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Abstract: The majority of studies on local ecological knowledge (LEK) relate to communities or
groups relying on ecosystem(s) for their livelihood. In our case study, Mayotte Island, a French
overseas department, very few people rely on mangrove ecosystem for natural resources but most
of them are attached to it because of leisure activities and beliefs. The questions on mangrove LEK
generally deal with a single aspect of ecological knowledge of surveyed people and is mixed with
other information such as harvesting practices, anthropogenic impacts, and management issues. The
aim of our study is to better understand the level of ecological knowledge of surveyed inhabitants
of Mayotte and to assess whether factors linked to the profile of respondents have an influence
on it. For this purpose, we carried out two main survey campaigns in three villages fringing two
stable mangroves of Mayotte: the first one consisted of qualitative interviews and the second one,
questionnaires lending quantitative results. Cross tabulations and Chi square tests of independence
were carried out to determine the link between LEK and influencing factors. Results show that some
LEK implying localized observation, such as the identification of mangrove trees and the knowledge
of the coastal protection role of the mangrove, are well shared by surveyed people whereas others,
such as the number and the name of mangrove tree species, are poorly known. The results also
highlight the difficulty of questions implying observation at the landscape level and interpretation of
observation. All the influencing factors selected have a significant influence on, at least, one LEK
variable. The results highlight differences in LEK of villages bordering two nearby mangroves calling
for a local management of these systems.

Keywords: ethnoscience; ecosystem services; socio-ecological systems; interdisciplinary

1. Introduction

Contrary to mangrove research in natural sciences, studies on the interaction between
societies and mangroves are quite recent, appearing slowly in the 1980s [1,2]. Social studies
on mangroves consist mainly of studies on local knowledge, harvest and recreational
practices, perception and beliefs, and on the way the ecosystem is managed [1]. Research
on local knowledge on mangrove ecosystem rarely explains the choice of concepts guiding
the research. The expressions “indigenous ecological knowledge” (IEK), “traditional
ecological knowledge” (TEK) or “local ecological knowledge” (LEK) are used without any
explanation and justification [3-6].

These terms, however, deal with different meanings [7,8]. TEK involves a transmission
from one generation to another [9] and assumes societies living in a traditional way, defined
by Western societies as people living from subsistence activities [7]. The term IEK is
strongly associated to political stake of people claiming the denomination “indigenous
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communities” in their fight to obtain their lost property rights. Moreover, not all people
accept this denomination. In the former French colonies, the indigenous term has a negative
connotation [8]. The LEK expression is viewed as more general and neutral [8], although a
question arises regarding the scale of what is local and the influence of information coming
from the outside in a globalized world. As the ecological knowledge is defined to be “site
specific” [10], it appears that the choice of one of these terms by researchers is strongly
linked to the cultural context of the studied territory. It strengthens the argument of Davis
and Ruddle [7] that these three expressions are more often employed as word definitions
than concepts whereas “ “ecological knowledge” and similar ideas are a Western scientific
construct that purports to represent and, most importantly, conceptualize perspectives and
experiences that are mostly internal to a particular society”.

This lack of a wide enough term encompassing all territories worldwide comes from
the fact that the majority of studies on LEK/TEK/IEK target communities or groups
relying on resource use practices. The statement of Berkes et al. [9], however, that TEK
is an attribute of “nonindustrial or less technologically advanced societies, many but not
all of them indigenous or tribal” is belied a few lines further down when they write that,
in order to respond to the overall objective of their project, “nonindigenous examples
help emphasize the point that probably none of the examples is purely traditional but
incorporate[s] both Western science and local practice”. In light of these elements, a
conceptual approach on the knowledge of a group of people to one or several specific
ecosystems should not be guided by a definition incorporating notions of transmission,
wisdom, sacred, or political issues [7]. These elements can exist in the studied society but
they are too site specific to be generalized in the definition of a concept; they are dimensions
of the concept. A conceptual approach of this subject needs a definition practicable to all
kinds of societies. For these reasons, we follow the definition of Olsson and Folke [10]
on LEK as “knowledge held by a specific group of people about their local ecosystems
[ ... ] LEK may be a mix of scientific and practical knowledge; it is site specific and often
involves a belief component”. As explained in this definition, LEK can be both held from
experiential or practical knowledge—by a knowledge transfer process and/or the mental
processes of knowledge acquisition influenced by the external environment—and from
scientific knowledge. In territories where LEK declined as a result of globalization [11],
however, scientists focus mostly on the erosion of knowledge than on their changes and
hybridizations.

The motivations to study the LEK of people on a specific ecosystem are many. Western
scientists are interested in knowledge holders who roam the ecosystem regularly on a large
area and at different times of the year while scientific expeditions often occur at the same
period of the year and in a limited timeframe restraining sample size [12,13]. The ecological
knowledge of locals on a specific ecosystem can be useful for researchers to formulate new
scientific hypotheses [14]. Through the study of local knowledge, researchers also learn the
way different societies manage their ecosystems to preserve the resources on which they
rely [9]. Increasing numbers of projects in co-management emerge between knowledge
holders and academic scientists to monitor, interpret, and respond to dynamic changes in
ecosystems and ensure the sustainability of exploited resources [12,15,16].

The literature dealing with the knowledge of people on the marine environment
is quite rich, in particular the one regarding fishers” knowledge [15]. On the contrary,
studies of LEK on mangrove ecosystems remain limited [1]. Most of them deal with other
topics, such as harvest practices, drivers of change, management, replantation, and other
ecosystems, which do not allow for an in-depth study of mangrove LEK. A large part of this
literature deals with knowledge on mangrove species or associated species [17,18] and for
most of them on the way it is linked to harvest practices, whether of mangrove trees [19-26]
or of mangrove fisheries [6,19,22,27]. The knowledge of locals on the surface evolution of
mangrove areas over the last decades and the reasons they attribute to these changes are
also often studied [5,19,22,26,28]. People are often asked on their knowledge on ecosystem
services and benefits [3,5,6,17,18,29-31]. Fewer case studies interviewed people on more
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complex ecological questions such as the ecological processes and the interactions between
components [1,4,32,33]. From one study to the other, the questions regarding the ecological
knowledge on mangrove vary in complexity from simple observation and identification of
mangrove trees to the interpretation of processes influencing their distribution. Scientists
have to be careful about questions implicating interpretation [13,34]. Usually, observations
from local people are exact but their interpretations can be incorrect.

The case studies on mangrove LEK are in majority lead in territories where people
rely on mangroves for their livelihood, even if some of them indicated a decrease in harvest
practices [21]. Several of these studies only interviewed harvesters [6,16,20,27,31,33]. Few
studies focused on territories where people do not rely on mangrove ecosystems. When
such a study was carried out in a Malay town, it appeared that 21% of respondents discov-
ered the existence of the mangrove in their district when responding to the questionnaire
survey [18]. Another study on a mangrove in Australia falls in this category but surveyed
people were indigenous elders with ecological knowledge inherited from the previous
generations [5].

