview of the main climate change impacts on coastal SES in the WIO as reported both in the scientific literature and by local small-scale fishing (SSF)
communities from the Shimoni-Vanga seascape. Impacts overlapping between scientific and local knowledge are indicated in blue and those only mentioned by SSF
local communities in green.
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4.1. Scientific knowledge

The scientific literature suggests that the WIO is experiencing a
stronger warming than the remainder of the Indian Ocean and other
tropical ocean basins. This warming trend is expected to intensify in the
future with negative knock-on effects on coastal and ocean processes.
These findings emphasize the need to improve the accuracy of pro-
jections at fine spatial and temporal scales to refine climate change
impact projections in the region (Kwiatkowski et al., 2020). Further, the
literature documents the detrimental impacts that climate change is
having on WIO marine fisheries. This situation is particularly worrying
given the considerable importance of SSF for local communities from
social, economic, and nutritional standpoints (Savo et al., 2017). Our
findings support the call made by scientists (D’agata et al., 2020; Mcleod
et al., 2019) and the FAO (Barange et al., 2018) to urgently develop
adaptive strategies in the region that are brought forward at the level of
local communities, such as developing adaptive fishery management
plans and marine protected area networks and reinforcing local capacity
building. For example, Rocliffe et al. (2014) suggest that strengthening
the existing network of Locally Managed Marine Areas in the WIO re-
gion, which are marine protected areas managed by local communities,
could represent a solution to climate change and effective fisheries
management.

However, one major blind spot highlighted in our study is the
absence of gender considerations in the examined climate change im-
pacts on SSF in the reviewed literature. Yet researchers and the IPCC
have documented the gender-differentiated impacts of climate change
and related vulnerabilities globally (IPCC, 2021; Pearse, 2017). Without
developing a “sociology of climate change” that sheds light on the social
and gendered nature of climate change (MacGregor, 2010, p. 137), some
climate change impacts on WIO local livelihoods may be overlooked
(Djoudi et al., 2016; Pearse, 2017). There is thus a critical need to foster
gender perspectives in regional climate and ocean research to soundly
address gender along other social inequalities in climate policies.

4.2. Local knowledge

Our study provides a general overview of the large bodies of
knowledge held by Shimoni-Vanga SSF communities, which were ac-
quired over time through an intimate and deep-rooted connection to the
coastal environment. In that regard, our findings corroborate previous
ethnobiological work documenting the diversity and richness of
knowledge held by various small-scale fishing communities worldwide
(Cordell, 1978; Johannes, 1981). We also found that local knowledge
systems held by Shimoni-Vanga SSF communities are deeply gendered
as reported in many other parts of the world (Ferguson, 2021; Rohe
et al., 2018). Since women and men tend to fish in different parts of the
seascape with gender-differentiated techniques, they catch different
species and may possess gender-distinct knowledge of marine resources.
Gender and fisheries research scholars have notably shed light on
gender-distinct knowledge on marine habitats and fishing grounds
(Thomas et al., 2021), animal behavior (Andrade et al., 2016), or fishing
techniques (Tilley et al., 2021). These gendered differences in local
knowledge support the need for integrating gender considerations in
fisheries research to broadening information about coastal
social-ecological systems and guiding their management (Alati et al.,
2020).

Shimoni-Vanga SSF communities do report a wide array of indicators
of climate change impacts. These results confirm previous research
showing that coastal communities worldwide are at the frontline of
climate change, which makes them able to detect its direct and indirect
impacts on coastal SES (Makame and Shackleton, 2020). As documented
in many coastal communities, a decrease in catch is strongly noticeable
by fisherfolk. Catch decreases represent a major source of concern for
coastal communities as it has direct implications for their daily protein
supply (Kawarazuka and Béné, 2010). In addition, climate change is

understood by local SSF communities as one of many drivers shaping
change in coastal and marine ecosystems, along with overfishing or
habitat degradation, thus revealing the multifactorial and synergistic
nature of environmental changes. These findings have strong implica-
tions for future adaptation decisions and policies and current discussions
about loss and damage from climate change. Our findings suggest that
Shimoni-Vanga SSF communities are particularly affected by climate
change impacts and should thus be included on discussions regarding
the design of suitable place-based adaptation strategies (Savo et al.,
2017).

Further, our results indicate a high degree of similarity between in-
dicators reported by women and men, suggesting that both genders are
aware and observe a broad range of climate change impacts in their
surrounding environment. However, we found significant gender dif-
ferences in the report of two particular indicators. Notably, we found
that women report more changes in mean rainfall than men. We argue
that this difference can be explained by the fact that women are the
primary caregivers and responsible for fetching water for domestic uses.
As such, they may be more sensitive to a decrease in rainfall, as it may
have direct implications for their capacity to cook and fulfil household
needs. Similarly, we found that women also report significantly more
changes in atmospheric temperatures during the SEM season than men.
We suggest that because this period corresponds to the high catch season
for women (but not for men), they may be more exposed to an increase
in atmospheric temperature and the related consequences on their
catches during this time. Taken together, our findings highlight the
importance of the gendered division of labor in WIO coastal commu-
nities in relation to people’s observations of climate change impacts.
These findings illustrate how gender considerations may contribute to
drawing a comprehensive picture of the diversity of related impacts and
social consequences derived from climate change, improving climate
information obtained from instrumental data collection, and guiding
adaptation policies.

