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Summary
Pastoralism is rarely viewed as a major future form of land use, because of well-
documented cases of rangeland degradation, attributed to irrational overstocking 
by pastoralists, and the subsequent losses of ecosystem services. However, 
pastoralists were actually encouraged to settle and adopt such strategies, copied 
from rangelands with higher and more reliable rainfall. This curtailed mobility 
resulted in a shift from opportunistic and extensive land use to more intensive and 
settled forms of use. The purpose of this review is to examine the link between 
pastoralism and the provision of ecosystem services by rangelands, focusing on 
biodiversity conservation and carbon sequestration.
Pastoralists employ several techniques to manage rangeland resources, 
including mobility, herding, corralling, grazing reserves and the use of fire. With 
these strategies, pastoralists have contributed to the enhancement of rangeland 
biodiversity and the long-term conservation of important wildlife habitats. 
Pastoralists also possess detailed knowledge of rangeland plants and their 
uses, which could be valuable in the assessment, conservation and utilisation 
of rangeland biodiversity. Similarly, traditional pastoral rangeland management 
practices, such as the use of seasonal grassland reserves and livestock mobility, 
influence vegetation composition, coverage and abundance in rangelands and 
offer tools for biomass and soil carbon restoration, contributing to the mitigation 
of climate change.
However, various internal and external factors have curtailed traditional 
management practices and livestock mobility, breaking the co-evolved balance of 
vegetation, wildlife and land use, thus exposing rangeland to continued livestock 
pressure, which often leads to degradation. Rather than abandoning pastoralism, 
the revitalisation of traditional practices and indigenous knowledge is vital 
to secure sustainable livelihoods for millions of pastoralists and to maintain 
rangeland biodiversity and ecosystem services.
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Introduction
Across the globe, rangelands occupy almost half of the 
Earth’s surface (1). This review focuses on ‘extensive’ 
rangelands which are ill-suited to intensive agriculture, due 
to high evapo-transpiration which exceeds rainfall, and so 
are predominantly used for extensive livestock production 

(2). More than 200 million pastoral households depend 
on these extensive rangelands (3) and keep 35% of the 
world’s sheep, 23% of its goats, and 16% of its cattle and 
water buffalo (4). Rangelands also provide humanity with a 
wide array of ecosystem services (5, 6). Ecosystem services 
are ‘all the benefits people get from their environment’ 
and can be categorised into four types: provisioning, 
regulating, supporting and cultural (6). Ecosystem services 
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accrued from rangelands include all four of these types, 
i.e. provisioning services, such as food, fibre and genetic 
resources; regulating services, such as water and air quality; 
supporting services, such as primary production, water and 
nutrient cycling; and cultural services, such as recreation 
and religious sites (7, 8).

Rangeland degradation in arid and semi-arid areas and the 
subsequent loss of economic returns and other ecosystem 
services are well documented in the literature (6, 9, 10). 
Irrational overstocking by pastoralists is assumed to be the 
main culprit of perceived rangeland degradation (11, 12), 
and overgrazing is thought to be inevitable in pastoral systems 
(13). In an effort to curb perceived rangeland degradation, 
pastoralists were encouraged to settle and adopt strategies 
copied from rangelands with higher and more reliable 
rainfall (14). External interventions, such as irrigation and 
other water and ranching schemes, encouraged pastoralists 
to become less mobile (15). This curtailed the two basic 
elements of sustainable rangeland management: short 
but intensive grazing and browsing by large herds, and 
opportunistic exploitation of fodder by moving livestock 
to areas that had received sufficient rainfall (16). Coupled 
with a rising population, the weakening of customary 
institutions and the loss of key dry-season grazing areas to 
alternative land uses, such settlement contributed to the 
impoverishment of pastoralists and worsening of rangeland 
degradation (8, 17).

The intensification of land use through crop farming or 
ranching (18) shifts grazing patterns further away from 
traditional use, leading to both more and less intense 
grazing. Both of these changes in grazing have been 
associated with adverse impacts on vital ecosystem services 
(19). The purpose of this paper is to examine the link 
between pastoralism and rangelands’ provision of ecosystem 
services, focusing on biodiversity conservation and carbon 
sequestration.

Pastoralists and rangeland 
biodiversity
Rangelands are strongholds of biodiversity, harbouring 
a variety of plants, animals and microbes of ecological, 
economic and socio-cultural importance (20). Rangelands 
cover a variety of terrestrial biomes which are extremely 
heterogeneous. Major driving forces for the biological 
diversification of rangelands are relative aridity, seasonal 
patterns of rainfall, fires and herbivore pressure. A 
combination of these factors, coupled with topography 
and geology, determines selection pressures, resulting in 
the development of a variety of adaptive strategies (21). 
For example, on the African savanna, humans and their 

livestock have left long-term legacies by creating and 
maintaining landscape heterogeneity (22).

The overall biodiversity of rangelands is declining due 
to various factors, including land-use changes and 
intensification, dryland fragmentation, the introduction 
of invasive species and mismanagement (23, 24, 25). Up 
to 20% of rangelands are undergoing some form of severe 
degradation (6), resulting in the loss of biodiversity and 
ecosystem services associated with it (26) (Fig. 1). Apart 
from the ecological aspects, the loss of biodiversity has 
significant implications for the food security of millions of 
people who depend on rangelands for their livelihood (24). 
That is why rangeland management strategies that promote 
biodiversity conservation are urgently needed (27).

