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B INTRODUCTION

Adapting pastoral breeding to global
changes in West and Central tropical
Africa: Review of ecological views

Pierre Hiernaux!* Mohamed Habibou Assouma??

Summary

Pastoral livestock is defined as a reproduction-oriented, grazing-based fami-
lial livestock system with community-managed resources. Pastoral breeders
differ from one another in the diversity of species and breeds raised, the size
and management of herds and the extent of their regional mobility. The social,
economic and environmental weight of pastoralist livestock in West and Cen-
tral sub-Saharan Africa is evoked together with its imputation of environmen-
tal degradation. Global changes faced by pastoral livestock are sorted out by
domains, climatic and societal, and by time scales, short or long. The incrimina-
ted impacts of livestock on ecosystems are assessed in the short and long terms.
The functions of pastoral breeding already affected by global changes whe-
ther climatic or societal are analyzed. The capacity of two alternative livestock
breeding systems, ranching and stall-feeding, to respond to these constraints is
reviewed. Finally, pastoral breeding has been recognized as being able to adapt
best to long-term climate change and to short- and long-term societal changes,
provided that national and international investments are made. Civil security
must be restored and pastoralists’ access to water and fodder resources must be
secured. Professional organizations and associations should be empowered to
negotiate grazing rights, and their skills should be enhanced. There is the need
to complete, rehabilitate and manage hydraulic and veterinary infrastructures,
but also to invest significantly in adapted health, education and communication
infrastructures in long-neglected pastoral areas.
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all perceived as traditional (Gallais, 1975; Bonfiglioli, 1988; Ag Mah-
moud, 1992), thrown into a world of changes: large societal changes

Pastoral breeding in West and Central sub-Saharan Africa, from the
southern fringes of the Sahara to the northern fringes of the tropical
forest, carries a mixed image. On one hand, the iconic longhorn zebu
herds walk proudly in Sahel immensity, image of harshness and resil-
ience. On the other hand, the dramatic spectacle of carcasses drying
along livestock paths and the desperation of impoverished pastoral
families trying to survive in urban suburbs offer images of failure
and vulnerability. These contrasted images fuel a narrative on the
adaptation crisis of a production system, a way of life and a culture,
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and deep environmental changes. To the long-standing criticisms
of disorganized activities that are the source of conflicts (Thebaud
and Batterbrury, 2001), and poor productivity (Doutressoulle, 1952;
Kritli, 2005), pastoral breeding is also accused of contributing to eco-
system degradation, locally through overgrazing (Sinclair and Fryx-
ell, 1985) or globally through its part in greenhouse gas emission,
particularly enteric methane by ruminants (Gerber et al., 2013). Yet
livestock production leads the agriculture economy of many states in
the region by contributing 20-40% of the agricultural gross domestic
product of the Sahelian states (de Haan et al., 2016). Pastoral livestock
constitutes the main asset of millions of pastoral and agropastoral
families (Kruska et al., 2003). It is essential to soil fertility mainte-
nance (Bationo and Mokwunye, 1991). Moreover, the market demand
for livestock products is rapidly increasing (Zoundi and Hitimana,
2008; de Haan et al., 2016) with the overwhelming urbanization in
the whole region (Denis and Moriconi-Ebrard, 2009), the share of the
sub-Saharan urban population reaching 40% in 2015 from 10% in
1950 (United Nations, 2018).
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Pastoral breeding is very diverse as a result of a long history of adap-
tation to diverse biophysical environments, and to particular social
and political contexts in West and Central sub-Saharan Africa (Le
Houérou, 1989; Raynaut, 2001). Livestock species include various
local breeds of zebu and taurine cattle, hair and wool sheep, tall and
dwarf goats, pack and dairy camels, horses and donkeys, diversely
associated in each pastoral familial group (Ickowicz et al., 2012).
Breeding also differs by the size of the herds, from a few head to
several hundred, and by the seasonal herd mobility associated or not
to family mobility. In addition, breeding is frequently associated with
other economic activities within pastoral families including crop
farming (agropastoralism), trade (e.g. caravans), craft, therapy and
religion (Manoli et al.,2014). In pastoral breeding, animals are mostly
fed by direct grazing and browsing (Lhoste et al., 1993). Cut and
carry, hay and haulms, grains or agro-industrial feeds remain excep-
tional and are used to feed supplements to selected animals during
limited periods. Privileging grazing and browsing to feed livestock
establishes a strong dependence of the animal condition and produc-
tion on the fodder availability and quality. Optimizing grazing selec-
tion is thus driving herd management: timing for grazing, drinking,
resting along the daily grazing circuit, seasonal transhumance, and
access-right negotiations (ZDF, 2008; Kritli and Schareika, 2010;
Ayantunde et al., 2018).

