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a b s t r a c t

In mobile pastoralism, strategies of mobility are highly heterogeneous within communities; some herd-
ers are frequently mobile and others are not. Moreover, pastoral mobility changes over time, especially
after external intervention. Although changes in the strategies of herders affect and are affected by other
herders, the interactions between herders with different strategies and the effect of changes in the exter-
nal environment on their strategies have not been explicitly studied. We examined such interactions with
a multi-agent model, simulating the herders’ basic decision-making process, simplified rangeland ecosys-
tem, and animal survival. The results showed clear co-existence of wealthy and poor herders at an inter-
mediate cost of moving. The movement pattern revealed that an indirect interaction between wealthy
and poor herders was the key to their co-existence, suggesting that very simple rules of pastoral mobility
inherently contain a mechanism for the co-existence of wealthy and poor herders. At an intermediate
cost of moving, the two groups have access to different pastures, thus reducing direct competition for
poor herders and enabling their survival in drought years. Such interaction between herders suggests that
any interventions in mobile pastoralist societies should take into account that impacts on the mobility of
any one group can influence the entire social structure.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

In mobile pastoralism, mobility sustains the livelihoods of herd-
ers by enabling access to forage of better quantity and quality to
respond to intra- and inter-annual climatic fluctuations (Fernan-
dez-Gimenez and Febre, 2006), and it enables them to survive
disasters such as drought (Niamir-Fuller, 1998; Swift et al.,
1996). But the utilities of mobility, diversity, and reciprocity are
not homogeneous among herders. Baker and Hoffman (2006) ob-
served a clear distinction between herders who were frequently
mobile and those who were not. Wealthy and poor groups exhibit
different livelihood strategies. Wealthier groups rely more on live-
stock trading and home consumption for income whereas poor
groups depend on casual wage labor and trade (Lesorogol, 2008).

Differences in mobility between wealthy and poor herders have
been widely observed, for example in Niger (McCarthy and Van-
derlinden, 2004), Mongolia (Muller and Bold, 1996), Kazakhstan
(Milner-Gulland et al., 2006), Ethiopia (Little et al., 2006), and
South Africa (Baker and Hoffman, 2006). The herders’ strategies
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are highly heterogeneous within communities. This phenomenon
has been frequently discussed as a poverty problem (Fernandez-
Gimenez, 2001). Several studies (Bourbouze, 1999; Hitchcock,
1990; Cullis and Watson, 2005) have pointed out that wealthier
herders not only have access to remote better pastures, but they
also have access to the pasture in which poor herders live. Wealthy
herders therefore derive unilateral benefits from communal
pastureland.

In addition to such heterogeneity, pastoral mobility has been
historically subject to temporal change, especially in response to
external forces such as changes in political regime, shifts towards
a market economy, and climatic change and its effect on forage
productivity. European colonization significantly impacted mobile
pastoralists in Africa (Hary et al., 1996; Andriansen, 2008). Recent
trends in pastoral management, such as privatization, forced
sedentism, cultivation, and intensive livestock breeding have also
changed herders’ movement restrictions and patterns (Hary
et al., 1996). In former socialist nations such as Mongolia and
Kazakhstan, the degradation of various infrastructures affected
the mobility of herders (Fernandez-Gimenez, 2002; Milner-Gul-
land et al., 2006).

A number of studies has examined the impact of the external
environment and herders’ adaptations to it on their living strate-
gies (e.g., Sieff, 1999; Baker and Hoffman, 2006; Lesorogol, 2008),
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but the impact on herders’ strategies of the interactions between
different herder mobilities under changing external environmental
conditions has not been explicitly studied. The change in the herd-
ers’ strategy is dynamic; that is, changes in strategies affect and are
affected by the strategies of other herders, especially when these
herders share pastures (McCarthy and Vanderlinden, 2004). This
aspect is important when national policies or international agen-
cies intervene in herders’ strategies, even if the intention is to pro-
mote the herders’ well-being because such intervention may
produce indirect negative effects on other herders (Taylor, 2006;
Upton, 2008). Some studies have revealed differences between
herders in strategies for social relationships, such as assistance,
cooperation, and employment (Little et al., 2006; Baker and Hoff-
man, 2006), but the interaction between changes in herders’ strat-
egies themselves has received little attention.