Pastoralists employ several techniques to manage rangeland 
resources, including mobility, herding, corralling, grazing 
reserves and fire (28, 29). The livestock mobility inherent 
to pastoralism is crucial for rangeland maintenance, 
improvement and regeneration (30). Pastoral communities 
conduct seasonal migrations with their herds, between wet- 
and dry-season grazing areas, to secure a constant supply of 
fodder, water and salt licks. Mobility also minimises the risk 
of livestock disease and raiding (31). Livestock routes have 
been found to support greater biodiversity as a consequence 
of their direct and indirect effects on plants, as well as on 
other above- and below-ground consumers, predators and 
nutrient cycles (8, 32). On a smaller spatial scale, pastoralists 
also employ herding to control patterns of herbivory along 
migration routes (28). Such grazing management enriches 
species diversity, maintains vegetation cover, reduces soil 
loss (33) and improves connectivity between adjacent 
ecotones (34). Effective grazing management can also 
stimulate the growth of new pasture, improve mulching, 
reduce invasive weeds and improve mineral and water 
cycling (5).

Pastoralists have also influenced savanna ecology through 
their creation and abandonment of livestock bomas (thorn-
fence corrals that pastoralists traditionally use to protect 
their livestock at night) (35, 36). Bomas develop into long-
term, nutrient-rich, ecosystem hotspots with distinctive 
plant communities (37, 38). Old bomas maintain a higher 
biomass and proportion of palatable species than unfenced 
sites (37, 39). Their distribution also influences the 
distribution and movement of large wild herbivores (39). 
For example, in central Kenya, wildlife species browsed 
nine times more frequently among old bomas than at other 
sites (38). Pastoralists also set aside part of their rangelands 
as physically or socially fenced grazing reserves (28, 29), 
although this is not common among all pastoral groups. 
Grazing reserves are commonly used as dry-season reserves 
to feed mainly calves and sick animals. Compared to open 
communal grazing areas, grazing reserves exhibit a greater 
composition of palatable grass species (40, 41).
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Another tool used by pastoralists to maintain the quality of 
fodder in rangelands is fire. Controlled burning suppresses 
the encroachment of woody species and promotes the growth 
of palatable grasses, creating a favourable environment for 
livestock but also for wildlife species (30, 36). In turn, a ban 
on the use of fire in southern Ethiopia has contributed to a 
significant increase in bush cover, from 40% in the 1990s 
(42) to 52% in 2002 (43), forcing Borana pastoralists to 
increasingly rely on camel pastoralism rather than the cattle 
husbandry on which they have traditionally depended for 
centuries (44). The use of fire by pastoralists also maintains 
a patchwork of habitats, such as open areas important for 
several endangered bird species, which are only found in 
savanna grass and shrublands (45).

Carbon sequestration
Rangelands are an important repository of carbon, both 
in the soil and vegetation, and play an indispensable role 
in mitigating the rising concentration of carbon dioxide 
(CO2) (46, 47, 48, 49). Rangelands store 241 petagrams 
(Pg), about 30% of the world’s terrestrial carbon (50, 51), 
and sequester between 200–500 kg of carbon per hectare 

per year (8). Although tropical forests store large amounts 
of carbon above ground – 212 gigatonnes (Gt) – tropical 
savannas have greater potential to store carbon below 
ground than any other ecosystem (52). About 90% of 
carbon sequestered by rangelands is stored in the form of 
soil organic carbon, with an estimated carbon sequestration 
potential of 0.01–0.30 Gt per year (53). Rangelands account 
for about one-quarter of potential carbon sequestration in 
world soils (54, 55).

One of the negative repercussions of rangeland degradation 
is the release of carbon sequestered in the rangeland to 
the atmosphere. Lal (47) estimated a total historic loss 
of 20–30 Pg of carbon due to desertification. As much as  
100 million tonnes of CO2 equivalent per year is released to 
the atmosphere annually, due to overgrazing (56). This net 
emission might increase in the future when carbon burial in 
colluvial sinks, associated with soil erosion and the dynamic 
replacement of soil carbon at eroding sites, declines.

The classification of sinks is based on the global assessment 
of soil degradation (57) and current soil erosion and soil-
erosion-induced lateral carbon fluxes (58) (Fig. 2). Light 
degradation and erosion < 2 tonnes per hectare per annum 
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Fig. 1
Global pattern of habitat loss showing values above average for most pastoralist areas 
Source: Delia Mändli, Physical Geography and Environmental Change, University of Basel 
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(t ha a–1) generate no carbon sink because of the lack of 
a significant lateral flux. In contrast, light and moderate 
degradation with erosion of up to 10  t ha a–1 generate a 
high lateral carbon flux. This soil-to-sink flux leads to a 
reduction of net carbon emissions (59) and is maintained by 
the dynamic replacement of carbon from litter conversion 
(60). It is not sustained when there is degradation of soil 
and vegetation. Strong degradation and erosion > 10 t ha a–1 
are likely to have already reached this stage, i.e. contributed 
to a former carbon sink that has already ceased to absorb 
carbon due to the destruction of soil and vegetation. There 
is considerable uncertainty in such estimates of soil carbon 
fluxes from rangeland degradation and the contribution 
of pastoralism to degradation (2, 61). However, there is 
consensus among researchers on the challenges posed 
by rangeland degradation and the need for rangeland 
rehabilitation to restore its carbon sequestration potential 
(2).