A second trait shared by all pastoral breeding is that animal repro-
duction is the main objective, implying the dominance of reproductive
females in the herd composition as in the example of pastoralist com-
pared to agropastoralist herds in Western Niger (Figure 1), whereas
young males prevail in sales (Wilson, 1986). The large share of repro-
ductive females brings an opportunity for milk production. However,
the breeds adapted to harsh conditions and poor seasonal forage
resources have limited milk production (Sanogo, 2011). Only a fraction
of that production is milked to satisfy the nutritional needs of pastoral
families whereas seasonal surpluses are sold on local markets. How-
ever, feeding calves, kids, lambs or young camels is always privileged
(Hiernaux et al., 2016a). The reproductive vocation of pastoral breeding
provides the link with specialized and sedentary livestock production
systems such as feedlots, fattening units, dairy farms, and animal draft
units, by supplying these systems with young animals mostly via live-
stock markets (Wane et al.,2009). Yet, in the context of an ever-growing
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population, along with the expansion of cropped areas and landscape
fragmentation, pastoral and specialized husbandry increasingly com-
pete for grazing resources (Turner et al., 2014).

Adapting further the diverse forms of pastoral breeding to global
changes requires: i) to sort out and prioritize the components of
changes relative to climate, water, vegetation, soil and society; ii) to
evaluate the impact of grazing livestock on the ecosystems of West
and Central tropical Africa; iii) to analyze the functions of pastoral
breeding already affected by global changes, either climate or soci-
etal; and iv) to review the capacity of alternative livestock breeding
systems to respond to these constraints. To conclude, the pathways for
adapting pastoral breeding to global changes are discussed.

B GLOBAL CHANGES

Global changes result from intricate and nested changes in climate
and related soil and hydrology, and in society (Brooks et al., 2005).

Long-term climate change

Global changes first evoke climate change whose mention has become
compulsory in any research or development project conducted in West
and Central sub-Saharan Africa, including pastoral breeding (World
Bank, 2015). As everywhere else on the globe, climate is affected
by increasing air temperatures in relation with higher concentrations
of greenhouse gases, especially CO,, CH, and N,O (IPCC, 2013).
The mean annual temperature has increased by 1-2°C between 1950
and 2010. However, in the context of the West African monsoon that
prevails in the region, the increase in temperature mostly affects the
warmest months at the end of the dry season and shortly at its onset,
and mostly by higher daily minimum temperatures (Guichard et al.,
2017). It thus has little impact on most plants including crop products
of the wet season. According to the projections of the global mod-
els used by the Intergovernmental Panel on Climate Change (IPCC,
2013), temperatures should keep increasing in the 21st century by
1.7°C under the optimistic scenario (Representative Concentration
Pathway 4.5 Wm?) and by up to 4.3°C under the pessimistic scenario
(RCP 8.5 Wm?).

Goat pastoral

Figure 1: Relative distribution of cattle, sheep
and goats by sex and age class in 63 pastoral
and 115 agropastoral farms in the district of
Dantiandou, Southwestern Niger. Bottom right
of pie charts: total number of animals (source:
Hiernaux et al., 2015).



The trend observed so far in rainfall distribution and the predictions
based on global modeling contradict the popular and mediatic belief
in an aridification (Lebel and Ali, 2009). After twenty-five years of
poor rainfall starting in the late 1960s, with two major droughts in
1973-74 and 1984-85, annual rainfall has increased in Central Sahel
since the mid-1990s, and since early 2000 in Western Sahel (Nich-
olson, 2013). Yet, this return to a higher mean rainfall is spatially
uneven with large interannual variations and it has not reached the
levels of the wet 1950-1967 period. In addition, the pattern of rain-
fall is changing with no more rainy days than during the dry period
1968-1993 (Ozer et al., 2017) but with a higher frequency of heavy
rains increasing the risk of floods (Panthou et al., 2014 ). This trend
is sometimes accompanied by a higher frequency of dry spells within
the wet season, increasing the risk of failure in crop and rangeland
growth (Bichet and Diedhiou, 2018). If these trends are confirmed
and continue, together with high temperatures and CO, concentra-
tion in the atmosphere, C3 perennials including woody plants could
tend to replace C4 herbaceous species leading to bush encroachment
(Ghannoum et al., 2000; Poorter and Navas, 2003). Higher frequency
of heavy rainfall events together with the reduction in the vegetation
cover as a result of expanding cropped areas, roads and building
infrastructures, and increased grazing pressure, will also promote
runoff, ending in drastic changes in local water balances with higher
shares of rainwater channeled to drainage lines, ponds and recharging
aquifers (Favreau, 2002; Gardelle et al., 2010; Gal et al., 2017). Even
the flood regime of the largest rivers have already been affected as
in the case of Niger River in Niamey which developed an early flood
peak fed by swollen local runoffs (Descroix et al., 2012).

