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Abstract
Analysing the effect of pastoral risk management strategies provides insights into a system of subsistence that have
persevered in marginal areas for hundreds to thousands of years and may shed light into the future of around 200 million
households in the face of climate change. This study investigated the efficiency of herd accumulation as a buffer strategy by
analysing changes in livestock holdings during an environmental crisis in the Saami reindeer husbandry in Norway. We
found a positive relationship between: (1) pre- and post-collapse herd size; and (2) pre-collapse herd size and the number of
animals lost during the collapse, indicating that herd accumulation is an effective but costly strategy. Policies that fail to
incorporate the risk-beneficial aspect of herd accumulation will have a limited effect and may indeed fail entirely. In the
context of climate change, official policies that incorporate pastoral risk management strategies may be the only solution
for ensuring their continued existence.
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Introduction

Environmental Hazards and Pastoralism

More of the Earth’s land surface is used for grazing than for any
other purpose [1]. Extensive pastoral production occurs in 25% of
the global land area from the drylands of Africa and the Arabian
Peninsula, to the highlands of Asia and Latin America and the
Arctic parts of Fennoscandia and Russia [2]. Specifically, grazing
land covers 77% of Australia, 61% of Africa, 49% of Asia and
18% of Europe [1]. It has been estimated that pastoralists produce
10% of the world’s meat, and supports some 200 million pastoral
households who raise nearly 1 billion head of camel, cattle and
smaller livestock [2]. The main livestock species kept by
pastoralists are cattle, donkeys, goats and sheep, although they
also keep, e.g., alpaca and llamas in the Andes, camels and horses
in east-central Asia, the dromedary in Africa and West Asia,
reindeer in northern Eurasia, and yak on the Tibetan Plateau [1].
Pastoralism is also economically important, especially in poor
regions: compared to settled farmers in Africa, pastoralists produce
50–70% of all the milk, beef and mutton produced on the
continent and while comprising only 1.5% of the total population
of Iran, pastoralists keep 25% of the national herd [1]. From a
global point of view, .1 billion people depend on livestock, and
70% of the 880 million rural poor living on less than USD 1.00 per
day are at least partially dependent on livestock for their
livelihoods [3]. Accordingly, Dong et al. [4] argue that pastoralism
is important from a global point of view because of: (1) the human
populations it supports; (2) the food and ecological services it
provides; (3) the economic contributions it makes; and (4) the longstanding societies it helps to maintain.

Environmental hazards, such as drought, floods and icing
significantly affect livestock survival and reproduction. For
example, in Africa mortality rates for cattle during drought have
been estimated to be between 35–75% [5] and 10–25% [6], and
25% on average [7]. Small stock losses have been found to range
between 1–35% (mean = 24.2%) for sheep and between 5–30%
(mean = 16.6%) for goats [6]. Drought has also been found to
increase the number of stockless households from 7 to 12% [7]. As
for Mongolia, it has been reported that icing in 1993 resulted in
the deaths of three-quarter of a million head of livestock where 110
households lost all animals, and 2 090 households lost .70% of
their herds [8]. Between 1999 and 2002, 12 million livestock died
in winter disasters, and many thousands of households lost their
livelihoods [9]. In Inner Mongolia, about 30% of households have
lost nearly all their livestock since 2001 due to continuous drought
conditions [10]. On the Tibetan Plateau, six harsh winters with
heavy snowfall from 1955 to 1990 resulted in 20–30% livestock
losses [11]. Specifically, during the winter of 1996–1997 nomads
on the western part of the plateau experienced losses of up to 70%
and 25% of juvenile and adult goats respectively, and 20% of their
lambs [11]. For Tibet in general, some townships lost up to 70% of
their total livestock population, and by April 1998 it was estimated
that the region had lost over 3 million head of livestock, which
represents an estimated loss of USD 125 million [11]. In northern
Norway, the reindeer husbandry utilizes winter pastures characterized by a cold but stable continental climate [12]. Nevertheless,
mass starvation due to severe winter conditions, i.e. icing events,
have been reported to dramatically reduce reindeer populations:
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reindeer husbandry through subsidies and regulations. Reforms
during the end of the 1970s and early 1980s aimed at increasing
both production and co-management [26]. In 1976, negotiation
between the Saami Reindeer Herders’ Association of Norway and
the Norwegian Government resulted in the General Agreement
for the Reindeer Industry (GARI). Importantly, this laid the
foundation for annual negotiations pertaining to official subsidies
and development: an arrangement that continues to this day [26].
The Reindeer Management Act (RMA) from 1978 focused on: (1)
the establishment of formal institutions for access to the reindeer
husbandry and pasture management; and (2) co-management.
Berg [27] argued that the RMA of 1978 and the GARI of 1976
provided the foundation for a change into a corporative reindeer
husbandry, i.e. not only production of meat for subsistence and
sale but also for official subsidies. Accordingly, in many areas
different support and compensatory arrangements have provided
around half of the income [27]. The RMA from 2007 broadened
the focus on co-management by giving the industry more selfdetermination, influence and responsibility for its actions [28].
At present, the Saami reindeer husbandry can be distinguished
into three different levels of social organization. The husbandry unit,
lately designated as ‘siida shares’, is the basic unit of the social
organization and consists of a government license that entitles a
person to manage a herd of reindeer within a delimited area. The
siida is a cooperative unit composed of one or more reindeer
management families organized on the basis of kinship joined
together in social and labour communities for keeping control of
herds of reindeer through herding. A district is a formal
management unit with responsibility to provide the Norwegian
Reindeer Husbandry Administration with information as well as
ensuring that the reindeer husbandry is managed in accordance
with governmental regulations [18,29,30,31].

