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In the context of climate change, which accentuates the growing scarcity of fishery resources, young fishermen
are exploring increasingly remote fishing grounds with the immediate consequence of numerous cases of acci-
dents and disappearances at sea and many human and material losses. Faced with this situation of looking for
solutions to prevent accidents, the traditional knowledge of West African fishermen was examined. Semi-
structured interviews and focus group meetings with fishermen aged 50 years or older were used to explore
ways of understanding and predicting changes in the marine environment. It shows that experienced fishermen
can apprehend the sea state, the occurrence of wind or precipitation, or orient themselves and understand the
nature of fishing grounds and species through the stars, swell, waves, water table, animals, trees, clouds, sky
colour, dugout, fish. The understanding, interpretation and, subsequently, the meaning they develop from their
observations are based on empirical knowledge that can be tested and confirmed in other parts of the world. In
this sense, the ways in which fishermen understand changes in the marine environment can be considered
universal knowledge. Such knowledge, when properly transcribed, can be useful for conventional marine
research and the prevention of accidents at sea, especially for the new generation of fishermen who rely solely on
new technologies.

adverse effects of the climate has become one of the challenges for the
socio-economic development of the fisheries sector in Senegal (FIDA,
2016).

The mouth of the Senegal River alone recorded between 2003 and

1. Introduction

1.1. Background

The context of climate change, marked by the high occurrence of
extreme weather events, including bad weather at sea, exposes artisanal
fishermen to a greater risk of accidents at sea. The scarcity of fishery
resources, which pushes fishermen to explore increasingly remote fish-
ing areas, has, as immediate consequence, many cases of accidents and
disappearances at sea with many human and material losses (Table 1).

The Senegalese counted 140 human casualties or missing in 2017, a
more than twice increase (63%) compared to 2016. Material losses are
estimated at one hundred and forty million eighty thousand five hun-
dred (140,080,500) XOF (MPEM/DPM, 2018). Thus, the control of the

2019, 422 accidents for 352 fishermen reported missing and the average
age of the reported disappeared is 21 years.

Despite numerous initiatives to reduce these accidents, such as the
establishment of an early warning system to provide fishermen with
real-time information on weather forecasts and extreme marine phe-
nomena (e.g. high swells, strong winds, fog, storms), accidents at sea still
increase (USAID, 2018). The fisheries administration considers that the
main causes of these accidents are non-compliance with meteorological
instructions and the overloading of fisherman canoes (MPEM/DPM,
2018). However, others consider the main cause as the lack of
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Table 1
Assessment of accidents and loss of life at the mouth of the Senegal River from
2003 to 2019.

Years Number of accidents Fishermen reported missing
2003 19 11
2004 30 15
2005 11 25
2006 30 30
2007 27 18
2008 10 10
2009 38 38
2010 12 11
2011 09 16
2012 93 11
2013 20 32
2014 02 06
2015 17 27
2016 21 25
2017 38 52
2018 42 56
2019 54 55

General Total 422 accidents 352 fishermen reported missing

Source: Fisheries Control and Surveillance Service of Saint-Louis 2020.

experience of the younger fishermen generation, characterised mainly
by lack of control or the loss of the ecological knowledge and practices of
old fishermen that were traditional systems for preventing risks at sea
(Mbaye, 2018, p. 336; Nakashima and Roué, 2002; Roué et al., 2017).

In this context, the revival and application of local or traditional
ecological knowledge and practices can support ongoing efforts to in-
crease the resilience of fishers (Ruddle, 1994, p. 114; Smit et al., 2000).
This work sheds light on traditional knowledge and practices related to
preventive measures and response mechanisms aimed at mitigating ac-
cidents related to fishing activity.

1.2. Theoretical and conceptual framework

Marine resources and the marine environment, which are major
challenges for development policies, have been the subject of numerous
reflections by scientists and public authorities for several decades
(Nursey-Bray et al., 2016; Tengo et al., 2017). Admittedly, with the
participatory approach advocated since the 1990s, it is increasingly
recognized that the empirical knowledge and practices of coastal com-
munities acquired through experience and transmitted orally from
generation to generation can play a significant role in management
policies. (Berkes et al., 1995, 2000; Dahl, 1989; Mbaye et al., 2017; Satia
and Horemans, 1995, p. 103). However, it is noted that the scope and
effects of the fisheries management measures put in place are more
concerned with the long-term conservation and sustainable use of fish-
eries resources (Davis et al., 2004; Grant and Berkes, 2007; Davis and
Ruddle, 2010, 2012; Deb 2015; Berkes, 2015, p. 394; Mbaye et al., 2017)
than with the protection of the fishermen, who exploit this resource
(FAO, 2004, pp. 1020-1459). As a result, the formulation and imple-
mentation of policies in terms of safety at sea for fishers remains in the
domain of technicians and focuses more on aspects of logistics and
meteorological data. On the other hand, the knowledge of fishers
regarding their safety at sea system is little taken into account (FIDA,
2016; Remola & Gudmundsson, 2018).