Societal changes driven by demography

Storms, floods and droughts are spectacular events, but climate change
is taking place over a longer period than concomitant societal changes
that occur much faster and may have a larger impact in the short term. A
major component of societal changes in West and Central sub-Saharan
Africa is the rapid and lasting increase in population density at a rate
of 3-4% annually since mid-20th century (Guengant and May, 2011). It
first affected the rural population that used to prevail, then it acceler-
ated urban population growth in coastal countries and more recently
in inland countries (Denis and Moriconi-Ebrard, 2009). Among the
consequences that affect pastoral breeding, cropped areas are expand-
ing at a rate close to that of human demography, i.e. about 3% a year,
and with little intensification of these cropping systems (Breman et al.,
2001; Powell et al., 2004). Crop areas increased at the detriment of
rangelands and fallows as in the example of the district of Dantiandou
in Western Niger (Figure 2). This process resulted in the fragmentation
of grazing lands, which access required more care, closer herding and
more beforehand negotiation by pastoralists. In addition, rangelands
converted into croplands were generally the most fertile, leaving the
less productive lands to grazing (Schlecht et al., 2006). The expansion
of cropped areas is often accompanied by changes in tenure in favor
of more private use of croplands, restricting communal use, including
grazing rights (Turner et al., 2016). In some countries such as Senegal,
Burkina Faso and Nigeria, land grabbing by agro-industries adds to
the privatization of croplands. Reduction in rangeland resources, area
and access are all obstacles to the regional and season transhumance of
pastoral herds. Especially in the late dry season, transhumance toward
subhumid and wetland areas is essential to Sahel pastoral breeding to
keep livestock nutrition at an acceptable level, while grazing resources
are getting very poor in the Sahel belt (Hiernaux et al., 2015).

On one hand, the gap in dry season resources is all the more severe
because the livestock population also increases with the human pop-
ulation, although at a lower rate than in cropped areas (Corniaux et
al., 2012). On the other hand, the civil insecurity that affects the Sahel
as well as the north of costal countries raises additional obstacles to
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Figure 2: Example of change in land use over a 500-km? area in
Dantiandou District in Western Niger. Areas are estimated from a
classification of aerial photos (1950-1996) and supervised classi-
fications of SPOT imagery (2007 onward). The savanna was clea-
red for cropping and became extinct in the mid 1980s. The cro-
pland is categorized as either shifting crop fields or permanently
cropped and manured fields (source: Hiernaux et al., 2018).

livestock mobility in the wet and dry seasons (Déclaration de Ndjaména,
2013). Moreover, policies toward land privatization with titling of land
plots to individual farmers and the settlement of mobile populations
conducted in some of the costal countries have impaired further live-
stock mobility (Bassett, 1988; Maman Moutari and Giraut, 2013). A
first adaptation by pastoral breeding families to the restricted access
to vital pastoral resources was to diversify their economic activities,
often through staple cropping to meet basic nutritional needs, which
implied settling down part of the year and/or part of the family. Yet the
enhanced economic activity agenda within pastoral families has also
contributed to reduce the pastoral breeding skills of the young men
in charge of herding and day-to-day livestock management, leading to
shortages in skilled labor (Turner and Hiernaux, 2008). The increasing
trend of crop farmers investing in livestock husbandry with a few head
of small ruminants or cattle in addition to pack and draft animals does
not compensate for the loss of skilled pastoral labor. The skilled labor
shortage and civil insecurity in part result from a long history of pub-
lic under investments in pastoral regions, starting in colonial time and
pursued by the independent states. Except for recent electronic-com-
munication services, pastoral areas are still poorly endowed with roads,
health and education infrastructures in spite of their notable contribu-
tion to the domestic product.

B CONCERNS ABOUT RANGELAND DEGRADATION
BY OVERGRAZING

There is a persistent concern among technical services and research
institutions, relayed by the media and political circles, about the detri-
mental impact of ‘uncontrolled’ grazing by pastoral livestock on veg-
etation and soils (Sinclair and Fryxell, 1985; Dodd, 1994; Steinfeld et
al., 2006). The ecosystem degradation due to pastoral breeding fits
well in the largely shared and long-lasting paradigm of desertification
(Aubréville, 1949; Boudet, 1972; Brabant, 2010). In addition, as pre-
viously mentioned, grazing ruminants have been recently accused of
significantly contributing to greenhouse gas emission.

