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Abstract

In the Republic of Benin, mangroves are an essential resource for the coastal populations who use them for firewood,
salt production, and ruminant feeding. However, little information exists on livestock keepers’ particular threats to man-
groves. This study aims to understand the use of mangrove species by ruminant keepers to identify sustainable actions
for mangroves conservation in the coastal area of Benin. Ethno-botanical and socio-economical surveys were conducted
on ninety (90) ruminant farmers in fifteen (15) villages close to mangroves along the coastal belt using a semi-structured
questionnaire. The herders provide their animals with different mangrove plant species for feeding and health care. Rhiz-
ophora racemosa, Avicennia africana, Paspalum vaginatum, Zanthoxylum zanthoxyloides and Blutaparon vermiculare were
the primary species used for ruminants. Local communities of herders were aware of the need to restore and ensure the
sustainable use of mangrove ecosystems. The main restoration and conservation strategy suggested was planting the true
mangroves plant species. Others strategies were rational use of mangroves resources and avoiding burning mangroves.
These strategies varied with the ethnical group of the herder and the mangrove status (degraded or restoring) in their
location. The study also revealed the willingness of ruminant breeders to participate in actions to conserve mangroves.
This participation in mangrove restoration was influenced by the ethnical group and age of the herder. Therefore, it is
important to involve more ruminant farmers in activities and projects for mangroves restoration. Further study could
evaluate whether grazing could enhance the other ecosystem services of mangroves.
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1 Introduction
1.1 Background

Worldwide, mangroves are considered a highly vulnerable ecosystem [1]. Mangroves are mainly located between fresh-
water and saline water environments [2, 3], and covered up to 16.4 million ha in 2014 [4]. They provide valuable eco-
system services such as carbon sequestration, coastal barriers, shoreline protection, food, fuel, building materials, and
biodiversity protection [5-8]. However, mangroves are one of the most threatened habitats.

About 35% of the world’s mangroves have been lost for several reasons [9]. Mangroves are degraded in many areas due
to climate change [10, 11] and to human activities [12, 13], mainly urban development in the coastal areas [14, 15] and
overexploitation of resources [16]. These threats call for various actions for sustainable management and conservation
of mangroves [17]. Accurate estimation of the mangrove forest cover change rate could correctly inform conservation
policymakers to reduce functional losses [12, 18].

Overharvesting of mangroves species is one of the significant threats to mangrove forests [13]. Livestock keepers also
use mangroves to feed their animals, particularly ruminants, in many countries, including Benin, Senegal, New Zealand,
Indonesia, and Pakistan [1, 13, 19-22].

Livestock contributes, on average 13% to the GDP (Gross Domestic Product) of the Republic of Benin [23]. Ruminants
grazed in mangroves forests and swamps, and leaves of Rhizophora racemosa and Paspalum vaginatum were harvested
and sold or preserved as fodder for the dry season [24]. However, no information exists on the amount of the different
foliage harvested and how the different parts of the true mangrove species are used for ruminants. This information is
important in conservation decision-making and valuation of these mangrove services [25].

Most of the study conducted in Benin has focused on mangrove interests for human populations, particularly medici-
nal, food, and other uses for human well-being [13, 26-28]. Some authors had investigated the floristic and faunal
inventory of mangrove ecosystems [29] and some conservation issues [15]. According to Zanvo et al. [30], from 2001 to
2019, mangroves had changed to grasslands (7.25%) or another vegetation type (27.05%), with higher degradation in
the municipalities of Abomey-Calavi and Ouidah. Therefore, there are various actions for the sustainable conservation
of mangroves by several NGOs and projects through the Mono Transboundary Biosphere Reserve (Togo and Benin) and
RAMSAR convention along the coastal belt of Benin [12, 13]. However, none of these participatory actions specifically
consider livestock keepers as contributors to the threats to this resource.

1.2 Assumption and objectives

This study aims to (i) assess the use patterns of mangroves’ true species by livestock farmers for their ruminant herds,
(i) understand herders’ perception of the threats to mangrove forests, and (iii) identify with the herder’s participatory
actions for mangroves restoration and conservation. We hypothesize that the ethnical origin of the respondents affects
their contribution to enhancing mangrove management and conservation actions in the coastal areas of Benin.

