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Comparable GHG emissions from animals in wildlife and
livestock-dominated savannas
Pablo Manzano 1,2,3,4, Agustín del Prado 3,4 and Guillermo Pardo 3✉

Pastoralism in Old World savannas is known to emit a significant share of global livestock-sourced greenhouse gases (GHG). Here,
we compare calculated emissions from animals in a wildlife-dominated savanna (14.3 Mg km−2), to those in an adjacent land with
similar ecological characteristics but under pastoralism (12.8 Mg km−2). The similar estimates for both, wildlife and pastoralism
(76.2 vs 76.5 Mg CO2-eq km−2), point out an intrinsic association of emissions with herbivore ecological niches. Considering natural
baseline or natural background emissions in grazing systems has important implications in the analysis of global food systems.
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INTRODUCTION
Livestock-mediated greenhouse gas (GHG) emissions are consid-
ered a large causative agent of climate change, with up to 3.75 Gt
CO2-eq emitted yearly1. A large part of them is attributed to low-
input livestock systems in regions with vast savanna landscapes,
with Sub-Saharan Africa and South Asia specifically accounting for
0.68 (18% of livestock GHG) and 0.73 (20% of livestock GHG) Gt
CO2-eq, respectively1.
Natural rangelands, including savannas, store large amounts of

soil carbon and have the capacity to act as carbon sinks,
especially when restored from degraded states. However, the
current emissions attributed to livestock are considered to exceed
the mitigation capacity of rangeland soils2. The bulk of direct GHG
emissions attributed to livestock consists of methane (CH4)
produced during the enteric fermentation in the rumen and
CH4 and nitrous oxide (N2O) released by manure, so that grazing
livestock is considered an intense GHG emitter3. Following the
identification of CH4 as a good target for quick and effective
climate action, more than 100 countries agreed to drastically
reduce emissions at the recent UN Climate Change Conference
(COP26) in Glasgow4. Such policy guidelines inevitably lead to
recommending the abandonment of livestock grazing in vast
rangeland areas, which would be subjected to rewilding5, both
for the assumed potential of reduction in CH4 emissions and for
the potential sequestration of carbon once herbivory is drastically
reduced6. These calls are not exclusive to high-income countries
but extend to countries with very significant livestock popula-
tions, most notably India—the largest livestock CH4 emitter
worldwide1—where the abandonment of traditional animal
husbandry is proposed7.
Grazing livestock and wild herbivores occupy similar ecologi-

cal niches, raising the question whether abandonment of
pastoralism would necessarily lead to a significant reduction of
emissions8. Large herbivores attain biomass densities in wild or
rewilded landscapes that are particularly high in Sub-Saharan
Africa and, to a lesser extent, South and South-East Asia9. There,
unlike in other areas, guilds of large herbivores have been
preserved up to the present. Recolonization of abandoned
rangelands by large herbivores is thus likely to reach very high
densities10, and such wild fauna can potentially attain high levels

of GHG emissions8. In order to check for the relevance of this
process of herbivore substitution, the hypothesis needs to be
tested with current field data comparing analog ecosystems
grazed by livestock and wildlife.
In this study, we aimed to analyze the scenario of a tropical

savanna landscape where grazing livestock has dominated for
many decades11, but which has the potential to be rapidly
recolonized by wild herbivores in the case of abandonment. To
examine the contribution to global warming from animals in
wildlife-dominated vs. livestock-dominated landscapes, we
selected two adjacent areas in Northern Tanzania (Fig. 1) for
which enough data are available to establish a comparison. We
calculated the GHG emissions per unit area in the Serengeti-
Mara ecosystem, a large, 25,000 km2 wilderness area dominated
by migratory wildebeest as grazers and elephants as browsers.
We compared them with the adjacent Loliondo Game Controlled
Area (GCA), an agricultural land essentially belonging to the
same savanna ecosystem but being almost exclusively used by
Maasai pastoralists.
Currently, there are still considerable limitations to estimate

GHGs from animals in free-range conditions, especially with
regard to their enteric CH4 output. In an attempt to capture the
variability associated with the calculation method, we applied
five different approaches to estimate GHGs from herbivore
animals (Supplementary Table 1), based mainly on the recent
IPCC guidelines12, refs. 13 and 14.
On average from the five different calculation approaches

