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Abstract: The 4 headwaters of the Chari fishery basin in the Central African Republic (CAR), Bamingui,
Bangoran, Koukourou and N’délé (BBKN), contain a significant ichtyological fauna, although it remains little
studied. The species of freshwater fish of the national parks of Bamingui Bangoran and Manovo Gounda St
Floris have not been identified in depth. Fish is rich in animal protein and is very popular in the local and
national markets. Its exploitation creates jobs for the populations living around BBKN'’s fishery basins.
Artisanal freshwater fishing contributes to the reduction of poverty of the BBKN population through the
revenue it generates. The analysis of biodiversity consisted of identifying the species of fish captured by
fishermen and the functional analysis consisted of mapping the key players in the fish value chain,
characterizing fishing techniques and doing a social, environmental and economic study of the fish value chain.
250 stakeholders were directly surveyed. The results reveal the advantages for the actors, with a net monthly
income of 1334$ for retailers, 1112$ for wholesalers, 889$ for fishmongers, 667$ for restaurateurs, 445$ for
carriers and 223$ for fishermen. 18 families of fish including 43 species have been identified. The fish are
artisanally caught. Fishing is done in two seasons: the favorable season (February to May) and less favorable
season (November to January). The catches by effort units (CPUE) are 17 kg/day, or 510 kg/month and 4 kg/day,
or 120 kg/month in the less favorable period. As the value chain is not sustainable, it is important to examine
its sustainability.

Keywords: fish biodiversity; fish value chain; fishery basin; Central Africain Republic

Introduction

Knowledge of the ichthyological biodiversity of African rivers and water bodies is a key matter
for scientists and development managers (Daget et al., 1988; Lévéque, 1994; Laleye, 1995).
Understanding the value chain (VC) provides policy-makers and fishing company managers with a
systematic tool for understanding the various sector/company processes, and in particular the costs
associated with the different stages of this value chain. By understanding the value chain, from
catching a fish to the customer, the sustainable revenue growth is ensured (D.Russell and
S.Hanoomanjee, 2012). The VC is a series of required activities that takes a product or service from
its creation to marketing towards the end consumer (Kaplinsky and Morris, 2001, Masirika et al.,
2020). The fisheries resources of the Congo Basin and particularly those of the Central African
Republic (CAR) have not been significantly studied (Moelants, 2015; Harrison et al., 2016; Mukabo et
al.,, 2020). Artisanal fishing supports millions of people worldwide, but it is often informal. As the
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contribution of artisanal fishing to socio-economic development is undervalued, its stakeholders
(fishermen, fish mongers, etc.) often lack the authority and ability to participate in the decision-
making process (WorldFish, 2021; Tshimuanga, 2022). The ecosystem services perspective is an
anthropocentric approach that links biodiversity conservation to local socio-economic development
(Mormont M., 2012; Tshimuanga, 2021). Freshwater fish is one of the resources exploited intensively
in the Bamingui-Bangoran and Manovo Gounda St Floris parks, and hardly allows for sustainable
exploitation of fishery resources. Freshwater fish production statistics are unknown to the Ministry
of Fisheries. The species of freshwater fish in Bamingui-Bangoran and Manovo Gounda St Floris
national parks have yet to be fully identified. Fishermen catch large numbers of adults just before
reproduction and juveniles before they return to the river (Micha et al., 2022). This practice has
harmful consequences for the fish value chain, as the quality of the fish (size and weight) influences
the market price and puts certain players at a disadvantage (Rapport Enquéte Cadre, WCS, 2022). At
the local markets of Bamingui, Bangoran, Koukourou and Ndélé, smoked fish is most often found.
Resellers do not bring sufficient quantities of fresh fish to market, due to a lack of conservation
facilities. For better management and development of these fishery resources, it is important to study
this value chain. The study consisted of: (1) studying the ichthyological biodiversity of the southern
tributaries (basin heads) of the central Chari basin; (2) carrying out a functional analysis of the fish
value chain in this zone.

