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Abstract: The sustainable use of rangelands in pastoral areas requires the inclusion of all stakehold-
ers to develop sound management strategies. However, the role of these actors in the sustainable
management of natural resources is still poorly understood. The present study aims to (i) assess
the perception of farmers and herders of the risks and opportunities of transhumance on rangeland
resource use and management, and to (ii) generate useful knowledge for the design and implemen-
tation of policies that favor the coexistence of these actors and reduce competition over rangeland
resources use in Benin. To this end, interviews were conducted with 240 crop farmers and herders
using a semi-structured questionnaire in two contrasting agroecological zones in the northern (Kandi)
and the southern (Kétou) part of the country. Among the respondents, 64% of farmers in the North
were agro-pastoralists (owning 10.6 ha of land and 10.7 cattle) and 36% were herders (keeping
45.8 cattle and cultivating about 3.7 ha of land). They perceived that communal rangelands were
entirely degraded. In the South, 36% of respondents were agro-pastoralists (with 0.3 cattle and
farming 4 ha of land) and 64% cattle herders (raising 45.3 cattle and farming 0.9 ha of land only).
Of the herders, 50% kept cattle for more than 20 years, while agro-pastoralists had no previous
experience in cattle herding. Cultivation practices among crop farmers, such as high use of mineral
fertilization (23.8%) and bush fires for land clearing (22.5%), were reported in Kandi (North) and
Kétou (South) as factors that might contribute to land degradation. However, these farmers perceived
transhumance as a threat to the sustainable use of natural resources. In contrast, herders perceived
transhumance as an opportunity to valorize unused land and increase the availability of manure to
cropland. The prevalent negative attitude of crop farmers regarding transhumant herders increases
the vulnerability of cattle herding in both regions. There is an urgent need of raising awareness
concerning the mutual benefits provided by the coexistence of crop farmers with herders to promote
participative rangeland management strategies. This may contribute towards coping with the current
challenges of food insecurity and increasing climate variability as well as to reducing recurrent
conflicts in the region.

Keywords: communal grazing areas; herder-farmer conflicts; herd mobility; land property rights;
rangeland degradation; West Africa
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1. Introduction

In Africa, pastoralists have provided meat and milk to rural populations for millennia,
using seasonal and cyclical migration to cope with changing fodder availability over
time and space [1-4], a phenomenon known as transhumance. This livelihood strategy
substantially contributes to food security and the economies of many communities [2] in
seasonal climates with resulting drylands across the continent. Transhumance is viewed
as an economically and ecologically rational production system, essential for livestock in
areas exposed to high annual variability in rainfall or temperature [3,5]. Unfortunately, this
rangeland-based lifestyle is increasingly threatened by competing claims for land by crop
farmers, sedentary herders, and other community actors [6,7].

In Benin, cattle herding is mainly based on animal mobility during the dry seasons.
This production system contributes 75% to the national cattle production [8,9]. Moreover,
every year, Benin receives more than 2 million cattle from Nigeria and the Sahelian coun-
tries of Niger, Burkina Faso, and Mali [10]. In the past, the general trend of transhumance
practices in West Africa has been placed on increasing livestock movement into Sudano-
Sahelian and Sudano-Guinean zones [11,12]. These increased movements by transhumant
herders have resulted in growing competition for natural resources [13]. Moreover, due to
demographic pressure, encroachment of cultivated fields into grazing areas and livestock
corridors has increased [4] and constrains the mobility of animals. National and regional
policies including laws that regulate the practice of pastoralism and the management of
common rangeland resources in Benin and in West Africa exist but are poorly enforced [9].
Umutoni and Ayantunde (2018) [13] argued that the existing local institutions are some-
times slow in addressing the dynamics of natural resource use in response to demographic
pressure and new economic interest. As reported by Umutoni et al. (2016) [14] in the case
of southern Mali, natural resource governance is weak, as the majority of regulations/laws
are oral, and the participation of the community members in their elaboration is very low.
To prevent recurrent cycles of violent conflicts between transhumant herders and farmers,
the parliament of Benin revised the national pastoral code in July 2018, which ignores
the interests of various community actors and their perceived effects of transhumance
on natural resource conservation. The new regulation came into force in April 2019, and
restricts transhumance in the country. Umutoni and Ayantunde (2018) [13] advocate for
the reinforcement of local institutions that regulate access to natural resources and use
by various actors. The same authors reported increased unauthorized grazing of crop
residues in Bougouni (southern Mali) and a decline in the availability of forage resources
and annual production of vegetation. Moreover, farmers and settled transhumant herders
provided similar reports on declining soil fertility and palatable forage species [13]. While
livestock herding remains the most important income activity for households in pastoral
settlements [15], there is an urgent need to reduce conflicts between herders and crop
farmers in order to sustain cattle production and ensure food security for the local com-
munities. This, however, requires a better understanding of the driving forces of resource
degradation and its mitigation [16].