In 1918 one reindeer population was, for example, reduced by a
third [13], and adverse weather events, i.e. too much snow in late
winter, also caused substantial reductions in 1958, 1962 and 1968
[14].
The effects of environmental hazards are especially important in
the context of climate change because the frequency of extreme
weather events are predicted to increase in the future (a trend that
has already been observed empirically: e.g. [15,16]), and thus
represents a significant challenge for pastoralists [17]. It is
therefore important to increase our understanding of both impacts
of environmental hazards and the effects of strategies aimed at
dampening them to enhance the ability of pastoralists to deal with
the negative impacts of climate change.

Predictions
Herd accumulation has been argued, as well as to some extent
demonstrated empirically, to be an effective strategy for buffering
environmental hazards for short periods of time because it seems
that wealthier pastoral households weather calamities better than
poorer ones [18]. Nevertheless, few studies have evaluated the
long-term effect of herd accumulation (but see [19]) and a case has
been made that the effectiveness of herd accumulation should be
assessed by analysing changes in livestock holdings during crisis
periods, i.e. when pastoralists experience a near collapse in
livestock holdings [20].
Consequently, our study assess two predictions: First, while the
relationship between pre-collapse herd size and losses due to the
crisis should be positive, adding one animal to pre-collapse herd
size should result in losing less than one animal during the crisis if
herd accumulation is an effective strategy for countering the
negative impacts of environmental hazards (this is in line with
evidence from Africa, see [21]). Second, we also assess to what
extent pre-collapse herd size predicts post-collapse herd size, i.e.
the per se benefit that herders gain by adding animals to their herds
[7,20]. In short, we expect pre-collapse herd size to be a positive
predictor of post-collapse herd size, if herd accumulation is an
effective strategy for countering the negative impacts of environmental hazards.

Data Material – Collapse in the Reindeer Husbandry
To evaluate the efficiency of herd accumulation as a risk
reducing strategy the present study utilized data from the reindeer
husbandry in Finnmark, Norway (see Text S1 for details). From an
historical point of view, the number of reindeer in Finnmark has
been characterized by considerable temporal variation: from the
early 1900s, there was a decreasing trend that reached a minimum
around the Second World War. Afterwards, while fluctuating
there has been an upward trend that peaked in the early 1990s
(from 90 000 animals in 1976 to 210 000 in 1988, [32]) and
decreased until 2000/2001. More recently, reindeer abundance
increased by ,40% from 2002 to 2010 [33] and again reached a
historical high-level [34]. After the peak in the early 1990s,
governmental subsidies resulted in increased harvest rates and a
subsequent decline in reindeer abundance [35]. This downward
trend was further compounded by the ‘‘[…] catastrophic winters
with heavy snowfalls in 1997 and 2000 […]’’ (Hausner et al. [14],
p. 6), which resulted in a low point in reindeer abundance in 2001
(Fig. 1).
By designating the low point in 2001 (Fig. 1) as a ‘collapse’ in
reindeer abundance (but see Text S2) it was possible to shed
additional light on the effectiveness of herd accumulation as a risk
management strategy by looking at the relationship between: (1)
pre-collapse herd size and loss; and (2) pre-collapse and postcollapse herd size.