2 Methods
2.1 Study area

The study area is the coastal belt of the Republic of Benin located between 1°44’30" and 2°37'00 East longitude
and between 6°15'50” and 6°44'85" of North latitude. This study was conducted in four municipalities (Semé-Podji,
Abomey-Calavi, Ouidah and Grand Popo) along the coastal area of Benin. The municipality of Cotonou was not investi-
gated because of the absence of mangroves in this urban area (Fig. 1). The climate in the study area is a subequatorial
type with two rainy seasons, from April to July and mid-September to October; and two dry seasons, from December
to March and mid-August to mid-September. The annual rainfall is between 820 and 1300 mm, with a temperature
of 25-27.7 °C. Soils are sandy, hydromorphic, and ferralitic types. Though very diverse, the plant communities in the
coastal zone are dominated by two true mangroves species; Rhizophora racemosa and Avicennia africana [29]. Other
species of the mangrove swamp included Drepanocarpus lunatus, Dalbergiae castaphyllum, Laguncularia racemoa,
Thespesia populnea, Annona senegalensis, Bridelia ferruginea, Imperata cylindrica, Sesuvium postulacastrum, Phyloxesus
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Fig. 1 Map of the study area showing the studied municipalities (Seme-Podji, Abomey-Calavi, Ouidah, Grand-Popo)

vermicularias, and Acrostichum aureum [27]. The population of the coastal area of Benin is of different ethnical groups,
including Fon, Mina, Houeda and Xwla. The economic activities practiced are agriculture, fishery, livestock rearing,
salt production, trading, marine sand exploitation, and hunting [15].

2.2 Sampling and data collection

An ethnobotanical survey was conducted in the surrounding villages of the forth (4) studied municipalities. Rumi-
nant herders were interviewed in fifteen (15) villages close to the mangrove swamps. Those villages were chosen
regarding the existence of ruminant herders that use mangrove swamps and the presence of other socio-professional
groups using the mangroves, such as traditional healers, fishermen, and women who specialized in salt production.

The target group for this study included fifteen cattle herders and seventy-five sheep and goat herders. There-
fore, ninety (90) breeders were randomly selected and interviewed individually. The snowball sampling method as
described by [14] and [31] was used for the herders selection. Supplementary data was collected through field visits
and group discussions. The field visit was implemented as described by [32] and permitted to identify the plant spe-
cies elicited by the herders during the survey. The herders were asked to provide local names of the mangrove plant
species used as feedstuffs and medicine, the diseases or disorders treated with them, and the plant organs used.
They were also asked to indicate the ruminant type using the mentioned plant parts. Vouchers were produced, and
the scientific names of the different plants identified by experts at the National Herbarium of Benin.

Data was also collected on the farm’s socioeconomic characteristics, the herd composition, and the ruminant feeding
management in communal grasslands, including mangrove forests. The discussions with those farmers and the local
authorities confirmed that mangroves were degraded along the coastal belt of Benin.
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Several projects were implemented to conserve biodiversity and sustainable use of mangrove resources through the
Ramsar Convention [12]. However, the current trend of mangrove ecosystem is either still degraded (named: “Degraded”)
or in restoration (named: “Restoring”). Through the survey, farmers were asked to give an evaluation of the importance
of mangrove resources for their animals. Moreover, questions related to the actual conservation status of mangroves
(degraded or restoring), farmers perceived threats, and strategies for sustainable management of mangroves were
discussed.

2.3 Data analysis

Ethnobotanical indices were calculated based on the popularity and versatility of species (woody and herbaceous spe-
cies). The relative frequency of citation (RFC), as described by Tardio and Pardo-de-Santayana [33], was used to assess the
importance of each species through the use categories. The RFC value is obtained by dividing the number of breeders
who mention a given species used by the number of participants in the study.

The Use Value (UV) of each species was calculated for each ethnical group using Phillips and Gentry [34] method,
simplified by Rossato [35] as follows:

In
1 .
UV = N;Ul

where Ui represents the number of uses mentioned by a breeder i and N represent the total number of herders
interviewed.

This index was then used to perform a correspondence analysis to compare mangrove species use between ethnical
groups. The R version 3.6.0. package FactoMineR [36] was used for this analysis.

The ruminant production system was characterized in relation to the conservation status of mangroves. Cross-tabula-
tions with the calculation of chi-square statistics were used to compare qualitative characteristics of the farms according
to the perceived mangroves characteristics. Means and standard deviation values were calculated for the continuous
variables, and comparisons were made using the non-parametric test of Kruskal-Wallis W.