Rangeland rehabilitation could make a significant 
contribution to offsetting part of the increase in global CO2, 
with the additional benefit of improving the productivity of 
the rangeland itself (47, 48). By adopting various rangeland 
rehabilitation measures, the total potential for carbon 
sequestration in drylands can be increased by 0.9 to 1.9 Pg 
carbon a–1 for a maximum of 50 years (62).

The traditional rangeland management practices of 
pastoralists can be used to mitigate climate change and 
rising atmospheric carbon dioxide concentrations (63). 

Pastoral rangeland management practices such as the use of 
fire and livestock mobility influence vegetation composition, 
coverage and abundance in rangelands and thus dictate their 
carbon sequestration potential (63). Moreover, rangeland-
based adaptation strategies – such as seasonal grassland 
reserves (40) – are likely to benefit vegetation and soil 
carbon sequestration. A study conducted in southern parts 
of Ethiopia has reported a higher total carbon stock (p < 
0.01) in enclosed rangeland areas (300.4 t carbon ha[-1]) than 
in rangelands under different management regimes (63). A 
related study conducted in China also reported significantly 
increased carbon and nitrogen in areas protected from 
grazing (64). The pastoralist use of rangelands can maintain 
carbon stocks stored below ground that could be lost if these 
rangelands are converted into farmland.

Conclusion
Pastoralists are often blamed for rangeland degradation and 
so traditional pastoralism is not seen as a major land use 
for the future. However, an increasing amount of research 
contradicts this view (61, 65). Rangeland management 
practices inherent to pastoralism have shaped rangeland 
environments for millennia (29) and contributed to the 
enhancement of rangeland biodiversity, as well as the 
maintenance and conservation of important wildlife habitats 
(33, 66, 67, 68, 69). Moreover, pastoralists possess detailed 
knowledge of rangeland plants (19, 70, 71), which could 
be used for the assessment, conservation and utilisation 

Former C sink, recuperation unlikely, Area: 1.141 million km2, C-flux: 6.567 teragrams
Closed C sink, possible future sink, Area: 1.739 million km2, C-flux: 0.333 teragrams
Closing C sink,  Area: 12.165 million km2, C-flux: 37.817 teragrams

Permanent C sink,  Area: 6.630 million km2, C-flux: 7.407 teragrams
No C sink,  Area: 11.613 million km2, C-flux: 2.339 teragrams

Fig 2
Carbon sinks induced by soil erosion, indicating closing terrestrial sinks in areas used for pastoralism
Source: Delia Mändli, Physical Geography and Environmental Unit, University of Basel  
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Permanent C sink,  Area: 6.630 million km2, C-flux: 7.407 teragrams
No C sink,  Area: 11.613 million km2, C-flux: 2.339 teragrams

Le rôle du pastoralisme dans la réglementation 
des services écosystémiques

M.A. Seid, N.J. Kuhn & T.Z. Fikre

Résumé
Parmi les modalités d’utilisation des terres, le pastoralisme n’est guère considéré 
comme présentant un fort potentiel d’avenir, en raison d’exemples bien 
documentés de prairies dégradées suite à leur surexploitation irrationnelle par 
les pasteurs, entraînant une baisse des services écosystémiques qui leur étaient 
associés. Il faut toutefois rappeler que ces mêmes pasteurs avaient d’abord été 
encouragés à se sédentariser et à adopter ce type de stratégies, directement 
inspirées des pratiques d’élevage appliquées dans les prairies bénéficiant de 
précipitations plus importantes et plus fiables. Le déclin de la mobilité s’est traduit 
par le passage d’une utilisation opportuniste et extensive des terres à des formes 
d’exploitation plus intensives et sédentarisées. Les auteurs se sont attachés à 
faire apparaître les liens entre le pastoralisme et les services écosystémiques 
rendus par les prairies, en premier lieu la protection de la biodiversité et la 
séquestration de carbone.
Les pasteurs recourent à diverses techniques pour gérer les ressources des 
prairies, dont la transhumance, la conduite des troupeaux, l’érection de clôtures, 
la rotation des pâtures et l’usage du feu. En déployant ces stratégies, les pasteurs 
ont contribué à améliorer la biodiversité des prairies et à assurer la conservation 
durable d’habitats importants pour la faune sauvage. Les pasteurs possèdent 
également une connaissance détaillée des espèces végétales poussant dans 
les prairies et de leur utilisation, qui s’avère précieuse pour évaluer, conserver 
et utiliser la biodiversité des prairies. De même, les pratiques pastorales 
traditionnelles de gestion des prairies telles que la rotation saisonnière des 
parcelles et les déplacements des troupeaux influent sur la répartition, la 
couverture et l’abondance de la végétation des prairies et constituent des 
outils permettant de réparer la biomasse et de séquestrer le carbone des sols, 
contribuant ainsi à atténuer le réchauffement climatique.
Néanmoins, plusieurs facteurs internes et externes ont limité les pratiques de 
gestion traditionnelles et la mobilité des troupeaux, brisant l’équilibre d’une 
coévolution parallèle de la végétation, la faune sauvage et l’exploitation des terres, 
et exposant de ce fait les prairies à une pression permanente, souvent suivie 
de leur dégradation. Plutôt que de renoncer au pastoralisme, il est désormais 
crucial de revitaliser les pratiques traditionnelles et les savoirs autochtones afin 
de sécuriser les moyens de subsistance de millions de pasteurs et de préserver 
la biodiversité des prairies et les services écosystémiques.