Short-term impact of livestock grazing

In Sahel, rangelands and fallows are dominated by annual herbaceous
species with scattered woody plants (Hiernaux and Le Houérou, 2006).
Herbage growth is controlled by rainfall distribution with large spatial
heterogeneity related to patchy rain distribution and to rain redistribution
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by runoffs (Mougin et al., 1995). This rainfall control also explains
large interannual variations in yields (Figure 3a). Yet the productivity
is strongly limited by the soil fertility, more specifically the poor con-
tent in both nitrogen and phosphorus as soils are generally sandy, acidic
and poor in organic matter (Penning de Vries and Djiteye, 1982). The
short-term impact of grazing on the annual herbaceous growth is lim-
ited to the wet season, especially when grazing occurs during the rapid
growth at grass heading. However, this rapid growth only lasts two to
three weeks about synchronal across Sahel (Figure 3a; Hiernaux et al.,
2013). At worst, the herbaceous production repeatedly grazed is reduced
by half (Hiernaux and Turner, 1996), but this mainly occurs very locally
when livestock is concentrated during the wet season.

During the dry season, the annual herbaceous plants are dead so there
is no impact on production (Figure 3b). The livestock at most ingests
a third of the mass of standing straws at the onset of the dry sea-
son because of concomitant grass trampling, herbivorous insects and
rodents, and organic decomposition (Hiernaux et al., 2015). It also
entails that at least two thirds of the herbaceous mass standing at the
onset of the dry season are recycled locally. In addition, about half
of the forage intake by grazing livestock returns to soil as feces, as
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the mean digestibility of the selected diet by grazing livestock during
the dry season is about 50% (Ayantunde et al., 1999; Assouma et al.,
2018). Livestock trampling changes standing straws into litter, then
into buried litter pieces, dung and diaspores in the top soil. Trampling
may enhance the subsoil density of fine-textured soils but has no
impact on the subsoil density of the dominant sandy soils (Hiernaux
et al., 1999). On the opposite, trampling enhances water infiltration
and reduces soil erosion by cracking the top soil crust (Casenave et
Valentin, 1992) while increasing surface roughness.

In subhumid and humid savannas in the south as well as in wetlands,
herbaceous species are dominated by highly productive perennials,
mostly tussock grasses. Similarly to annuals, these perennials are
very sensitive to grazing during the rapid growth or grass heading
(Cissé and Breman, 1975). However, the rapid lignification of the stem
soon deters grazing (Fournier, 1996). After flowering and fruiting,
the fodder value of the straws is very poor but the regrowth of peren-
nials has good value in the dry season regardless of bushfires often
lit to get rid of the mass of straw and litter, easing the access of live-
stock to the regrowth (César, 1981). Perennial grasses stand very well
both regular fires and grazing of the dry season regrowth (Figure 4).
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Figure 3: a) Herbage growth (x axis: day/month) in a rangeland site at Agoufou (Mali) from 2004 to 2011 showing the amplitude of
interannual yield variations and the short duration of the rapid growth phase. b) Dry season decay of the mass of the standing straws
and litter depending on grazing (source: Hiernaux et al., 2015). DM: dry matter
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Figure 4: Grazing of perennial grass regrowth in the dry season. Left pictures: Andropogon gayanus in Dantiandou (Niger). Right pic-
tures: Echinochloa stagnina at Moura (source: Inland Niger River Delta, Mali).



Their maximum production is achieved at the specific defoliation fre-
quency of every 15 days for Echinochloa stagnina (Hiernaux, 1984;
Léauthaud et al., 2018). The recycling of nutrients in dedicated organs
(thizomes, tillering plateau) to meet plant needs at the next growing
season is the main causal process of their resilience (Abbadie, 1984).

In spite of the notable contribution of the leaves and pods of selected
woody plant species to the nutrition of livestock (Guerin, 1994), espe-
cially browsing goats and camels, the rate of leaf and twig harvest-
ing relative to the total mass of leaves and twigs produced annually
reaches at most a few percent (Assouma et al., 2017a). Even woody
plants subjected to intense browsing, as they grow in livestock con-
centration sites, survive thanks to the reactive dense and short branch-
ing, bonsai-like, that impedes further leaf browsing (Figure Sa).
Instead, the short-term impact of livestock browsing on woody plants
may be caused by the pastoral practice of lopping branches to feed
livestock. Cut branches may only be branchlets, which requires for
the herder to climb on the tree. Larger branches may be partially cut
and bent toward the soil to ease access to animals, practice known as
the ‘umbrella cut’. However, even with severe cuts and heavy brows-
ing many trees survive as is the case of an Acacia raddiana tree in
a pastoral site in Gourma, Northern Mali, monitored since 1984 and
still thriving in 2007 (Figure 5b).