Materials and Methods
Ethics Statement
The data utilized in this study were provided by the Norwegian
Institute of Nature Research as part of the participation in the
project ECOPAST (http://pastoralism-climate-change-policy.
com/projects/). The standard of ethics pertaining to the data
has been approved by the Norwegian Social Science Data Services
in connection with the project ‘Beregning av produktivitet i
reindrift’ (‘Calculation of productivity in the reindeer husbandry’).

The Saami Reindeer Husbandry in Norway
Saami reindeer husbandry has been said to be the cornerstone
of the Saami culture in northern Fennoscandia [22]. Although it is
difficult to come up with accurate dating of the origin of reindeer
husbanding as a pastoral economy, it developed at least 400 years
ago [23] and probably evolved from a hunting culture based on
wild reindeer. Traditionally, reindeer pastoralism was based on
families, or households, which followed the herds year-round
where the pastoral economy was based on reindeer products [24].
The reindeer husbandry has undergone major technological,
economic and political changes; most notably the production
system has changed from being subsistence based to a motorized
and market-oriented industry [25]. During the late 1970s, the
Norwegian Government became more directly engaged in the
PLOS ONE | www.plosone.org
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As in previous studies, e.g. [36], this empirical study is based on
governmental statistics compiled and published annually by the
Norwegian Reindeer Husbandry Administration. This dataset
contains data on herd size (total number of reindeer in the spring
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per husbandry unit), covering the period 1998–2008 with data
from 20 reindeer husbandry summer districts. Data pertaining to
herd size are based on counts made by herders that are regularly
checked by the authorities (for more details pertaining to dataset
and design, see [18,29,36]). The utilized dataset contains the
following variables:
Npost{collapse (response).– A continuous (husbandry unit level)
variable denoting the total herd size at the end of the period (i.e.
2008).
Nloss (response).– A continuous (husbandry unit level) variable
denoting the number of reindeer lost from the pre-collapse (1998) to
the collapse (2001) year. The variable was created by subtracting
herd size in 2001(collapse) from herd size in 1998 (pre-collapse).
Npre{collapse (predictor).– A continuous (husbandry unit level)
variable denoting the total herd size at the beginning of the period
(i.e. 1998).
To evaluate the efficacy of herd accumulation as a risk reducing
strategy, we looked at the relationship between: (1) Npre{collapse
and Nloss ; and (2) Npre{collapse and Npost{collapse . Statistical
analyses and plotting of results were carried out in R [37]. All
tests were two-tailed and the null-hypothesis was rejected at an alevel of 0.05, and we used Wald statistics to test if estimated
parameters were significantly different from zero. Regular linear
regression was used to investigate the overall relationships between
pre-collapse and post-collapse herd size (grouping effects, e.g.
possible differences between districts with respect to natural and/
or social factors, were considered to be negligible, see Text S3 for
details). Visual inspection of the data indicated problems related to
the homoscedastic assumption [38]. We therefore fitted models
with different variance structures in order to assess if violations of
the homoscedastic assumption altered our conclusions [38]. As the
conclusions from homoscedastic and heteroscedastic models were
similar, we present the results from regular linear models in the
main text (see Text S4 for the results based on heteroscedastic
models).