Here, we study the LEK on mangrove of residents of Mayotte Island, a French overseas
department. In this island, there is very little published work dealing on the LEK of Maore
people on ecosystems [35,36] and the two anthropologists working in Mayotte for several
decades never dealt with the relationship of this society to ecosystems [37,38]. A part of
Maore people live out, at least partially, of the subsistence economy (mostly farmers and
few fishers) but very few of them rely on mangrove. In villages bordering mangroves,
however, many activities take place along this ecosystem (a children playground, a relaxing
place, or a place to share a friendly moment) and beliefs specific to the mangrove [35] are
shared throughout the island. In this context, we were interested in assessing the type
and the “local” dimension of ecological knowledge of villagers living close to a mangrove
ecosystem. Further, we aimed to assess potential factors linked to the profile of respondents
that influence this level of knowledge. For this purpose, we designed a variety of questions
addressing LEK on mangroves, from the ones implicating essentially observation—at
the patch or ecosystem level—to those requiring interpretation of observation. These
questions encompassed both absolute and relative knowledge, changing with time. The
LEK of inhabitants of three villages of Mayotte fringing two stable mangroves were studied
by an interview campaign followed by a survey campaign. The results are qualitative
and quantitative, the former highlighting the mental processes of knowledge holders
and the latter giving the main trends on LEK. The factors influencing LEK are analysed
by independent tests showing the characteristic profiles influencing their level of LEK.
In addition to discussing people’s understanding of the mangrove ecosystem and their
interpretation of the dynamics of the ecosystem, this paper highlights what aspect of this
knowledge is local.

2. Methods
2.1. Study Area

Mayotte is a tropical island of 374 km? located in the Mozambique Channel and part
of the Comoro Archipelago. The main island, Grande Terre (363 kmz), is surrounded by a
lagoon of 1100 km? separated from the open ocean by an almost continued barrier reef of
160 km long. Mayotte is structured by small mountain chains of volcanic origin. The coast
is indented by numerous headlands enclosing sandy coves and sandy-muddy bays where
mangroves have settled [39]. In 2016, mangroves occupied a surface of 694 ha [40] and 29%
of the coastline. Dispatched over 28 main areas, the surface of individual units varies from
less than 1 ha to 183 ha (average + standard deviation of 24 + 38 ha). Mayotte has eight
true mangrove tree species [40] in agreement with the ones found in Madagascar and in
the eastern coast of Africa: Sonneratia alba Sm., Rhizophora mucronata Lam., Ceriops tagal
(Perr.) C.B.Rob., Bruguiera gymnorhiza (L.) Savigny, Avicennia marina (Forssk.) Vierh.,
Lumnitzera racemosa Willd., Xylocarpus granatum J. Koenig and Xylocarpus moluccensis (Lam.)
M. Roem. These species tend to be distributed along the intertidal gradient in four bands:
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(1) a back-mangrove area, with H. littoralis more or less mixed with mangrove associates; (2)
the internal mangrove, landward from the beach ridge, mostly dominated by monocultures
of A. marina sometimes with patches of L. racemosa landward or mixed with C. tagal
seaward, with few of the two Xylocarpus species, and a hypersaline area naked or patchily
covered in dwarf A. marina; (3) the central mangrove, the biggest portion, made up of
a mosaic of the three Rhizophoraceae species; and (4) a seaward fringe, dominated by
large, sparse S. alba sometimes interspersed with R. mucronata or A. marina. The technical
environmental assessment of the mangroves [41-43] mostly deal with the evolution of
the surface area, the list of mangrove tree species, the localization of vegetation bands
and of anthropogenic impacts. These institutional reports are available to the minority of
inhabitants who speak French and have access to a computer and internet at home. In
addition, no communication has been made to disseminate these reports. The need to
institutionally manage the mangroves of Mayotte is very recent, the first Management
Plan (Plan d’aménagement forestier) being published in 2019 to guide the management
of mangroves for the next ten years [42]. This Plan is expected to be implemented in a
variety of governance forms by local authorities and associations for each of the thirty
mangrove stands listed. Currently, only the mangrove of the Bay of Bouéni has a local plan
in preparation (municipal officer information, 2020).

Mayotte has been a French department since 2011. In 1976, Maore people chose by
referendum to remain a part of France, no longer as a colony but with the status of French
Overseas Collectivity [44]. Out of the 256,000 inhabitants reported in 2017, half of them were
under the age of 18 years old (https:/ /www.insee.fr/fr/statistiques/3713016#titre-bloc-14).
Almost half of the population has a foreign nationality, 95% of them being Comorians: half
of these have an illegal status and two-thirds live in slum houses. In 2017, four dwellings
out of ten were in decrepit housing and 29% of households did not have running water [45].
In 2018, the poverty rate was 77% [45]. At that time, 30% of Mayotte inhabitants was
employed while 35% was declared as unemployed the rest being a mixture of housemakers,
students, retirees or people without any activity [45].

A lot of people depend upon informal activities. Almost all local families own their
agroforestry land, although foreigners are often the ones working it. In comparison, fishing
activities are less common. We can assume that the mangrove ecosystem was less relied
upon than other available ecosystems. More recently, the importation of new goods —food,
gas, kerosene, building materials— and the ban on mangrove cutting (decree n° 98-935
promulgated in 1998 in Mayotte) has reduced the overall reliance on ecosystems.

This study focused on the mangroves of Dembéni and Bandrélé located on the eastern
coast of Mayotte 10 km apart (Figures 1 and 2). These fringing mangroves cover 44 ha and
36 ha, respectively [40]. They have regressed moderately since 1950, by —3.6% for Dembéni,
and —5.6% for Bandrélé. Seven if not all eight species of mangrove trees present in Mayotte
can be found in either mangroves. It has to be noted that Xylocarpus spp. trees can be found
in both studied mangroves, but no expert has identified whether these are X. granatum,
X. moluccensis, or both These two mangroves are in direct interaction with the bordering
villages of Dembéni and Iloni for the Dembéni mangrove and the village of Bandrélé for
the Bandrélé mangrove (Figures 1 and 2). In 2017, the number of inhabitants was 2970 in
Iloni, 3799 in Dembéni, and 4180 in Bandrélé (https://www.insee.fr/fr/information/24
11261). The portion of slum houses bordering the mangrove—less than 100 m wide—is
different between these three villages: 78.2% in Iloni, 51.0% in Dembéni, and 30.1% in
Bandrélé (Figures 1 and 2). The main human activities impacting these mangroves are
the development of urbanization on the back mangrove with embankments, buildings,
and roads. Domestic waste is also very important on the landward side and to a lesser
extent seaward of these mangroves [42]. Part of the internal mangrove near the slum
neighborhood receives the discharge of wastewater. Agriculture areas, cattle grazing, and
salt production—for Bandrélé only—can be found in patches next to or within the back
mangroves. A small fishing activity has induced the clearing of paths to let fishers reach
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Figure 1. Map of the surface evolution of the Dembéni mangrove and the villages of Iloni and Dembéni. Sources: aerial

the sea at low tide, with their canoes or small boats or for gathering seafood by hand in
front of the mangrove.