Impact of livestock grazing on the longer term

On the longer term, the grazing impact on the Sahelian herbaceous
layer results from the combination of short-term effects of wet sea-
son foraging on the production and seed dispersion, of trampling
that accelerates organic matter decomposition and enhances water
infiltration, and of feces and urine deposit, all repeated over years.
Altogether, comparing the herbaceous growth of 25 rangeland sites
in Gourma monitored from 1984 to 2011 indicated that mean daily
growth rates between grass tillering and heading in sandy-soil range-
lands increased with the intensity of grazing pressure from 30 to
45kg ha'!l d! (Hiernaux et al., 2016). Long-term survey of rangelands
in sandy soils in Senegal submitted to uncontrolled heavy grazing,

Figure 5: Top left: Balanites aegyptiaca bonsai shaped by brow-
sing near Gourma-Rharous (Mali). Right: same Acacia raddiana
in the foreground in 1984 (top) and in 2007 (bottom).

Adapter I’élevage pastoral aux changements globaux

controlled moderate grazing, and protection from grazing, indicates
higher yields in controlled grazing and higher species diversity
in protected rangelands, but more stable growth rates under heavy
grazing (Miehe et al., 2010). Moderate grazing tends to promote C4
grasses, whereas high grazing pressure either favors highly produc-
tive poorly palatable dicotyledons such as Sida cordifolia or Cassia
obtusifolia, or less-productive short-cycle palatable species such as
Zornia glochidiata and Tribulus terrestris (Valenza, 1984; Hiernaux
and Le Houérou, 2006).

Remote sensing assessments of vegetation growth based on the nor-
malized difference vegetation index (NDVI) confirm the regreening
(i.e. increased production) of Sahel rangelands after the early 1980s’
drought (Anyamba and Tucker, 2005; Dardel et al., 2014; Brandt et al.,
2014). Remote sensing works also confirm higher NDVI values, and
thus vegetation production, at the vicinity of water ponds and pastoral
camps in relation with higher soil fertility due to livestock manure
deposit adding organic matter, nitrogen and phosphorus among other
minerals (Hanan et al., 1991; Brandt et al., 2018; Rasmussen et al.,
2018).

In subhumid and humid savannas, moderate grazing on the long term
tends to favor tussock perennial grasses, whereas heavy grazing pro-
motes refusal of dicotyledons and woody plants, with a risk of bush
encroachment unless the savanna is regularly burned (César et Zou-
mana, 1993). In flooded grasslands such as the iconic burgu (in Fulani
generic word of Echinochloa stagnina here used for this type of wet-
land), the intense grazing pressure at the retreat of the flood stimulates
regrowth during the dry season and helps maintain the grassland on the
long term by forcing plant reproduction (Hiernaux, 1984). Yet, increas-
ing irregularity in the flood regime in relation with climate change,
upstream damming and water withdrawal put a stress on wetland veg-
etation, often promoting bush encroachment as was the case with the
introduced Prosopis juliflora that invaded the northern half of Lake
Chad during the 1970-1980s’ droughts.
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The impact of livestock on woody plant populations is indirect, either
favoring woody plants in the competition with more intensely used
grass species, or helping seed dispersion of species such as Balanites
aegyptiaca and most Acacia. On the opposite, repeated browsing and
trampling of seedlings may slow the recruitment or preferred spe-
cies. However, high grazing pressure around water ponds and pasto-
ral camps has not impeded woody plant recruitment after the 1980s’
drought (Hiernaux et al., 2009). Remote sensing confirms that the
woody plant cover has been globally increasing since the 1980s in
pastoral lands (Brandt et al., 2016) and is most often higher close to
livestock concentration sites, with fewer bushes and more large trees
(Rasmussen et al., 2018).

Impact of grazing livestock at ecosystem scale

At the ecosystem scale, grazing livestock accelerates the recycling
of vegetation organic matter, its decomposition and mineralization
(Manlay et al., 2004). It thus stimulates soil biological activity and
activates nutrient cycling by excretion deposit and litter burying.
Incidentally, this process reduces the risk of fires and thus the loss
of carbon and nitrogen due to fires. The concentration of feces and
urine deposit during resting/rumination generates a spatial trans-
fer of organic matter and nutrients from wide grazing areas to the
smaller areas of camps and corrals, and next to water ponds (Lan-
dais and Lhoste, 1993). In agropastoral ecosystems, this transfer is
the major way to increase the soil fertility of selected crop fields. This
is achieved by corralling livestock at night in the field during the dry
season and in the neighboring fallow during the wet season, or by
collecting manure in paddocks and carrying it to the field by cart
(Schlecht et al., 2004). In creating these hot spots of soil fertility, the
grazing livestock plays a major role in crop diversification and inten-
sification (Hiernaux and Diawara, 2014).