Mangroves conservation strategies proposed by the surveyed farmers were compared between ethnical groups and
mangroves status, using cross-tabulations with chi-square statistics. Then, a stepwise logistic regression analysis using the
backward procedure was carried out to identify the socio-economic factors that affect the choice of a given conservation
strategy (1: restoring or 2: others). All the statistical analysis were performed in R version 3.6.0 [37].

3 Results
3.1 Ethnobotanical knowledge of ruminant herders on mangrove plants utilization
3.1.1 Socio-economic characteristics of the surveyed ruminant farmers

In the coastal belt of Benin, ruminant farming is practiced by men and women. Cattle farmers were 43.2+ 17.29 years old,
while the average age of the small ruminant farmers was 51.04 +16.02 years. The cattle herders belonged to the Fulani
socio-cultural group from Niger and Northern Benin (Natitingou, Save, Malanville, and Karimama). Cattle farming was
their main activity, and they have been using mangrove swamps for 19.93 + 16.62 years.

The small ruminant farmers were Beninese and kept sheep and/or goats in the area for 14.71+ 11.58 years. Most
of them was using mangrove for 21.65 + 13.53 years. The latter practiced animal husbandry as a secondary activity. In
contrast to the cattle keeper group, their other activity related to the use of the mangrove was fishing and traditional
medicine by men, while women practiced salt production. They were all autochthon and belonged to the Xwla, Peda,
Fon ethnical groups and other groups (Yoruba, Goun, Evé, and Nago).

Three ruminant farming systems have been identified in the area, including family small ruminant farming (81.11%),
entrusted cattle farming (13.33%), and mixed cattle-coconut farming (5.56%). Family farms owned sheep and goats (5.59
heads) that were reared and kept in paddocks or at the homestead. In entrusted farms, cattle herd size is 42.20 heads/
herd, and 101.40 heads were kept under coconut trees. The cattle breeds were Bobodji, Yakana, Borgou and Djabadjaba
breeds. Small ruminant breeds used were Djallonké and Sahelian.
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Table 1 Use of mangrove species in ruminants keeping in the different municipalities

Species used Local names Parts used Ruminant type Municipalities
Rhizophora racemosa Xwéto (Xwla, Fon) or Guiogba (Goun) Leaves, bark, flow- Sheep and goats Abomey-Calavi
ers, young stalk, Ouidah
seeds, wood Grand Popo
Avicennia africana Akpontin (Xwla) Leaves, bark, Sheep and goats Ouidah
young stalk, Grand Popo
seeds, wood
Paspalum vaginatum Gbakon (Xwla) or Woko (Goun) or Tch-  Leaves Cattle, sheep and goats Seme
itchiri (Fulani) Abomey-Calavi
Ouidah
Grand Popo
Zanthoxylum zanthoxyloides Hétin (Xwla, Fon) Leaves Sheep and goats Abomey-Calavi
Ouidah
Grand Popo
Blutaparon vermiculare Djedjé (Xwla) Leaves Sheep and goats Ouidah

Table 2 Use categories,

oo Species used Use categories Citation rate (%) Parts used
citation rate, and plant parts
used in ruminant farming Rhizophora racemosa Feeding 55.55 Leaves, bark,
flowers,
young
stalk, seed
Sheepfold or fold building 5.55 Wood
Health 2.22 Leaves
Reproduction management 1.11 Leaves, bark
Avicennia africana Feeding 27.77 Leaves, bark,
young
stalk, seed,
wood
Sheepfold or fold building 1.11 Wood
Paspalum vaginatum Feeding 64.44 Leaves
Zanthoxylum zanthoxyloides Feeding 21.11 Leaves
Health 21.11 Leaves
Blutaparon vermiculare Feeding 8.88 Leaves

3.1.2 Ruminant herders’ perception of pastoral importance of the mangrove species

Five plant species were used in ruminant keeping, including two true mangroves species Rhizophora racemosa and
Avicennia africana, and three species from the swamp, such as Zanthoxyllum zanthoxyloides, Blutaparon vermiculare and
Paspalum vaginatum. For each species, the plant parts used, the ruminant type fed, and the location of the farmers' were
documented (Table 1). Rhizophora racemosa, Avicennia africana and Zanthoxyllum zanthoxyloides leaves were harvested
to feed the animals, whereas Blutaparon vermiculare and Paspalum vaginatum were grazed.

According to the herders, all the organs of R. racemosa and A. africana were used for small ruminants (sheep and goats).

Mangrove species were mentioned in four (04) use categories: feeding, health, fold building, and reproduction man-
agement. However, the number of use categories varied among species, as showed in Table 2.