2.2. Data Collection

To assess LEK, we conducted an exploratory survey followed by two main inter-
view and questionnaire campaigns. There was a lack of previous studies detailing the
relationship between people and mangroves in Mayotte, so 28 exploratory interviews
(duration 10-60 min) were conducted, in February 2018, to gain an initial understanding
about mangrove ecological knowledge and develop a contextually appropriate guide (Sup-
plementary Figure S1) to lead the main interview campaign. Interviews were conducted
with people in the mangrove, or at home or in the street due to the scarceness of people
encountered in mangroves. Semi-structured interviews were then conducted to explore
mangrove LEK with 49 villagers from Dembéni, Iloni, and Bandrélé selected to reflect
local variation in mangrove use, nationality, age (older than 15 years), gender, and income
between April and December 2018 by one researcher and one student. One conducted
mainly French-speaking interviews occasionally assisted by a translator, the other was
bilingual in Shimaore and French. Shimaore is one of the four Comorian languages from
the African Bantu family [45], and since language names in Mayotte are not formalized
yet we used the appellation Shimaore to refer to all the varieties of Comoro Islands Bantu
languages because some of the interviewed people were from Comoros.
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Figure 2. Map of the surface evolution of the Bandrélé mangrove and the village of Bandrélé. Sources: aerial photographs:
IGN 2016; cartographic data: BD topo® IGN; mangrove limits: [40].

Results from interviews that highlighted limited mangrove LEK helped inform the
development of a questionnaire that included 14 questions (Supplementary Table S1)
focused as much on observation of part of the ecosystem, of the whole ecosystem, than on
interpretation of the observations. Questions about mangrove trees, the type of ecosystem
and the notion of ecosystem services deal with how people understand the mangrove
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ecosystem (absolute knowledge). Other questions regarding the type of ecosystem services,
mangrove health and surface evolution seek LEK influenced by the timing of the survey.
Questions were translated by a native speaker in Shimaore, piloted in two rounds (16
surveys in the first, 15 in the second) by three interviewers, and subsequently modified to
reformulate some questions in French and Shimaore and add choice of answers.

The main questionnaire was administered between April and July 2019 to 7% of those
aged over 15 years inhabiting the three villages (176 in Bandrél€, 147 in Dembéni, 114 in
Iloni), achieving an 82% response rate. A representative sample was obtained by quota
sampling (inhabitant lists are not available in France) based on information from the 2012
national census about gender, age group, and main activity. We used housing georeferenced
data to calculate the number of interviews to be carried out per neighborhood to ensure
spatial distribution. Seven trained interviewers, including five bilinguals, conducted a total
of 480 h over 120 days in the field between Monday and Saturday at different times of the
day to obtain different inhabitant profiles.

2.3. Data Analysis

The 49 semi-structured interviews were recorded (except for eight of them) and
transcribed. A thematic analysis was performed on Nvivo 12 software to select speech
portions and rearrange it into themes and subthemes. The survey had a very good answer
rate to each question analysed here. Descriptive statistics were used for all questions on
LEK. For questions allowing only one answer, cross tabulations and Chi square tests of
independence (Sphinx iQ2) were carried out to determine the links between LEK and
influencing factors (Supplementary Figure S2).

A multi component analysis (MCA) was performed using the FactoMineR package [46]
in R [47] on five LEK variables (Supplementary Table S1) over the entire sample. The
supplementary variables (Supplementary Table S2) used in the MCA are the same ones
used for cross tabulation. The aim of the analysis was to assess whether there were groups
of residents holding different levels or types of LEK depending on their profile. The
inertia for the first axis being too weak (<1/] variables), however, the results could not be
interpreted. This MCA did not reveal groups of surveyed people with contrasting levels or
types of LEK.

3. Results
3.1. Respondents Profile

Of the 49 semi-structured interviews, 20 were carried out in Bandrélé and 29 in
Dembéni, and Iloni. Interviewees were between 18 and 75 years old, 23 were from Mayotte,
23 from Comoros, 2 from France mainland, and 1 from Madagascar. Additional interviews
were carried out with people living close to the mangrove (25 interviews). More men (29)
than women (20) were interviewed when focusing on people with harvesting practices
(23). Except fishers, it was difficult to find people with uses taking place in or next to the
mangrove, particularly regarding the medicinal use of mangrove species.

For the questionnaire survey, gender distribution was slightly biased towards women
(Supplementary Table S2). Almost half of the sample was between 15 and 29 years old.
Most people were employed, homemakers, or unemployed with a low level of education.
More than half grew up in Mayotte, the others originating from Comoros, from France
outside Mayotte and from another foreign country. On average, people spent 19 + 18 years
in the surveyed village, more than half having a strong link with their residence village.
Only one quarter practiced harvest today or in the past while the practice of nature walks
was more widespread. Most questionnaire respondents reported to be attached to this
ecosystem, half living under 200 m from the mangrove border (Figures 1 and 2). Most of
them spent time in the border of the mangrove while they were fewer to have been inside
the mangrove.
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3.2. LEK of Surveyed Inhabitants
3.2.1. Knowledge on Mangrove as an Intertidal Ecosystem

More than half of questionnaire respondents considered the mangrove as an area both
marine and terrestrial (Supplementary Table S3), and most interviewees agreed, describing
two types of reasoning: “The mangrove is no land no sea, it is a transitional area, in
between, with a special and unique vegetation because it grows up in the water”; “the
mangrove is a habitat between land and sea because the waves wash up onto the mangrove
and all the particles from land get stranded in the mangrove”.

Interviewees describing mangrove as marine justified their claim by the presence of
marine animals, tide, mud and the fact that mangrove trees grow only in seawater: “The
mangrove is a marine area. The mangrove trees feed from seawater and they are not able to
grow up elsewhere. Moreover, it is an area partially drowned by the sea, so, it is a marine
area”. The few interviewees identifying mangrove as terrestrial did so because of the idea
that trees can only grow on land, the sea just floods them.

3.2.2. LEK on Mangrove Trees

About three quarter of questionnaire respondents were able to differentiate between
mangrove trees and other species (Supplementary Table S3) in using several criteria (on
average, 1.9 = 1.0 answer): the location between land and sea (43.4%), leaves characteristics
(32.6%), whether they grow in saltwater (29.9%), the stems (27.3%), and the roots (25.2%)
(Supplementary Figure S3).