Materials and Methods
Materials
Zone of Study

The study was carried out in the fishery basins of Bamingui, Bangoran, Koukourou and Ndélé,
in the commune of Vassako and its villages: Koukourou, Balouba, Bamingui, Niango, Vata, Dangavo,
Bakolekpa, Kovongo Mia, Bangoran, Kaka and Ndél¢, and partly in the Protected Area Complex of
the northeastern Central African Republic and their functionnal landscape (CAP-Nord-Est) covering
an area of 115.716 km?, or around 17% of the country's total surface area (Figure 1).
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Figure 1. Location of the fishery basins of Bamingui, Bangoran, Koukourou and Ndélé in the Protected
Area Complex of the northeastern Central African Republic and their functionnal landscape (CAP-
Nord-Est) (WCS, 2022).
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Equipment and Tools

The equipment used to collect the data consisted of: Garmin 64s GPS, itel Android phone, survey
sheets and interview guides.

Methods

To achieve the objectives formulated in this study, various methods, both qualitative and
quantitative, were used. These methods were combined with other techniques such as survey
questionnaires, direct interviews, focus groups and direct observations. The non-probability
purposive sampling method was used to sample 250 stakeholders in 12 villages in the 4 fishing basins
of the BBKN, namely Koukourou, Balouba, Bamingui, Niango, Vata, Dangavo, Bakolekpa, Kovongo
Mia, Bangoran, Kaka, N'délé and Manovo.

VC4AD Method

The VC4AD (Value Chain for Development Analysis) method is a tool funded by the European
Commission and implemented in partnership with AGRINATURA for the European Commission
(FAO, 2021). It highlights the functional analysis of the value chain as objective 2 of the present study,
which in turn highlights the economic, social and environmental analysis of the value chain.

Data Collection
Interviews with Stakeholders

Interviews with fishermen, fish traders, fishing input suppliers, restaurateurs and consumers
took place during February and March 2023. These exchanges enabled us to describe them and define
their roles in fish production and marketing.

Focus Group

The focus group with fishermen provided information on the techniques used for fishing, the
equipment used and the fishing calendar.

Direct Observations

Observations at fishing sites and markets enabled us to describe the production, processing and
marketing of fish in the fishery basins.

Fish Identification Keys

The Fish base (Froese, Pauly. 2019) and the identification keys of Blache et alii, 1964, Lévéque et
al. (1990) and Stiassny et al. (2007) were used to identify the fish.

Results
Fish Biodiversity of the Bamingui, Bangoran and N'délé Basin

Our descent into the fishery basins of Bamingui-Bangoran, Koukourou and Ndélé enabled us to
identify the fish encountered and cited by the fishermen themselves. This involved identifying the
family, genus and scientific name of the fish (Table 1).

Table 1. List of fish identified in the fishery basins of Bamingui, Bangoran, Koukourou and Ndélé.

Chari Basin

Families-Breeds-Species Bamingui Bangoran Koukourou Manovo
River River River River
Polypteridae
Polypterus bichir + + + +
Polypterus senegalus + + + +

Polypterus endlicherii + + + +
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Arapaimidae
Heterotis niloticus + + + +
Mormyridae
2 .
yperopisus bebe . . . N .
Marcusenius senegalensis
+ + + +
Mormyrus rume
.. + + + +
Gnathonemus petersii
+ + + +
Cyprinidae
Labeo coubie
, + + +
Labeo senegalensis
+ + +
Citharinidae
Citharinus latus
o , + + +
Citharinus citharus
+ + +
Alestidae
Alestes baremose
. + + + +
Hydrocynus brevis . . N .
Hydrocynus forskahlii
) + + + +
Hydrocynus vittatus
+ + + +
Bagridae
Bagrus bajad
Bagrus docmak + + + +
+ + +
Clariidae
Heterobranchus bidorsalis
Heterobranchus longifilus
, O + + + +
Clarias anguillaris
, o + + + +
Clarias gariepinus
+ + + +
+ + + +
Malapteruridae
Malepterurus electricus + + + +
Mochokidae
Synodontis clarias
o + + + +
Synodontis filamentosus
‘ .. + + + +
Synodontis gambiensis
, + + + +
Synodontis schall
, + + + +
Synodontis sorex
. + + + +
Synodontis violaceus
+ + + +
Claroteidae
Auchenoglanis biscutatus + + + +
Auchenoglanis occidentalis + + + +
Schilbeidae
Schilbe mystus
+ + + +