Both local communities and transhumant herders exploit rangelands as common-pool
resources [17,18]. Therefore, investigating how various stakeholders use these natural
resources and interact with one another is crucial for designing appropriate strategies for
the sustainable management of agro-pastoral land use systems. Thereby, existing studies
on the effects of transhumance on host communities and the natural environments have to
be taken into account [19,20].

In sub-Saharan Africa, the relationships between pastoralists, their livestock, and
environments are complex and have been fraught with controversy [20]. Pastoralists and
their animals have been described as responsible for “overgrazing” and “degradation”
of the environment through “overstocking” and “poor management techniques” [21,22],
which may affect the productivity and sustainable use of rangeland resources. The most
significant effects reported in the Sudano-Sahelian and Sudano-Guinean zones include
increased unrestricted grazing, incidence of uncontrolled bush fires, and abusive cutting of
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trees by the pastoralists as well as overgrazing [23,24]. Previous investigations on pasture
management by transhumant herders in two host areas in Benin [25] partly confirmed this
trend and identified poor distribution of livestock on pasture as one of the main causes for
overgrazing. This was associated with the intrusion of invasive plant species, which means
that land degradation must be more pronounced in areas with strong rather than weak
transhumance. However, the ecological processes leading to rangelands” degradation are
complex and cattle herding cannot be its only cause. Similarly, climatic variations, climate
change, changes in agricultural practices, population pressure, and other societal changes
may substantially contribute to modifications in the agroecosystem [3,26,27]. Therefore,
adaptation to a changing landscape for adjusting the needs of livestock and improving meat
and milk productivity may become an increasing challenge for food security, the resilience
of rangelands, and the sustainability of their utilization. In this context, Steinfeld et al.
(2013) [28] argued that the change of practices in extensive livestock production modifies
pressures on resources and ecosystems. Rangelands provide essential forage for animals
and a habitat for wildlife in many places worldwide [29]. Many human communities,
including pastoralists, directly depend upon rangelands for their livelihoods [30]. It is
estimated that rangelands store 10-30% of the world’s soil carbon, in addition to the
substantial amount of above-ground carbon in trees, bushes, shrubs, and grasses [31]. As
ecosystems become degraded, their capacity to deliver such services is undermined [32].
The degradation of biophysical rangeland resources has serious implications for pastoral
ecosystems, livelihoods, and livestock production [33].

In Benin, the majority of studies on rangeland management were conducted in the
northern part of the country while little attention was paid to pastoral resource use and
management in the South. Moreover, these studies mostly focused on resource manage-
ment and conflicts around protected areas [34-38]. So far, no study was conducted on
the risks and opportunities of transhumance as perceived by various community actors.
Additionally, the effect of resource availability in agroecosystems on resource use and user
perceptions remains unstudied. Therefore, this study aimed at assessing the perception of
farmers and herders on rangeland resource management, so as to advise decision makers
in implementing appropriate policies that favor the coexistence of these actors. To this end,
we hypothesized that the perceptions of rangeland degradation by different users depend
on their socio-economic conditions and their use of the rangeland.

2. Theoretical Background Underpinning Social, Economic and Ecological Practice of
Transhumance and Resource Use and Management in West Africa

Demographic, socio-economic, political, technological, cultural, and/or biophysical
factors are hindering the availability of and the accessibility to pastoral resources in many
parts of Africa [39]. These resources include land, pasture, crop residues, livestock corridors,
and water points like dams, wells, boreholes, and streams. Due to population pressure,
rising demand for food, and changes in food habits of an increasingly urbanized population,
the global meat production has substantially increased during the past three decades and
has been predicted to double by 2030 [28]. In West Africa, this has also enhanced the
importance of livestock husbandry as a source of food, income and employment, savings,
and as an insurance system [40,41]. In sub-Saharan Africa, about 25 million pastoralists and
240 million agro-pastoralists rely on livestock grazing in drylands for their livelihoods [31].
In this context, mobility enables pastoralists to opportunistically use the scarce pasture
resources, including forage and water [42], and thus optimize weight gain and milk
production of their herds [43]; it also gives them better access to markets. Among all factors
bringing about transhumant pastoralism, the ecological context seems to be the most likely
to cause conflicts since scarcity of land and water competition have been recognized as
major causes of farmer-herder conflicts [44]. Long dry season periods in Sahelian countries
induce water and fodder scarcity and, in consequence, animal diseases [4,10]; they therefore
remain important reasons for transhumance [34,45]. Climate change effects may enhance
causes for transhumance wherever dry seasons become longer and drier, increasing the
competition for natural resources [45]. The competition for land has become an issue
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of major concern [46,47]. Decreasing nutritional quality of herbaceous plants during the
dry season may induce herders to abusive cutting of fodder trees to feed their livestock
without the agreement of local farmers [45]. This was also recently reported from southern
Benin where animals’ diets shifted to higher protein levels as they contained up to 70%
Fabaceae [48].