In this study, we adopted the case of mobility changes resulting
from the political and economic changes caused by the shift from
socialism to a market economy in Mongolia in the 1990s. Mobile
pastoralism is traditional and common in Mongolia. Until the early
1990s, a system operated in which cooperative communities called
negdel developed and maintained the infrastructure required for
mobile pastoralism (Fernandez-Gimenez, 1999; Fernandez-Gime-
nez, 2002; Sneath, 2003; Bedunah and Schmidt, 2004); this system
ensured that herders were flexibly dispersed, even in remote areas
(Imaoka, 2003). After socialism was abandoned in Mongolia in fa-
vor of capitalism, failure to privatize the negdel system led to its ra-
pid demise (Fernandez-Gimenez, 2002; Sneath, 2003; Mearns,
2004; Kazato, 2005). Although people still continue to practice mo-
bile pastoralism, a gradual shift to more sedentary lifestyles has oc-
curred because of the lack of support from the government for
movement and for the necessary social infrastructure (Fernan-
dez-Gimenez, 2002; Fernandez-Gimenez and Batbuyan, 2004;
Mearns, 2004; Kazato, 2005; Okayasu et al., 2007).

This study focused on the effects of a change in the cost of flock
movement from the low-cost regime of the socialist era to a high-
cost regime during the market economy period. We examined how
the survival strategies of the agents in the model change in re-
sponse to different costs of flock movement. More specifically, as
mentioned previously, the co-existence of wealthy and poor herd-
ers has generally been treated as a poverty problem (Fernandez-
Gimenez, 2001). However, we noticed the universality of such
co-existence all around the world. In this study, we examine why
wealthy and poor herders can co-exist and whether there are any
processes that facilitate the co-existence.

This subject is difficult to study directly because of a lack of past
data for panel analyses and the high cost of conducting social
experiments. We therefore focused on a theoretical framework
for interactions in mobility change by using the multi-agent mod-
eling approach (Huhns and Stephens, 1999), which can represent
the actions of many agents without a central control through the
interactions among them to form a self-organized large-scale social
structure (Janssen et al., 2000).
2. Methods

2.1. Model

We used the multi-agent model that Milner-Gulland et al.
(2006) used to examine mobile pastoralism in Kazakhstan, with
some modifications. Although this model only examines economic
factors that influence decision-making about flock movement, we
judged that the rationale of the model matched the decision-mak-
ing process of Mongolian herders. The details of the model are de-
scribed in Milner-Gulland et al. (2006) and are briefly summarized
below.
2.1.1. Model structure
The model consists of three sub-models: herders’ decision-mak-

ing, flock dynamics, and forage availability. These sub-models are
executed in order of the seasonal sequence of events: (1) before-
summer decision-making, (2) summer forage and flock dynamics,
(3) before-winter decision-making, and (4) winter forage and flock
dynamics. Two geographically separate pastures are assumed,
termed the home pasture and the remote pasture.

2.1.2. Herders’ decision-making
In this sub-model, each flock is assumed to be rational and able

to predict the result of all combinations of possible actions (move-
ment, selling animals, and buying fodder). The agent is then as-
sumed to take the action that offers the globally optimum
economic outcome. Livestock birth and death rates in the following
season are also considered in the simulation (e.g., purchasing
insufficient fodder before winter leads to loss of animals during
winter and is thus avoided). The order of actions by agents is ran-
domly determined. The agents who act earlier make decisions
without information on the actions of other agents, while the
agents who act later are assumed to make decisions with knowl-
edge of the other agents’ actions.

2.1.3. Flock dynamics
The health condition of the flock is calculated from the suffi-

ciency of available forage relative to the total number of livestock
in the pasture. In summer, sufficient forage improves the flock con-
dition, while insufficient forage degrades flock condition. In winter,
sufficient forage keeps the flock health condition unchanged, and
insufficient forage degrades flock condition. The death of livestock
is dependent on the flock condition.

2.1.4. Forage availability
The amount of forage in the pasture is determined randomly

within the range of given parameters in summer. Winter forage
is constant through the simulations. Because a non-equilibrium
environment is assumed, the amount of forage in any given season
is not affected by the preceding season (Hary et al., 1996).