All the species elicited were used for animal feeding, mainly R. racemosa (55.6%), P. vaginatum (64.44%) and A.
africana (27.78%). In particular, the different parts of the true mangroves species R. racemosa and A. africana, were
diversely used in animal feeding (Fig. 2). Leaves (55.55% and 27.77% for R. racemosa and A. africana, respectively)
and bark (35.55% and 16.66% R. racemosa and A. africana, respectively) were most parts ingested by small ruminants.
Also, flowers and young stalks from R. racemosa and wood of A. africana were well used.
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Moreover, R. racemosa was mentioned in all the use categories. The wood was used for fold building (5.56%) and
its leaves and bark in reproduction management (1.11%). Z. Zanthoxyloides (21.11%) leaves were used against diar-
rhea and skin diseases for animal health.

The correspondence analysis (Fig. 3) showed that the first two axes explained more than 93% of the total varia-
tion (axis 1=67.92% and axis 2 =25.42%). Only these axes were used to describe the relationship between ethnical
groups and mangroves plant species utilization in ruminant keeping.

Considering axis 1, R. racemosa, B. vermiculare and A. africana constituted the primary plants used by local ethnical
groups Xwla and Pedah, while P. vaginatum was the only species used by Fon and Fulani ethnical group. On axis 2,
others ethnic groups such as Goun, Nagot, Evé and Yoruba preferred Z. zanthoxyloides.

3.2 Ruminants production around mangroves forests
All the herders interviewed perceived some changes in mangroves. Instead of restoration efforts by the Beninese

Government and NGOs, 42.2% of the herders mentioned that the mangroves forests were still degraded (“Degraded”).
In comparison, the others (57.8% of herders) perceived a positive restoration trend (“restoring”).
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Table 3 Comparison of

qualitative characteristics of
farms around degraded and Degraded (%) n=38 Restoring (%) n=52
restoring mangroves areas

Variables Mangrove trend x? P(=)

Areas 30.825 Hxx
Ouidah 28.9 57.7
Abomey-Calavi 15.8 0.0
Séme-Podji 31.8 0.0
Grand-Popo 23.7 42.3

Gender 0.454 NS
Male 68.4 61.5
Female 31.6 385

Formal education 10.092 **
Elementary 23.7 55.8
Secondary 289 1.5
None 47.4 327

Another occupation 6.239 NS
Fishing 28.9 44.2
Salt preparation 18.4 23.1
Traditional medicine 0.0 3.8
None 52.6 28.8

Ethnic group 16.842 **
Xwla 342 61.5
Peda 53 19.2
Fulani 237 7.7
Fon 21.1 7.7
Others 15.8 3.8

Religion 8.190 *
Traditional 42.1 71.2
Christian 316 19.2
Muslim 26.3 9.6

Ruminant farming system 2372 NS
Family smallruminant 737 86.5
Entrusted cattle 184 9.6
Mixed cattle-coconuts 7.9 3.8

Mangrove resources as alternative 5227 *
feedstuffs
No 47.4 71.2
Yes 52.6 28.8

Herders’ groups 4.409 *
Cattle 26.3 9.6
Small ruminants 73.7 90.4

Age 42.2 57.8 8.246 **
<30 years 10.0 22
31-59 years 222 356
=60 years 10.0 20.0

NS not significant
*P<0.05, ** P<0.01

3.2.1 Socio-economic characteristics of farms around degraded or restoring mangroves

Tables 3 and 4 showed the socio-economic characteristics of ruminant farms around degraded and restoring mangroves.
The level of formal education of the herder, his ethnic group and religion, the use of mangrove resources, and the main
ruminant kept varied significantly (P <0.001) according to the status of the mangrove (degraded or restoring).
Degraded mangroves were mainly located in Sémeé-Podji (31.8%) and Abomey-Calavi (28.9%). Half of the farmers
around those mangroves attended school and were from the Fulani (23.7%), Fon (21.1%), or other ethnic groups (15.8%).
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Table 4 Quantitative

e Quantitative variables Degradation Restoration P-value
characteristics of farms = _
(n=38) (n=52)

around mangroves areas
Seniority in the area (years) 15.58+13.32 18.92+15.08 NS
Cattle size (heads) 56.70+63.29 72.40+£63.50 NS
Sheep size (heads) 2.71+£2.05 9.36+10.35 *
Goat size (heads) 4.60+2.25 6.20+£3.70 NS
Use duration of mangrove areas (years) 19.24+13.52 22.92+14.27 NS
Number of mangrove species used 1.39+£0.95 2.02+1.17 *

NS not significant
*P<0.05,**P<0.01

They were even Christian (31.6%) or Muslim (26.3%). Farmers around degraded mangroves raised more cattle (26.3%)
than restoring mangroves. Most (73.7%) of the farmers of this group also kept small ruminants. On average, only one
mangrove tree or related species was used for animal feeding. Most (52.6%) of them mentioned this species to be used
as alternative forage.