Even if most villagers were able to identify a mangrove tree, 42.6% of them did not
know the number of species while 35.9% answered they were one to three different species
(Supplementary Table S3). The closest from the right answer (7-9) were the fewest (2.7%).
We only asked respondents who gave a quantitative answer to the number of mangrove tree
species (Supplementary Table S3) what were the names of these species in their language
(Table 1): 61.4% were not able to give a name. The others gave names in Shimaore (71.4%),
in French (30.4%), in Kibushi (an Austronesian language, dominant in other villages of
Mayotte but not in the three studied villages) (8.9%). The mangrove tree species most often
cited was A. marina (30.7%), followed by R. mucronata (11.2%) and C. tagal (6.4%).

Interviewees mix up the names of the mangrove trees, but overall, they know that
mangrove trees are distributed along the intertidal gradient in separate bands. Most of
them knew that A. marina is located landward and that S. alba stands are seaward:

“There are three species of mangrove trees in the mangrove forest, but I do not know
their name in French. There is one, musiri (A. marina), which has small leaves, another one
that has somewhat of a particular smell, buka sera (unknown), and one with thick leaves,
muhonko (mangrove tree which is probably the S. alba). They are not all in the same place.
The mangrove tree with thick leaves is towards the seaside”

“There are three species of mangrove trees. The mangrove tree with small leaves,
musiri (A. marina), it is landward. The mangrove tree with thick leaves, muhonko ndrume
(B. gymnorhiza, but some elements corresponding to the description indicate it is most likely
S. alba), is quite red and its wood is robust. Its seeds are round, children make spinning
tops out of it. Then, we have the mangrove tree with curved leaves, muhonko ndziche
(C. tagal). Its seeds are quite long and pointed and it grows quickly once the seed reaches
the soil. The last two grow up in the same area.”

“There are several species of mangrove trees, but I do not know exactly how many. If
you observe carefully the leaves and the seeds of the trees, you will see there is a diversity
of trees. The trees with small leaves are more landward whereas the big and thick leaves
are more seaward.”
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Table 1. Knowledge on the name of mangrove tree species (1 = 251).

Type of Answer Latin French Shimahore ! Kibushi ! Answer

Avicennia marina (Forssk.) Vierh. Palétuvier blanc Musiri Afi afi 30.7%
Rhizophora mucronata Lam. Palétuvier rouge Muhoko bole Honku ampira 11.2%

Ceriops tagal (Pers.) C.B.Rob. Palétuvier jaune Muhoko ndziche 2 Honku vavi 6.4%

Mangrove tree species Sonneratia alba Sm. Palétuvier fleur Muhoko ndziwi Honku be 3.6%
Bruguiera gymnorhiza (L.) Lam. Palétuvier gros poumon Muhoko ndrume 2 Honku lahi 3.2%

Xylocarpus granatum K.D.Koenig Palétuvier pomme Mugodzo bole Karudsi nanta lautsi be 0.8%

Lumnitzera racemosa Willd. Paleétuvier a petites fleurs - Honku tokana 0.4%

Hibiscus tilicaceus L. Hibiscus bord de mer Muwaro, Haro ndzishe Bwaro vavi 1.6%

Back mangrove Erythrina fusca Lour. Erythrine Muwinga, munungu Muwinga vavi 0.4%
Heritiera littoralis Aiton Bois de table Mukumafi Murumuni 0.4%

Description of the tree (e.g., the black mangrove tree, the mangrove tree with seeds, the mangrove tree with stems falling down) 3.6%
Other (mango tree, apple tree, names in local language with meanings not found) 2.4%
I do not know 61.4%

1 Completed or corrected by the nomenclature given by [48-50]. In Mayotte, mangroves are called muhonko or muhoko, as in the studied villages. 2 We followed Amann et al. [48] but in Barthelat [50], Muhoko
ndziche is the local name for Bruguiera gymnorhiza and Muhoko ndrume for Ceriops tagal. Future studies on mangroves in Mayotte should take into account it is not known whether one source is mistaken or if local

people, perhaps depending on the village, use either local names interchangeably.
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3.2.3. Ecosystem Services of the Mangrove

Most questionnaire respondents knew that mangroves provide them with services and
benefits (Supplementary Table S3). One service was predominantly mentioned (Supple-
mentary Figure 54), protection against coastal hazard (84.4%). As an interviewee explained:
“The mangrove is useful because it reduces the strength of waves, it prevents the sea from
nibbling directly on the houses and it protects from winds and tidal waves”. They also
reported the importance of mangroves for animals: 21.5% recognized it as a habitat for
animals, 16.4% as a nursery for young fish and 6.9% as a source of food. One fisherman
reported: “Mangrove is good because it is a refuge area for small fish. (... ) They come
tospawn (... ) their eggs and all that. (... ) Then, from there, they go to the sea, to feed,
to grow. Then, we can go to fish them”. The role of filtration or purification was also
mentioned (15.6%) as well as the mangrove as a source of supply, principally in regard to
marine species (13.6%), and the provision of freshness and shadow (9.2%).

3.2.4. Health State of the Mangrove

For the majority of questionnaire respondents (Supplementary Figure S5), the man-
grove ecosystem was in good health 10 to 20 years ago (68.5%) compared to today (14.6%).
Today, they mainly declared that the mangrove was partially degraded (38.0%) or in bad
health state (30.9%).

The comparison of the criteria mentioned to justify each chosen state revealed little
temporal variation (Table 2). On the contrary, criteria varied between states, with the
exception of waste. Two criteria seem to be linked to a time period when explaining the
mangrove state: the management for the ones answering good state today or bad state
10-20 years ago; and the buildings for those reporting bad state today. Questionnaire
respondents explaining that the mangrove was in bad state justified this based on criteria
regarding the degradation and the urbanization: waste, cutting of mangrove trees, build-
ings. Several interviewees mentioned the waste issue: “I would say that it [the mangrove]
is in a very critical state. There is a lot of waste in the mangrove. The amount of waste
that there is in the mangrove harms its development. If you go along the mangrove from
Iloni to Dembéni, you will only walk on cans.” Surveyed people thinking the mangrove
is in good health mainly justified it with descriptive criteria—surface, density—and also
waste. For instance, one fisherman in Bandrélé explained that the mangrove is in a good
state “because the surface of the mangrove increases more and more. When I settled here
in 1999, the mangrove was lower and with lower density.” The main criteria chosen to
justify the partially degraded state are a combination of the most important criteria used
for either the good or the bad state. Interviewees mentioning that the mangrove was
partially degraded explained that only some areas were degraded, in particular places
close to the buildings or the rivers because of the amount of waste and polluted water.
Some interviewees particularly pointed out the slum neighborhood.