Discussion
The positive relationship between pre- and post-collapse herd
size indicates that herd accumulation is a rational response to
environment-induced catastrophes, and provides the rationale for
why both reindeer herders [29,31] and pastoralists in general [39]
invest labour to increase herd size. Nevertheless, herd accumulation may also stem from cultural values: e.g. prestige or status
[40,41,42]; conspicuous display [43]; and provision of bridewealth
[44]. However, the fact that pre- and post-collapse herd size was
positively correlated clearly shows the economic rationale and
whether herd accumulation also results from cultural values is
somewhat irrelevant [20]. This point of view is also shared by the
herders in Finnmark since 51% of the herders ‘agree’ or ‘strongly
agree’ that herds size is an important risk reducing strategy, while
only 26% ‘agree’ or ‘strongly agree’ that herd size is important for
social status [45].
A previous study found that herd size one year was positively
correlated with herd size the next year [18]. Although the previous
study was based on a shorter time series, the present study
complements the former in showing the underlying rationale for
herd accumulation: (1) a large herd one year result in a larger herd
the next year [18]; and (2) a large pre-collapse herd also result in a
larger post-collapse herd (this study). In short, since herders with
large herds also have comparable larger herds from one year to the
next and during crisis periods, herd accumulation maximizes longterm survival for pastoralists (see also [46]). Nevertheless, the
positive relationship between pre-collapse herd size and loss
indicates that herd accumulation is a costly form of insurance
against environmental variability (see [21] for a similar result for
Africa; and see [47] p. 36-8 for a discussion pertaining to ‘loss’ and
the effectiveness of herd accumulation).
Herd accumulation may, however, not be the best available risk
reducing strategy because of negative density dependence. For the
reindeer husbandry it has been demonstrated that reindeer density
and climatic conditions have negative effects on individual body
mass [12,31,48,49,50] and, consequently, also survival [49,51].
Increased reindeer abundance also increases herders’ vulnerability
to unfavourable climate as the negative impacts of adverse climatic
events increases with increasing reindeer density [12,49,52]. From
a risk perspective, the best long-term strategy may thus be to invest
in livestock body mass and not herd size. Næss et al. [29]
hypothesised that one reason for why this strategy is not utilised by
herders is because of competition for access to common winter
pastures since access is to a large degree determined by herd size.
Herd accumulation, through e.g. cooperative labour investment
[29], may thus be a viable strategy for gaining access to winter
pastures. More to the point, competition for access to winter
pastures may explain why herd accumulation is the dominant and
only viable risk reducing strategy in Finnmark. Herd accumulation
may thus be taken to support a Tragedy of the Commons (ToC)
[53] situation in Finnmark. ToC is a prisoners’ dilemma where
everybody is better off by coordinating strategies, e.g. by restricting
the number of animals on the pastures, but the dominant solution
is to always maximize herd size because the cost of high reindeer
density is shared between all herders while the benefit of adding
additional animals is attached to individual units [18]. Nevertheless, evidence supports both a presence, e.g. the aforementioned
negative density dependence, and an absence, e.g. a positive
relationship between slaughter undertaken by neighbouring
herders and own slaughter [30], of ToC in Finnmark.

Results
Pre-collapse herd size had a positive effect on the number of
animals lost [effect ofNpre{collapse : 0.44], which means that
husbandry units with more animals in 1998 tended to lose more
animals from 1998 to 2001 (Fig. 2A). More specifically, if a herder
increased his/her herd by one animal in 1998 his/her losses were
expected to increase by 0.44 animals. This indicates that while
herd accumulation is effective, it is a costly form of insurance
against environmental variability. The heteroscedastic models
revealed the same relationship although the estimated effect size
was reduced (see Text S4 for details). For a similar analysis
pertaining to reported losses, see Text S5.
Pre-collapse herd size had a positive effect on post-collapse herd
size [effect ofNpre{collapse : 0.62], i.e. husbandry units that had
more animals in 1998 also tended to have more animals in 2008
(Fig. 2B). While the relationship is not perfect, it provides the
underlying rationale for herd accumulation: having a large herd
prior to a collapse ensures a large herd after the collapse (a 1%
increase in pre-collapse herd size predicts a 0.62% increase in
post-collapse herd size, as both variables were loge-transformed).
Herd accumulation thus seems to be an effective strategy for
countering the negative impacts of environmental hazards. The
heteroscedastic models revealed the same relationship, but again
the effect size was reduced (see Text S4 for details).
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Figure 1. Temporal trend in reindeer abundance in Finnmark, Norway. Thick arrow indicates the period for which there exists official
statistics pertaining to herd size for individual husbandry units (1998–2008), and thus restricts the period designations ‘pre-collapse’, ‘collapse’ and
‘post-collapse’ used in the analyses. Hatched line indicates missing data (i.e. abundance between 1990 and 1997). Abundance for 1990 from
Tømmervik and Riseth [34], while abundance from 1997–2008 are per 31st March for each year from Anonymous [65,66,67].
doi:10.1371/journal.pone.0070161.g001