Nevertheless, given the various successes of local ecological knowl-
edge in resource management and conservation (Berkes, 1998), it is
increasingly recognized that this traditional ecological knowledge of
fishers can also play a role in solving security problems, including those
related to climate variability and change (Remola & Gudmundsson,
2018).

Groups of fishermen share a body of knowledge that allows them to
predict or interpret variations in climatic parameters (Mbaye, 2018, p.
336). Similarly, they can interpret the presence or absence of fish species
from a “reading of the marine environment” by comparing their
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knowledge of the bio-ecology of species and their knowledge of changes
in marine and estuarine ecosystems (Barthélémy, 2005; Le Fur et al.,
2011).

However, although some knowledge is intelligible and can be con-
fronted with scientific results, fishers’ knowledge is still considered
localized (Johannes, Freeman, & Hamilton, 2008; Deepananda et al.,
2015; Gunawardena, Jutagate, & Amarasinghe, 2016), group-specific,
referring to religious syncretism to the supernatural and therefore not
universal (Berkes et al., 2008; Agossou, 2008).

This perception of fishermen’s knowledge has led to numerous de-
bates on the value and consideration that both parties give them in
adaptation strategies. Thus, at a time when traditional knowledge is the
subject of great interest (Berkes et al., 2008), some still doubt its effec-
tiveness in adaptation strategies (Angelini, 2012, p. 102).

It is based on observation that although Senegalese fishing commu-
nities have not had measuring instruments; they have nevertheless
developed their observations of atmospheric phenomena, established
empirical relations of cause and effect, and accumulated knowledge over
a long period of time on certain natural phenomena (Mbaye, 2019). It is
these phenomena that enable them to tell or predict the weather that it is
or will be according to the physical aspect of meteorological elements
(temperature, wind, swell, rain), the apparent movement of the stars,
the behavior of trees or animals (marine or terrestrial), the taste, color or
shape of certain elements in their environment. Thus, the ways in which
artisanal fishermen understand changes in marine environmental pa-
rameters reflect their knowledge of fishing and its environment. Desig-
nated under several terms such as “empirical”, “local”, “traditional”,
“endogenous”, “indigenous”, “vernacular”, “native” or “popular”, the
knowledge thus named is considered to be localized, referring to
knowledge that is as much theoretical, symbolic as it is practical and
therefore considered to be non-scientific; that is to say, non-systematic,
non-objective, non-standardized and non-formalized (Rondeau, 2016).

The World Intellectual Property Organization (WIPO), distinguishes
between “indigenous knowledge” held and used by a population that
considers itself indigenous and traditional knowledge, owned by mem-
bers of a distinct culture’” Thus, the WIPO states that “Indigenous
knowledge fits squarely within the category of traditional knowledge,
whereas traditional knowledge is not necessarily indigenous” (WIPO/-
CIPI, 2002, p 18).

For United Nations Educational, Scientific and Cultural Organization
(UNESCO, 2003), local knowledge refers to the cumulative and complex
sets of knowledge, know-how, practices and representations that are
perpetuated and developed by people with a long history of interaction
with their natural environment. The Food and Agriculture Organization
of the United Nations (FAO, 2005, p. 135) defines local knowledge as a
set of facts related to the system of concepts, beliefs and perceptions that
people draw from the world around them. This definition is in line with
that of Warren (1993) and Hountondji (1994), who argue that local
knowledge represents the body of knowledge acquired by a local pop-
ulation through the accumulation of experiences and the interpretation
of the environment in a given culture. It represents the reflection of
agro-ecological and socio-economic factors embedded in cultural pref-
erences and traditions. Warren (1993) adds that local knowledge in-
cludes ideas, experiences, practices and information that have either
been generated locally or produced outside the community, but which
have been transformed by local people and incorporated over time into
local agro-ecological and socio-economic cultural conditions. Warren’s
definition thus has the advantage of taking into account foreign
knowledge that may become incorporated into local knowledge over
time. Similarly, knowledge held by one community or group of fishers
may be appropriated by other communities.

Briggs and Sharp (2004) point out that local knowledge, like all other
types of knowledge (scientific, technical, etc.), is dynamic in nature. It is
therefore an accumulation of knowledge that essentially aims to react to
the modification of environmental conditions often caused by changes in
ecological and human parameters.
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Berkes et al. (2008) acknowledges the ambiguity of his definition of
local ecological knowledge and expresses one of the reservations about
the word “traditional”, because according to him, “tradition” is static
whereas “local” and “indigenous” knowledge systems are often dynamic
and adapted to meet contemporary needs. They see them as a cultural
tool transmitted as a “knowledge-practice-belief complex” (Berkes et al.,
2008), which mainly concerns the relationships between living beings,
including humans.