The group “Restoring” was mainly located in Ouidah (57.7%) and Grand-popo (42.3%). Half of them attend elementary
school (55.8%), and they belong to Xwla (61.5%) and Peda (19.2%) autochthon ethnical groups. They practice traditional
religion (71.2%) and kept small ruminants (90.4%) with a larger (P <0.01) size of sheep herd (9.36 heads/herd) than in
the group “Degraded”. Mangroves and related species used to feed these animals were significantly higher (P <0.05)
with 2.02 species, and these species were used by 71.2% of the herders as forage. Also, a higher proportion (20%) of the
oldest farmers (= 60 years old) was found in this group.

3.2.2 Herders' perceptions of the threats to mangroves and conservation strategies

The main threats of mangrove forest degradation were due to uncontrolled cutting/harvesting (57.82%), the use of
mangrove species for firewood and salt production (26.30%), and human settlements (2.61%). Half (47.39%) of the herd-
ers acknowledged their dependence on mangrove forests and surrounding grasslands for their ruminant herd. Those
farmers realized that the full degradation of mangroves could hinder their livestock-keeping activity.

However, no threats were mentioned regarding ruminant grazing around or into mangrove swamps. Nonetheless,
ruminant herders suggested some strategies for the sustainable conservation of mangroves (Fig. 4). These strategies
varied significantly (P <0.001) between small ruminants and cattle herders. Most small ruminants’ owners suggested
mangroves trees planting (42.7%) and cutting control (32%), while cattle owners emphasized better management of
conflicts between farmer-breeder (33.3%). Both cattle and small ruminant herders also proposed participatory manage-
ment of the resource.

Figure 5 showed that close to “Degraded” mangroves, the strategies most used by farmers are planting true
mangroves species (52.61%) and rational use of resources by controlling cutting (18.48%). Around “Restoring” man-
groves, the most proposed conservation strategies were the rational exploitation through the control of cutting
and better management (38.41%), mangrove planting (28.89%) or participatory management (15.40%).

The farmer’s conservation strategies according to ethnic groups (Fig. 6) showed that the local ethnical groups
Xwla (20%) and Peda (4.4%) were the most involved in the conservation or restoration of mangrove ecosystems
through planting (40% for Xwla, 33.33% for Peda) and rational exploitation by controlling cutting (33.33 for Xwla,
41.67 for Peda). The Fulani and Fon ethnic groups, apart from mangrove planting and their rational management,
had suggested participatory management and the planting of other species. The Fulani people further indicated
the promotion of good governance of conflicts between farmers and herders.

3.2.3 Farmers’ future strategies for sustainable conservation of mangrove forests
The herders surveyed have mentioned their willingness to participate in actions to restore and conserve degraded man-
grove ecosystems in southern Benin. Most of them agree with planting the mangroves like R. racemosa and A. africana,

and suggested finding alternatives firewood/energy. They had also suggested developing a participatory approach with
different stakeholders to restore and effectively conserve mangrove ecosystems in southern Benin.
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Fig.4 Cattle and small
ruminant herder’s proposed
strategies for conservation of
mangrove forests

Fig. 5 Herders proposed
strategies for the conservation
of mangrove forests, accord-
ing to mangroves status
(degraded or restoring)
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Table 5 Prediction of herders’ contribution to mangrove restoration in southern Benin by logistic regression analysis (n=90)

Predictor B SE of B Wald’s 52 df Pvalue ef3 (odds ratio)
Constant —-0.495 0.382 1.681 1 NS 0.609
Age (<30 years) 5.75 2 NS
Age (31-59 years) —-2.037 0.946 4.63 1 * 0.13
Age (=60 years) 0.083 0.561 0.022 1 NS 1.087
Ethnic groups (Xwla) 13.733 4 **
Peda 2.233 0.897 6.194 1 * 9.328
Fulani 2.988 1.163 6.599 1 * 19.851
Fon 0.602 1.032 0.340 1 NS 1.825
Others 0.764 1.043 0.536 1 NS 2.147
Test
Overall model evaluation (Model x?) 24.47 6 **
Goodness of fit test (Hosmer and Lemeshow) 3.669 6 NS