Despite the vital contribution of pastoral systems to food security and their ability to
produce and thrive in regions unfavorable to agriculture [46], pastoralism and pastoralists’
lifestyles are under increasing threat around the world [38,49]. Farmer-herder conflicts
contribute a lot to this situation, as a consequence of the encroachment of arable farming
into pastoral ecosystems, leading to a loss or fragmentation of pastoral lands, obstruc-
tion of water points, and shrinking of livestock corridors [39]. In Benin, a recent study
reported crop expansion around the W Biosphere Reserve; population growth, raising
demand for food crops, and government support to the cotton sector were direct causes
for shrinking grazing land [38]. For a long time, governments and international devel-
opment agencies have neglected the needs of pastoral populations and confronted them
with poorly designed interventions [46]. Furthermore, a marked intensification and shift
towards more sedentary livestock production systems of mobile herders was observed [50].
Therefore, understanding drivers of rangeland degradation and views of various actors
is a prerequisite for designing better policies for the coexistence of different stakeholders
and a more sustainable use and management of rangeland resources. According to a recent
study [4], indigenous farmers tend to portray the transhumance practices as generally bad
for community-based natural resource management and degradation.

Correspondingly, the socio-cultural context may fuel conflicts because pastoral move-
ments influence social relations between stakeholders [5]. The existence of conflicts or,
alternatively, privileged links between domestic, cross-border transhumant herders, and
local farmers may allow or prohibit access to a water point or some grazing areas [18].
Van Driel (2001) [51] claimed that enhanced competition for resources causes a rise in
ethnic and religious antagonisms. Crop farming and pastoralism were linked to the iden-
tities of, respectively, local communities and pastoralists (Fulani); therefore, any change
of these identities may raise conflicts [35]. Often, new socio-political realities determine
such identity changes. To adapt to environmental and institutional changes, farmers and
herders have at many locations resorted to the same activities [36]. Farmers in northern
Benin have increasingly integrated livestock farming into their activities to diversify and
increase agricultural production and to supplement their income, while pastoralists have
integrated cropping into their pastoral activities to become more independent from crop
farmers [52,53].

3. Study Area

The study was conducted in two contrasting eco-regions of Benin: Kandi (in the
northeast) and Kétou (in the southeast) that are both strongly influenced by cattle keeping
and transhumance (Figure 1).

Kandi belongs to the administrative subdivision of Alibori. It is one of the country’s
northern regions, which receives foreign transhumant herds from Niger through the town
of Angaradebou, the main cattle gathering point in Benin. It is located in the agro-pastoral
zone where about 80% of the national cattle population is kept [8]. With a unimodal
rainfall pattern and a dry tropical climate in a Sudanese region, the natural vegetation in
Kandi is dominated by woody and shrubby savannas and clear forests. Many protected
forests offer pasture zones for local and foreign herds. Despite the importance of livestock
production, cattle keeping coupled with cotton (Gossypium hirsutum L.), maize (Zea mays L.),
and sorghum (Sorghum bicolor Moench) production are the main sources of income for the
local farmers [54].
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Figure 1. Map of Benin showing the locations of the study areas: Kandi in northeastern and Kétou in southeastern Benin
(left) and the land use types in Kandi (top right) and Kétou (bottom right).

Kétou is the second municipality studied. It is considered as the main host area for
transhumant cattle in the Guinean zone of Benin [8]. Its climate is tropical and characterized
by a bimodal rainfall pattern. Due to its protected forests, woody savannas, and some
permanent and seasonal waterways, this area provides several feeding opportunities for
local, regional and foreign transhumant herds. Livestock production is the most important
local livelihood strategy complemented by cultivation of rainfed maize, yam (Dioscorea
spp.), cassava (Manihot esculenta Crantz), cowpea (Vigna unguiculata Walp.), and peanut
(Arachis hypogaea L.) [55].

4. Methods

As no list of primary natural resource users was available, the respondents/farmers’
groups were selected using a snowball sampling approach. The initial respondents were
identified through a focus group discussion with the chief of the village who gathered
them in each study site (5 per group). They were informed about the purpose of the
study and assured that any information would only be used for research anonymously.
After obtaining the participants’ consent, an appointment was made and a semi-structured
questionnaire was administered according to the status of the respondents as defined by
their use of communal rangelands and whether they herded cattle (herders) or grew crops
(farmers). Each of them referred to his neighbor until the maximum representation is
reached. A total of 240 crop farmers and pastoralists were sampled in Kandi (n = 120)
and Kétou (n = 120). Regardless of the status of the respondents, data were collected
on the size of cultivated land and/or cattle owned, the practices of herding and pasture
management, and perception of transhumance and its impacts on local resources. Herders
were additionally asked for their perception of the quality of pastures, the main types of
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feeds grazed by their cattle and their palatability. For qualitative data, binary and multiple
choice questions were asked and the respondent selected freely one answer without any
interference from the surveyor. The frequencies of responses were presented per category.