Regarding the scope of this so-called knowledge, Varela (2004) ar-
gues that these types of knowledge conveyed by fishers refer to some-
thing that resembles knowledge, but which would not have a very
advanced level of formalization. It would be experiential knowledge,
that is to say, knowledge acquired through experience, therefore less
universal, more local, and more specific, transmitted by imitation.

For his part, Lévy-Leblond (2006) qualifies this knowledge as “pro-
toscientific” to say that it is “knowledge that is certainly effective and
“objectifiable” (in relation to an external reality)", but not autonomous,
that is to say that it remains “intrinsically linked to this or that technical,
economic, mythical or playful activity”. Rondeau (2009, pp. 289-295)
specifies that “protoscientific knowledge is not very far from so-called
scientific knowledge. It closely precedes it - even prepares it - in all
human societies and at all times” (Rondeau, 2009, pp. 289-295).

Dahan (2001) argues that considering these types of knowledge as
sources, that have fed the great and unique river of science, too often
leads to “finally underestimating its specific historicity”. She points out
that local knowledge has its own characteristics, both epistemological
and sociological, which in no way allow it to be considered as a mere
tributary of the great river of science. Whether these interpretations and
meanings are qualified as “protoscientific”, the fact remains that their
validity can be assessed on the basis of their operationality and the ac-
curacy of the information obtained.

It is therefore clear that the status of fishermen’s knowledge depends
on a definition of knowledge established from precise criteria that are
based on a certain vision of what is called “science”. This exclusive
vision of science obscures certain types of fishermen’s knowledge whose
usefulness and application can be universal. It therefore seems essential
to us to distinguish, among the knowledge of fishermen, that which can
be verified (by deductions or hypotheses) and that which emanates from
values and norms (Seijger et al., 2013).

The meaning of our article is to valorize the heritage of specialized
knowledge of Senegalese artisanal fishermen which can be subjected to
verification so that they are recognized and used universally in the
apprehension of changes in environmental parameters and the preven-
tion of risks. We mean here by universal knowledge, the modes of
apprehension of the marine environment by the Senegalese fishermen
artisans that we can verify, find or apply in other communities of fish-
ermen everywhere in the world.

2. Materials and methods

Data were collected from fishermen from the Guet-Ndarien com-
munity, one of the largest fishing communities in Senegal (Charles-Do-
minique & Mbaye, 2000). The fishermen of this community are present
all along the coast of Senegal and are therefore familiar with the
different marine and estuarine ecosystems. They also have the advan-
tage of practicing almost all fishing techniques and are the only ones to
devote themselves solely to fishing from their beginnings in the district
of Guet-Ndar, from which they derive their name.

We favored the qualitative approach and opted for semi-structured
individual and group interviews (Negura, 2006). This approach led us
first to carry out an exploratory survey of the Guet-ndarien community,
which allowed us to identify old fishermen at least 70 years old who
were recognized as having a good experience in understanding the pa-
rameters of the marine environment and the signals announcing their
disturbance. Individual interviews were conducted with these in-
dividuals. Stories were told about the maritime life of these experienced
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fishermen, which helped to delve into the history and traditions of
fishing.

Group interviews were then conducted with fishermen aged 50 and
over. These fishermen were selected according to the techniques prac-
ticed (anglers, net fishermen) and their fishing experience in other lo-
calities in Senegal and beyond the Senegalese Exclusive Economic Zone
(EEZ). The size of the group was between six and eight people. These
group interviews made it possible to cross-check the knowledge of the
different categories with each other and with the knowledge of old
fishermen.

The various individual and group interviews were carried out be-
tween 2015 and 2016 and involved at least 50 people, only men since
there are no female fishers in the Guet-ndarien community. The in-
terviews were conducted in Wolof, using a structured guide in French
and translated into Wolof during the discussions. In addition to note-
taking, the various interviews were recorded using an audio recorder
and then transcribed into French in the laboratory by a professional
investigator from the Oceanographic Research Center of Dakar Thiaroye
(CRODT), Mr. Falilou Niang, who has more than 30 years of experience
in the field and has a good command of the vocabulary of the various
fishing communities.

3. Results
3.1. Modes of apprehension of the sea state

3.1.1. The moon

An important element for fishers on the Grande Cote (North sandy
coast of Senegal characterised by a wave barrier) is the swell that
challenge operations on sea, being specifically dangerous for the small
canoes fishers predominantly use. Aware of this, the Guet-Ndarien
fishers need to ensure they use all available knowledge to guarantee
safe fishing. They observe and interpret the various elements of nature
which surround them (e.g., rain, wind, current, tide) in order to predict
most of weather phenomena, which affect their fishing operations.