of rangeland biodiversity (29, 72). Similarly, traditional 
pastoralism tends to preserve more carbon and offers 
tools for biomass and soil carbon restoration, contributing 
to the mitigation of climate change. But various internal 
and external factors (such as unfavourable government 
policies, the loss of key grazing areas to competing land 
uses, an increasing population and climate change) have 
curtailed traditional management practices and livestock 

mobility, breaking the co-evolved balance of vegetation, 
wildlife and land use, and therefore exposing rangeland to 
continued livestock pressure, often leading to degradation. 
Rather than abandoning pastoralism, the revitalisation of 
traditional practices and indigenous knowledge is vital to 
secure sustainable livelihoods for millions of pastoralists, to 
maintain rangeland biodiversity and to preserve ecosystem 
services.
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La función del pastoreo en la regulación de los servicios 
ecosistémicos

M.A. Seid, N.J. Kuhn & T.Z. Fikre

Resumen
Al pensar en las principales modalidades de usos del suelo de cara al futuro, rara 
vez se tiene en cuenta el pastoreo. Ello se debe a la existencia de casos probados 
de degradación de los pastos, atribuida a un acopio excesivo e irracional por 
parte de los pastores, y a la consiguiente pérdida de servicios ecosistémicos. 
La realidad, sin embargo, es que las comunidades de pastores fueron alentadas 
a asentarse y adoptar tales procederes, importados de zonas de pastizales con 
niveles más elevados y constantes de pluviosidad. La consiguiente limitación 
de la movilidad llevó a pasar de un uso oportunista y extensivo de las tierras a 
modalidades de explotación más intensivas y sedentarias. Los autores examinan 
aquí el vínculo entre el pastoreo y los servicios ecosistémicos ligados a los 
pastizales, centrándose sobre todo en la conservación de la diversidad biológica 
y el secuestro de carbono.
Las sociedades de pastores emplean varias técnicas para gestionar los recursos 
que suponen las tierras de pasto, en particular la movilidad, el uso de rebaños, 
corrales y reservas de pastizales y el recurso al fuego. Con estas estrategias 
los pastores han contribuido a mejorar la diversidad biológica de los pastizales 
y a conservar duraderamente importantes hábitats de la fauna salvaje. Estas 
sociedades atesoran asimismo un detallado conocimiento de las plantas que 
forman los pastizales y de sus usos, lo que puede revestir gran utilidad para 
evaluar, preservar y utilizar la biodiversidad de los pastizales. Análogamente, 
las prácticas tradicionales de gestión de pastos que aplican los pastores (como 
el uso de reservas estacionales de tierras de pasto o la movilidad del ganado) 
influyen en la composición vegetal, la cobertura y la abundancia de los pastizales 
y brindan así herramientas para restaurar la biomasa y el carbono del suelo, 
ayudando con ello a mitigar el cambio climático.
Sin embargo, hay una serie de factores internos y externos que han coartado las 
prácticas de gestión tradicionales y la movilidad del ganado, alterando el equilibrio 
entre vegetación, fauna salvaje y usos del suelo que se había alcanzado por 
coevolución y sometiendo así a los pastizales a una presión ganadera continua, 
que a menudo acaba por degradarlos. Más que de abandonar el pastoreo, se 
trata pues de revitalizar las prácticas tradicionales y el saber indígena como 
expediente crucial para procurar medios de sustento duraderos a los millones de 
personas que viven del pastoreo y a la vez mantener la diversidad biológica y los 
servicios ecosistémicos de los pastizales.

Palabras clave
Carbono – Conservación de los hábitats – Diversidad biológica – Diversidad biológica 
de los pastizales – Mitigación del cambio climático – Pastizal – Pastoreo – Prácticas 
tradicionales – Saber indígena – Secuestro de carbono – Servicios ecosistémicos.
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– Connaissances autochtones – Pastoralisme – Prairies – Pratiques traditionnelles – 
Protection des habitats – Séquestration du carbone – Services écosystémiques.



441Rev. Sci. Tech. Off. Int. Epiz., 35 (2)

References
	 1.	Asner G.P., Elmore A.J., Olander L.P., Martin R.E. &  

Harris A.T. (2004). – Grazing systems, ecosystem responses, 
and global change. Annu. Rev. Environ. Resour., 29, 261–299. 
doi:10.1146/annurev.energy.29.062403.102142.

	 2.	Reid R.S., Thornton P.K., McCrabb G.J., Kruska R.L., 
Atieno F. & Jones P.G. (2004). – Is it possible to mitigate 
greenhouse gas emissions in pastoral ecosystems of the 
tropics? In Tropical agriculture in transition – opportunities 
for mitigating greenhouse gas emissions? (R. Wassmann & 
P. Vlek, eds). Springer, Dordrecht, the Netherlands, 91–109. 
doi:10.1007/978-94-017-3604-6_5.

	 3.	Nori M., Switzer J. & Crawford A. (2005). – Herding on 
the brink: towards a global survey of pastoral communities 
and conflict. Occasional Working Paper from the IUCN 
Commission on Environmental, Economic and Social 
Policy. International Institute for Sustainable Development, 
Winnipeg, Manitoba, Canada, 32 pp. Available at: www.iisd.
org/pdf/2005/security_herding_on_brink.pdf (accessed on  
24 August 2016).