Subsequently, the sampled respondents were categorized according to their crop
and livestock management strategies, whereby sole livestock herders and crop farmers
were separated from the other actors. Pure herders were those who owned cattle but
did not cultivate land, whereas pure crop farmers cultivated land but owned no cattle.
Subsequently, we applied a two-step clustering algorithm to classify the remaining actors
following the clustering approach described by Dossa et al. (2015) [56]. Considering the
correlation between the variables and their importance in the model, only the size of
cropped fields and cattle herds were finally retained as they explained more than 60%
of the difference between the respondents (overall silhouette measure of cohesion and
separation) and accounted for 100% and 93% of the final classification, respectively. Four
sub-groups resulted from this classification, and two of them, including respondents with
high cultivated land area (ha) and few cattle, were considered to form, together with the
pure crop farmers, the group of the “agro-pastoralists”. The two remaining sub-groups
(including respondents with large cattle herds and small area of cultivated land) formed
the group of “herders” together with the pure herders Supplementary file 1). The agro-
pastoralists and the herders were further compared between the two regions studied.

Descriptive analysis allowed to condense the information gathered and explore sta-
tistical differences between groups. Arithmetic means and median (in parentheses) were
calculated for quantitative data.

The responses’ percentages for qualitative data on the rangeland use and management
and on the perceptions of different actors of the effects of transhumance on resource use
and crop yield were presented per group.

Furthermore, a comparison of the management practices of rangeland between the
two locations was generated for each actor, and chi-square (x?) plus Bonferroni tests
were used to compare the percent responses between sites (refer to Supplementary Ma-
terials). All statistics were computed using the Statistical Package for Social Sciences
(SPSS) version 24 [57].

5. Results
5.1. Rangeland Management of Respondents

The resources owned by respondents and their main economic activity influence range-
land resource use and management. We observed an unequal distribution of the actor cate-
gories between the regions, as the majority of respondents in Kétou were herders, whereas
those located in Kandi were mainly agro-pastoralists (Figure 2). The agro-pastoralists
farmed an average of 8.3 ha and owned 7 cattle while the cattle herders kept 46 cattle and
cultivated 1.9 ha of land. The agro-pastoralists in Kandi cultivated larger croplands than
those in Kétou, but comparable cattle herds were kept by the herders at the two locations
(Table 1). Fifty percent of the herders kept cattle for more than 20 years while 67% of the
agro-pastoralists had no previous experience in cattle herding. Lack of experience in cattle
herding was more frequently reported in Kétou than in Kandi.
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Figure 2. Simplified representation of the clusters obtained in northeastern (Kandi) and southeastern
(Kétou) Benin.

Table 1. Groups of farmers surveyed in the municipalities of Kandi (northeastern Benin, n = 120) and
Kétou (southeastern Benin, n = 120).

Variabl Kandi (n = 120) Kétou (n = 120)
aniable Agro-Pastoralists Herders Agro-Pastoralists Herders
n=77) (n =43) (n=42) (n=78)
. 45.81
Herd size (n) 10.65 (6) * (45) 0.33 (0) 45.28 (30)
Cultivated land size (ha) 10.64 (9) 3.70 (3) 4.04 (4) 0.92 (1)
Experience in cattle
herding (%)
0 51.9 0 95.2 0
>0, <10 years 13.0 25.6 0 7.7
>10, <20 years 20.8 349 24 372
>20, <50 years 14.3 39.5 24 55.1

* Values in bracket represent the medians.

Most of the investigated herders grazed their cattle on a mosaic of natural pastures
and harvested crop fields. In Kétou, 99% of the herders used mainly rangelands like
forests and savannas, whereas 62.8% of the Kandi herders used fallow and/or harvested
cropland (p < 0.05). About 55% of the herders in the two locations used the same grazing
areas each year. Herders from Kandi practiced only permanent grazing (58%, using the
same rangeland continuously) or rotational grazing (30%, changing and re-using initial
grazing sites), while all herders from Kétou practiced mixed grazing compared to Kandi
(p <0.05, Table S2). According to 96% of the herders in Kétou, the vegetation on the
current pasture areas was less dense than five years ago, whereas 65% of the herders in
Kandji responded that rangelands are degraded today compared to five years ago (p < 0.05,
Table S2). This degradation of grazing areas affected 95% and 53% of the herds in Kandi
and Kétou, respectively, with perceived severe consequences such as consumption of
low-quality grasses (43%) and low feed intake (20%). Herders in Kétou mainly provided
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feed supplements to their cattle (94%), while transhumance was practiced as a remediation
strategy by 35% of herders in Kandi compared with 6% in Kétou (p < 0.05, Table S2).

According to 58% of the herders interviewed (33% in Kandi and 83% in Kétou), grazing
areas were dominated by Poaceae. Cyperaceae were noticed to be dominant by 14% of
the herders in Kétou, while 54% of those in Kandi answered that there were no dominant
grasses on the pastures. All herders from Kandi and 97% of those from Kétou reported that
Poaceae were the most preferred plants grazed by cattle. Cyperaceae and tree leaves were
also moderately preferred according to 58% of the respondents.