One of the major elements is the moon, as it generally determines the
movement of the sea. The fishers determine periods of spring tide (lokk
in Wolof), antonym of neap tide and those of dead waters (ndeey in
Wolof) in relation to the different phases of the moon. When the moon
disappears between the twenty-seventh and twenty-ninth 27" and
29" day of the lunar month, it is a period of spring tide. The sea is
agitated for three to four days before the neap tide period begins on the
first day of the following month. Between the fifteenth and the seven-
teenth day of the month, there is again a period of strong waters and an
agitation of the sea. Between the eighth and the twenty-sixth day, it is
the period of neap tide and rough sea. On the twenty-seventh day of the
month, it is still the period of strong waters (rag in Wolof) and sea
agitated. Therefore, the sea is often agitated between the 15" and 17®
day of the lunar month and between the 27 and the 29™ day (Table 2).

Thus, the knowledge of the lunar cycle is needed in the interpretation
of the state of the sea.

The experienced fishers can determine upcoming rough sea condi-
tions and thus the time to stop fishing and return to land or even not
going out in the first place.

3.1.2. Swell and waves

The assessment of sea state is not limited only to the moon but is also
carried out through rigorous observation of swells and waves. Their look
and behaviour gives fishers an idea of the state of the sea. The strength of
the swell is assessed according to the wave impacts (total energy) on the
beach. During periods, where the sea hits the beach with force, is gass in
Wolof. As a result, much of the sand is washed away. This indicates that
the sea will be very rough in one or two days. As for the waves, their
strength is observed visually during the day through the oscillations
(wan in Wolof). At night, fishers listen to the noise they make when they
land on the coast. These three names are clearly linked to the notion of
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Table 2
Prediction of the periods of sea state and tides according to the days of the lunar
month.

Lunar “Water Sea Low tide hours High tide hours
month behavior" state (fer) (nass)
days
1st to Dead waters Smooth One in the Middle of the day
14th (Ndeey) morning and one
in the evening
15th to Strong Rough Middle of the day One in the
17th waters morning and one
(Lokk) in the evening
18th to Dead waters Smooth One in the Middle of the day
26th (Ndeey) morning and one
in the evening
27th to Strong Rough Middle of the day One in the
29th waters morning and one
(Lokk) in the evening

The explanation is that between the 27th and 29th of each lunar month, the
moon exerts a strong attraction (i.e., high tidal coefficient) on the sea before it
appears; this causes the sea to be agitated. This agitation decreases between the
2nd and 3rd day of the month (i.e. 2nd to 3rd days after the moon appears).

wave period and energy (Ruggiero, Holman, & Beach, 2004). “If the
spacing of two troughs was 30 min and this spacing is reduced considerably to
5 min at this time, we think that high tide is settling in. Also, we can see that
the current we are currently observing at the shoreline was not there, it is
because there is a swell coming. We can also know the state of the sea through
the way the current pulls them, the children who swim or the canoes who
come back from fishing”. Affirms an old fisherman.

At sea, the current and swell energy is also observed through the
mooring line or a rope immersed in the water. The way the force of the
current drives the rope allows the fishers to have an idea of the direction
but also of the intensity of the current.

“When the sea is calm, the rope holding the anchor is straight, but if you
see this rope stretching, sometimes leading to the canoe, you should think
that there is a swell underneath. If you take the opportunity to return as
soon as you arrive, if the “diakaw” had not passed by, you see him
settling in and the godlegone is gradually preparing to take shape”.
Supports another old fisherman.

Although some of these observations seem trivial, the combination of
observations allows an experienced fisher to predict the conditions of
the sea and to assess the risks of going to sea.

3.1.3. Through the manifestations of the water table

Water table behavior can be a good indicator for predicting sea state
according to some fishers. For example, old fishers often sink their feet
into the marine sand, just where the waves wash up. If the sand is
compact and does not let their feet sink, they conclude that the sea will
be calm all day long. On the other hand, if the foot sinks into the sub-
strate, it means that there will be a strong current, for example, in a
north-south direction. Such processes can be related to significant
changes in grain size along the beach, which represent coarsening in the
direction of net wave-driven transport (McCave, 1978), i.e. a morpho
sedimentary elementary process.

“If the sea is about to be rough you see the crabs that were near the sea
moving towards the mainland. They know where the slick is and they do
not dig there. If you see them leaving their first holes to dig further up,
expect the water to arrive where they have moved and soon after that a
swell will follow.” Explains a Yoff’s Ndarian Guest, Alioune Fall.

Similarly, if sand on the beach shows funnels like the ones breathing
crabs leave, fisher infers that the water level has been lifted and that
there will be a bottom swell, even if it is not visible on the sea at this
time. This bottom swell underneath is more dangerous for fishers. “It’s
this swell we're seeing these days in Yoff. If you go to the football field, you
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will see a part of the field that is dry and another part that is wet. During the
coming dry season, if there is a swell, it will reach the limit of the wet part
because this part which is now wet shows the beginning of the swell, the
groundwater will reach this limit’. Supports a fisherman of Guet-Ndar
based in Yoff.