Table 2. Criteria mentioned by surveyed people to justify the health state of the mangrove of their village.

e Good State Partially Degraded Bad State
Criteria for Health State of Mangrove Today 10-20 Years ago Today 1}(,)—20&;{ears ago Today 10-20 Years ago

Surface 23.4% 30.1% 12.0% 16.7% 9.6% 0.0%
Density 42.2% 26.1% 6.6% 13.3% 3.7% 0.0%
Young tree 9.4% 4.5% 0.6% 3.3% 0.0% 0.0%
Mortality 3.1% 2.8% 5.4% 6.7% 4.4% 0.0%
Waste 14.1% 32.4% 65.7% 43.3% 71.1% 75.0%
Polluted water 1.6% 1.1% 4.2% 0.0% 11.1% 0.0%
Tree cutting 10.9% 17.0% 27.1% 43.3% 37.8% 50.0%
Management 14.1% 7.4% 6.0% 6.7% 8.9% 25.0%
Constructions (dwelling, embankments) 1.6% 15.9% 12.0% 10.0% 37.0% 12.5%
Other 21.9% 13.6% 8.4% 10.0% 8.9% 0.0%

Number of answers 91 266 246 46 260 13

Number of respondents 64 176 166 30 135 8

Mangrove state today: on average, 1.6 &= 0.8 answer. Mangrove state 10 to 20 years ago: on average, 1.5 £ 0.7 answer.
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3.2.5. Surface Evolution of the Mangrove

Questionnaire respondents mostly reported a decrease (57.0%) of their mangrove (Sup-
plementary Figure S6a). The observed decrease of the mangrove was mostly justified by
the construction of buildings (56.8%), particularly the expansion of the slum neighborhood
over the mangrove (Supplementary Figure S6b). Cutting of mangrove trees (28.1%) and
the impacts of waste and pollution (20.5%) were also reported. Respondents declaring an
increase for the past 10 to 20 years explained it by (Supplementary Figure S6c) plantation of
trees (26.7%), the management and particularly the ban on cutting mangrove trees (23.3%),
or the presence of juvenile trees (20.0%).

3.2.6. Sources of Knowledge

Most respondents declared to obtain their knowledge on mangrove (Supplementary
Figure S7) from their own observation (78.2%). Some of them mentioned other sources:
16.2% from school, 12.2% from friends and 9.6% from family. The age group, however,
influenced the source of knowledge. School was one of the three main sources of knowledge
(29.2%) only for the age group 15-29 years old. Family was mostly mentioned by the ones
over 50 years old (12.8%). Interviewees mainly mentioned their own observation: “These
are things that I observed because I go often in the mangrove and I also heard people
talking about it”. This observation sometimes began during childhood: “When I was a
child, I spent my time in the mangrove with my friends to play every kind of games. We
fished small fishes. We also caught crabs. This is how I learned everything I know about
mangroves.” Some interviewees mentioned also passing down from their family or other
people: “These are things that I learned from the elders and also from my father. He was a
great fisherman and I followed him everywhere”; “All I know on plants, I learned from my
grandmother. She taught me the knowledge on the plants.”

3.3. Factors Influencing the Level of LEK of Surveyed Inhabitants

The independence Chi square test shows that three influencing factors, namely the
village, the attachment to the mangrove and nature walks, influence most answers to
questions on LEK (Table 3). Conversely, three LEK variables are in particular influenced
by other influencing factors: the difference between mangrove trees and other trees, the
number of mangrove tree species and the present mangrove state. Overall, the same
profiles tend to explain responses given to absolute LEK questions while each question on
relative knowledge is influenced differently.

Of all the questions on absolute knowledge (Table 3), when there was a significant
effect of the influencing factor, a common profile of knowledge holders could be defined.
First, influencing factors with two answers showed that men, harvesters, who lived in
the village for more than ten years and those who grew up next to a mangrove were
significantly more knowledgeable than the others. Secondly, a group of influencing factors
with ordinate answers provided a clear and regular gradient on the amount of knowledge,
from those having penetrated inside the mangrove recently, taking nature walks, being
much attached to the mangrove to those who did not. Thirdly, a group of influencing
factors, whether ordinate or not, for which a specific profile stands out from the others:
respondents who grew up in the studied villages, the ones whose dwelling is located
under 100 m of the mangrove, who hold a university degree and who are over 50 years
old. Two exceptions should be noted regarding the education level and the age class:
those with a primary degree and the ones under 30 years old were also significantly more
knowledgeable of the number of mangrove trees.
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Table 3. Factors influencing significantly the local ecological knowledge (LEK) of respondents.
. Mangrove . . Dwelling
Kg:t‘: ;;:}g,e LEK Gender Re;;;i::ce Since P&I::gr::’l:eg H;zstsitcl:g lf/s;?lze Attachment Distance to
Childhood Mangrove
Type of ecosystem (sea, land, intertidal) - 0.02 - - - - - -
Absolute Difference between mangrove trees and <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.02
knowledge other trees
Number of mangrove tree species <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -
Knows whether mangrove provide 0.01 } ) ) ) 0.04 <001 :
services
Relative Mangrove state today <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 -
Mangrove state 10-20 years ago ! - 2 0.01 - <0.01 - <0.01 -
knowledge - 1 2
Surface evolution of mangrove - - - 0.2 0.04 <0.01 -

! The number of respondents is lower than for the first five variables (Supplementary Table S1). 2 The cross tabulation could not be performed for these variables because of residence time of respondents leading
to empty columns.
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Questions regarding relative knowledge, i.e., the present or past mangrove state and
the surface area evolution, were each influenced differently than the previous knowledge
questions. Claim on the mangrove state today was significantly influenced by almost all
the selected explicative variables (Table 3). For the answer, “I do not know”, respondents
corresponded generally to the same profile as those with less knowledge in the previous
questions. Otherwise, there was no emerging profile separating those who were more
prone to mention that the mangrove was in good state, partially degraded, or in bad state.
Claims on the mangrove state 10 to 20 years ago and on the surface area evolution of the
mangrove could not be linked to a common profile.