4.3. Weaving scientific and local knowledge

Importantly, we found a considerable level of overlap between in-
dicators of climate change impacts derived from scientific and local
knowledge. This finding is consistent with earlier work documenting
consistency between scientific and local knowledge related to climate
change (Laidler, 2006; Reyes-García et al., 2023a). The overlap suggests
that bringing both knowledge systems together might improve the
explanatory power of climate dynamics and help broadening the un-
derstanding of climate change impacts and their implications for local
SSF livelihoods (Reyes-García et al., 2016; Savo et al., 2017).

Further, we found that five changes reported by Shimoni-Vanga SSF
communities were not documented in the literature. That is the case for
information regarding coastal dynamics linked to an increase in local
currents and shifts in sea and tide levels, a decrease in rainfall, and a
decrease in the abundance of green algae used for attracting fish by
basket trap fishermen. All these changes directly relate to local fisheries
activities. We also found gender differences in the reporting of two in-
dicators, whereas gender differences in the reporting of climate change
impacts on SSF had not been identified in the scientific literature. These
findings suggest that local knowledge held by SSF communities reflects a
holistic perspective on climate change impacts and situate them in a
particular socio-cultural and gendered context. Weaving the two
knowledge systems together would thus highlights the relational and
place-based nature of climate change impacts and their gendered
dimension.

This complementarity is much needed to identify adaptation strate-
gies that align with local priorities and needs. As reported in the liter-
ature on climate change, adaptive capacities and constraints at the local
level are commonly driven by local socio-cultural factors (Adger et al.,
2013; Galappaththi and Schlingmann, 2023). For instance, local gender
norms in coastal communities of Marovo Lagoon, Solomon Islands, limit
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women’s participation in SSF management and decision making, which
may challenge gender-inclusive adaptive strategies (Rabbitt et al.,
2022). Considering the local and gendered context, and engaging local
communities is thus critical to develop effective adaptive strategies and
policies. An example from Inuit fishing communities in Canada illus-
trates how collaboration between Indigenous communities, government
representatives and private stakeholders resulted in enhanced climate
resilience (Reyes-García et al., 2024). To that extent, our study falls
within the growing literature documenting the value of knowledge
pluralism in guiding policies on climate adaptation and risk manage-
ment (Orlove et al., 2023; Reyes-García et al., 2024).

5. Conclusion

This study demonstrates that weaving scientific and local knowledge
together through a gender lens contributes to drawing a holistic and fine
understanding of climate change realities in the WIO context. Impor-
tantly, local knowledge held by SSF communities illuminate the social
and gendered dimensions of climate change impacts. This evidence
emphasizes the need for fisherfolk’s greater involvement in climate
discussions and policies, recognizing and valuing their grounded and
gendered experiences, perspectives, and knowledge on the ocean-
climate nexus. Engaging local knowledge holders on ocean and marine
issues is first a matter of equity, ethics, and respect. In addition, it may
be framed in instrumental terms as a way to increase both the legitimacy
and efficiency of climate adaptation policies since they would be more
relevant to local SSF contexts.

In this regard, and based on our research findings, we suggest three
specific recommendations for improving policy making on climate
adaptation and risk management. First, policymakers and fisheries
practitioners need to tailor context-specific adaptive and risk manage-
ment strategies in SSF settings. Since there is no one-size-fits-all solution
for adapting SSF to climate change impacts, there is a need to conduct
place-based and detailed analyses of climate change impacts and vul-
nerabilities through inclusive and participatory processes prior imple-
menting any adaptive strategy in SSF communities. Second, we
encourage the integration of gender considerations in the design of
adaptive strategies. As highlighted in this study, gender plays a key role
in shaping local knowledge and experiences related to climate change
impacts. Climate adaptive strategies should thus integrate analyses of
gender differences in climate vulnerabilities and adaptive capacities.
Finally, by illustrating the value of knowledge pluralism in climate
research, our study calls for reframing science-policy interfaces on
climate change. Intergovernmental bodies such as the Intergovern-
mental Panel on Climate Change (IPCC) should establish more inclusive
and just partnerships between knowledge holders of different knowl-
edge systems and go beyond the framing of climate change as a technical
problem to recognize its cultural, socio-economic, historical, and polit-
ical dimensions. Striving towards these directions would contribute to
supporting gender equitable and sustainable SSF, while increasing the
resilience of coastal and marine SES in the face of climate change.
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