— 2 Log likelihood=98.110a
Cox & Snell R Square=0.238
Nagelkerke R Square=0.320

NS not significant
*P<0.05,** P<0.01

The results of the logistic regression analysis are presented in Table 5. The analysis used the socio-economics charac-
teristics of the farmers that were likely to influence their willingness to participate in the mangrove conservation strategy.
The herders’ age, education level, ethnic group, farm location, religion, and herders types (cattle or small ruminants’
keepers) were selected as predictors. Variables highly correlated with the others like education level, religion and herder
types were removed from the predictors'list.

Using the remaining variable, the backward logistic regression permits retaining the age of the herders and his ethni-
cal group as suitable to predict farmers’ willingness to contribute to enhancing mangrove restoration and conservation.
Indeed, the full model was statistically significant, indicating that the predictors (age and ethnic group) as a whole reliably
distinguish farmers’ that contribute to mangrove restoration and the others (df=6, Xz =24,470,P <0,001). The Nagelkerke
R? value of 0.320 indicates a moderately strong relationship between prediction and aggregation. The non-significance
of Hosmer and Lemeshow’s test confirmed the validity of the regression model. The success of the prediction was 68.42%
for the group of herders who reported degradation and 76.92% for those who contributed to restoration strategy for
better conservation of mangrove resources. The e® values indicate that when the herder was an adult (31-59 years old),
the odds ratio is 0.130 times as large. This odds ratio is 9.328 and 19.85 times greater when the herders were respectively
of Peda or Fulani ethnic groups. These results implied that the probability that a herder contributes to enhancing actions
for mangroves conservation increases in adult herders’ farms and farms kept by Fulani and Peda people.

4 Discussion
4.1 Various uses of mangroves by ruminant herders

Our results showed that along the coastal belt of southern Benin, two true mangroves species (Avicennia africana; Rhiz-
ophora racemosa) and three associated species were the most used in ruminant rearing, following findings of [22].
Those species were the most abundant in the area [26]; however, more species were mentioned in Grand-popo where
mangroves had been acknowledged as less degraded [13]. In addition, mangrove resources have been diversely used
for various purposes by local communities [15].

Grazing in wetlands, including mangroves, was the major feeding strategy [14] along the coastal belt of Benin dur-
ing dry seasons. Therefore, animals rely on dominant herbaceous in mangrove swamp species like P. vaginatum and B.
vermiculare, while true mangroves species A. germinans and R. racemosa were harvested and supplemented. Both true
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species had also been acknowledged as the most used in animal feeding in Indonesia by Zuhri et al. [22]. Moreover, leaves
of Z. zanthoxyloides that are also available in the area were harvested to supplement the animals.

The mangroves species were differently used by ethnical groups, suggesting high pressure by authochton ethnical
groups Xwla and Peda. All the plant parts of the two true woody species were used. In addition to feeding, the use as
wood [13] or medicine [22, 38] was acknowledged. However, R. racemosa bark was cited in reproduction management
in sheep farms, which is less known in the literature. Indeed, this species is fed to sheep to obtain more male than female
offspring. The latter use could be justified by the presence of sheep fattening units in the periurban area of Cotonou,
as found by [39] in west-African cities, increasing the need for male offspring. In addition, Gnansounou et al. [13] argue
that the species is highly palatable to goats. Among other uses reported in the literature, goats graze on fallen leaves
and propagules of the mangroves of the genus Rhizophora sp. [22]. The same trend was observed Ouidah region, where
small ruminants fed on the fallen leaves of R. racemosa and A. africana.

The surveyed small ruminant farmers used the anthelminthic properties of Zanthoxylum zanthoxyloides leaves,
according to findings by Vinoh et al. [38]. R. racemosa (names Xweto) appeared to be the most helpful to local ethni-
cal groups. Farmers mainly used (A) africana in Ouidah and Grand Popo municipalities, where this plant was named
Akpontin by Xwla and Peda. (B) vermiculare was only found in Ouidah and named Djédjé by Xwla and Peda people, the
predominant ethnical groups in this area.