Considering the agro-pastoralists, 97% of the respondents from Kandi and 45% from
Kétou reported that their fields were no more productive (Table S3, p < 0.05). There were
significant differences (p < 0.05) in farming practices between the two municipalities. About
52% of the farmers from Kandi used mineral fertilizers and crop rotation compared to 38%
using mineral fertilizers and 45% practicing crop rotation in Kétou. The application of
manure to crop fields by cattle herders (through corralling) was barely practiced (4% of
respondents) and only seen in Kandi. The use of fallow for soil fertility restoration was
reported by 21% of the farmers in Kétou compared with 6% in Kandi, whereas controlled
use of bush fire for land clearing was commonly practiced by 69% of farmers in Kétou
compared with 22% in Kandi. As stated by 51% of the respondents, these management
practices were used to improve the fertility of their land or to protect their farms against
fire set by their neighbors (26% of respondents, Table S3).

5.2. Perceptions on Rangeland Management

Respondents reported that rangelands (uncultivated lands including fallow lands
used for grazing) were differently used (Table 2). Overall, 45% of the respondents (66%
of the agro-pastoralists against 25% of the herders) did not use their uncultivated lands
but left them fallow. However, in Kétou, fallows were used by all herders for grazing and
cattle corralling. According to 82% of the interviewed agro-pastoralists and 55% of the
herders, overgrazing was the main cause of rangeland degradation. These observations
were reported by both categories of respondents in Kandi, whereas most of the cattle
herders in Kétou identified bush fires as the main reason for rangeland degradation. Agro-
pastoralists, almost unanimously (95%), stated that there were no specific areas allocated to
cattle grazing and long-distance mobility (trekking corridors), while herders had different
views on this. In contrast to Kandi, the majority of the herders acknowledged the existence
of specific pasture areas and corridors in Kétou. Independent of their categories, conflicts
between farmers and herders were reported by 68% of all respondents, whereby the main
cause of such conflicts was crop destruction (53% of the total sample). The latter viewpoint
was largely expressed by the agro-pastoralists in Kétou. In Kandi, the herders reported
diverse causes of conflicts, including livestock corridors” occupation by crop farmers,
intrusive cattle killed by land owners, and even murder of herders (Table 2).

5.3. Perceived Effects of Transhumance

Transhumance reportedly creates some opportunities (Table 3). In general, 63% of
the cattle herders against 22% of the agro-pastoralists perceived cattle mobility as an op-
portunity to valorize land not used for crop farming. In contrast to the view of herders,
cattle mobility did not favour soil and vegetation for the majority of the agro-pastoralists
in Kétou. However, the perceptions were diverse and comparable within the two groups
in Kandi. According to the majority of the herders and some agro-pastoralists, transhu-
mance promotes the substitution of mineral fertilizer by organic amendments (24% of total
respondents in the sample) and increases the local demand for manure and cattle corralling
(18% of total respondents in Kandi). Similarly, 41% of the total respondents (52% in Kandi
against 30% in Kétou) reported that crop yield increased on land corralled by transhu-
mant herds. The positive impacts of transhumance on crop production was supported by
the agro-pastoralists in Kandi but was, in the majority, contradicted by those located in
Kétou. The latter reported that rangelands were more eroded and less productive after the
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passage of transhumant herds. In addition, the agro-pastoralists in Kétou reported that
transhumance introduced invasive plant species (71%), whereas it caused disappearance
of valuable grass species according to the majority of the agro-pastoralists in Kandi. On the
contrary, the herders of the two regions defended that transhumance induces no changes
in the quality and quantity of feed resources (Table 3).

Table 2. Rangeland use and management by agro-pastoralists and cattle herders from Kandi (n = 120) and Kétou (1 = 120)
in Benin. Values depict percent of responses per group.

. Kandi (n = 120) Kétou (n = 120)
Variable Agro-Pastoralists Herders Agro-Pastoralists Herders
(n=77) (n =43) (n =42) (n=178)
Use of non-cultivated
land
Cattle grazing 13.0 16.3 0 0
Fallow + cattle grazing 18.2 7.0 4.8 0
Fallow 9.1 2.3 9.5 0
Cattle grazing + cattle 0 47 71 100.0
corraling
Nothing 59.7 69.8 78.6 0
Practices causing
rangeland degradation
Overgrazing 80.5 79.1 83.3 42.3
Bush fires 9.1 11.6 16.7 449
Pasturing in cropping 104 9.3 0 128
areas
Existence of specific
pasture areas/corridors
Yes 6.5 27.9 24 57.7
No 93.5 72.1 97.6 423
Existence of conflicts
Yes 55.8 67.4 88.1 67.9
No 442 326 11.9 321
Cause of conflicts
Crop damage 42.9 20.9 97.6 56.4
Blockage of pastoral 15.6 25.6 24 103
infrastructures
Cattle slaughter or
murder of herders 13 20.9 0 38
Nothing 40.3 32.6 0 29.5

Table 3. Perceptions of different actors of the effects of transhumance on resource use and crop yield in Kandi (n = 120) and
Kétou (n = 120) in Benin. Values depict percent of responses per group.