2.2. Modification of the model

In Mongolia, it is rare for herders to stay in remote pasture in
winter because buildings are needed to shelter livestock and store
fodder to survive the harsh winter. To reflect this situation, we set
a high winter death rate for stock left in remote pasture. Moreover,
the original study of Milner-Gulland et al. (2006) pursued an evo-
lutionary approach to investigate the most efficient herders’ strat-
egy, but an equilibrium solution was required in this study to find
out the long-term stable social status as the result of the interac-
tion of herders. We therefore omitted any inflow of new herders
and the separation of a big flock into two. Parameter values were
selected from national statistics and previous studies (Table 1).
Economic parameters were adjusted from the base year to 2006
equivalents by using the consumer price index (National Statistical
Office of Mongolia, 2000). Some parameters from the original mod-
el were omitted because of a lack of data availability.

2.3. Simulation implementation

Simulations were run for five different moving costs: 0, 500,
1000, 1500, and 2000 thousand tug (USD 0, 350, 700, 1050, and
1400 as of 27 August 2009). For each cost, 20 iterative simulations
were executed with randomly selected initial flock size and capital
assets. They were randomly selected from within ranges of 0–1000
head and 0–10,000 thousand tug, respectively. Each simulation
was run for 2000 time steps (i.e., years), which was selected after



Table 1
Parameter values used in the simulations.

Parameter Value

General model parameters
Size of home pasture (ha) 1000
Size of remote pasture (ha) 5000
Number of years in one run 2000
Number of runs in one simulation 20
Maximum initial flock size (head) 1000
Initial flock condition 1
Initial number of flocks in home pasture 20
Maximum flock size 1000
Maximum initial capital 10,000

Forage dynamics sub-model
Number of days in a season 180
Biomass eaten per animal per day in summer (kg) 1.53a

Biomass eaten per animal per day in winter (kg) 1.53a

Minimum biomass/ha available for summer season (kg) 700b

Maximum biomass/ha available for summer season (kg) 2000b

Ratio of biomass of summer to winter 3.14c

Flock dynamics sub-model
Mean flock fecundity (lambs per animal per year, taking age–sex

ratio into account)
0.39d

Summer lamb survival (proportion surviving from birth to autumn
sales)

0.94d

Over-winter survival in good winters (proportion surviving) 0.97d

Over-winter survival in bad winters (proportion surviving) 0.87d

Over-winter survival in winters in remote pasture (proportion
surviving)

0.7

Probability of a bad winter 0.1e

Condition below which survival is reduced as a function of forage
availability

0.8e

Factor modulating effect of condition on survival 0.5e

Economic parameters
Family maintenance requirement (1000 tug/year) 54d

Wool price, net of transport cost to market (1000 tug/animal) 0.4f

Smallstock sale price, net transport cost to market (1000 tug/
animal)

22.88f

Cost of fodder to feed one animal for the whole winter, net transport
(1000 tug/animal)

52.98g

Cost of capital assets required to be able to move flock to new
location (1000 tug)

300g

a Moyobu and Nyamaa (1998).
b Kogan et al. (2004).
c Miaki (1999/2000).
d National Statistical Office of Mongolia (2004a,b, 2007).
e Unchanged from Milner-Gulland et al. (2006).
f National Statistical Office of Mongolia (2000).
g Local market survey in Mandalgobi city in Mongolia (Okayasu, unpublished

data). 1428.6 tug = 1 USD as of 27 August, 2009.

Fig. 1. Flock size distributions at five levels of cost of moving stock between
pastures produced from 20 simulations for each cost.
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determining the number of time steps required to reach a quasi-
equilibrium. For each simulation, the values of the variables in
the last 100 time steps were averaged or summed to remove the
yearly and seasonal fluctuations in the data.

2.4. Sensitivity analysis

A sensitivity analysis was conducted to check model robustness.
For the simulation condition described in the previous section, the
following six parameters were altered to the 50%, 75%, 150% and
200% of base case: size of home pasture, size of remote pasture,
maximum biomass/ha available for the summer season (from a
forage dynamics sub-model), and over-winter death rate (this is
calculated by 1 – [survival rate]) in good and bad winters and in re-
mote pasture (from a flock dynamics sub-model) for three different
moving costs: 0, 1500 and 2000. The ratio of the number of small
flocks which could co-exist with large flocks to the number of total
flocks as an indicator of co-existence level was calculated. Because
the threshold value of flock size between small flocks and large
flocks varies with the parameter values, we set them manually
by examining the simulation results.
2.5. Analysis