	 4.	Galvin K.A., Reid R.S., Behnke Jr R.H. & Hobbs N.T. 
(2008). – Fragmentation in semi-arid and arid landscapes. 
Consequences for human and natural systems. Springer, 
Dordrecht, the Netherlands. doi:10.1007/978-1-4020- 
4906-4.

	 5.	Aboud A., Kisoyan P.K., Said M.Y., Notenbaert A., de Leeuw J., 
Gitau J.W., Manzano P., Davies J.M., Roba G.M., Omondi S.O. 
& Odhiambo M.O. (2006). – Natural resource management 
and biodiversity conservation in the drylands of eastern and 
central Africa. Association for Strengthening Agricultural 
Research in Eastern and Central Africa (ASARECA), Entebbe, 
Uganda, 91 pp. Available at: http://cmsdata.iucn.org/
downloads/asareca_wisp_full_report.pdf (accessed on 24 
August 2016).

	 6.	Millennium Ecosystem Assessment (MEA) (2005). – 
Ecosystems and human well-being: synthesis. Island Press, 
Washington, DC. Available at: www.millenniumassessment.
org/documents/document.356.aspx.pdf (accessed on  
24 August 2016).

	 7.	Frederickson L., Havstad K.M., Peters D.P.C., Skaggs R.,  
Brown J., Bestelmeyer B. & Herrick J. (2007). – Ecological 
services to and from rangelands of the United States. Ecol. 
Econ., 64 (2), 261–268.

	 8.	McGahey D., Davies J., Hagelberg N. & Ouedraogo R. 
(2014). – Pastoralism and the Green Economy: a natural 
nexus? International Union for Conservation of Nature, 
Gland, Switzerland/United Nations Environment Programme, 
Nairobi, 58 pp. Available at: iucn.org/wisp. (accessed on  
5 August 2015).

	 9.	Reynolds J.F., Smith D.M., Lambin E.F., Turner B.L. 2nd, 
Mortimore M., Batterbury S.P., Downing T.E., Dowlatabadi H.,  
Fernández R.J., Herrick J.E., Huber-Sannwald E., Jiang H., 
Leemans R., Lynam T., Maestre F.T., Ayarza M. & Walker B. 
(2007). – Global desertification: building a science for dryland 
development. Science, 316 (5826), 847–851. doi:10.1126/
science.1131634.

	10.	Han J.G., Zhang Y.J., Wang C.J., Bali W.M., Wang Y.R., 
Han G.D. & Li L.H. (2008). – Rangeland degradation and 
restoration management in China. Rangeland J., 30 (2), 233–
239. doi:10.1071/RJ08009.

	11.	Du Toit J.T. & Cumming D.H.M. (1999). – Functional 
significance of ungulate diversity in African savannas and the 
ecological implications of the spread of pastoralism. Biodivers. 
Conserv., 8 (12), 1643–1661. doi:10.1023/A:1008959721342.

	12.	Harris R.B. (2010). – Rangeland degradation on the Qinghai-
Tibetan plateau: a review of the evidence of its magnitude 
and causes. J. Arid Environ., 74 (1), 1–12. doi:10.1016/j.
jaridenv.2009.06.014.

	13.	Hardin G. (1968). – The tragedy of the commons, Science,  
162 (3859), 1243–1248. doi: 10.1126/science.162.3859.1243.

	14.	Scoones I. (1994). – Living with uncertainty: new directions 
in pastoral development in Africa. Drylands Paper 06. 
Intermediate Technology Publications, London, 210 pp.

	15.	Flintan F., Tachu B. & Eid A. (2011). – Rangeland fragmentation 
in traditional grazing areas and its impact on drought resilience 
of pastoral communities: lessons from Borana, Oromia 
and Harshin, Somali Regional States, Ethiopia. Oxfam,  
Oxford, UK.

	16.	Neely C., Bunning S. & Wilkes A. (2009). – Review of evidence 
on drylands pastoral systems and climate change. Implications 
and opportunities for mitigation and adaptation. Land and 
Water Discussion Paper 8. Food and Agriculture Organization 
of the United Nations, Rome, 39 pp. Available at: www.fao.
org/3/a-i1135e.pdf (accessed on 24 August 2016).

	17.	Tache B. (2008). – Pastoralism under stress: resources, 
institutions and poverty among the Borana Oromo in southern 
Ethiopia. PhD Thesis submitted to the Norwegian University 
of Life Sciences, Department of International Environment 
and Development Studies, Ås, Norway.

	18.	Alkemade R., Reid R.S., van den Berg M., de Leeuw J. &  
Jeuken M. (2013). – Assessing the impacts of livestock 
production on biodiversity in rangeland ecosystems. Proc. 
Natl Acad. Sci. USA, 110 (52), 20900–20905. doi:10.1073/
pnas.1011013108.

	19.	Angassa A. & Oba G. (2008). – Herder perceptions on 
impacts of range enclosures, crop farming, fire ban and 
bush encroachment on the rangelands of Borana, southern 
Ethiopia. Hum. Ecol., 36 (2), 201–215. doi:10.1007/s10745-
007-9156-z.



442 Rev. Sci. Tech. Off. Int. Epiz., 35 (2)

	20.	Kideghesho J.R., Rija A.A., Mwamende K.A. & Selemani I.S. 
(2013). – Emerging issues and challenges in conservation of 
biodiversity in the rangelands of Tanzania. Nature Conserv.,  
6, 1. doi:10.3897/natureconservation.6.5407.