Some other species of mangroves plants, such as Laguncularia racemosa and Conocarpus erectus, which were also
found in these forests, were not used by the herders. However, some other studies [40] showed the feeding use of Avi-
cennia marina, a true mangrove species in the Indian region. It was reported that Avicennia sp. is good fodder for small
ruminants [21, 22, 41] with high crude protein (13% DM) and palatability, justifying its preference for supplementing
small ruminants in our study.

However, true mangrove species were less used for cattle among the studied farmers in southern Benin. Fulani people
that were cattle herders did not have a broad knowledge of mangrove resources like the autochthon ethnical groups’
of the area. At the same time, Fulani people had been known to have the capacity to identify the greatest number of
useful forest species [31]. Their low interest in true mangroves species could be explained by the low fodder availability
to be harvested for their large herd. Indeed, using mangrove swamp for grazing is an alternative to forage shortage in
other areas of the coastal zone [14].

4.2 Mangroves degradation drivers

Mangrove's degradation was mainly due to human activities, as found in previous studies [13]. Uncontrolled exploitation
for several uses, including salt production and firewood needs, was commonly elicited, corroborating the literature’s
results [15, 40]. Worldwide, many mangrove forests experienced similar threats and conversion to other land uses such as
agriculture and aquaculture [42]. As found in our study, frequent grazing by cattle and fodder collecting for feeding small
ruminants could disrupt the normal functioning of this ecosystem [12]. Mainly ruminant herders mentioned degradation
as a consequence of uncontrolled harvesting. Stewart and Fairfull [43] and Baba et al. [44] reported that uncontrolled
access of livestock, especially cattle and camels, to mangroves could induce considerable damage by killing the young
seedlings and stunting the growth of trees and shrubs or could destroy root systems or pneumatophores by trampling.

In India and South Africa, Hope-speer and Adams [45] linked slower and stunted growth of mangroves and lower
frequency of flowering and fruiting to grazing pressure by camels, and fodder harvesting for cattle. This situation may
be enhanced by the accessibility of the mangrove sites and the high preference for leaves of mangrove trees by those
animals [44]. As suggested by [44], herders are expected to regulate the animals’ access to mangroves, to reduce the
treats in mangrove forests.

The low forage availability in the periurban area during the dry season could explain the pressure on mangroves by
ruminants in southern-Benin [14]; therefore, ruminants rely on mangroves located close to the city. With increased in
ruminant keeping and the commercial gardening in this area, pressures on mangroves will also rise over the years. Thus,
ruminant husbandry around mangroves should be improved and maintained through management options such as
reducing the average herd size, better animal and crop integration, fodder cultivation, and sustainable management of
the remaining grazing areas.

@ Springer



Research Discover Sustainability (2022) 3:13 | https://doi.org/10.1007/543621-022-00082-x

4.3 Determinants of ruminant keepers’ participation in restoration and conservation of mangroves

Wetlands utilization for feeding animals is a well-known strategy for coping with forage scarcity during dry seasons
[14]. The ruminant production system around mangrove swamps described in our study calls for the strong relation-
ship between land use and animals and justify the need to involve ruminant breeder in the sustainable management of
mangroves. Therefore, ruminant herders are expected to participate in the sustainable management of these resources.

Mangroves were restored in areas with educated farmers of local communities (Xwla and Peda) that use more than two
mangroves species. As most of them attend school, those farmers were expected to understand the needs and actions
for sustainable conservation of mangroves. In addition, these local populations practicing other occupations linked to
mangroves like fishing and salt production were much more dependent on mangroves. Therefore they contribute to the
conservation and sustainable management of this resource. The importance of traditional religion in natural resources
conservation, as mentioned in previous studies [46] was evident in southern-Benin. Indeed, most farmers around restored
mangroves practice traditional religion.

On the other hand, farmers perceived continuous degradation of mangroves in Seme-Podji, the most urbanized com-
munes beside Cotonou. Most herders had no formal education and no other activities linked to mangroves, which could
reduce their interest and awareness to conserve this resource. Our results showed a difference in the status of mangrove
resources according to ethnical group and age herders, which was consistent with findings in the literature [47-50]. Xwla
and Fulani were the dominant ethnic groups around degraded mangroves, which justifies the state of the mangrove
because of cattle rearing on mangrove swamp and fishing activities that require the cutting of mangrove plant woods.