For each moving cost, we prepared histograms of the average
flock size of the last 100 time steps that could be sustained without
reaching extinction in 2000 time steps. The full range of flock size
examined was 0–1000 head in intervals of 50. Then, for moving
costs of 0 tug and 1500 tug, which were typical examples of the
non-co-existence and co-existence, we examined how many times
each flock stayed in the remote pasture. We categorized flocks
staying in the remote location by flock size (small, <500 animals,
or big, P500 animals) and the amount of summer forage (dry
and wet years). The differences between the four flock classes were
tested by pairwise Wilcoxon–Mann–Whitney U-test. We assumed
that forage sufficiency in the home pasture would be critical to the
existence of small flocks, so the number of seasons with insuffi-
cient forage (sufficiency < 1) were counted for each moving cost.
Finally, to examine the effect of herders’ interaction on total group
benefit, we compared the relationship between total asset value
(livestock and capital) and moving cost.
3. Results

Fig. 1 shows the distribution of flock size that could be sus-
tained for the different moving costs between pastures. At inter-
mediate costs (1000 and 1500), local peaks in frequency were
observed, whereas for all other costs, only large flocks could be
sustained. Fig. 2 shows the time series of flock size distribution
for the two cases representative of when (a) only large flocks could
survive and (b) when large flocks and relatively small flocks could
co-exist. The existence of small flocks was not transient but rela-
tively stable (Fig. 2b).

The results of sensitivity analysis were shown in Fig. 3. Basi-
cally, the co-existence level of small and large flocks is low for
moving cost 0 and 2000 (Fig. 3a and c, respectively), and high for
moving cost 1500 (Fig. 3b). For moving cost 0, co-existence of small
flocks and large flocks hardly occurred for any parameter values in
this analysis. The co-existence of flocks for moving cost 1500 was
also basically robust, but varied for some parameter values. The
co-existence did not generally occur for moving cost 2000, but in-
crease in some parameter values promoted co-existence.

Box and whisker plots of the frequencies of small flocks (<500
animals) and large flocks (>500 animals) staying in remote pasture
in wet years and dry years are shown in Fig. 4. The frequencies of
these four cases were statistically different from each other (pair-
wise Wilcoxon–Mann–Whitney U-test (Holm), P < 0.05). Small
flocks tended to remain in the home pasture, whereas large flocks
frequently moved to remote pasture. This tendency was much
more prominent in dry years.



a

b

Fig. 2. Typical examples of (a) no co-existence (0 moving cost) and (b) co-existence
(1500).

Fig. 4. The number of seasons of staying in remote pasture in the last 100 years
(time steps) for large (>500 animals) and small (<500 animals) flocks in dry and wet
years when cost of moving is 1500 (co-existence). These four cases are all
statistically different from one another (pairwise Wilcox Mann–Whitney U-test
(Holm), P < 0.05).
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The number of seasons in which forage was insufficient in the
home pasture was 9, 8, 21, 20, and 35 for moving costs 0, 500,
1000, 1500, and 2000 tug, respectively. As the moving cost in-
creases, the number of seasons with insufficient fodder is non-lin-
early dependent on co-existence state (Fig. 1). At a low moving cost
(0 and 500 tug) and no co-existence of different flock sizes, the
amount of forage in the home pasture was insufficient in fewer
than 10 seasons. With co-existence of different flock sizes (at inter-
mediate moving costs of 1000 and 1500 tug), the number of sea-
sons with insufficient forage jumped to around 20. At a high
moving cost (2000 tug) and no co-existence, the number jumped
to 35.

Fig. 5 shows the relation between total asset value (capital and
livestock) and moving cost. The figure clearly shows higher total
Fig. 3. Ratio of the number of small flocks to that of total flocks for movin
asset values at intermediate moving costs, which cause herders’
co-existence (Fig. 1).
4. Discussion

There was a very clear and stable co-existence of large and
small flocks at intermediate moving costs (Figs. 1 and 3). When
the moving cost was low, both small and large flocks could move
to any pasture freely and would therefore compete directly. Such
direct competition simply resulted in large flocks winning. When
the moving cost was high, even the large flocks were restricted
in their ability to move, causing most flocks to remain in the home
pasture. This also resulted in direct competition and the predomi-
nance of large flocks. At intermediate moving costs, the herders’
strategies varied to produce the co-existence mechanism: large
flocks could readily move to remote pasture, while small flocks
rarely moved as the cost was still too high for them. Despite the
disadvantage relative to large flocks, the small flocks could survive
under these conditions, because in dry years, when forage was un-
likely to be sufficient to sustain the whole animal population, the
large flocks moved out to remote pasture reducing the grazing
g cost (a) 0, (b) 1500 and (c) 2000 when the parameter values varied.