	21.	Bonkoungou E.G. & Naimir-Fuller M. (2001). – Biodiversity 
in drylands: challenges and opportunities for conservation 
and sustainable use. Challenge paper. Global Drylands 
Initiative, United Nations Development Programme Drylands 
Development Centre, Nairobi, Kenya.

	22.	Uyehara I.K., Sisanya M., Hep C. & Rubenstein D.I. (2016). 
– Effects of traditional pastoralism on grasshopper (Caelifera) 
assemblages in East Africa. Afr. J. Ecol., 54 (2), 167–173. 
doi:10.1111/aje.12279.

	23.	Ayanu Y., Jentsch A., Müller-Mahn D., Rettberg S., 
Romankiewicz C. & Koellner T. (2015). – Ecosystem engineer 
unleashed: Prosopis juliflora threatening ecosystem services? 
Region. Environ. Change, 15 (1), 155–167. doi:10.1007/
s10113-014-0616-x.

	24.	Blench R. (1995). – Rangeland degradation and socio-
economic changes among the Bedu of Jordan: results of the 
1995 IFAD Survey. In Changing migration strategies among 
Bedu. International Fund for Agricultural Development 
(IFAD), Ministry of Agriculture, Amman, Jordan. Available 
at: www.academia.edu/2390226/Rangeland_degradation_
and_socio-economic_changes_among_the_Bedu_of_Jordan_
results_of_the_1995_IFAD_Survey (accessed on 24 August 
2016).

	25.	Hooper D.U., Adair E.C., Cardinale B.J., Byrnes J.E.,  
Hungate B.A., Matilich K.L., Gonzalez A., Duffy J.E.,  
Gamfeldt L. & O’Connor M.I. (2012). – A global synthesis 
reveals biodiversity loss as a major driver of ecosystem change. 
Nature, 486 (7401), 105–108. doi:10.1038/nature11118.

	26.	Maestre F.T., Quero J.L., Gotelli N.J., Escudero A.,  
Ochoa V., Delgado-Baquerizo M., García-Gómez M.,  
Bowker M.A., Soliveres S., Escolar C., García-Palacios P., 
Berdugo M., Valencia E., Gozalo B., Gallardo A., Aguilera L., 
Arredondo T., Blones J., Boeken B., Bran D., Conceição A.A.,  
Cabrera O., Chaieb M., Derak M., Eldridge D.J.,  
Espinosa C.I., Florentino A., Gaitán J., Gatica M.G.,  
Ghiloufi W., Gómez-González S., Gutiérrez J.R.,  
Hernández R.M., Huang X., Huber-Sannwald E., Jankju M., 
Miriti M., Monerris J., Mau R.L., Morici E., Naseri K.,  
Ospina A., Polo V., Prina A., Pucheta E., Ramírez-Collantes D.A., 
Romão R., Tighe M., Torres-Díaz C., Val J., Veiga J.P.,  
Wang D. & Zaady E. (2012). – Plant species richness  
and ecosystem multifunctionality in global drylands. Science, 
335 (6065), 214–218. doi:10.1126/science.1215442.

	27.	Chillo V., Ojeda R., Anand M. & Reynolds J.F. (2015). – A 
novel approach to assess livestock management effects 
on biodiversity of drylands. Ecolog. Indicat., 50, 69–78. 
doi:10.1016/j.ecolind.2014.10.009.

28.	Niamir M. (1991). – Traditional African range management 
techniques: implications for rangeland development. ODI 
Pastoral Development Network Paper No. 31d. Overseas 
Development Institute (ODI), London. URI: http://hdl.handle.
net/10919/66423.

	29.	Oba G. (2012). – Harnessing pastoralists’ indigenous 
knowledge for rangeland management: three African 
case studies. Pastoralism: Res., Pol., Pract., 2 (1), 1. 
doi:10.1186/2041-7136-2-1.

	30.	McGahey D., Davies J. & Barrow E. (2008). – Pastoralism 
as conservation in the Horn of Africa: effective policies for 
conservation outcomes in the drylands of eastern Africa. Ann. 
Arid Zones, 46 (2), 353–377.

	31.	Niamir-Fuller M. & Turner M.D. (1999). – A review of 
recent literature on pastoralism and transhumance in 
Africa. In Managing mobility in African rangelands: the 
legitimization of transhumance (M. Niamir-Fuller, ed.). 
Intermediate Technology Publications, London, 18–46. 
doi:10.3362/9781780442761.002.

	32.	Manzano P. & Malo J.E. (2006). – Extreme long-distance 
seed dispersal via sheep. Front. Ecol. Environ., 4 (5), 244–248. 
doi:10.1890/1540-9295(2006)004[0244:ELSDVS]2.0.CO;2.

	33.	Davies J., Poulsen L., Schulte-Herbrüggen B.,  
Mackinnon K., Crawhall N., Henwood W.D., Dudley N.,  
Smith J. & Gudka M. (2012). – Conserving dryland 
biodiversity. International Union for Conservation of Nature, 
Nairobi, 84 pp. Available at: www.iucn.org/sites/dev/files/
content/documents/conserving_drylands_biodiversity_iucn_
unccd_book_0.pdf (accessed on 24 August 2016).

	34.	Gómez-Sal A., Rodríguez M.A. & De Miguel J.M. (1992). – 
Matter transfer and land use by cattle in a Dehesa ecosystem of 
Central Spain. Vegetation, 99 (1), 345–354. doi:10.1007/978-
94-017-2836-2_36.