Through this mode of assuming, an experienced fisher who is trav-
elling in the hinterland, far from the beach, is able to tell if the sea is
rough or not. He looks at the bottom of a well: if there are air bubbles
coming out, it means that the sea is rough or will become rough. The
explanation is that when the sea is rough, it pushes the water level,
which in turn pushes back the air that forms bubbles that come out of the
wells.

3.1.4. Behavior of animals

The state of the sea can also be assessed through the behavior of
certain animals. When leaving for a fishing trip at sea, the fisher ob-
serves the cat’s behavior. If the cat puts her right paw on her face, the
fisher deducts that the weather will be windy, rainy or rough. The
explanation is that the cat uses the left leg more frequently but never the
right leg to wipe its face because the magnetic waves enter from left to
right. Cats are among the animals most sensitive to this phenomenon of
magnetism.

Their hair, as well as the feathers of the roosters, capture the
magnetism. Cats and pigeons are the first to feel the magnetic infor-
mation. According to their knowledge, the pigeon captures magnetism
through its feathers and the smallest disturbance is felt in its body as if it
had been thrown a stone at it. Therefore, before any disturbance on
earth, it flies away. “If there is an earthquake coming, the pigeons would be
the first to know about it and will fly away before it finds them on earth.
Many other animals feel this phenomenon and prepare themselves accord-
ingly only humans stay to wonder what is happening. Men are the fools and
they think they are the most intelligent ". Supports this same fisherman of
Guet-Ndar based in Yoff.

Similarly, it is argued that when the hen has gone to bed to lay or
incubate her eggs, if she is a little bent over to one side, it is a sign that
the sea is rough now. According to their explanations, when the sea is
rough, it produces a kind of mist that rises, as if it were fog. It is this
atmospheric humidity that increases that chickens feel and thus spread
their feathers to cool their bodies.

Similarly, if at a certain time of the year it is noticed that the dogs’
ears are shredded, old fishers deduce that a storm will most likely arrive
and there will be deaths at sea.

3.1.4.1. Modes of wind apprehension. Old Guet-Ndarian fishers have
several modes to understand wind disturbances in advance. This is how
they often scan the sky before boarding. This scrupulous observation can
be made with the help of clouds, some of whose shapes suggest a strong
wind. Such approach has been done in science (Shenx and Kreins, 1969)
and shown good correlation. It can also be done through the colour of
the sky, whose coverage by a more or less brown layer, allows to
conclude from the existence of dust or not. This phenomenon is well
known in science (Prospero & Carlson, 1970). The possibility of a wind
can also be appreciated through stars such as stars and the moon, whose
behavior or colour also allows fishers to detect a wind.

Some explain that at night, when a wind is forecast, the stars seem to
be agitated with jerky movements. Sometimes it is a kind of thick fog
that forms in the sky. When it is a moon period, winds are indicated by
changes in colour. Thus, as soon as the moon turns a reddish colour that
reflects bronze, experienced fishers know that the next day the sea will
be shaken by a wind. If the fisher is already at sea, the behavior of the
pirogue on the water will allow him to detect a possible wind. The same
is true for fish that exhibit behaviors or signs that predict possible
disturbance of the sea (Diop et al., 2010, p. 68).

“One day I was with old Y. Sene. It was ten o’clock and we were just
starting to fish when a member of the team caught a badeche that caught
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his attention. He then asked for the fish to be given to him. He looked at it
closely and noticed that half of his eye was red while the other half was
blue. He automatically requested that the anchor be lifted to return. Not
having understood, his “nephew” who was in charge of the “helm”
protested strongly against this decision, which he had difficulty under-
standing. This is all the more so since 4 cans of fuel had been consumed
before arriving in this fishing area. At the uncle’s insistence, he weighed
anchor and headed back. It was only after 2 hours of driving that a strong
wind broke out on the high seas. Fortunately, we were near the coast and
we were able to dock before she arrived. Once at the beach, he looked at us
and said: you will never be good fishers because you cannot observe. The
fish had a red eye because it felt that the sea would be disturbed”. Affirms
a fisherman.

At sea, some fishers have the ability to detect the arrival of a strong
wind by the smell or freshness that precedes it (empiric skill), as this
fisher tells us:

“One day I was at sea with A. N, a very great fisher. He really had a gift.
On that day, the yaranka was abundant and fishing was quiet. Suddenly,
he asked us to roll up the lines and put everything away. I replied that the
fish were attacking the bait. He insisted. When we did, he started the
engine and headed for shore. As we approached the shore, a kind of
tornado broke out on the high seas. He looked at me and insulted me,
saying to me: anyone who relies on you risks losing his life at sea. So I
asked him how he could have known that a strong wind was about to
blow. He replied that you could feel it. The incoming wind is always
beaten by its smell. On that day, there were many accidents at sea and
several fishers lost their lives.” Says a fisherman.