Fig. 5. Total asset value (capital and livestock; livestock assets were converted into
the capital equivalent) relative to moving cost.
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pressure in the home pasture (Fig. 4). Small flocks then had better
access to forage in the home pasture. This effect of reduced grazing
pressure in the home pasture can be seen in the difference of the
number of seasons with insufficient fodder between the cases of
intermediate cost (1000 and 1500 tug) at which the home pasture
was grazed mainly by small flocks and the high cost (2000 tug) at
which the home pasture was grazed by small and large flocks (see
Section 3). Although the size of small flocks is limited by the lack of
access to remote pasture, this size limitation must be the key to
survival in the home pasture during dry years.

The variety of the co-existence level in sensitivity analysis can
be explained by considering this mechanism. For moving cost
1500, co-existence was prevented when (1) the large (competitive)
flocks could not be enough large and niches for small flocks disap-
peared (this was the case when values of size of home pasture,
summer maximum biomass, and winter biomass were low) and
(2) the size of large flocks was high and stable, which causes strong
competition with small flocks (this is the case when the values of
size of home pasture and winter biomass were high). For high
moving cost 2000, movement of large flocks became worth doing
to escape from severe environment (i.e. high values of death rates).
Therefore, the results of the simulations are generally robust or can
reasonably be explained.

Previous studies have attributed the mobility difference be-
tween wealthy and poor herders to the poor herders simply having
insufficient money to move or to the movement cost exceeding the
benefit of moving. However, this co-existence of herders with dif-
ferent strategies is universal throughout all places in the world
where mobile pastoralism is practiced, and as House et al. (2003)
showed, such co-existence of agents with different strategies re-
quires an explicit mechanism. This study showed the co-existence
mechanism of agents with different strategies, which is inherent to
the simple rules governing pastoral mobility. In other words, the
co-existence of mobile wealthy herders and less-mobile poor herd-
ers is an intrinsic feature of pastoral mobility.

An important feature that emerges from comparing the simula-
tions for intermediate and high moving cost is that a change in
moving cost has a more pronounced impact on small flocks despite
them having low mobility at either cost. This highlights the indi-
rect impact of the condition of mobility on non-mobile flocks
through the interaction between different herding strategies that
significantly influence flock survival.

A practical response to this co-existence mechanism is not
straightforward because it holds both negative and positive impli-
cations for small flocks. On the negative side is that this co-exis-
tence mechanism can lock small flock holders into a state of
poverty. As seen in Fig. 2b, the status of small and large flocks dis-
played little change. This must be because the small amount of re-
sources in the home pasture constrains poor herders as does
competition with wealthy herders. Wealthy herders can freely se-
lect which pasture they use, including the poor herders’ home pas-
ture. This disadvantage for poor herders has been studied in
several regions (Bourbouze, 1999; Hitchcock, 1990; Cullis and
Watson, 2005). Other mechanisms for the persistence of poverty
also exist (Little et al., 2006) and in reality may act alongside the
mobility mechanism revealed in this study. The positive influence
of the mobility of wealthy herders is the increased availability of
forage in the home area, which enables poor herders to survive
drought years. This is consistent with interviews with poor herders
in Mongolia (Okayasu et al., 2008). The nature of this relationship
is similar to the mechanism pointed out by Little et al. (2006), who
discovered that the destocking and restocking behavior that herd-
ers use to alleviate the impact of drought is closely related to the
persistence of poverty.

The fact that poor herders in Mongolia are currently concen-
trated in bad pastures and that wealthy herders do have greater ac-
cess to remote pasture can be interpreted as a natural
phenomenon if we assume that the current cost of moving is at
an intermediate level. An ‘‘intermediate level” is an abstract con-
cept, however, and little direct evidence exists to indicate that
the co-existence mechanism found in this study occurs in the real
world, but sedentary poor herders and mobile wealthy herders do
co-exist throughout the world. In the real world, pasture quality is
continuous and varies. Depending on the drought level, the re-
quired movement distance varies, which means the moving cost
also varies. Moreover, the level of wealth is also continuous and
varies among herders. Therefore, the ‘‘intermediate” moving cost
varies according to the necessary movement distance. In other
words, a scale at which moving cost is intermediate must exist,
and this mechanism can be observed in the real world. In addition,
as shown in Fig. 5, total assets are maximized at the intermediate
moving cost. This result is consistent with those presented in Angle
(2006), who revealed that social stratification increases as total as-
sets increase In this case, however, the mechanism of the increase,
that stratification produces surplus, is different from that of our
model. In addition, a higher total asset value means that the group
as a whole may have a competitive advantage, which may allow
them to eliminate other groups (Henrich and Boyd, 2008). In other
words, the herder co-existence, which is universally observed, may
be the result of evolutionary selection processes.