(Fig. 2), the wildlife area (Serengeti-Mara ecosystem) showed
similar GHG emissions (76.2 ± 14.7 Mg CO2-eq km−2 year−1)
compared to pastoralism (76.5 ± 15.3 Mg CO2-eq km−2 year−1).
Animal sourced GHG emissions from both landscapes were also in
a very similar range when compared under the same estimation
method (Fig. 3), and consistently dominated by enteric CH4 from
ruminant digestion, which implies between 84 and 91% of their
GHG emissions. Differences among the two studied areas were
particularly low (<2%), when estimated through the allometric
methods, which highlights the importance of the calculation
approach in the results. Indeed, the greatest discrepancies among
the two studied areas (5–6%) were obtained when applying the
three methods based on IPCC guidelines. These guidelines are
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specifically designed to help countries reporting GHG emissions
from domestic animals, and inherently imply limitations for
calculating enteric CH4 production from wild herbivores. Based
on the animal’s energy requirements and feed conditions, IPCC
Tier 2 is considered the most accurate method for computing CH4

output from livestock ruminants12. However, when applied to wild
herbivores, calculation involves important assumptions and
simplifications related to feed quality and digestive system (e.g.,:
Tier 2 method is especially designed for ruminants, no hindgut or
foregut non-ruminant fermenters13) possibly leading to deviations
of GHG emissions from Serengeti-Mara ecosystem, with a higher
presence of hindgut fermenters (Supplementary Fig. 1).
The GHG figures are coherent with the similar herbivore

biomass densities observed in both systems (Fig. 2 and
Supplementary Tables 2 and 3), although these data are also
subject to uncertainty from census estimates and body mass
assumptions. Grazing animals in the Loliondo GCA are mostly
ruminants (12.1 Mg km−2) composed by herds of cattle (Bos
taurus×indicus), sheep (Ovis aries) and goats (Capra hircus). The
Serengeti-Mara ecosystem, which shows a greater diversity of
grazer animals than adjacent pastoral land, is also dominated by
ruminants (11.8 Mg km−2), in particular blue wildebeest (Con-
nochaetes taurinus) and buffalo (Syncerus caffer), but a consider-
able population of hindgut herbivores (e.g., zebras: Equus
quagga) is also found (2.4 Mg km−2). A greater diversity of wild
grazing animals enables a higher carrying capacity and therefore
a greater biomass density of herbivores, which nevertheless
emits GHGs in a similar magnitude than equivalent areas under
pastoralism due to the presence of hindgut grazers. No
differences in land degradation or drastic changes in plant
communities are to be expected in the long run, given the long
history of pastoralism in the area11, and the ecological similarities
of wild migratory systems and mobile pastoralism that also yield
high, yet sustainable, herbivore densities10.
Our results show that, in the case of the Serengeti ecosystem,

strategies aimed at intensifying and even industrializing livestock
production, abandoning grazing lands as a consequence, would
not achieve a significant reduction in the total amount of direct
GHG emissions from animals. This raises concerns about any
related measures in sub-Saharan Africa or in many Asian countries,
where a recolonization of abandoned grazing land with rich

herbivore guilds and high herbivore densities is more likely9

(orange box in Fig. 2), but also for other continents like Europe,
where remarkably high herbivore densities (7.8–12.8 Mg km−2)
have been observed in rewilding sites9.
Modeling the climatic consequences of grazing abandonment

strategies that promote ecological restoration through rewilding,
accounting even for carbon services from wild animals, as recently
proposed15, is a difficult challenge. There is insufficient informa-
tion to come up with reliable natural baselines of wild herbivore
populations, and their associated GHG emissions. In light of our
results, we believe it is important to increase the efforts to
estimate more accurately such ecological baselines, so decisions
are well informed enough to be effective against climate change.
In short, an effort to promote wildlife conservation needs other
arguments than GHG emissions.
The Serengeti ecosystem is possibly the best-studied among the

migratory herbivore systems that have been preserved up to the
present and its biomass densities are supported by observations in
other African sites of similar characteristics9. Rangeland ecosys-
tems in other continents reflect more complex scenarios. Oceania
displays extreme examples where rewilded ecosystems should be
dominated by mammal non-ruminant foregut fermenters such as
kangaroos, who display low emission intensities16, or even by
ratite birds17 that would also cause low emissions typical of avian
monogastrics. In these cases, however, abandonment scenarios
are likely to host introduced ruminating foregut fermenters—in
fact, Australia already hosts the world’s largest population of feral
camels18. Europe, Central and North Asia, or the Americas, have
native ruminants but integrated into impoverished herbivore
guilds with lower population densities9. Whether they would
experience great increases following livestock abandonment is
difficult to predict. Fragmented landscapes are a hindrance to the
re-establishment or preservation of large animal migrations19. The
ability of wildlife to coexist with rural human populations or with
recreational activities is also limited20. In any case, we would
expect numbers of wild herbivores in fragmented or relatively
humanized settings to be sizeable enough for their GHG emissions
to be considered.
Out of practical reasons, at the current guidelines of the IPCC for

national GHG inventories, animal GHG emissions on managed
lands (e.g., N2O) are ‘assumed to be equal to emissions on

Fig. 1 Location map of the Serengeti ecosystem and Loliondo Game Controlled Area (GCA). The Serengeti ecosystem is representative of
an African savanna dominated by wild herbivores, while the Loliondo GCA is a similar ecosystem but where pastoralist livestock dominates
herbivory processes. Illustrations of the dominant herbivores reproduced, with permission, from Manzano & White8. Note that termites are not
considered in the present study and should, in principle, be equally abundant in both systems (see Supplementary Methods).