Siluranodon auritus
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Latidae
Lates niloticus + + + +
Cichlidae
Hemichromis fasciatus
Hemichromis bimaculatus

. . . + + + +

Oreochromis niloticus
) + + + +

Sarotherodon galilaeus
+ + + +
+ + + +

Tetraodontidae
Tetraodon lineatus + + + +
Protopteridae
Protopterus annactens + + + +
Gymnarchidae
Gymmnarchus niloticus + + + +
Hepsetidae

Hepsetus Odoe + + + +

The table above shows the names of the fish identified in the hands of fishermen and their
distribution across the 4 fishery basins. These fish are the most commercialized in the value chain.

Functional Analysis of the Fish Value Chain
Description of Stakeholders and Their Roles in the Fish Value Chain

BBKN's fish value chain comprises two (2) main categories of stakeholders. Some are primary
actors (fishermen, fishmongers, retailers, fishing input suppliers, restaurateurs and consumers) and
others are secondary (government services).

Fishermen

The majority of fishermen are located in the Ndélé basin. These fishermen are mainly made up
of the following ethnic groups: Rounga, Goula, Sara, Haoussa, Banda. The Bamingui, Bangoran and
Koukourou basins are mainly made up of the Banda ethnic group. Some are permanent residents at
the fishing sites, while others are temporary, depending on the fishing season. Fishermen say that
they don't have the packaging needed to bring fish in good condition from the fishing basins to local
markets, and that this is a disadvantage for them. To avoid transport losses, they sell the fish at low
prices, which is profitable for fishmongers and retailers. From the point of view of WCS's
management of the park's fishing zones, they feel that "invading the protected areas of the Bamingui-
Bangoran and Manovo Gounda St Floris parks to fish is a right, because if the NGO WCS deprives us
of this right, it should have found us alternative activities".

Fishmongers

Fishmongers play an important role in the fish value chain. They are responsible for distributing
fish to local and national markets. Fish selling is primarily reserved for women, but some men also
participate. Fishmongers have a very close relationship with fishermen. They can provide them with
fishing equipment in exchange for a few baskets of fish. The fishmongers travel on motorcycles to
help distribute the fish from Akoursoulbak and Ngarmba to Ndél¢, then from Ndélé to Bamingui,
Mbré or Bandoro. Despite their high incomes, fishmongers say they take a lot of losses through poor
sales, due to the poor quality of the fish supplied by fishermen.

Retailers

Retail is carried out by wholesalers and retailers. They sell smoked fish in Ndélé, Bamingui,
Bangoran and the capital, Bangui. Most resellers are Muslim women from the town of Ndélé. Sales
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of smoked fish are made in bulk in tubs, commonly called "n'gawi", or in cardboard boxes. Where
preservation isn't possible, retailers engage more in the smoked fish trade than in fresh fish. Retailers
say they have difficulty reselling smoked fish because of its small size and poor quality, due to the
smoking technique. As a result, they lose money through poor sales. Others have no packaging to sell
the fish on the market.

Restaurateurs

Fresh, smoked fish is a major source of savings for restaurateurs. Fish can be found in restaurants
in Ndélé and Bamingui. Menus consists of both fresh and smoked fish. Fresh fish dishes are not
available every day. Availability varies, depending on the fishing season and consumer demand.
Restaurateurs report that fresh fish is expensive on local markets.

Consumers

Fish is an essential source of protein for consumers in Bamingui, Bangoran, Koukourou and
Ndélé. Potential consumers include government officials, NGOs and travelers. Some consumers like
the taste of the fish, but find the prices rather high. Others find the fish cheaper, but the sizes are too
small for good consumption. For good consumption, fishermen should avoid catching small fish, say
some consumers.

Input suppliers

Suppliers of fishing inputs (reels, hooks, etc.) play a significant role throughout the value chain.
Fishermen depend on them for the materials they need to make fishing nets.

Secondary Players in the Fish Value Chain

BBKN's fish value chain is neglected by secondary actors (water and forestry agents). Fish
production statistics are unknown to the Ministry of Water and Forests.