This study used the situation in Mongolia as an example. How-
ever, it employed very simple assumptions and can therefore be
applied to other regions unless the herders’ movement is con-
trolled mainly by non-economic factors, such as land privatization,
land segmentation, and customary exclusive land use in relatively
humid rangelands. An example of this type of non-economic factor
is the loss of mobility resulting from increased cultivation or sub-
division of pasture lands that has been observed in Africa (Baker
and Hoffman, 2006; Reed et al., 2007). There is a great deal of evi-
dence on the differences in herders’ mobility during drought (e.g.,
Baker and Hoffman, 2006; Little et al., 2006), and the mechanism
found in this study may be universal, but field evidence is required
to further investigate this mechanism.

The simplified model used in this study neglects many factors
that influence herders’ livelihoods and their mobility, such as
water availability (Adler et al., 2001); access to social infrastruc-
ture such as markets, education, medical services, and employ-
ment (Kazato, 2005; Fernandez-Gimenez, 2002; Ringrose et al.,
1996; Dembele et al., 2006); and agro-pastoral production behav-
ior (Hary et al., 1996). These factors most likely enhance the differ-
ences in mobility between wealthy and poor herders because
wealthy herders have greater access to these infrastructures. Ac-
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tual rainfall patterns differ from the perfect non-equilibrium nat-
ure of the rainfall used in this model. For example, the impact of
prolonged drought was not discussed in this study. Wealthy herd-
ers have greater access to resources to establish temporary shelters
in winter, which would differentiate the survival rate among herd-
ers. Moreover, even in non-equilibrium rangeland, the level of
equilibrium varies according to location (Illius and O’Connor,
1999). ‘‘Key resources” (Illius and O’Connor, 1999) display greater
tendency towards equilibrium, which increases the complexity of
herders’ mobility and the competition for resources. The herders
in the model do not know the other herders’ actions in advance,
which may sometimes cause wealthy herders to stay in the home
pasture. In reality, wealthy herders usually do move out to remote
pasture, and herders therefore can predict the action of other herd-
ers to some extent. This ability most likely also enhances herder
co-existence. Another important oversimplification of this model
is the omission of various processes by which poor herders survive,
including mutual assistance through kinship networks (Little et al.,
2006), casual employment (Lesorogol, 2008), and cooperation (Up-
ton, 2008).

The flock size distribution derived in this study (Fig. 1) is not
consistent with the more Poisson-like distribution seen in the real
world (Sieff, 1999). In this simulation, the flocks in each pasture
were in direct competition, so large flocks became dominant
through competitive advantage. In the real world, however, each
household has a customary area to which it has semi-exclusive ac-
cess (Goodhue and McCarthy, 1999) to avoid severe competition,
and flock size is intentionally controlled by considering resource
availability such as forage and water. In this simulation very small
flocks (fewer than 200 animals) could not survive under any cir-
cumstance, which is consistent with research showing that pasto-
ralist households require livestock holdings above a certain
threshold in order to experience sustainable gains in well-being
(Carter and Barrett, 2006). We assumed only two pastures, and
as discussed above, pasture quality and mobility are continuous
and vary.

It might be more accurate, then, to state that the universality of
co-existence of distinctly different strategies is at least partly due
to the co-existence mechanism revealed in this study. Further
studies are required to identify the relative importance of this pro-
cess compared with other important socioeconomic and biophysi-
cal processes. Although we assumed the political regime shift from
socialism to capitalism by performing simulations starting with
different parameters, testing for the stability of the co-existence
of herders with external parameter change in each simulation
was not performed. In addition, the model should incorporate
more complex factors, including cooperation, social norms,
employment and casual labor, spatial dimensions of pasture, land
tenure, and other cultural changes. Including such variables may
contribute not only to understanding the social structure of mobile
pastoralism but also to supporting decision-making by external
entities (through policy building, international assistance, etc.) to
improve the social welfare and avoid negative indirect effects.
5. Conclusion