Finally, there was a similar significant influence of the village on almost all questions
on LEK (Table 3). Surveyed people living in Bandrélé more frequently answered that the
mangrove is a transitional ecosystem (71.6%) than those living in Dembéni (55.8%) or Iloni
(45.6%). Respondents from Iloni predominantly (42.1%) considered the mangrove as a
marine ecosystem while those from Dembéni referred to it as a terrestrial one (18.4%). The
respondents from Bandrélé were the best at recognizing mangrove trees (85.8%) compared
in particular to those from Dembéni, where 27.9% reported not being able to recognize
them. The same pattern emerged from the question regarding the number of mangrove
tree species. For both questions, surveyed people from Iloni gave answers showing an
intermediate level of knowledge compared to the other two villages. Villagers from
Bandrélé were also more likely to indicate a good state of the mangrove in present days
(21.6%) than those from the other two villages. In Iloni, half of the respondents indicated
that the mangrove was in a bad state compared to 30.6% in Dembéni and 19.3% in Bandrélé.
There was also a strong difference in the answers regarding the surface evolution. In Iloni,
most people (73.8%) mentioned that the mangrove surface has decreased over the last
10 to 20 years. In Dembéni, respondents were more prone to report that the mangrove
surface has decreased (65.9%) or that they did not pay attention (23.9%). Significantly more
villagers from Bandrélé answered that the mangrove has increased (23.4%) or stayed stable
(17.8%).

4. Discussion
4.1. LEK on Mangroves of Studied Villages
4.1.1. People’s Understanding of the Mangrove Ecosystem

People’s understanding of the mangrove is time-independent. Most questionnaire
respondents identified the mangrove ecosystem as an area between land and sea. Woody
plants growing in the intertidal zone is at the heart of the definition of the mangrove
ecosystem [51], identified as an originality of this ecosystem by most people. The other
who think it is either a marine or a land area often justified their claim focusing on whether
trees can or must grow in seawater or not. This question has been at the heart of an on-
going debate on what constitutes a true mangrove tree species [52,53]. The great majority
of questionnaire respondents, however, indicated to be able to differentiate mangrove
trees from other species based on their location together with leaves, stems, and roots
criteria. Most people were thus aware both of the tight dependency to the sea of these
true halophyte trees and of their morphological specificities (modified aerial roots and
succulent leaves).

Few questionnaire respondents knew the number of mangrove tree species and even
fewer their names, most of them stated they are between one and three mangrove tree
species whereas scientists identify eight true species. Names for all species but X. granatum,
however, were provided in local language, which indicates that these species are clearly
identified by locals. Depending on residence or visiting location near the mangrove, they
were mainly in contact with A. marina and potentially C. tagal (in Dembéni and Iloni).
This is particularly true in slum neighborhoods expanding onto the back mangrove and
encroaching into the internal mangrove (Figure 3). This assumption is strengthened by the
fact that the most frequently quoted name of mangrove tree was A. marina while C. tagal
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ranked third after R. mucronata. The latter is easily visible by people crossing over to the
sea through paths, and easily recognizable thanks to its stilt roots.

Figure 3. Recent cutting (2020) of Avicennia marina (Forssk.) Vierh. and Ceriops tagal (Pers.) C.B.Rob. next to the slum

neighborhood of Iloni.

Previous studies highlighted that species are well known when the entire community
relies on the mangrove ecosystem [19,20,24,25]. In comparison, even if most interviewees
in Brazil answered that their harvest practices dated back to the 1960s and 1970s, they
were still able to recognize the three mangrove species of their area [21]. In territories
where the dependency on mangrove varies between social groups, knowledge was good
for harvesters and for the trained ecotourism guide but weak for people who occasionally
visited the area or who lived in town [17,23].

4.1.2. People’s Interpretation of the Dynamics of the Ecosystem

The second type of knowledge is a relative one, varying in time but also potentially
dependent on people’s values. Knowledge of the surface evolution of the mangrove
implies having an overview of the stand. Most respondents answered that the mangrove
has decreased for the last 10 to 20 years whereas the two studied mangroves are relatively
stable [40]. Respondents claimed the creation of buildings, cutting of mangrove trees
(Figure 3), and waste and pollution caused the decrease in surface area. The answers
given by questionnaire respondents were backed up by their observation of the mangrove
landward. In fact, in some parts of the mangrove, slum houses and embankments have
encroached on the back mangrove and even on the beginning of the internal mangrove.
This is confirmed by the analysis of aerial photographs covering the period 1950-2016 [40].
A small portion of respondents reported a mangrove increase resulting from replantation,
management and the presence of juvenile trees. In fact, in Bandrélé, one person took the
initiative 15 years ago to replant R. mucronata in some parts of the mangrove (pers. comm.).
So far, the only management action expected to have a direct impact on the mangrove
evolution has been the ban on cutting of mangrove trees. In Bandrélé, the evolution can
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also be explained by complex geomorphological processes on its seaward side. Indeed, the
surface area of this mangrove has varied over decades as a function of the sedimentary
dynamics of the lower intertidal zone marked by the presence of single to multiple sand
bars and their interactions with the mangrove stands [40]. Depending on their position,
sandbars seem to favor or hinder the sedimentation and the implantation of mangroves.

Other studies highlight the discrepancy in mangrove surface evolution between the
statements of surveyed people and the results of the treatment of satellite images [19,26]. It
is assumed that respondents mainly take into account the mangrove evolution close to their
villages and they can consider changes based in density or basal area of the forest whereas
satellite images relate to changes in forest canopy. These results highlight the difficulty
of this question, which should be associated with others where respondents localize the
part of the stand they have frequented the most over the years and indicate their observed
decrease or increase in mangrove cover.

The questions on the health state of the mangrove today and 10 to 20 years ago are
complex ones implicating interpretation of what was observed. Defining the criteria for
ecosystem health is even more complex [54]. It implies an understanding of the complexity
of ecosystem functioning and its capacity to deliver ecosystem services [55]. Most respon-
dents answered that the mangrove was in good health 10 to 20 years ago while, when
asked about today, answers were shared between partially degraded and bad health. Man-
grove surface, its density, the presence of waste and the management were called upon
to justify a good mangrove health. In the past, when waste was essentially food leftovers,
people believed it to be beneficial to the mangrove health. Regarding the management,
a lot of villagers are well aware of the ban on mangrove cutting. This is the disturbance
likely to have the lowest impact on the studied mangroves, as this practice has probably
largely decreased since. Its impact is likely to be restricted to changes in forest structure,
regeneration pattern, and tree species composition [56,57].

The same criteria (waste, polluted water, and tree cutting) were thought to cause both
the decrease of the mangrove surface area and the partially degraded or bad state. We can
assume that these respondents frequent mainly the landward side of the mangrove where
these stressors are the most visible. On the contrary, respondents claiming a good state
probably have a better knowledge of the central and external mangroves, showing them
that not all of the mangrove is impacted. A similar observation was made in Cameroon [22]
where surveyed people reported that the degree of mangrove damage by untreated domes-
tic wastewater varied with location of the mangrove stand. In Mayotte, major disturbance
caused by waste and domestic wastewater result from a combination of underprovided
waste removal and lack of infrastructure (connection to treatment plans is on-going in the
studied villages). First, the landward side is dominated by waste originating from the
neighboring houses while the seaward side traps marine or river transported waste, among
the pneumatophores [58] of A. marina and S. alba. The impacts will likely vary both with the
nature of the debris, the amounts involved and the mangrove land/seascape context [59].
In certain landward areas, the intensity, extension, lack of reversibility and degree of accu-
mulation will necessary have direct impacts on all aspects of the ecosystem [60]. Second,
important discharges of untreated domestic wastewater arrive along certain portions of the
villages, impacting all aspects of the ecosystem including tree and invertebrate physiology
and community structure [61-63]. The impact is maximum along Iloni as reflected in the
claimed differences in present time ecosystem health.