Governance and Participation of the Wildlife Conservation Society (WCS) in the Fish Value Chain

The governance of the Bamingui-Bangoran and Manovo Gounda St Floris national parks and
their fishing basins is ensured by the NGO WCS in partnership with the Central African government.
WCS-CAR plays an extremely important role in the fish value chain of Bamingui, Bangoran,
Koukourou and Ndélé. In the past, the fish value chain in BBKN was disorganized, but now, thanks
to the ongoing work of WCS since 2018, there has been a lot of progress in the management of fisheries
resources. Through the BC Chari project, which aims to support fishing communities through
sustainable fishing, WCS currently supports 132 fishermen's groups recognized by local authorities.
The trend is evolving to include fishmongers and fish traders. A sustainable fisheries management
plan has been drawn up by WCS and its consultants, approved by a steering committee and validated
by the fishermen at a general assembly. WCS-CAR continues to work to ensure that the Management
Plan is respected by all stakeholders.

Features of Fishing Techniques

In the Bamingui-Bangoran, Koukourou and Ndélé basins, fishing is either active or passive,
depending on the technique used. It should be noted that fishing is both individual and collective.
Fish are caught using traditional methods (gillnets, hawk nets, longlines, harpoons, pots, knives,
machetes and canoes). They are caught in two seasons: the favorable season (February to May) and
the less favorable season (November to January).

Production

During the favorable season, Catch Per Unit Effort (CPUE) is 17 kg/day, or 510 kg/month. This
compares with 4 kg/day, or 120 kg/month during the less favorable season.

Processing

d0i:10.20944/preprints202407.2471.v1
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Caught fish undergo three types of processing: smoking, drying and frying. Drying is used less
by processors, as consumers do not appreciate its quality. Frying is also used less frequently, due to
the high cost of cooking oil. Smoking, on the other hand, is the method most used by processors, as
it is easier to use and requires no financial resources.

Conservation

Traders (wholesalers or retailers) have no freezers to keep fresh fish in good condition for several
weeks, nor packaging (coolers) to pack fish in hygienic conditions. Instead, fish are stored and
packaged in cardboard boxes and/or baskets, which lead to enormous losses sometimes.

Fish Marketing Channels

There are two key players in the marketing circuit (Figure 2): fishmongers and transporters. They
operate in two commercial circuits: the local circuit, where the product is transported to local markets,
and the external circuit, where the product is transported to urban markets.

Fishermen processor

1 1

Fishmongers Transformers Rural carriers
Wholesale resellers 1n rural and

urban markets

! |

Rural and urban restaurateurs Retail resellers in rural and urban markets

v

Rural and urban consumers

Figure 2. Market channels for fish value chain products in the Bamingui, Bangoran, Koukourou and
N'Délé fishing basins in CAR (= smoked fish, = fresh fish).

Economic Analysis

The average price of a cardboard carton of smoked fish in the Ndél¢ basin is around 40,000 FCFA
for the fisherman, i.e. 1,212 FCFA/kg, 50,000 FCFA for the fishmonger, 55,000 FCFA for the wholesaler,
60,000 FCFA for the retailer and 90,000 FCFA to 100,000 FCFA, i.e. 2,727 to 3,030 FCFA/kg for the
consumer. Considering the same situation in the Bamingui, Bangoran and Koukourou basins,
smoked fish is sold in baskets with an average price of at least 20,000 FCFA, i.e. 1,428 FCFA/kg for the
fisherman, 25,000 FCFA for the fishmonger, 30,000 FCFA for the wholesaler, 35,000 FCFA for the
retailer and 40,000 FCFA to 50,000 FCFA, i.e. 2,857 to 3,571 FCFA/kg for the consumer. For fresh fish,
we considered the same average price for 1 kg of fish across all the BBKN fishing basins, which is at
least 500 FCFA for the fisherman, 800 FCFA for the fishmonger, 1,000 FCFA for the wholesaler, 1,200
FCFA for the retailer and 2,000 FCFA for the consumer. The results relating to investments in required
fishing equipment per fisherman indicate that it lasts about one year. The annual depreciation of
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investments per fisherman amounts to 192,600 CFA francs, and their net operating income to

3,507,400 CFA francs.

Table 2. Operating costs of fishermen in the fishing basins of NE CAR.