Variabl Kandi (n = 120) Kétou (n = 120)
ariable Agro-Pastoralists Herders Agro-Pastoralists Herders
(n=77) (n =43) (n=42) (n=178)
Benefits of herd
mobility for soil and
vegetation
Valorization of land
unused for crop 234 20.9 19.0 85.9
farming
Soil protection against 273 302 0 128
erosion
Soil compaction 18.2 20.9 4.8 0

Nothing 31.2 27.9 76.2 1.3
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Table 3. Cont.

Kandi (n = 120) Kétou (n = 120)

Variable Agro-Pastoralists Herders Agro-Pastoralists Herders
(n=77) (n=43) (n=42) (n=178)
Benefits of herd
mobility for manure
availability
Increased availability 182 163 0 295
of manure
Substitution of mineral
fertilizer by organic 35.1 442 0 14.1
fertilizer
Increased land use for 104 14.0 o4 26.9
cattle penning
Nothing 36.4 25.6 97.6 29.5
Changes in crop yield
after transhumant
passage
Yield increase 61.0 34.9 23.8 33.3
Yield decrease 22.1 47 71.4 17.9
No change 16.9 60.5 4.8 48.7
Changes observed on
soil after transhumant
passage
Soil erosion 494 16.3 0 0
Soil less productive 7.8 16.3 71.4 16.7
Soil more productive 36.4 47 23.8 33.3
Nothing 6.5 62.8 4.8 50.0
Changes in feed
resources after
transhumant passage
Disappearance of 26.0 23 48 7.7
valuable grass species
Expansion qf invasive 29.9 23 714 51
species
Valuable species of
grasses disappear 403 9.3 16.7 179
while invasive species
proliferate
Nothing 3.9 86.0 7.1 69.2

6. Discussion
6.1. Challenges for Pastoral Resource Use and Management

The presence of agro-pastoral medium-size herders with small areas of cropland and
crop farmers with large areas of cultivated land and small herds in Kandi is consistent with
the social change previously reported by Djenontin et al. (2004) [52] for this region. This
trend towards mixed farming systems and agricultural intensification has been described
for many West African pastoral areas as a recent coping strategy, whereby herders settled
due to increases in population density and environmental pressures [58-60]. Our results
suggest that the big crop farmers owning small herds are autochthonous households who
shifted from sole crop farming to an integrated faming system after purchasing cattle.
The medium-size herders with small cropland areas are pastoralists who settled and now
practice crop farming and cattle herding. Desta and Coppock (2003) [61] observed that
agricultural intensification in pastoralism systems is associated with a decline in per capita
cattle numbers. This confirms the reduction of cattle herd numbers and the high production
of cotton by farmers described by Djenontin et al. (2004) [52] for Kandi. The same notion is
corroborated by the small- and medium-size cattle herds and the large areas of cultivated
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land that coexist in the same area. In contrast to Kandi, a relatively high number of
pure crop farmers and pure herders with large cattle herds were observed in Kétou. This
suggests a poor integration of livestock with crop farming and may be indicative for a
recent process of transhumant herders settling in this region, as observed in other pastoral
areas of southern Benin [62].

The use of cultivated land for grazing by cattle herders, the practice of permanent
grazing and of transhumance, mostly observed in Kandi, suggest a critical unavailability
of pasture areas. The reduction of grazing areas can be attributed to the expanding
cotton cropping [63]. According to Little and McPeak (2014) [7], the loss of grazing land
forces African herders to find new pastoral resources and increases the vulnerability of
pastoralism. In Kétou, rangelands are contested by the sedentarization of herders and
the yearly passage of many transhumant herds [8]. The presence of well-appreciated
Poaceae species as reported by farmers in Kétou may elucidate the attraction of this area
to transhumant herders. In contrast, the absence of palatable grasses on the pastures in
Kandi supports the perception of farmers that local rangelands are strongly degraded.
Furthermore, the appreciation of tree leaves by Kandi’s agro-pastoralists is in line with the
increasing use of fodder trees by many herders in northern and central Benin [64].

This is a common phenomenon in Benin, especially during the dry months where
good-quality forages are scarce [48]. This surely contributes to land degradation and
concurred with previous findings [37] in the natural rangelands of the Classified Forest of
the Upper Alibori, Benin where the vegetation cover has consistently changed from 2000 to
2015 with significant decreases of woodlands and savanna woodlands.