This study revealed that the mechanism for co-existence of
herders with different survival strategies derives from an interac-
tion between herders that is built into the simple rules of pastoral
mobility. Moreover, the mobility of wealthy herders was found to
provide an indirect benefit of critical importance to the survival of
poor herders, especially in drought years. The universality of the
differentiation in mobility among herders throughout the world
may have partly originated from the mechanism for co-existence
revealed in this study. These results highlight the need for caution
whenever interventions are made in mobile pastoralist societies
due to the potential for propagating impacts through indirect
effects.
Acknowledgements

This study was financed by the Global Environmental Fund of
the Ministry of Environment of Japan G-71 ‘‘Desertification Control
and Restoration of Ecosystem Services in Grassland Regions of
North-East Asia,” and by the Global Center of Excellence Program
of the Japan Society for the Promotion of Science of the Ministry
of Education, Culture, Sports, Science and Technology of Japan:
‘‘Center of excellence for Asian conservation ecology as a basis of
human–nature mutualism.” Two anonymous reviewers provided
detailed critique of form, content, and logic that have improved
the article.
References

Adler, P.B., Raff, D.A., Lauenroth, W.K., 2001. The effect of grazing on the spatial
heterogeneity of vegetation. Oecologia 128, 465–479.

Andriansen, H.K., 2008. Understanding pastoral mobility: the case of Senegalese
Fulani. Geogr. J. 174, 207–222.

Angle, J., 2006. The inequality process as a wealth maximizing process. Physica A
367, 388–414.

Baker, L.E., Hoffman, M.T., 2006. Managing variability: herding strategies in
communal rangelands of semiarid Namaqualand, South Africa. Hum. Ecol. 34,
765–784.

Bedunah, D.J., Schmidt, S.M., 2004. Pastoralism and protected area management in
Mongolia’s Gobi Gurvansaikhan National Park. Dev. Change 35, 167–191.

Bourbouze, A., 1999. Gestion de la mobilité et résistance des organizations
pastorales des éleveurs du Haut Atlas marocain face aux transformations du
contexte pastoral maghrébin. In: Niamir-Fuller, M. (Ed.), Managing Mobility in
African Rangelands: The Legitimization of Transhumance. Intermediate
Technology Publications, London and Rome, pp. 236–265.

Carter, M.R., Barrett, C.B., 2006. The economics of poverty traps and persistent
poverty: an asset-based approach. J. Dev. Stud. 42, 178–199.

Cullis, A., Watson, C., 2005. Winners and Losers: Privatising the Commons in
Botswana. Briefing Paper. International Institute for Environment and
Development, London. 33 pp.

Dembele, F., Picard, N., Karembe, M., Birnbaum, P., 2006. Tree vegetation patterns
along a gradient of human disturbance in the Sahelian area of Mali. J. Arid
Environ. 64, 287–297.

Fernandez-Gimenez, M.E., 1999. Reconsidering the role of absentee herd owners: a
view from Mongolia. Hum. Ecol. 27, 1–27.

Fernandez-Gimenez, M.E., 2001. The effects of livestock privatization on pastoral
land use and land tenure in post-socialist Mongolia. Nomadic Peoples 5, 49–66.

Fernandez-Gimenez, M.E., 2002. Spatial and social boundaries and paradox of
pastoral land tenure: a case study from post-socialist Mongolia. Hum. Ecol. 30,
49–78.

Fernandez-Gimenez, M.E., Batbuyan, B., 2004. Law and disorder: local
implementation of Mongolia’s Land Law. Dev. Change 35, 141–165.

Fernandez-Gimenez, M.E., Febre, S.L., 2006. Mobility in pastoral systems: dynamic
flux or downward trend? Int. J. Sust. Dev. World Ecol. 13, 341–362.

Goodhue, R.E., McCarthy, N., 1999. Fuzzy access: modelling grazing rights in sub-
Saharan Africa. In: McCarthy, N., Kirk, M., Grell, H., Hazell, P. (Eds.), Property
Rights, Risk, and Livestock Development in Africa. International Food Policy
Research Institute, Washington, DC, pp. 191–210.

Hary, I., Schwartz, H.K., Pielert, V.H.C., Mosler, C., 1996. Land degradation in African
pastoral systems and the destocking controversy. Ecol. Modell. 86, 227–233.