Indicators Period Qu.antity Unit pric.e Atr:)r::lal
(months) (kg/unit/month) (FCFA/unit) (ECFA)
Production
Catch per year for fresh fish 12 226 500 1356 000
Annual catch of processed
smoked and dried fish 12 630 400 3024000
Production value 4380 000
Wooden canoe without motor 1 105 000 105 000
Beach seine 0
Gillnets 3 22000 66 000
Pots and traps 530 800 424000
Machetes/knives 4 5000 20000
Transport 0
Fishing permits 0
Water rights 0
Food 12 40000 40000
Health 25000 25000
Fishing helper wages 0
Total costs 680 000
Depreciation
Wooden canoe without motor 60 1 1750 105 000
Pots and traps 12 530 800 9 600
Beach seine 0
Gillnets 3 3 20000 60 000
Machetes/knives 36 3 500 18 000
Total depreciation 192 600
Net operating income 3507 400

The operating costs of fishermen in the BBKN fishing basins includes revenues and costs, such
as the purchase of dugout canoes, nets, etc., and costs involving depreciation.

The economic profitability of the various players in the fish value chain in Bamingui, Bangoran,
Koukourou and Ndele (Figure 3) is as follows: retailers have a net monthly income of 1334$,
wholesalers 1112$, fishmongers 889%, restaurateurs 667$, transporters 445$ and fishing units 223$.
The low net monthly income of fishermen is explained by their dependence on fishmongers and
suppliers of fishing inputs, but it also depends on the quality of the fish caught, which are most often
bought by fishmongers at low prices. In fact, most fishermen are in debt because they receive their
fishing inputs from suppliers and fishmongers.
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Figure 3. Economic profitability of the various actors in the BBKN fish value chain.

Social Analysis of the Fish Value Chain

In order to verify that the value chain is socially sustainable, various aspects were examined:

Working Conditions

Working conditions in the fish value chain in BBKN's catchment areas do not appear to be very
good for all concerned, and do not comply with the national labor code. Employment contracts are
verbal, and the fishermen (men, women and children) are not safe as they have neither protective
equipment (e.g. no life jackets) nor adequate materials to store and supply fish in hygienic conditions.
They are at risk from drowning, attacks by hippos and crocodiles, snake bites, injuries caused by
oyster shells or the spines of certain fish (Synodontis, etc.), bee stings and attacks by magnan ants.
Women and children working in this value chain are subjected to difficult tasks such as fishing,
processing and transporting fish, and receive very low wages. The actors are not properly structured.
Working conditions will only be improved if the NGO WCS facilitates a proper structure for the
various actors and provides them with adequate equipment for all the work along the value chain.

Water and Land Rights

Customary rights over the use of fishery resources do not exist, and value chain actors pay no
fees to local authorities. Access to fishing sites is not based on the issuance of a fishing permit, nor
does it comply with CAR's fishing code. The only actor involved in the governance of fishery
resources in the Bamingui, Bangoran, Koukourou and Ndélé basins is the NGO WCS. This is why
fishing is forbidden to fishermen in the protected areas of the Bamingui, Bangoran and Manovo
parks, in accordance with the wildlife code, pending the development of a new fisheries management
plan by the NGO WCS. To this end, fishermen are only allowed access to fishing in village hunting
zones (ZCV).

Gender Equality

Access to fishing sites is open to both men and women, regardless of gender. At the
organizational level and throughout the value chain, women are heavily involved in marketing, but
have lower incomes when it comes to profit-sharing. Outside value chain activities, women have
other demanding tasks, such as farming and housework. The NGO WCS must place particular
emphasis on the creation of womens associations for fishmongers and traders to empower them and
improve their incomes.

Food and Nutritional Conditions
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In the Bamingui, Bangoran and Ndélé basins, value chain products (smoked and fresh fish) are
an important source of animal protein for the population. Fish are available almost year-round.

Social Capital

We found that social capital is weak all along the value chain. Actors never receive subsidies or
credits.

Household Living Conditions

The activities of the various links in the value chain do not contribute to improving living
conditions. Stakeholders invest little in access to health, education, training, housing, water and
sanitation infrastructures and services. In other words, fishermen and their organizations lack the
financial means to access all these essential goods.