The regular influx of foreign transhumant herds in the region, in addition to the local
herds, explains the degradation of pastures in Kandji, according to most respondents. A
recent study [25] on pasture management by transhumant herders in two host areas in
Benin identified poor distribution of livestock on the pastures as one of the causes for
overgrazing and pasture degradation. This was associated with the spread of invasive
species, which infers that land degradation is more pronounced in areas of high than of low
transhumance. Nevertheless, the ecological processes leading to rangeland degradation are
complex and cannot solely be attributed to cattle herding. In Kandji, farmers reported high
rates of mineral fertilization. This practice coincides with the intensive cotton production in
the region that often leads to dependencies and negative environmental externalities [27].
Another main cause of land degradation is the practice of bush fires [64] that is mainly
observed in Kétou. Farmers’ responses on the occurrence of bush fires in this area were
confirmed by ground-truthing data in Kétou, where old and recent signs of fires were
determined on wooded and shrub savannas and on croplands. While croplands are
increasingly degraded by the sole use of mineral fertilization and bush fires, only few
agro-pastoralists in Kandi and Kétou practice organic fertilization and fallowing, which
both could be beneficial for croplands’ recovery. The shortening of fallow periods is
consistent with the shortage of land and intensification of crop production. While pointing
to the impacts of reduced fallowing and manuring practices on African croplands, other
authors [65] have stressed the need to improve agricultural practices by integrated soil
fertility management. The main strategy that half of the surveyed farmers often use to
manage soil fertility is crop rotation. These results corroborated earlier ones [66] in the
same study area. Crop rotation, however, needs to be more promoted and associated with
other soil management strategies, such as manuring. That said, classical studies [63] argued
that crop rotation alone is insufficient to counterbalance the effects of declining soil fertility
and erosion on land productivity. Yet, manuring contracts with pastoralists could greatly
contribute to cropland restoration, improve soil fertility, and increase food production,
thereby reducing conflicts between pastoralists and farmers.

6.2. Farmers’ and Herders” Perceptions of Rangeland Degradation

The agro-pastoralists, which included pure and big crop farmers with small herds,
who cultivated large areas of land, had only little to no experience in cattle keeping.
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Hence, land degradation and resource scarcity are reflecting cattle herding strategies
and overgrazing. In contrast, the majority of herders indicated that bush fires remain a
main contributor to rangeland degradation. Indiscriminate bush burning, in addition to
destruction of crops, contamination of streams by cattle, and overgrazing of land have been
reported previously [67] for the Delta State of Nigeria, as the causes of land degradation
and conflicts between farmers and nomadic cattle herders. Likewise, in Kemon and Kokey,
two villages of central and northern Benin, respectively, crop damages by cattle in areas
where agriculture has become more widespread, and the blocking of cattle routes have
been identified as the major causes of conflict between herders and farmers [68].

In the current study, the views of the various agro-pastoralists and the herders ob-
served reflect the conflictual relationship often described between them in rangeland
use [9,43,63] and confirm our hypothesis that the perceptions of rangeland degradation
by different land users depend on their socio-economic conditions and their use of the
rangeland. Furthermore, the contradictory perceptions were more pronounced in Kétou,
confirming the poor integration of agriculture with livestock as mentioned above. In accor-
dance with an earlier study [13], the influence of socio-professional groups on respondents’
perception of the impact of transhumant practices on the status of natural resources may be
explained by the fact that members of different socio-professional groups pursue diverse
and competitive interests. Herders seek land to graze their animals, while farmers claim
the same lands to produce food or cash crops. Although land is not extendable, it is impor-
tant to reconcile the two actors for the participative use of this resource to avert conflicts.
Although quarrels between crop farmers and cattle herders have been reported by the
majority of the respondents, their causes were still perceived differently. In addition to crop
destruction by herds noticed by crop farmers and agro-pastoralists, and the occupation of
livestock corridors criticized by herders, the killing of cattle or even people as mentioned
by herders reveals the extent of damage such situations may cause. Several authors who
highlighted the need for a strategic reconciliation of various actors for better management
of rangelands have mentioned similar causes for farmer-herder conflicts in agro-pastoral
areas [9,63,69]. The main source of conflict is the difficulty of pastoralists to move freely
with their herds, owing to the blockage of livestock corridors or of areas originally dedi-
cated to livestock grazing and mobility [9,70]. The occupation of pastoral infrastructures
by crop farmers is often the consequence of the extension of cultivated land. This is consis-
tent with the response of pure or big crop farmers and some agro-pastoralists surveyed
in this study who, by simple use, have rights over communal grazing land and often
exclude members of other communities from using the same communal land for grazing
their cattle. Comparable observations have been previously made in Djougou (northwest
Benin) [71], where Fulani cattle herders are usually considered as foreigners by local crop
farmers as well as community leaders. In many African countries, this conflicting situation
is supported by national laws [70,72]. Other authors [69] have pointed out the strong
relation between social identities, property regimes, and conflicts over dryland resources,
while studies in Mali [70] and Ghana [73] have described how herder marginalization can
determine conflict outbreaks in pastoral systems and their resolution by local authorities.
The marginalization of herders’ in the use of communal rangelands corroborates with the
perception of the majority of crop farmers on transhumance in the present study.