While a reduction in surface area of the mangrove ecosystem is perceived as the
consequence and not the cause of its degradation, it seems that respondents perceive
a healthy mangrove ecosystem as one covering a large surface area and being dense.
Although very simple to understand, these metrics do not make out the best indicators
of mangrove ecosystem health, as they do not fully respond to stress in a predictable
manner [64]. On a small island like Mayotte, with small basins, small catchment areas,
and seasonality marked with a dry season, mangrove stands are constrained by limited
freshwater input [65]. As a result, A. marina stands along the villages or downstream
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from agricultural land will display increased surface area and density over otherwise
naked hypersaline areas when artificially subsidized by freshwater and nutrient inputs [53].
Future studies of LEK on mangroves will have to assess knowledge on ecosystem health in
the light of dominant local disturbances, separating causes of degradation from metrics
used to assess health.

Respondents had a shared knowledge of the fact that mangroves provide services
and benefits. The protection against coastal hazards, however, was overwhelmingly cited
alike many different societies across the globe [4,5,18,30,31,66]. Indeed, mangrove ecosys-
tems have been proven to providing coastal protection against waves and to decreasing
casualties and property damage in the course of high-energy events such as tsunamis and
cyclones [67-70]. In Mayotte, the marked effect of the mangrove vegetation distribution on
wave energy attenuation reaches over 90% compared to 35% in mangrove-free areas [71].

Habitat for animals (other than young fishes, see below) was the second most cited
service. This service is rarely valued in mangroves [72] as it is a supporting service,
sometimes considered intermediate to the other types of services [73]. Limited knowledge
on mangrove associated biodiversity, as is the case in Mayotte, also contributes to this
lack of assessment [74]. Nevertheless, the mangroves of Mayotte either provide habitat
to species restricted to mangroves (e.g., [75-77]), endemic to the island (e.g., [78]), or else
act as breeding grounds to threaten bird species [78]. Future studies targeting people
who highly visit the mangrove might help identify not only the specific knowledge held
with respect to these species but also improve ecological knowledge of their distribution
and phenology.

Unlike what is usually expected of mangroves worldwide [79] and often mentioned
in surveys in other territories [4,6,18,30,31], the provisioning of food through fisheries was
weakly cited. In Mayotte, local fisheries rely much more on coral reefs (pers. comm.).
Indeed, the fishing activity directly dependent on mangroves tends to be limited to a
combination of specific species and types of either fishing activity or user [80]. What still
remains to be properly assessed in Mayotte is the nursery role of mangroves both for species
relying completely or partially (mudflat, seagrass and reef species) on mangroves. Like in
other small islands of the Western Indian Ocean [81], the intertidal nature of mangroves,
the degree of connectivity, and the variety of environmental configurations [82] are not in
favor of a strong contribution [74].

The provision of freshness and shadow was identified as a cultural service in Mayotte
while in most other studies, it is not mentioned when identifying ecosystem services and
benefits. In our study, it was most mentioned at the question on the major aspect they liked
about mangroves (not treated in this paper). This ecosystem service seems to have been
ignored for mangroves so far. The fact that it was most mentioned in another question than
the one on ecosystem services and benefits highlights that future studies should include
questions using a variety of formulations [31] in order to fully identify knowledge over
ecosystem services, even when people might not perceive it as such.

4.1.3. Origins of LEK on Mangroves

Surveyed people reported to hold all these different types of LEK from their own
observation of the mangrove, some of them also mentioned school, friends, and family.
This ecosystem is visited by children who use it as a playground and by adults for different
kinds of recreational activities. Two studies in South America highlighted that people
holding a particular knowledge unshared by other residents were trained by NGOs or state
environmental agencies [23,31]. Palacios and Cantera [23] also showed that people from
the town who visited occasionally the mangrove were not able to recognize any species of
mangrove trees compared to harvesters. In Malaysia, the surveyed people living in town
close to a protected mangrove held their knowledge in majority from school but also from
media and awareness campaigns [18].
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4.2. Factors Influencing LEK on Mangroves

This study highlights the interest of taking into account different factors to understand
what aspects of the respondents’ profile influence their level of ecological knowledge. It
appears that several characteristics lead to a more knowledgeable profile: men, harvesters,
who lived in the village for over ten years, who grew up next to a mangrove, who penetrated
the mangrove, who take nature walk, who are attached to the mangrove, who are over
50 years old, or who hold a university degree. In Mayotte, the effect of gender on LEK
could be the combined effect of both harvesting practices and recreational activities. We
also assume that it likely results from the fact that girls and women gather mostly at
home while boys and men gather outside, sometimes close to the mangrove. It is not
surprising that harvesters are more knowledgeable [23,31] but our study shows that people
having leisure activities or who penetrate the mangrove for different purposes are also
more knowledgeable. This is an aspect that, to our knowledge, has not been studied so
far for mangroves. We hypothesize that the LEK can be maintained, almost certainly with
adjustments [11], when the decrease in harvesting practices is balanced by an increase in
recreational activities. Length of residence also proves to be a higher contributing factor
to the level of knowledge than in other locations [18]. Not surprisingly, people from
the studied villages are more knowledgeable than people from other places, even within
Mayotte. The effect of attachment to the mangrove on LEK has been identified before on
other ecosystems [83,84].

We find that the elders have perhaps more knowledge, probably as a result of past
harvesting activities while the younger regain access to a certain type of knowledge through
school and university. This could in part explain why the 3049 years old seem to be the less
knowledgeable age group for some questions. In Malaysia [18] the younger and educated
respondents had significantly better knowledge, which the authors explained with the
new education curriculum including education on mangrove combined with awareness
campaign for students. In Mayotte too, people with a university level showed better
ecological knowledge for some questions. The factor with less influence on LEK questions
is the distance of the dwelling to the mangrove, probably because of the overall proximity
of the studied villages to the mangroves and the leisure activities of residents next to
the mangrove (Figures 1 and 2). On the contrary, in the Kuala Selangor mangrove [18]
respondents who worked or stayed near the mangrove understood more about it, but the
distance to the mangrove ranged from under a kilometer to over eleven kilometers.