Fishers also know how to distinguish a transient wind from a wind
that carries serious disturbances, i.e., a strong wind or a light wind. If
they find that the wind coming from the earth has a different meaning
than the one coming from the sky, they deduce that this wind will not be
strong. But if both winds blow in the same direction, they expect a storm.
Fishers also have the power to apprehend the length of time a blowing
wind will last. They often announce that wind disturbances do not last
more than three days or, if exceptionally a wind exceeds three days, they
are convinced that the wind will not stop until it has lasted seven days.

3.1.4.2. Modes of rainfall apprehension. Fishers have the ability to esti-
mate the start of the rainy season by observing the behavior of the
vegetation. The trees that are starting to waterlogged indicate the
beginning of winter. Therefore, according to some elders, if they find
that trees that had the dry trunk all through the dry season start to feel a
kind of dew falling on their trunk, they conclude that within a month it
will rain. At this moment too, the arrival of the first rains is noticeable on
the leaves of some trees that had fallen and are beginning to grow again.
They specify that if it is the baobab tree (Bombacaceae), not all sides will
take leaves at the same time. It is on the side where the leaves start to
come out that the first rain will arrive. It has been shown in science that
the Baobab was among the most effective tree that control their water
loss (Fenner, 1980).

During the rainy season, experienced fishers feel that a storm will
come through the leaves of trees that begin to dry as if they were burned
and if they have also black spots. Similarly, the end of rainfall is esti-
mated by the appearance of certain insects such as locusts and dragon-
flies, the presence of which is considered by fishers as marking the end of
wintering. That is a classic process of seasonal population dynamics for
entomologist (Maiga, Lecoq, & Kooyman, 2008).

3.1.4.3. Benchmarks for orientation at sea. Fishers have developed their
orientation system to navigate at sea and to locate fishing areas from a
variety of benchmark as: stars in sky, trees along the coast, waves di-
rection and height, water colour, water depth, humidity, and wind
character. Thus, from dusk to dawn, the fisher usually uses the stars to
orient himself (Richardson, 1926). The stars are divided into two groups:
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those that allow the fisher to go to sea and those that allow him to return
to land.

When the sky is not clear due to clouds and fishers cannot see the
stars, they use wave and wind directions. If he has headed towards the
mainland, the fisher pays attention to the humidity of the wind. He
considers that, the closer he gets to the coast, the drier the wind becomes
and vice versa. In other words, the wet winds come from the sea and the
dry winds from the continental shelf. Wind direction is also an indicator
of fishermen’s orientation. Therefore, if they go to sea, they pay atten-
tion to the fact that the wind is blowing in both their ears. Thus, on the
way back, if they notice that the wind is blowing in only one ear, they
tell themselves that they have made a mistake and they adjust the di-
rection accordingly.

During the day, orientation is based on objects or trees identified on
land. Nowadays in Saint-Louis, fishers, in addition to the city’s trees,
used water towers, the governance building, telecommunication station
antennas, etc. acting as coastal marks. Subsequently, they made exten-
sive use of the filaos tape from the 1970s onwards (Van Chi Bonnardel,
1985). The technique consisted in superimposing or associating objects
according to the location. Thus, one or more trees could be super-
imposed on each other or on a building or even an antenna (Sene, 1985).
On the high seas, when the fisher cannot see these objects, he focuses on
the sun and more precisely on the shade of the canoe. Similarly, the way
the swell rises and the directions of the waves that in their experience
are always heading towards the coast serve as their means of orienta-
tion. The Viking used the same approach at sea with sun and shadow
(Berkes et al., 2008).

“On the high seas there are no waves, only the wave of the swell can guide
you. If you are in the waters of Saint-Louis at sea, if you drive and notice
that your canoe is leaning more to the right, tell yourself that you are going
towards the coast. It is the waves that make the canoe lie on its right side,
because if you are in Saint-Louis, when you go to sea, our left side is the
west (i.e. offshore) and our right side is the east (i.e. towards the coast).
The waves leave from the open sea towards the coast. Likewise, if at the
beginning for fishing you are horizontal to the wave on your left side, you
go to Kayar, if you return it is your right side that must be positioned there.
But if you come back with your back to the wave, tell yourself that you've
lost yourself” Supports a fisherman from Guet-Ndar based in Kayar.

Knowing how to orient yourself is essential for a fisher, ensuring his
safety at sea, but also fuel consumption and the catch level.