	35.	Veblen K.E. & Young T.P. (2010). – Contrasting effects of 
cattle and wildlife on the vegetation development of a savanna 
landscape mosaic. J. Ecol., 98 (5), 993–1001. doi:10.1111/
j.1365-2745.2010.01705.x.

	36.	Vuorio V., Muchiru A., Reid R.S. & Ogutu J.O. (2014). – How 
pastoralism changes savanna vegetation: impact of old pastoral 
settlements on plant diversity and abundance in south-western 
Kenya. Biodivers. Conserv., 23 (13), 3219–3240. doi:10.1007/
s10531-014-0777-4.

	37.	Porensky L.M. & Veblen K.E. (2015). – Generation of 
ecosystem hotspots using short-term cattle corrals in an 
African savanna. Rangeland Ecol. Manag., 68 (2), 131–141. 
doi:10.1016/j.rama.2015.01.002.

	38.	Porensky L.M. & Veblen K.E. (2012). – Grasses and browsers 
reinforce landscape heterogeneity by excluding trees from 
ecosystem hotspots. Oecologia, 168 (3), 749–759. doi:10.1007/
s00442-011-2123-9.



443Rev. Sci. Tech. Off. Int. Epiz., 35 (2)

	39.	Muchiru A.N., Western D.J. & Reid R.S. (2008). – The role 
of abandoned pastoral settlements in the dynamics of African 
large herbivore communities. J. Arid Environ., 72 (6), 940–
952. doi:10.1016/j.jaridenv.2007.11.012.

	40.	Angassa A., Tolera A. & Belayneh A. (2006). – The effects 
of physical environment on the condition of rangelands in 
Borana. Trop. Grasslands, 40 (1), 33–39.

	41.	Tefera S., Snyman H.A. & Smit G.N. (2007). – Rangeland 
dynamics in southern Ethiopia: (1) Botanical composition 
of grasses and soil characteristics in relation to land-use 
and distance from water in semi-arid Borana rangelands. 
J. Environ. Manag., 85 (2), 429–442. doi:10.1016/j.
jenvman.2006.10.007.

	42.	Coppock D.L. (ed.) (1994). – The Borana plateau of southern 
Ethiopia: synthesis of pastoral research, development, and 
change, 1980–91. International Livestock Centre for Africa, 
Addis Ababa, 393 pp.

	43.	Gemedo D., Maass B.L. & Isselstein J. (2006). – Rangeland 
condition and trend in the semi-arid Borana lowlands, 
southern Oromia, Ethiopia. Afr. J. Range Forage Sci.,  
23 (1), 49–58. doi:10.2989/10220110609485886.

	44.	Angassa A. & Beyene F. (2003). – Current range condition 
in southern Ethiopia in relation to traditional management 
strategies: the perceptions of Borana pastoralists. Trop. 
Grasslands, 37 (1), 53–59.

	45.	Donald P.F., Buchanan G.M., Collar N.J., Abebe Y.D., 
Gabremichael M.N., Mwangi M.A.K., Ndang’ang’a P.K., 
Spottiswoode C.N. & Wondafrash M. (2010). – Rapid 
declines in habitat quality and population size of the Liben 
(Sidamo) lark Heteromirafra sidamoensis necessitate immediate 
conservation action. Bird Conserv. Int., 20 (1), 1–12. 
doi:10.1017/S0959270910000018.

	46.	Derner J. & Schuman G. (2007). – Carbon sequestration and 
rangelands: a synthesis of land management and precipitation 
effects. J. Soil Water Conserv., 62 (2), 77–85.

	47.	Lal R. (2004). – Carbon sequestration in dryland ecosystems. 
Environ. Manag., 33 (4), 528–544. doi:10.1007/s00267-003-
9110-9.

	48.	Schuman G.E., Janzen H.H. & Herrick J.E. (2002). – Soil 
carbon dynamics and potential carbon sequestration by 
rangelands. Environ. Pollut., 116 (3), 391–396. doi:10.1016/
S0269-7491(01)00215-9.

	49.	Allen-Diaz B. (1995). – Rangelands in a changing climate: 
impacts, adaptations, and mitigation. In Climate change 
1995: impacts, adaptations and mitigation of climate change: 
scientific-technical analyses. Contribution of Working Group 
II to the 2nd Assessment Report of the Intergovernmental 
Panel on Climate Change (R.T. Watson, M.C. Zinyowera  
& R.H. Moss, eds). Cambridge University Press, Cambridge & 
New York, 131–158.

	50.	White R.P., Murray S. & Rohweder M. (2000). – Grassland 
ecosystems. World Resources Institute, Washington,  
DC, 69 pp.

	51.	Intergovernmental Panel on Climate Change (IPCC) (2007). – 
Synthesis Report. Contribution of Working Groups I, II and III 
to the 4th Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC) (R.K. Pachauri & A. Reisinger, 
eds). IPPC, Geneva, 104 pp.

	52.	Solomon S., Qin D., Manning M., Chen Z., Marquis M.,  
Averyt K.B., Tignor M. & Miller H.L. (eds) (2007). – Climate 
change 2007 – the physical science basis. Contribution 
of Working Group I to the 4th Assessment Report of the 
Intergovernmental Panel on Climate Change (IPPC), Vol. 4. 
Cambridge University Press, Cambridge & New York, 996 pp.

	53.	Ghosh P.K. & Mahanta S.K. (2014). – Carbon sequestration in 
grassland systems. Range Manag. Agroforest., 35 (2), 173–181.