NGOs implemented several many projects for the sustainable conservation of mangroves in Benin [12]. However,
these actions hardly concern ruminant keepers as contributors to threats on mangrove resources. Our study showed
that the age and the ethnical group of a herder were the factors that influenced his decision to participate in actions for
mangroves' restoration. Both factors were widely identified as determinants of sustainable agricultural practices adoption
[51]. Teka et al.[19] highlighted the link between ethnical groups, natural resource uses, and the willingness to participate
in this resource conservation. Therefore, mangroves conservation strategies should consider paying attention to age and
ethnical group of herders to be involved in conservation actions.

4.4 Prospects for mangrove conservation

The studied farmers reported the need for their animals to graze in mangroves during dry seasons to sustain ruminant
production in the area. In this area, urbanization and cultivated land extension had reduced grazing lands, while climate
change increased the farmers’ vulnerability [11]. All the coastal area herders were aware of the importance of these eco-
systems for them and of their degradation. They had all mentioned their willingness to contribute to mangrove conser-
vation by rationally using the resource and planting the true mangrove species. The latter actions were ongoing in the
area; however, cattle herders suggested improving land-use patterns to avoid the recurrent conflict they experienced
with crop farmers. As a result, grazing lands availability could be increased, and cattle could avoid grazing in mangroves
if more grazing areas were available. Xwla and Fulani people also suggested planting true mangrove trees, while Peda
preferred controlling harvesting and rational use of mangroves resources.

Instead of the several projects implemented in the Ramsar site in 2017 and the Mono Transboundary Biosphere Reserve
(Togo-Benin) for mangroves conservation, not everywhere restoration occurred. The suggested strategies by farmers
also varied between the two mangroves’ status (degraded or restoring). Near the still degraded mangroves, the strate-
gies most used by farmers were planting mangroves and rational use through controlled cuts. On the other hand, near
mangroves in restoration, the most used conservation strategies were mainly rational exploitation through control of
cutting and management. Thus, livestock herders should be more involved in actions for the sustainable management
of mangroves. Participatory co-management of mangroves remains the most acceptable strategy [52] at the level of
sites under restoration, while planting could be suggested at degraded sites [15]. As indicated by [15], the restoration of
traditional rules could also enhance actions for the conservation of mangroves.

The burning of stumps after cutting is frequent and could reduce the regeneration of the species. Therefore, stop-
ping this threat and planting the true mangroves and other trees could be an alternative to reduce the pressure on this
particular ecosystem. Indeed, informants had suggested planting other trees than the mangrove true ones, which could
be used as an alternative for providing fuel and forage. Therefore, the cultivation of fodder species like Gliricidia sepium,
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Leucaena leucocephala and Acacia sp. to be used as forage for the ruminants [53] could be helpful to avoid pressure on
mangroves. This is a possible new strategy for saving mangrove ecosystems from degradation in southern Benin.

To ensure the sustainability of mangrove management in the coastal areas of Benin, collective actions and supports
for the establishment of policies and institutions are necessary [54]. To this end, there is an urgent need to prioritize the
integration of socio-economic factors while improving local people’s livelihoods with other income-generating activi-
ties. Thus, the implementation of the following actions could contribute to the conservation of mangrove ecosystems :
(1) planting of true mangrove species; (2) sensitization and training of herders for the establishment of fodder crops; (3)
promotion of fast-growing species to support the demand for timber and fuelwood; (4) promotion of better land-use
pattern with more grazing lands; (5) contribution to food security and poverty alleviation by improving animal produc-
tivities (genetic potential, better feeding, and secure watering).

5 Conclusion

This study helped to understand the use of mangrove ecosystems by ruminant breeders and their contribution to its
degradation and potential restoration in Benin (West Africa). Five (05) species of mangroves, namely Rhizophora rac-
emosa, Avicennia africana, Paspalum vaginatum, Zanthoxylum zanthoxyloides and Blutaparon vermiculare were used in
ruminant rearing. Among the categories of use, ruminant feeding was the most cited. The use of these resources varied
according to ethnical groups. Native herders were much more interested in the organs of the true mangrove trees,
Rhizophora racemosa and Avicennia africana, for their small ruminants herds. However, migrant cattle herds grazed in
the surrounding grasslands during the dry season. At the same time, other activities are carried out in the mangroves,
such as salt preparation, fishing, and harvesting wood for fuel services and human settlements. All these threats affect
the sustainability of mangrove ecosystems, mainly in areas close to the cities. Our study revealed that ethnical group
appurtenance and the age of herders influenced the management of mangroves. Livestock breeders in the coastal zone
suggested conservation strategies through mangrove planting, controlled cutting, and participatory governance, which
could ensure this ecosystem preservation and conservation.
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