a global scale. Nevertheless, it has been argued that by reinforcing
the traditional strategies pastoralists have developed to deal with
climate variability, in addition to introducing newer techniques,
the economic, social, and cultural well-being of pastoral societies
can be supported in the face of climate change [59]. Moreover, a
case has been made that pastoralists are in a unique position to
tackle climate change due to extensive experience managing
environmental variability in marginal areas [2] and it has been
argued that the ability to withstand environmental shocks is a
defining feature of pastoralism [60].
Nevertheless, traditional pastoral risk management strategies,
such as herd accumulation, may be insufficient for dealing with
climate change [56]. While herd accumulation seems to be an
efficient strategy, it is predicated on periods of recuperation when
herd growth is possible. In fact, a delay in restocking after
environment-induced losses is one of the main problems of
pastoral production [61]. Herd accumulation can thus be expected
to work less efficiently, if at all, when the frequency of extreme
events increases.
As for Finnmark, it could be argued that the number of reindeer
in Finnmark is unsustainable high, witnessed by the presence of
negative density dependence (see above). Consequently, the
Norwegian Government is aiming to reduce the number of
reindeer so as to achieve a sustainable balance between pasture
resources and number of reindeer [28]. The primary tool utilized
are several subsidies that aims to increase slaughter and thus
reduce herd size [62,63]. Considering the risk-beneficial aspects of
having a large herd, this may, however be viewed as a short-term
solution that, if followed, decreases long term viability by reducing
the insurance potential of large herds. More to the point, official

Future Prospects and Management Implications
Scenarios for future climate change generally predict an
increasing average, variance and even a changed distribution of
important climatic variables like precipitation and temperature
[15,54]. Climate change will most likely result in more frequent
extreme weather events and there are indications that extreme
events, such as heat waves and precipitation extremes, will
increase and already have done so [15,16]. Nevertheless, there is
limited information available pertaining to how these changes are
going to affect the many pastoral cultures of the world. In Africa,
climate change is predicted to increase the variability and
frequency of rainfall at the same time as the proportion of arid
and semiarid lands is likely to increase by 5–8% by 2080 [55].
Furthermore, in the Greater Horn of Africa droughts have now
become the norm rather than the exception [56]. While previously
pastoralists experienced one major long-term drought every
decade coupled with minor occurrences every 3–4 years, droughts
now occur annually [56]. As for the Arctic and Sub-Arctic,
scenarios generated by most global climate models predict that the
climate is likely to become increasingly unstable during the next
half century with concomitant increases in the frequency of
extreme weather conditions [57]. For Mongolia, regional climate
predictions anticipate an increase in areas affected by droughts
and in the frequency of extreme events [58]. Importantly, the
frequency of droughts has almost doubled during the last 60 years
and the worst droughts on record (covering over 50–70% of the
country) have occurred during the last decade [58].
Considering the negative impact that environmental hazards
have on livestock survival and reproduction, climate change thus
represents a significant threat for the future of pastoral societies on
PLOS ONE | www.plosone.org
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Figure 2. Showing the linear relationship between pre-collapse herd size (Npre{collapse ) and number of animals lost from pre-collapse
to collapse (Nloss ) (A). Model parameters: Intercept = 75.24 [95% confidence intervals (CI): 63.42, 87.07] and slope (Npre{collapse ) = 0.44 (95% CI: 0.40,
0.49). The positive relationship indicates that as herd size increases losses also increases: increasing herd size by one animal in 1998 increases the
expected losses by 0.44 reindeer. Note that the model parameters are from fitting a model when centring Npre{collapse while the plot shows the
relationship on the original scale. Hatched line show the relationship from a Generalized Least Square (GLS) model accounting for potential residual
heterogeneity (see Text S4 for details). Showing the linear relationship (on loge-scale) between pre-collapse (Npre{collapse ) and post-collapse
(Npost{collapse ) herd size (B). Points above the shaded area indicate herd increase over the period, while a point on the 45-degree line means that preand post-collapse herd size was equal, and points in the shaded region indicate a decrease. The cloud of points above the 45-degree shaded area
reflects the overall increase in reindeer abundance for the study area (Fig. 1). Model parameters: Intercept = 2.58 (95% CI: 2.06, 3.09) and slope
(Npre{collapse ) = 0.62 (95% CI: 0.52, 0.71). The positive relationship indicates that as pre-collapse herd size increases so does post-collapse herd size: a
1% increase in Npre{collapse herd size predicts a 0.62% increase inNpost{collapse herd size. Hatched line show the relationship from a GLS model
accounting for potential residual heterogeneity (see Text S4 for details).
doi:10.1371/journal.pone.0070161.g002