For the majority of crop farmers, herd mobility is a threat for local rangeland resources
as it causes land degradation and unproductiveness, as well as the disappearance of valu-
able fodder grasses. On the contrary, transhumance, according to the herders, is rather
beneficial for local rangelands as it allows the valorization of uncropped lands, thereby
enhancing their productivity via manure addition. In the same vein, some scientists [18] ar-
gue that the perceptions and positions of the different actors involved in the transhumance
process reflect their personal interests and socio-cultural setting, which influences their
land management practices.

A review of local land management experiences in West Africa reveals that the res-
olution of conflicts over the uses of resources between herders and farmers depends on
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factors like land and water rights, promotion of the interests of pastoral groups, and the in-
tervention of traditional and modern institutions in conflict resolution [70]. This supposes,
of course, political willingness on the part of the government to assist pastoral groups
without neglecting their socio-economic and environmental links with other groups [70].

As described previously [74,75], it is obvious that by increasing cattle numbers in
pastoral areas, transhumance will intensify competition for and pressure on local land
resources, which under specific conditions, can lead to overgrazing and subsequent range-
land degradation. Nevertheless, the role of transhumance in the regeneration of soil fertility
through the deposition of manure has also been highlighted in recent studies [2,4]. A recent
experiment [27] confirmed the positive effect of livestock integration on soil quality in crop
farming systems. Congruent other studies [76], manuring contracts have been reported
between transhumant and autochthonous farmers in northern Benin. It has also been
argued [2] that herd mobility is part of the regional integration of livestock with cropping
systems, while some authors [65] encouraged the intensification of manure production, and
its sound management and rational use as a valuable way to cope with malnutrition chal-
lenges in semiarid African regions. It is therefore evident that pastoralism, food cropping,
and rangeland management should be combined in such a way that one is complementary
to the other for the benefit of agro-pastoral ecosystems [6]. A diversified crop-livestock
system aimed at reducing cattle offtake, adapted to natural resource competition and
insecurity by extensification, with further diversification into off-farm activities to spread
risk, increases livelihood security and captures opportunities [61]. Denying the opportuni-
ties that livestock mobility can bring about in complex semi-arid environments could be
harmful for both pastoral ecosystems and livestock production [18,20]. Some studies [77]
observed that farmers’ resettlement can be ecologically and economically unsustainable
as it reduces their efficiency in resource use. In order to cope with the challenge of food
security and sustain the resilience of pastoral livelihoods, it is therefore crucial to strengthen
and sustain the benefits of the crucial strategy of herd mobility such as diversity of animals,
traditional knowledge, social reciprocity, and flexibility in an unsteady and unpredictable
environment [78,79]. However, the question remains how best to achieve these goals in
the current context of resources competition associated with rangeland degradation and
land shrinkage. Moreover, we need to better understand which trade-offs exist between
livestock, crops, environment, and society in view of livelihoods and food security [80].
The intensification of crop-livestock farming has to integrate the biomass and nutrient
flows between cropping and livestock activities to lead to productive land and sustainable
outcomes [81]. This merits further reflection and concerted action of all stakeholders,
pastoralists, crop farmers, scientists, and political authorities.

7. Conclusions

The present study provides evidence of ongoing transformational changes and the
conflictual context of rangeland management and farmers’ livelihood strategies in Benin.
With the increase of mixed farming systems in many areas of the country, the use of
pastoral lands has become more competitive. However, the current management practices
employed by the surveyed farmers seem to challenge the sustainability of this resource
and might contribute to its degradation. Mobile pastoralism allows the exploitation of
unused lands and improves soil fertility by the recycling of carbon and plant nutrients from
rangelands to agricultural areas. In effect, many crop farmers are opposing herd mobility
and the use of rangeland by cattle herders, seeing the latter as mainly responsible for land
degradation. Moreover, many settled crop-livestock farmers now consider rangelands as
their personal property. Such socio-economic tensions are supported by herder-unfriendly
national policies. It remains to explore whether with the newly voted pastoral code in
Benin, and all the expected changes in the regulation of pastoralism, land degradation, and
conflicts will reduce. All in all, participative management and strong enforcement of the
rules are required, particularly in the country’s southern areas as they are more prone to
conflicts owing to mismanagement both by farmers and herders and inappropriate resource
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use. Our findings highlight the need to promote participative management practices in
pastoral areas together with crop farmers and herders to sustain rural livelihoods and face
tomorrow’s challenges of food security.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/1and10040425/s1, Figure S1. Distribution of the different sub-groups of farmers surveyed in
the municipalities of Kandi in northeastern and Kétou in southeastern Benin; Table S1: Descriptions
of the subgroups, Table S2: Herders practices and rangeland use, Table S3: Different practices of
agro-pastoralists on lands (1 = 119).
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