P. Manzano et al.

2

npj Climate and Atmospheric Science (2023)    27 Published in partnership with CECCR at King Abdulaziz University

1
2
3
4
5
6
7
8
9
0
()
:,;



unmanaged land. These latter emissions are very low. Therefore,
nearly all emissions on managed land are considered anthro-
pogenic’21. However, measured N2O emissions from unmanaged
land have been found to be similar to those emissions from crop
residues in managed land22. Such N2O emissions represent one of
the largest sources of inventoried N2O emissions (e.g., 24% of all
soil N2O in 2021 in the USA23).
Overlooking bott CH4 and N2O natural emissions in national

GHG accounting is, therefore, expected to lead to an over-
estimation of the net anthropogenic emissions caused by
managed agriculture. Our research points to a significant overlap
of managed and natural rangelands, especially when conserva-
tion or climatic policies are proposed that suggest massive
conversion of a given land from one category into the other6. We
can help nuancing current calls to shift into plant-based diets to
increase the sustainability of the food system24, because the
resulting abandoned land will clearly not be a zero-emission

scenario8. Instead, livestock systems that mimic natural migratory
herbivore systems as much as possible, such as mobile
pastoralism, should be promoted to mitigate climate change at
the expense of industrialized high-input production systems10,25.
In addition, decisions to promote wildlife conservation or
pastoralism cannot rest by putative advantages to GHG emissions
but must focus on other reasons or effects. The maximum
potential of CH4 and N2O emissions reductions may therefore be
overstated26. The inclusion of ecosystem-specific natural base-
lines in GHG accounting methods could help clarifying the
climatic impacts of such changes.

METHODS
Livestock and wild herbivores population in studied areas
We used the information provided in Supplementary Tables 2 and
3 describing livestock and wildlife populations in the studied

Fig. 2 Herbivore biomass density and GHG emissions per area in wildlife-dominated Serengeti ecosystem and pastoralism-dominated
Loliondo GCA. Points and error bars indicate the average and standard deviation of GHG emissions computed by applying five different
estimation methods13,14 (IPCC Tiers 1, 2a, and 2b, as well as allometric 1 and 2). GHG calculations include CH4 from enteric fermentation, and
CH4 as well as N2O from manure deposition in pasture. Stacked bars indicate the biomass density of large herbivores present in the area. The
orange box indicates the estimated range (first and third quartiles) of herbivore biomass density in Africa across medium-productivity
ecosystems9.
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areas. For livestock population in the Loliondo Game Controlled
Area (GCA), we used the information provided in Slootweg27

originating from an average year28, assuming an area of 4000 km2

and negligible wildlife presence29 (see Supplementary Methods).
Body mass values for the different animal categories of livestock

were taken from Tables 10A.5 of the IPCC 2019 guidelines12. For
animal populations in the Serengeti, we used estimates from
ref. 30, which considers an area of 25,000 km2 for the Serengeti-
Mara Ecosystem. Body mass estimates of wild herbivores were
taken from ref. 31.

Greenhouse gas emissions from livestock and wild herbivores
There are still considerable limitations to estimate GHGs from
animals in free-range conditions, especially with regards to its
enteric CH4 output. In an attempt to capture the variability
associated with the calculation method, we applied five different
approaches to estimate GHG emissions from herbivore animals
(Supplementary Table 1). Hence, GHG emissions estimates were
calculated according to the most updated version of IPCC
guidelines12 computed with the Tier 1 and two variants of the
Tier 2 approach as applied by Smith et al.13. In addition, two
allometric methods were used for calculating enteric emissions
based on refs. 13 and 14.

Statistical analysis
The statistical analysis was performed using the R software32.
Descriptive statistics were used to analyze the main features
(mean, standard deviation) of the results from the five estimation
methods applied to each scenario (wildlife and pastoralism).

DATA AVAILABILITY
The data generated during the current study are available at Figshare (https://
doi.org/10.6084/m9.figshare.22141448.v1).
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