The environmental cost of the recycling function could be the contri-
bution of ruminants to greenhouse gas emission, e.g. enteric CH4, or
C0O2, N20 and CH4 during the decomposition of deposited excreta
on the soil or surface water. First assessments of these contributions
raised concerns about the responsibility of pastoral breeding in cli-
mate change processes. Concerns intensified as the estimated emis-
sions were reported relative to animal production, which is quite
low (Gerber et al., 2013) and calculated based on generous (+ 40%)
estimates of the forage intake (Assouma et al., 2018). Recent works
conducted in a pastoral breeding system in Northern Senegal down-
sized these emissions and concluded that the carbon cycle of pastoral
breeding was seasonally contrasted but annually neutral (Assouma et
al., 2017b; 2019a; 2019b).

B COMPARING THE CHALLENGES OF CLIMATE
AND SOCIETAL CHANGES

Regardless of the increase in atmosphere temperature and CO, con-
centration, and of the direction of rainfall changes, the climate in
sub-Saharan West and Central Africa should remain monsoonal with
a summer rainy season of decreasing duration with latitude, regularly
alternating with a fall to spring dry season of increasing duration
with latitude. Rainfall should continue to be provided by convective
storms moving from east to west and thus remain patchy and variable
within the season. Thus, the quality of the forage offer should remain
highly seasonal and patchily distributed. Besides, the severe live-
stock losses caused by the two main droughts (Toulmin, 1987) have
been mostly compensated (Corniaux et al., 2012) although the aver-
age size of herds decreased (Colin de Verdiere, 1994). This livestock
population reconstitution was, however, less effective in the harshest
Northern Sahelian areas and brought about changes in species and
herd breed composition with a relative increase in small ruminants to

the detriment of cattle (Turner, 1999), and a progression of camels to
the South (Bourn and Wint, 1994; Anderson and Monimart, 2009).
Both trends have been interpreted as adaptations to either more arid
climates or the reduction in grazing resources and access to these
resources (Serpantié et al., 1988). They may also respond to changes
in the market demand (Wane et al., 2009), skilled labor availability
or other social traits within pastoralist families (Turner, 1999). For
example, the intensified market demand for sheep sacrificed during
Muslim religious celebrations, particularly in wealthier urban areas,
has stimulated the relative increase in sheep breeding during the last
decades in Senegal (Wane et al., 2009). In the short term, social and
institutional changes appear to shape pastoral breeding more than cli-
mate change does. The historical shrinkage of rangeland space, and
area fragmentation and access restriction, while pastoralist families
and livestock are growing, is pushing pastoral breeding to limits of
animal production viability (Lesnoff et al., 2012). The benefit of herd
mobility and mixed species and breed complementarity in selecting
the best fodder resources offered by Sahel immensity during time of
abundance (wet and early dry seasons) only holds if the gains made
can be supported by limited losses during the dry season. This is
particularly true for livestock reproduction performances based on
female condition over longer periods than just one season. Fertility
rates of adult females are already low, which strongly affects pasto-
ral breeding productivity (Wilson, 1986). The quality of optimizing
livestock grazing selection by organizing daily grazing circuits and
season transhumance is acknowledged in pastoral breeding (Ayan-
tunde et al., 1999). Communal management appears more efficient
and less costly to adapt to the variable and patchy fodder resources.
Yet, pastoralists’ reduced access to water and grazing resources, espe-
cially during the dry season in the agropastoral subhumid zone, ques-
tions the sustainability of pastoral breeding. Alternative production
systems have been suggested to overcome the constraints faced by
pastoral breeding.

B ALTERNATIVES TO PASTORAL BREEDING:
HOW THEY FACE GLOBAL CHANGES

Ranching

One alternative to pastoral breeding is ranching, which is also repro-
duction oriented and livestock fed mostly by grazing-browsing, but
rangelands are privately managed instead of being pastoral commons.
It requires fencing, which involves costly initial investments from
external funding, then high maintenance and social costs that are dif-
ficult to meet on the long term. It implies a reduction in herd mobility
even when sophisticated paddock rotation is planned (Savory, 1983).
With its private access and use of fences, ranching impedes seasonal
herd mobility at regional scale. Control of the stocking rate often
sustains ranching but the lack of flexibility leads to the under-use of
resources in some places with enhanced risks of bush encroachment
or fire, and overuse in other places with the risk of favoring invasive
refusals. These risks are reinforced by breeding a single species, often
asingle breed, as observed in most ranches, thus losing the benefits of
complementary feeding behaviors in multispecies breeding. Socially,
the high investment needed to set up and manage a ranch excludes
local pastoral families and isolates the often distant owner from the
manager and waged herders. This can cause rapid erosion of herd-
ers’ labor skills as they lose full responsibility. Attempts to develop
ranching from the colonial time have generally failed in the region
(Boutrais, 1990) with a few exceptions relying on institutional and
environmental peculiarities (Achard and Chanono, 2006). An inter-
esting trial to introduce a scientifically controlled ranching, funded
by German Cooperation, was conducted in the Ferlo in Senegal start-
ing in 1981. It failed both technically and economically in spite of
free investments for the few selected pastoralists who benefited from



the project (Thébaud et al., 1995). If ranching were to be developed,
supported by policies of tenure privatization and investments in live-
stock production by the wealthy, national or foreigners, it would raise
yet other obstacles to the remaining pastoral breeders. In addition,
the ecosystem benefit of transhumance, especially the transfer of soil
fertility in the visited agropastoral ecosystems, would be lost as well
as the provision of cheap young animals to sedentary specialized live-
stock production units.