Environmental Analysis

In the BBKN fish basins, we noted habitat destruction (aquatic plants, riparian shrubs, spawning
grounds). At fishing sites, fishing is destructive, resulting in the capture of small fish with very small-
mesh nets (Figure 4). In addition, bush fires are frequent, destroying riparian zones often used as
spawning grounds or shelter for fry (nurseries). Deforestation through the cutting of wood for
smoking fish and the construction of dugout canoes is recurrent at fishing sites. The slash-and-burn
agriculture practiced by some fishermen leads to the degradation of forest ecosystems. The use of
natural or artificial chemicals by fishermen not only kills all fish, including larvae and fry, but also
their main food source, aquatic macro-invertebrates. Finally, the smoking technique has an impact
on the environment and on human health, notably through the production of Polycyclic Aromatic
Hydrocarbons (PAHc).

Figure 4. Some types of environmental impact of fishing: (a) Poor fishing technique, (b) Ecosystem
degradation (burning), (c) Ulcerated fish, (d) Juvenile fish.

SWOT analysis of the fish value chain in BBKN fisheries basins
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Discussion
Ichthyological Biodiversity

The specific richness of the Bamingui, Bangoran, Koukourou and Ndél¢ fishing basins identified
through this study is 18 families, 43 genus and 43 species, confirming the hypothesis that the
ichthyological biodiversity of the BBKN fishing basins is diversified. However, Breuil (1996)
estimated the fish biodiversity of the Bamingui, Bangoran, Koukourou and Ndélé fishing basins at
195 species belonging to 27 families, without any experimental fishing or collection. These studies
need to be further developed in order to gather new data on the fish fauna through a program of
experimental fishing and collection of the specimens caught, which will be carried out by WCS-RCA
with the support of the JRS Biodiversiy Foundation.

Characteristics of Fishing Techniques

In the BBKN fishing basins, we noted a great diversity of fishing techniques, with different gear
being used. The fishing gear identified and most commonly used by local communities are: gillnets,
hawk nets, longlines, harpoons, pots, knives, machetes and dugout canoes. Soap, earthworms and
small fish are the bait most commonly used by fishermen. In the Bangoran fishing basin, very few
fishermen use dugout canoes and hawksbill nets, as their waterways are impassable (almost dry)
from March onwards. This is the case for fishermen in the villages of Vata, Bangoran, Dangavo and
Bakolepka, who use only gillnets, longlines, pots and spears. In a similar study carried out in the
Mbali River community forest, Mwanandeke (2022) identified several fishing techniques, focusing on
the scooping technique, which is practised in groups and only by women (young or adult), as well as
fishing with impregnated mosquito nets “épuisettes”. Unlike other fishing techniques (gillnets,
longlines, harpoons, pots, knives, machetes), scoop fishing and impregnated nets are causing a real
problem for fish fauna and their habitats. This study shows that a variety of fishing techniques are
practised according to local knowledge, but that these are not always wise or appropriate. It therefore
seems necessary for the future that WCS-RCA :

1. Provide fishing communities with adequate fishing equipment to ensure sustainable fishing;
2. Reinforce fishermen's knowledge of good fishing practices;
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Reinforce processors' knowledge of good practices for smoking fish in the Chorkor oven;
Review the delimitation of fishing zones;

Delimit spawning areas and set up defenses with the support of fishermen;

Set up a fishing statistics program (CPUE);

Support organizations of fishmongers, retailers and input traders to improve collaboration;
Encourage fishermen to adopt sustainable fishing practices through the Code of Conduct for
Responsible Fishing, etc;

9. Ensure that the laws governing fisheries management in the Central African Republic are revised
and enforced.

® NG

Destruction of Fish Biodiversity in BBKN Fishing Basins

The ichthyological biodiversity of the BBKN fish basins has not yet been studied in depth.
Fishermen have no knowledge of spawning grounds or fish reproduction periods. They catch large
numbers of adults just before spawning and juveniles before they return to the river, which is a
mismanagement from a biological point of view and contributes to reducing and depleting
subsequent catches. Biodiversity is therefore being destroyed in the rivers and streams of BBKN's
fishing basins, as the number of fishermen and their fishing gear increases at an exponential rate.
Hence the need to structure them, organize them and get them to adjust course towards a Maximum
Sustainable Yield (MSY) and a co-management approach.