3.1.4.4. Modes of understanding the nature of fishing grounds and species.
The recognition of the nature of the sea bottom, on which fishers want to
operate, is often done with a stick. It is sunk into the water and the fisher
sticks his ear to it. Once over a rocky area, the stick makes a deafening
noise. This noise disappears when it leaves the rock, indicating a sandy
or muddy sandy area. The presence of certain bird species on fishing
grounds may also be a source of information about the type of envi-
ronment. According to some elders, there are species of seabirds they
call xaa in Wolof and others called uuk in Wolof that live in rocks and
feed only on fat. The presence of these seabirds on a fishing site indicates
arocky bottom sheltering oily fish. Fishers also recognize the presence of
fish through the air bubbles that come out of the water. The size, number
and frequency of bubbles can be used to identify the type of fish that
emit them.

Fishers also have the ability to recognize the type of fish species that
have taken the bait. If they are fish that do not have teeth, such as white
grouper (Epinephelus aeneus), machoiron (Arius heudelotii) and sea bream
(Diplodus bellottii), they swallow the bait. Alternatively, if they are
toothed fish, such as blue-spotted snappers (Lutjanus rivulatus), striped
snappers (Lutjanus kasmira), or mediterranean grouper (Epinephelus
marginatus), they take the bait from the hook.
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4. Discussion

It appears from these results that, faced with the risks associated with
their activity, artisanal fishermen have based their early warning system
- the key to their survival on their ability to predict changes in various
environmental parameters by observing events in the natural world
around them and linking them together (Horowitz, 2015; Mbaye, 2019).
The apprehension of the state of the sea and made from the moon which
determines the periods of living waters and those of dead waters; the
swell, the waves, the water table, the animals. As regards the imminence
of a wind, fishermen apprehend it from the clouds, the color of the sky,
the stars and the moon, some of whose shapes hint at a strong wind, or
the existence of dust or not, or to leave. It is the same for the behavior of
the dugout canoe and the fish. The imminence of a storm is apprehended
through the leaves of the trees, which begin to dry as if they were burnt
and if they have black spots. Fishermen have developed their orientation
system to move around the sea and to locate fishing areas from the stars,
trees, waves, the color of the sea water, the depth of the water, the
humidity, the character of the wind.

The knowledge of the fishermen described here is a cumulative body
of knowledge, know-how, practices and representations maintained and
developed whose history merges with the marine environment and
fishing activity. Knowing how to interpret the occurrence of a change in
the marine environment based on certain signals, that Dounias (2009)
defines as “being biotemporal markers”, is the basis for making decisions
regarding the different phases of fishing activity such as the opportune
moment to go to sea, to deploy fishing gear or to weigh anchor. The
capacity to perceive these temporal signals, and therefore the capacity to
anticipate a change in the marine environment, constitutes a deter-
mining step in the qualification of the fisherman in the conduct of his
fishing activity. The capacity to understand, interpret and predict from
these signals composed of a corpus of stimuli - visual, olfactory, sound,
tactile - emitted by nature, is part of a discursive body of knowledge,
formalized in a theoretical mode, concerned with objectification and its
communicability outside the cultural environment specific to a group of
fishermen. We realize here that the knowledge we have just described
transcends a culture or a community and is intended to be universal
knowledge that can be appropriated by all (Cormier-Salem and Roussel,
2002).

Such knowledge has been described in other communities. In the
villages of Tonga and Tuvalu in the Solomon Islands, traditional fore-
casting techniques are based on observations of the sea and lagoon (size,
intensity and noise of waves, color and smell of water, and volume of
algae deposited on the beach), the sky (type and color of clouds,
particular appearance of the moon), and winds (FIDA, 2016). Similarly,
in Rapu-Rapu in the Philippines as well as in Aceh in Indonesia, it has
been established that a foul odor from the sea signifies the approach of a
storm or typhoon (Budi, 2010). There are other key indicators, such as
phenology (e.g. the abundance of particular fruits such as mango and
breadfruit as a sign of strong wind or heavy precipitation, and a rise in
the water table in taro plantations as an indication of a rising sea level),
and the behavior of birds and other animals (e.g. albatrosses flying at
low altitudes warn of bad weather, and animals seeking refuge on high
ground warn of approaching tsunamis). In Raimea and Lau-Hata, Tim-
or-Leste, leeches and caterpillars appeared before the storms. When
banana leaves and branches of other trees fall to the ground in the
absence of strong winds, people in Rapu-Rapu, Philippines, prepare for a
thunderstorm or typhoon (Budi, 2010). Birds, usually migratory species,
are also seen as important indicators of changing seasons and their
duration, as well as the imminence of heavy rainfall, thunderstorms or
drought in Raimea and Maluru-Beaco in Timor-Leste and Sayung and
Lipang in Indonesia. In Perez and Rapu-Rapu in the Philippines, the
behavior of various animals helps predict risk: rays repeatedly leaping
out of the water in summer, the rapid movement of sea snakes, and
coconut crabs heading towards the land or climbing trees are all warning
signs of thunderstorms or typhoons. Communities have also developed
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ways to prevent, mitigate, adapt to, or prepare for these risks using local
methods and materials. In anticipation of a storm, for example, local
plants are used to strengthen houses, such as Suhay (bamboo stems) in
the Philippines and Ai Tatan (used as wooden spikes to secure the roof)
in Timor-Leste (Hiwasaki et al., 2014).