Stall feeding

Another alternative to pastoral breeding is to reduce seasonal and
regional mobility, at least during the dry season, by feeding livestock
substantial quantities of either collected and conserved forages such
as hay, haulms, cereal stubble, or even agro-industrial by-products.
This trend is already present in pastoral breeding system facing
severe cuts in dry-season access to rangelands (Fernandez-Rivera et
al., 2005). As a result, seasonal and regional herd mobility has been
reduced or suppressed, achieving to decouple stocking rates and for-
age availabilities with the risk of overgrazing during the growing sea-
son, leading to reduced forage resources all year round. In addition,
pastoral breeders are not best placed to produce or import livestock
fodder or agro-industrial by-products, as they are generally in remote,
badly connected areas, and landlocked. The high cost of production,
storage and transportation requires investments that only wealthy
people or external funding can support. As with ranching, the benefits
of dry season transhumance for soil fertility and provision of cheap
young animals to the markets will be lost.

Ranching and stall feeding

The two alternatives could be combined with ranching in pastoral
areas supported by stall feeding in the dry season. Actually, it would
be the only option to maintaining ranching in the long run as shown
by the management of the few successful ranch exceptions (Achard
and Chanono, 2006). The high cost of each alternative management
cumulates reinforcing the dependence on external funding and
related social costs. The risks of wet-season overgrazing degradation
are reinforced by the external sources of dry-season feeding.

B PERSPECTIVES: NEW DEAL TO ADAPT PASTORAL
BREEDING TO GLOBAL CHANGES

By comparison with the two alternative strategies alone or combined,
pastoral breeding with rangelands managed as commons and with
seasonal mobility at regional scale appears the most adapted option
to cope with the seasonality and interannual variability of forage
availability and quality, both likely to become even more variable and
patchy with climate change. Pastoral practices can be improved by
offering flexible optimization of livestock grazing and by decentral-
izing the organization of daily grazing circuits and seasonal transhu-
mance (Chirat et al., 2014). Communal management also appears as a
more efficient and less costly solution to adapt to the variable patch-
iness of resources (Krummel and Dritschilo, 1977; Cossins, 1985). It
ensures the most reactive livestock mobility, key to control the risks of
degradation by overgrazing during the wet season and promote eco-
system resilience in the face of monsoonal climate vagaries (Breman
and de Wit, 1983). Moreover, pastoral breeding has a long history
of connection with specialized livestock production systems in sub-
humid and periurban areas, providing young animals through direct
contracts as well as livestock markets (Touré et al., 2012). This pro-
vision includes young males either for drafting (Vall et al., 2003) or
fattening, and young females to renew dairy herds in periurban units.
The dry season transhumance in subhumid and wetland agropastoral
areas also benefits cropland soil fertility management by accelerating
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the organic matter recycling and transferring fertility to selected
manured fields (Landais and Lhoste, 1993; Hiernaux and Diawara,
2014).

Yet maintaining or reviving pastoral breeding in West and Central
Africa would require a proactive policy addressing the main con-
straints faced by pastoral breeders. Civil insecurity, terrorism and
banditry in several pastoral regions not limited to the Sahara deserve
urgent national and international investment (Bonnet, 2013). However,
on the longer term, only large infrastructure investments in education,
health, roads and communication will ensure security, and help pas-
toral breeding to adapt to societal changes. More specific policies are
also necessary to ensure the future of pastoral breeding, starting by the
recognition of its access to water and forage resources (Lavigne-Del-
ville and Chauveau, 1998; Bonnet and Hérault, 2011), the empower-
ment and capacity building of professional organizations and herders’
associations. First steps in the political recognition of the economic
and social contribution of pastoral breeding were initiated as recom-
mendations in a series of conferences (Déclaration de D’Njaména,
2013), and political agreements (Déclaration de Nouackchott, 2013).
This renewed interest revived the funding of dedicated development
projects such as the Regional Pastoralism Support Project in the Sahel
(PRAPS), Regional Investment Program for Livestock Development
in Coastal Countries (PRIDEC), Livestock Development Support
Project (PADEL) (de Haan et al., 2016). In pastoral regions, the objec-
tive is to complete, rehabilitate and manage hydraulic and veterinary
infrastructures in consultation with the pastoral breeders’ associations
and territorial authorities (Bonnet et al., 2005). In agropastoral regions,
the objective is to set frameworks for local and regional consultation
and contractual agreements between pastoralists, agropastoralists and
crop farmers on the organization and by building the needed infra-
structures (water points, livestock pathways, grazing areas, corralling
sites, shelters. ..) to make dry season transhumance more efficient and
mutually beneficial (Oxby, 1985).
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Résumé