	54.	Follett R.F. & Reed D.A. (2010). – Reed, soil carbon 
sequestration in grazing lands: societal benefits and policy 
implications. Rangeland Ecol. Manage., 63 (1), 4–15. 
doi:10.2111/08-225.1.

	55.	Wang K.B., Deng L., Ren Z., Li J. & Shangguan Z. (2016). – 
Grazing exclusion significantly improves grassland ecosystem 
C and N pools in a desert steppe of northwest China. Catena, 
137, 441–448. doi:10.1016/j.catena.2015.10.018.

	56.	Steinfeld H., Gerber P., Wassenaar T., Castel V., Rosales M. & 
de Haan C. (2006). – Livestock’s long shadow: environmental 
issues and options. Food and Agriculture Organization of the 
United Nations, Rome, 391.

	57.	Oldeman L., Hakkeling R. & Sombrock W. (1991). – Global 
assessment of soil degradation (GLASOD). World map of 
the status of human-induced soil degradation. World Soil 
Information (ISRIC), Wageningen, the Netherlands.

	58.	Doetterl S., Van Oost K. & Six J. (2012). – Towards constraining 
the magnitude of global agricultural sediment and soil organic 
carbon fluxes. Earth Surf. Process. Landforms, 37 (6), 642–655. 
doi:10.1002/esp.3198.

	59.	Harden J.W., Sharpe J.M., Parton W.J., Ojima D.S., Fries T.L., 
Huntington T.G. & Dabney S.M. (1999). – Dynamic replacement 
and loss of soil carbon on eroding cropland. Glob. Biogeochem. 
Cycles, 13 (4), 885–901. doi:10.1029/1999GB900061.

	60.	Van Oost K., Quine T.A., Govers G., De Gryze S., Six J.,  
Harden J.W., Ritchie J.C., McCarty G.W., Heckrath G.,  
Kosmas C., Giraldez J.V., da Silva J.R. & Merckx R. (2007). 
– The impact of agricultural soil erosion on the global 
carbon cycle. Science, 318 (5850), 626–629. doi:10.1126/
science.1145724.

	61.	Vetter S. (2005). – Rangelands at equilibrium and non-
equilibrium: recent developments in the debate. J. Arid Environ., 
62 (2), 321–341. doi:10.1016/j.jaridenv.2004.11.015.



444 Rev. Sci. Tech. Off. Int. Epiz., 35 (2)

	62.	Lal R. (2001). – Potential of desertification control to sequester 
carbon and mitigate the greenhouse effect. Climat. Change,  
51 (1), 35–72. doi:10.1023/A:1017529816140.

	63.	Bikila N.G., Tessema Z.K. & Abule E.G. (2016). – Carbon 
sequestration potentials of semi-arid rangelands under 
traditional management practices in Borana, southern 
Ethiopia. Agric. Ecosyst. Environ., 223, 108–114. doi:10.1016/j.
agee.2016.02.028.

	64.	Qiu L., Wei X., Zhang X. & Cheng J. (2013). – Ecosystem 
carbon and nitrogen accumulation after grazing exclusion in 
semiarid grassland. PloS ONE, 8 (1), e55433. doi:10.1371/
journal.pone.0055433.

	65.	Behnke R.H., Scoones I. & Kerven C. (1993). – Range 
ecology at disequilibrium: new models of natural variability 
and pastoral adaptation in African savannas. Overseas 
Development Institute, London.

	66.	Roba H.G. & Oba G. (2009). – Community participatory 
landscape classification and biodiversity assessment 
and monitoring of grazing lands in northern Kenya. 
J. Environ. Manag., 90 (2), 673–682. doi:10.1016/j.
jenvman.2007.12.017.

	67.	Little P.D. (1996). – Pastoralism, biodiversity, and the shaping 
of savanna landscapes in East Africa. Africa, 66 (1), 37–51. 
doi:10.2307/1161510.

	68.	Akasbi Z., Oldeland J., Dengler J. & Finckh M. (2012). – Social 
and ecological constraints on decision making by transhumant 
pastoralists: a case study from the Moroccan Atlas Mountains. 
J. Mount. Sci., 9 (3), 307–321. doi:10.1007/s11629-009- 
2320-8.

	69.	Baena P.M. & Casas R. (2010). – Past, present and future of 
transhumancia in Spain: nomadism in a developed country. In 
Mobile pastoralism in the industrialised world (C. Kerven & 
R. Behnke, eds). Pastoralism: Res., Pol., Pract., 1 (1), 73–90.

	70.	Gemedo-Dalle, Isselstein J. & Maass B.L. (2006). – Indigenous 
ecological knowledge of Borana pastoralists in southern 
Ethiopia and current challenges. Int. J. Sustain. Develop. World 
Ecol., 13 (2), 113–130. doi:10.1080/13504500609469666.

	71.	Stave J., Oba G., Nordal I. & Stenseth N.C. (2006). – Traditional 
ecological knowledge of a riverine forest in Turkana, Kenya: 
implications for research and management. Biodivers. Conserv., 
16 (5), 1471–1489. doi:10.1007/s10531-006-9016-y.

	72.	Roba H.G. & Oba G. (2009). – Community participatory 
landscape classification and biodiversity assessment 
and monitoring of grazing lands in northern Kenya. 
J. Environ. Manag., 90 (2), 673–682. doi:10.1016/j.
jenvman.2007.12.017.