Text S2 Is there really a ‘collapse’ in reindeer abun-

management strategies that fails to incorporate the risk-beneficial
aspect of herd accumulation will have a limited effect and may
indeed fail entirely [18,36]. Furthermore, production subsidies
alone may not properly account for the decision problem facing
herders: how to secure a reliable income while at the same time
maximizing long-term survival. This decision problem is even
more dire in the face of climate change: if herd accumulation
works less efficiently when the frequency of extreme events
increases, governmental support that incorporates (or preferably
increase the effect of) pastoral risk management strategies may be
the only solution for ensuring the continued existence of
pastoralism. In the end, it may be official policies that disregard
the inherent risk reducing logic of pastoral strategies rather than
climate change per se that represents the greatest challenge for
pastoral adaptability [17,64].

dance? This text investigates temporal trends in low points of
reindeer abundance from 1845–2000.
(PDF)
Text S3 Possible grouping effects. This text investigates
possible grouping effects, e.g. differences between summer districts
with respect to natural and/or social factors.
(PDF)
Text S4 Finding the correct variance structure. This text

explores models with different variance structures in order to assess
if violations of the homoscedastic assumption altered the
conclusions presented in the main text.
(PDF)
Text S5 Reported loss. This text replicates the analysis
pertaining to loss presented in the main text but where ‘reported
loss’ is used as a response.
(PDF)

Supporting Information
Text S1 Study design and the reindeer husbandry. This
text provides a more detailed description of the study design as
well as the reindeer husbandry in Norway.
(PDF)
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34. Tømmervik H, Riseth JÅ (2011) Historiske tamreintall i Norge fra 1800-tallet
fram til i dag. NINA report 672. Tromsø: NINA.
35. Ulvevadet B, Hausner VH (2011) Incentives and regulations to reconcile
conservation and development: Thirty years of governance of the Sami pastoral
ecosystem in Finnmark, Norway. Journal of Environmental Management 92:
2794–2802.
36. Næss MW, Bårdsen B-J, Pedersen E, Tveraa T (2011) Pastoral Herding
Strategies and Governmental Management Objectives: Predation Compensation as a Risk Buffering Strategy in the Saami Reindeer Husbandry. Human
Ecology 39: 489–508.
37. R Development Core Team (2011) R: A language and environment for
statistical computing. Vienna, Austria: R Foundation for Statistical Computing.
38. Zuur AF, Ieno EN, Walker N, Saveliev AA, Smith GM. (2009). Mixed effects
models and extensions in ecology with R, New York: Springer.
39. Næss MW (2012) Cooperative Pastoral Production: Reconceptualizing the
Relationship between Pastoral Labor and Production. American Anthropologist
114: 309–321.
40. Anonymous (2009) Sluttrapport for prosjektet: ‘‘Økosystem Finnmark’’, Tromsø:
University of Tromsø.
41. Herskovits MJ (1926) The Cattle Complex in East Africa. American
Anthropologist 28: 633–664.
42. Nilsen R, Mosli JH. (1994). Inn fra vidda: hushold og økonomisk tilpasning i reindrifta i
Guovdageaidnu 1960–1993, Guovdageaidnu: BAJOS Utviklingsselskap AS/
NORUT Samfunnsforskning AS, Tromsø.
43. Paine R. (2009). Camps of the tundra: politics through reindeer among Saami pastoralists,
Oslo: Instituttet for sammenlignende kulturforskning.
44. McCabe JT. (2004). Cattle bring us to our enemies: Turkana ecology, politics,
and raiding in a disequilibrium system, Ann Arbor: University of Michigan
Press.
45. Johannesen AB, Skonhoft A (2011) Livestock as Insurance and Social Status:
Evidence from Reindeer Herding in Norway. Environmental & Resource
Economics 48: 679–694.
46. Mace R, Houston A (1989) Pastoralist strategies for survival in unpredictable
environments: A model of herd composition that maximises household viability.
Agricultural Systems 31: 185–204.
47. Næss MW (2009) Pastoral Risk Management - The Importance of Cooperative
Production [PhD]. Tromsø: University of Tromsø.
48. Bårdsen B-J (2009) Risk sensitive reproductive strategies: the effect of
environmental unpredictability [PhD]. Tromsø: University of Tromsø.
49. Bårdsen B-J, Henden J-A, Fauchald P, Tveraa T, Stien A (2011) Plastic
reproductive allocation as a buffer against environmental stochasticity – linking
life history and population dynamics to climate. Oikos 20: 245–257.
50. Tveraa T, Fauchald P, Yoccoz NG, Ims RA, Aanes R, et al. (2007) What
regulate and limit reindeer populations in Norway? Oikos 116: 706–715.
51. Tveraa T, Fauchald P, Henaug C, Yoccoz NG (2003) An examination of a
compensatory relationship between food limitation and predation in semidomestic reindeer. Oecologia 137: 370–376.