Adapter I’élevage pastoral aux changements globaux

Resumen

Hiernaux P., Assouma M.H. Adapter les élevages pastoraux
d’Afrique tropicale de I'Ouest et du Centre aux changements
globaux : synthese de perspectives écologiques

L'élevage pastoral se définit comme un systeme d’élevage
familial axé sur la reproduction et basé sur la pature avec
une gestion communautaire des ressources. Les élevages pas-
toraux different entre eux par la diversité des espéces et des
races animales élevées, la taille et la conduite des troupeaux
et I"ampleur de leur mobilité régionale. Le poids social, éco-
nomique et environnemental des élevages pastoraux en
Afrique subsaharienne occidentale et centrale est rappelé,
de méme que I'imputation qui leur est faite de dégradations
environnementales. Les changements globaux auxquels |’éle-
vage pastoral est confronté sont classés par domaine, clima-
tique et sociétal, et par échelle de temps court ou long. Les
impacts incriminés du bétail sur les écosystemes sont évalués
a court et a long terme. Les fonctions de I"élevage pastoral
déja affectées par les changements globaux, climatiques et
sociétaux sont analysées. La capacité de deux systemes alter-
natifs d’élevage, le ranching et la stabulation, a répondre a ces
contraintes est examinée. Enfin, la capacité de s’adapter au
mieux aux changements climatiques sur le long terme et aux
changements sociétaux a court et a long terme est reconnue
aux élevages pastoraux a condition que des investissements
nationaux et internationaux soient consentis. La sécurité civile
doit étre restaurée et l'acces des pasteurs aux ressources en
eau et en fourrage doit étre sécurisé. Les organisations pro-
fessionnelles et les associations devraient étre habilitées a
négocier des droits de pacage, et leurs compétences devraient
étre renforcées. 1l faut compléter, réhabiliter et gérer les infras-
tructures hydrauliques et vétérinaires, mais aussi investir lar-
gement dans des infrastructures adaptées en matiere de santé,
d’éducation et de communication dans les zones pastorales
longtemps délaissées.

Mots-clés : pastoralisme, adaptation, changement climatique,
changement social, écologie, Afrique au sud du Sahara

Hiernaux P., Assouma M.H. Adaptacién de la cria pastoral a
los cambios globales en Africa tropical occidental y central:
sintesis de las perspectivas ecoldgicas

Ganado pastoral se define como un sistema de ganaderia
familiar orientado a la reproduccion, basado en el pastoreo,
con recursos administrados por la comunidad. Los criadores
pastorales se diferencian entre si por la variedad de las espe-
cies y razas criadas, el tamafo y la gestion de los hatos y la
escala de su movilidad regional. El peso social, econémico
y ambiental de la ganaderia pastoral en Africa subsahariana
occidental y central es paralelo a su responsabilidad en la
degradacion ambiental. Los cambios globales que enfrenta
la ganaderia pastoral se clasifican por dominios, climaticos y
sociales, y por escalas de tiempo, cortas o largas. Los impac-
tos incriminados a la ganaderia sobre los ecosistemas se eva-
lGan a corto y largo plazo. Se analizan las funciones de la cria
pastoral ya afectadas por los cambios globales, ya sean cli-
maticos o sociales. Se examina la capacidad de dos sistemas
alternativos de cria de ganado, el ranching y la alimentacion
en establos, para responder a estas limitaciones. Por ultimo,
se observa que la cria pastoral es capaz de adaptarse mejor
al cambio climadtico a largo plazo y a los cambios sociales a
corto y largo plazo, siempre y cuando se realicen inversio-
nes nacionales e internacionales. Debe restablecerse la segu-
ridad civil y resguardar el acceso de los criadores al agua y
los recursos forrajeros. Las organizaciones profesionales y
las asociaciones deberfan estar habilitadas para negociar los
derechos de pastoreo y deberian mejorarse sus habilidades. Es
necesario completar, rehabilitar y gestionar las infraestructu-
ras hidraulicas y veterinarias, pero también invertir de forma
significativa en infraestructuras adaptadas de salud, educacién
y comunicacién en dreas pastorales extensamente abandona-
das.

Palabras clave: pastoralismo, adaptacién, cambio climatico,
cambio social, ecologfa, Africa al sur del Sahara
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