Deb (2015) identified among Hindu coastal fishers in Bangladesh
eight factors that are taken into account in their traditional ecological
knowledge system for fisheries decision making. These factors include
water color, wind direction and current, lunar periodicity, sediments
and topography, celestial navigation, birds and animals, mangroves and
fishing sites. Grant and Berkes (2007) identified nine categories of
knowledge, that are important for finding and catching large pelagic
fish, including seasons, bait use, gear technology, weather conditions,
fishing practices, fish habits and behavior, fish movements, “popular
oceanography” (seabirds, seawater color, current), and fish stomach
contents (Medeiros et al., 2018).

All this empirical knowledge, that we have just described from
around the world and that comes from experience, does not need a great
deal of theory for its validity and can be assessed in terms of the tangible
results that it gives (Agrawal, 2004; Collignon, 2005; Thomas, 2018). It
is up to “researchers” to see how to incorporate them into their models
for predicting changes in the marine environment (Baelde, 2007; Lesage,
2012; Lofmarck et al., 2017).

It is therefore a question of making a clear distinction between
knowledge, that comes from a locality but whose scope is global and
purely local beliefs. For example, members of the Indian watch com-
munity may firmly believe that a fishing trip without disturbing the
weather can only take place thanks to the goodwill of the genius of the
village through a mystical practice combining talismans, prayer and
incantations. In this sense, knowledge would be a justification for su-
perstition and obscurantism in other communities (Mbaye, 2013). On
the other hand, the knowledge described here as a means of preventing
possible disruption of climate parameters based on practical experience
can be verified on a global scale.

Much knowledge of this type remains little known or valued, which
unfortunately leads to its marginalization and sometimes virtual disap-
pearance (Mboa Nkoudou, 2015; Cardona et al., 2018). The desire to
protect from oblivion or disappearance knowledge whose existence is
more worthy of a long-term perspective is highly commendable. Espe-
cially if the knowledge in question here concerning the ways in which
artisanal fishers understand the marine environment includes safe in-
centives to help fishing professionals, particularly the new generation of
fishers turned towards new technologies, to prevent accidents at sea.

As scientists seek to improve the predictability of climate phenom-
ena, there is a need to integrate anthropological and socio-
environmental data into the development of predictive models for
climate change (Loury, 2012).

5. Conclusion

This study shows that the close relation between artisanal fishermen
and their natural environment makes them agents of “measurement”
and prediction of changes that can occur in this environment, particu-
larly on climatic parameters. Being confronted with the impacts of these
changes through their activities, they thus participate in the observation
and monitoring of changes. The fishermen have long favored this
empirical knowledge, consisting of a set of knowledge and reasoning
that each of them uses to conduct their activities and cope with the
vagaries of the climate.

The limitation of the study was that it only considered the Guet-
ndarian fishermen and did not compare knowledge according to
gender, fishing technique, age, etc. The study was limited to the Guet-
ndarian fishermen. Nevertheless, its major contribution is to have
shown that analyses of the knowledge of artisanal fishermen should no
longer be limited to demonstrating their usefulness but also and above
all to claiming their universal scope, to show that the knowledge of
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fishermen, like university knowledge, has a scope that goes beyond the
local context and can be verified everywhere in all marine environments
of the globe (Berkes et al., 2008). In this sense, it is knowledge that is
universal in scope. Fishermen’s knowledge, which is based on an intel-
lectual construction based on long empirical experience (Berkes, 2015,
p- 394), does not need to follow the same method as that of other aca-
demic or university sciences and its validity should not be evaluated
according to the same criteria as this one (Collignon, 2005; Mbonda and
Rondeau, 2015; Kovacs et al., 2016).

In this sense, with the different types of science called differently
experimental sciences, practical sciences, etc., it is necessary to return to
the notion of ethnosciences developed in the 1950s by American eth-
nologists. Through this notion, they sought to recognize the value of
thoughts qualified as indigenous, while affirming their scientific foun-
dation by demonstrating that they are based on rigorous classifications,
that they are rational and differ from Western thought only in their
objectives (Foucault, 1966; Lévy-Strauss, 1962).

The different names given to the knowledge embodied by fishers
simply mean that these types of knowledge have value and deserve to be
recognized and preserved. Certainly, this phase has been important, but
it is necessary to go beyond this justification of recognizing the knowl-
edge of a community or group alongside the so-called “learned” or
“academic” knowledge, to place it in a constant relationship between the
local and the global (Gerrtz, 1986, p. 293).
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