Sustainability of the BBKN Fish Value Chain

As for the sustainability of the fish value chain, it has to be said that it is not sustainable from a
social point of view, which translates into precarious working conditions. Conflicts over land are
recurrent between fishermen and livestock breeders because their cattle come to drink in the rivers
of these fishing basins and consequently impact fishing activities by destroying nets and traps. There
is also a gender imbalance, as women work more than men but are paid less. The net monthly income
of actors in the fish value chain is poorly distributed, as the main players in fish production receive a
much lower net monthly income than secondary players. Food and nutritional conditions are
hygienically inadequate, as fish is collected, processed and distributed in very precarious conditions.
In fact, smoked fish distributed along this value chain leaves much to be desired due to its poor
quality (carbonized), proof that fish processors do not know how to smoke fish properly, hence the
need to strengthen their capacities in this area. Lastly, social capital is insignificant for all players, as
the activities of this fish value chain generate little income, which means they cannot access essential
goods. Nor is it environmentally sustainable, as the biodiversity of BBKN fish basins is threatened by
overexploitation, destructive practices (nylon gillnets, small-mesh nets, assagaies, poisons, etc.) and
fishing in spawning grounds. All these problems persist due to a lack of respect for fishing
regulations. And finally, it is not sustainable from an economic point of view, as the incomes of the
main players are low, particularly those of the fishermen. To all this, we must add the insecurity that
is in full swing in the area, affecting the fish trade.

Model Strategy for Value Chain Development

In view of the many challenges facing the BBKN fish value chain, the following model is
proposed for its improvement:

1. Structuring of VC players (fishermen, fishmongers and traders);

2. Creation of agro-piscicultural sites to enhance the value of the most commercialized fish species,
not only to increase the income of stakeholders, but also to limit their access to prohibited areas
to maintain fish stocks;

3. Improved living conditions for stakeholders (medical care, access to education, drinking water,
etc.) through subsidies (micro-credits);

4. Capacity-building for fishermen, with the adoption of chorkor ovens to improve fish smoking
techniques;
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5. Raising fishermen's awareness of proper fishing techniques to supply mature fish to all players
in the value chain to improve their incomes;
6. Implement a co-management approach to fisheries resources between WCS and stakeholders.

Conclusion

The freshwater fish species in Bamingui-Bangoran and Manovo Gounda St Floris national parks
have not yet been fully identified. Through this study, 18 families and 43 species of fish caught by
fishermen have been identified. The Central Chari Basin is home to several protected areas, including
the Zakouma Park in Chad, the Siniaka Minia Faunal Reserve, the Barh Aouk and Barh Salamat, and
the North-East Protected Areas Complex (CAP-NE) in CAR, including the Bamingui-Bangoran
National Park and the Manovo-Gounda Saint Floris Park. Artisanal freshwater fishing contributes to
poverty reduction in the Bamingui, Bangoran, Koukourou and Manovo areas through the income it
generates, but fishermen do not hesitate to enter these protected areas in order to take wood for
smoking fish, and to fish in these areas, which are mostly off-limits and constitute breeding grounds
for fishery resources, nurseries, contributing to the replenishment of fish stocks, and which, through
their migrations, replenish the ordinary areas (outside parks) authorized for catches during the high-
water season. This practice, which runs counter to the objective of conserving protected areas, also
constitutes a danger for the fish value chain. The fish industry in Bamingui-Bangoran, Koukourou
and Ndélé seems neglected and unstructured. Each player is trying to make the most of his or her
position. We have seen that the net monthly income of fishermen is significantly lower than that of
others, and that they are the real producers behind fish distribution. There is therefore a need to
improve their incomes by adopting the Maximum Balanced Yield and raising awareness of
sustainable fishing, with the aim of getting them to participate in the protection and conservation of
their resources by refraining from fishing in these protected areas. Finally, our study shows that a
Sustainable Fishing Development and Management Plan needs to be put in place, including a
substantial technical and financial support program that will enable the creation of training structures
in the fishing industry and the strengthening of their associations to raise the level of knowledge of
the fishermen but also and above all, via schools, that of their children who are for the most part
future fishermen.
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