1. Reid RS, Galvin KA, Kruska RS (2008) Global Significance of Extensive
Grazing Lands and Pastoral Societies: An Introduction. In: Galvin KA, Reid
RS, Behnke JRH, Hobbs NT, editors. Fragmentation in semi-arid and arid
landscapes: consequences for human and natural systems. Dordrecht: Springer.
1–24.
2. Nori M, Taylor M, Sensi A (2008) Browsing on fences: Pastoral land rights,
livelihoods and adaptation to climate change. Nottingham, UK: International
Institute for Environment and Development 29 p.
3. Neely C, Bunning S, Wilkes A (2009) Review of evidence on drylands pastoral
systems and climate change - Implications and opportunities for mitigation and
adaptation. Rome: Food and Agriculture Organization of the United Nations.
4. Dong SK, Wen L, Liu SL, Zhang XF, Lassoie JP, et al. (2011) Vulnerability of
Worldwide Pastoralism to Global Changes and Interdisciplinary Strategies for
Sustainable Pastoralism. Ecology and Society 16(2): 10. Available: http://www.
ecologyandsociety.org/vol16/iss2/art10/. Accessed 2013 Jun 26.
5. Nkedianye D, de Leeuw J, Ogutu JO, Said MY, Saidimu TL, et al. (2011)
Mobility and livestock mortality in communally used pastoral areas: the impact
of the 2005–2006 drought on livestock mortality in Maasailand. Pastoralism:
Research, Policy and Practice 1: 17 Available: http://www.pastoralismjournal.
com/content/1/1/17. Accessed 2013 Jun 24.
6. Little PD, Mahmoud H, Coppock DL (2001) When deserts flood: risk
management and climatic processes among East African pastoralists. Climate
Research 19: 149–159.
7. McPeak J, Little PD (2005) Cursed If You Do, Cursed If You Don’t: The
Contradictory Processes of Pastoral Sedentarization in Northern Kenya. In:
Fratkin E, Roth EA, editors. As Pastoralists Settle Social, Health, and Economic
Consequences of Pastoral Sedentarization in Marsabit District, Kenya. New
York and London New York, Boston, Dordrecht, London, Moscow: Kluwer
Academic Publishers. 87–104.
8. Templer G, Swift J, Payne P (1993) The changing significance of risk in the
Mongolian pastoral economy. Nomadic Peoples 33: 105–122.
9. Janes CR (2010) Failed Development and Vulnerability to Climate Change in
Central Asia: Implications for Food Security and Health. Asia-Pacific Journal of
Public Health 22: 236S–245S.
10. Xie Y, Li W (2008) Why do herders insist on otor? Maintaining mobility in Inner
Mongolia. Nomadic Peoples 12: 35–52.
11. Miller DJ (2000) Tough times for Tibetan nomads in Western China:
Snowstorms, settling down, fences, and the demise of traditional nomadic
pastoralism. Nomadic Peoples 4: 83–109.
12. Bårdsen B-J, Tveraa T (2012) Density dependence vs. density independence –
linking reproductive allocation to population abundance and vegetation
greenness. Journal of Animal Ecology 81: 364–376.
13. Bjørklund I (1990) Sami Reindeer Pastoralism as an Indigenous Resource
Management System in Northern Norway: A Contribution to the Common
Property Debate. Development and Change 21: 75–86.
14. Hausner VH, Fauchald P, Tveraa T, Pedersen E, Jernsletten J-LL, et al. (2011)
The Ghost of Development Past: the Impact of Economic Security Policies on
Saami Pastoral Ecosystems. Ecology and Society 16: 4. Available: http://dx.doi.
org/10.5751/ES-04193-160304. Accessed 2013 Jun 24.
15. Sun Y, Solomon S, Dai AG, Portmann RW (2007) How often will it rain?
Journal of Climate 20: 4801–4818.
16. Coumou D, Rahmstorf S (2012) A decade of weather extremes Nature Climate
Change 2: 491–496.
17. Næss MW (2012) Tibetan Nomads Facing an Uncertain Future: Impacts of
Climate Change on the Qinghai-Tibetan Plateau. In: Lamadrid A, Kelman I,
editors. Climate Change Modeling for Local Adaptation in the Hindu KushHimalayan Region: Emerald Group Publishing Limited. 99–122.
18. Næss MW, Bårdsen B-J (2010) Environmental Stochasticity and Long-Term
Livestock Viability-Herd-Accumulation as a Risk Reducing Strategy. Human
Ecology 38: 3–17.
19. Fratkin E, Roth EA (1990) Drought And Economic Differentiation Among
Ariaal Pastoralists Of Kenya. Human Ecology 18: 385–402.
20. McPeak J (2005) Individual and collective rationality in pastoral production:
Evidence from Northern Kenya. Human Ecology 33: 171–197.
21. Lybbert TJ, Barrett CB, Desta S, Coppock DL (2004) Stochastic wealth
dynamics and risk management among a poor population. Economic Journal
114: 750–777.
22. Bostedt G (2001) Reindeer husbandry, the Swedish market for reindeer meat,
and the Chernobyl effects. Agricultural Economics 26: 217–226.
23. Paine R. (1994). Herds of the Tundra: a portrait of Saami reindeer pastoralism,
Washington and London: Smithsonian Institution Press.
24. Vorren Ø. (1978). Bosetning og ressursutnytting under veidekulturen og dens differensiering,
in NOU 18A, Finnmarksvidda-natur-kultur. Oslo: Universitetsforlaget. 145–62.