There was a clear difference in levels of knowledge between villages. Their different
views on the ecosystem as terrestrial, marine or both could be linked to the position of the
village in relation to the mangrove. Indeed, the village of Iloni is located seaside of the
one of Dembéni, which extends at the bottom of the bay. In Bandrélé, the village extends
over a straighter coastline. Respondents from the two villages bordering the mangrove of
Dembéni were more prone to answer that the mangrove has decreased than in Bandrélé.
We assume that the criteria used to justify this answer are linked to the slum neighborhoods
along the back mangrove bordering Iloni and Dembéni (Figures 1 and 2). During the
interviews, people from Bandrélé mentioned the new patches of mangrove landward close
to the river when they indicated that the mangrove increased. It is also probably because
of the presence of slum houses and a greater amount of waste in the Dembéni mangrove
that respondents in Iloni and Dembéni more frequently answered that the mangrove was
in bad state.

In spite of these differences in knowledge levels and types across profiles, the MCA
could not highlight profiles having varying levels or types of knowledge. It seems that
experts were few in our sample and they were not exclusive holders for some of their
knowledge. As a consequence, they could not be identified by the multivariate analysis.

4.3. The “Local” in LEK and management

Our study contributes to highlighting the varying degrees of technicity associated
with the different types of LEK depending first on the proportion of observation or inter-
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pretation required and second on whether it deals with absolute or relative knowledge.
Identifying trees only requires observation while knowing how many species there are im-
plies a comparison between different observations. Either of these are absolute knowledge,
however, since species identity and number do not vary significantly over “human” time.
Defining the nature of the mangrove ecosystem is based on observation of the presence
of trees and the sea but also involves a degree of interpretation of the conditions needed
for trees to grow and/or a comparison to non-mangrove areas also under the influence
of tide. In our study, observation was influenced by interpretation. This was indicated by
the fact that respondents from Iloni experienced more “signs” than those from the other
villages that the mangrove ecosystem is a marine one. Defining the surface evolution, the
health state of the ecosystem or certain ecosystem services requires the highest degree of
interpretation. Being able to establishing causal relationships, however, is also needed
when giving justification of the surface evolution or health state. For example, it might
not be easy for people to distinguish the causes of bad health (e.g., waste and polluted
water) from the consequences indicating either good or bad health (e.g., change in numbers
of juvenile trees or tree mortality). Finally, identifying some ecosystem services as such
further requires not only observation of the service provided but also understanding that
it is a benefit to society locally. Clearly, the degree of difficulty of questions should be
explicitly taken into account when discussing the level of LEK of the group under study.

This study contributes to better characterizing the ecological knowledge that is local.
The two studied mangroves of the same territory display variations in the LEK of people
knowing the ecosystem. We also show that some LEK regarding what is a mangrove can
be quite similar in several societies in the world, such as the specificities of mangrove
trees, whereas other types of knowledge are more territory dependent and can vary in
time, such as the health state of the mangrove or the ecosystem services provided. For
instance, some societies harvest mostly fish, shellfish, and crabs, whereas others only
harvest mangrove wood. It shows the local specificity of LEK regarding both the mangrove
ecosystem and the local residents. The people visiting the ecosystem are also defined by
the “local” of LEK but it does not imply absence of mobility. As shown for fishers of the
Indian Ocean [4,85], migrants quickly develop a knowledge over the ecosystem where they
perform their activities.

The two studied mangrove socio-ecological systems share a common ecological and
societal context with issues faced throughout the island: a deficient waste collection system
and a high level of poverty and precariousness of the life in slum neighborhoods, where no
wastewater collection system can be developed due to the illegality of the settlement. Our
findings highlight both LEK that are shared at the scale of the two case studies and that
are specific to each studied mangrove socio-ecological system. In each case, however, the
ecosystem presents some specificities and the settlement of the village, the place visited,
and the activities all have an influence on the villagers” LEK.

These findings highlight the importance of the implementation of an adaptive co-
management plan specific to each mangrove socio-ecological system. Mangroves in May-
otte are not yet managed by official local plans although the departmental Management
Plan (2019-2028) now stipulates village associations and municipalities could be more in-
volved in the local management of their respective mangrove units. Until now, in Mayotte,
the protection of this ecosystem has mostly been promoted through awareness campaigns.
Most of these, however, use general knowledge available for “mangroves worldwide”, for
instance overemphasizing the nursery role of mangroves. These awareness campaigns
ignore the local specificities of both the ecosystem and the ecological knowledge of locals
(authors” observation). Providing this outlook on LEK to associations, environmental
government agencies, and NGOs could help move beyond awareness campaigns into
involving residents of these villages in the integrated management of their mangrove. Resi-
dents could then be involved in monitoring the mangrove and in the co-management of
activities [12], for example through citizen science. Social interactions being very important
in these villages, volunteers could act as focal points informing other residents.
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5. Conclusions

The specificity of this case study was to survey the LEK of villagers living very close to
mangrove forests but not relying on it for their livelihood. Generally, this kind of study is
carried out with harvesters or with villagers relying much more on mangroves. Surveyed
people have a basis of LEK on the mangrove fringing their villages. Most respondents
knew how to differentiate mangrove trees from other trees and they were aware that
the mangrove provides services and benefits, in particular coastal protection. LEK was
lower, however, regarding the number of mangrove tree species and their names. The
majority of surveyed people also think that the mangrove surface area decreased for the
past 10-20 years whereas the analysis of aerial photographs shows a relative stability of
both studied mangroves. This kind of discrepancies was highlighted in other case studies
and shows, rather than an inaccurate knowledge, that villagers do not have a landscape
vision of the mangrove, their knowledge builds from the patches of mangrove they visit.
We also tested the capacity of surveyed people to interpret their observation by asking
them the health state of the mangrove today and 10-20 years ago. The majority of them
claimed that the state of the mangrove had decreased and that it is today partially degraded
or in bad state. They are influenced by the poor state of portions bordering the villages,
which are the portions indeed displaying the most pressing issues in terms of conservation.
Most respondents reported to hold their knowledge from their personal observation, but
the younger were also more prone to mention having it from school.

The twelve selected influencing variables had a significant influence on the answers
of at least one question on mangrove LEK. The factors that influenced most questions
on LEK are the attachment to the mangrove, nature walks and the village. To the best of
our knowledge, the first two were never considered in other studies on mangrove LEK.
Our results emphasize the relevance of broadening statistical analysis on what influences
the level of knowledge further than the usual comparisons between studied villages or
mangroves.

Our case study brings out the relevance of the “local” aspect of the concept of LEK,
which is a more encompassing concept than the TEK or IEK expressions. Even if our
results will not contribute to improving ecological academic knowledge, they should help
managers and associations to better take into consideration the LEK of people to tailor
future awareness campaigns and local management of the mangroves of Mayotte Island.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/1999-490
7/12/1/53/s1, Figure S1: Extract of the part on LEK in the interview guide. Table S1: Characteristics
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