PLOS ONE | www.plosone.org

6

August 2013 | Volume 8 | Issue 8 | e70161

Mitigating the Effects of Livestock Crashes

52. Bårdsen B-J, Tveraa T, Fauchald P, Langeland K (2010) Observational evidence
of a risk sensitive reproductive allocation in a long-lived mammal. Oecologia
162: 627–639.
53. Hardin GJ (1968) The Tragedy of the Commons. Science 162: 1243–1248.
54. Benestad RE (2011) A New Global Set of Downscaled Temperature Scenarios.
Journal of Climate 24: 2080–2098.
55. Galvin KA (2009) Transitions: Pastoralists Living with Change. Annual Review
of Anthropology 38: 185–198.
56. Blackwell PJ (2010) East Africa’s Pastoralist Emergency: is climate change the
straw that breaks the camel’s back? Third World Quarterly 31: 1321–1338.
57. Brannlund I, Axelsson P (2011) Reindeer management during the colonization
of Sami lands: A long-term perspective of vulnerability and adaptation strategies.
Global Environmental Change-Human and Policy Dimensions 21: 1095–1105.
58. Marin A (2010) Riders under storms: Contributions of nomadic herders’
observations to analysing climate change in Mongolia. Global Environmental
Change-Human and Policy Dimensions 20: 162–176.
59. Secretariat of the Convention on Biological Diversity (2009) Connecting
Biodiversity and Climate Change Mitigation and Adaptation: Report of the
Second Ad Hoc Technical Expert Group on Biodiversity and Climate Change.
Montreal, Technical Series No. 41. 126 p. Available: http://www.cbd.int/doc/
publications/cbd-ts-41-en.pdf. Accessed 2013 Jun 26.

PLOS ONE | www.plosone.org

60. Hatfield R, Davies J (2006) Global Review of the Economics of Pastoralism.
Nairobi: IUCN. 44 p. Available: http://cmsdata.iucn.org/downloads/global_
review_ofthe_economicsof_pastoralism_en.pdf. Accessed 2013 Jun 26.
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