Henrich, J., Boyd, R., 2008. Division of labor, economic specialization, and the
evolution of social stratification. Curr. Anthropol. 49, 715–724.

Hitchcock, R., 1990. Water, land and livestock: the evolution of tenure and
administrative patterns in the grazing areas of Botswana. In: Galaty, J., Johnson,
D. (Eds.), The World of Pastoralism. Guilford Press, New York, p. 436.

House, J.I., Archer, S., Breshears, D.D., Scholes, R.J., 2003. Conundrums in mixed
woody–herbaceous plant systems. J. Biogeogr. 30, 1763–1777.

Huhns, M., Stephens, L., 1999. Multiagent systems and societies of agents. In: Weiss,
G. (Ed.), Multiagent Systems. A Modern Approach to Distributed Artificial
Intelligence. MIT Press, Cambridge, MA, pp. 79–122.

Illius, A.W., O’Connor, T.G., 1999. On the relevance of nonequilibrium concepts to
arid and semiarid grazing systems. Ecol. Appl. 9, 798–813.

Imaoka, R., 2003. Jizokukanou na yuuboku shakai ha saisei suruka? Chiiki kenkyuu
kara mita mongoru kougen (Is the restoration of sustainable nomadic society
possible? Mongolian plateau from the viewpoint of regional studies). Kagaku
73, 582–588 (in Japanese).

Janssen, M.A., Walker, B.H., Langridge, J., Abel, N., 2000. An adaptive agent model for
analyzing co-evolution of management and policies in a complex rangeland
system. Ecol. Modell. 131, 249–268.



186 T. Okayasu et al. / Agricultural Systems 103 (2010) 180–186
Kazato, M., 2005. How Mongolian pastoralists manage their heads of sheep and
goats: head formation and control in Arkhangai province, Mongolia. Mong. J.
Anthropol. Archaeol. Ethnol. 1, 113–120.

Kogan, F., Stark, R., Gitelson, A., Jargalsaikahn, L., Dugrajav, C., Tsooj, S., 2004.
Derivation of pasture biomass in Mongolia from AVHRR-based vegetation
health indices. Int. J. Remote Sens. 20, 2889–2896.

Lesorogol, C.K., 2008. Land privatization and pastoralist well-being in Kenya. Dev.
Change 39, 309–331.

Little, P.D., Stone, M.P., Mogues, T., Castro, A.P., Negatu, W., 2006. ‘Moving in place’:
drought and poverty dynamics in South Wollo, Ethiopia. J. Dev. Stud. 42, 200–
224.

McCarthy, N., Vanderlinden, J.P., 2004. Resource management under climatic risk: a
case study from Niger. J. Dev. Stud. 40, 120–142.

Mearns, R., 2004. Sustaining livelihood on Mongolia’s pastoral commons: insight
from a participatory poverty assessment. Dev. Change 35, 107–138.

Miaki, A., 1999/2000. Hangai to gobi ryo chiiki ni okeru bokuchi no shokusei ni suite
(Pastoral vegetation in Khangai and Gobi region). J. Mong. Stud. 18, 2–32 (in
Japanese).

Milner-Gulland, E.J., Kerven, C., Behnke, R., Wright, I.A., Smailov, A., 2006. A multi-
agent system model of pastoralist behaviour in Kazakhstan. Ecol. Complex 3,
23–36.

Moyobu, D., Nyamaa, H., 1998. Mongol Ulsiin Belcheeriin Daats Hueltseenii Talaar
Ulden Tootsoo (Accounting of the Mongolian National Pastoral Reserve).
Mongolian Agricultural University, Ulanbaatar, Mongolia.

Muller, F., Bold, B., 1996. On the necessity of new regulations for pastoral land use in
Mongolia. Appl. Geogr. Dev. 48, 29–51.

National Statistical Office of Mongolia, 2000. Agricultural Sample Survey and
Economic Accounts. National Statistical Office of Mongolia, Ulaanbaatar. 89 pp.

National Statistical Office of Mongolia, 2004a. Mongolia in a Market System;
Statistical Yearbook 1989–2002. National Statistical Office of Mongolia,
Ulaanbaatar. 328 pp.
National Statistical Office of Mongolia, 2004b. Mongolian Statistical Yearbook 2003.
National Statistical Office of Mongolia, Ulaanbaatar. 401 pp.

National Statistical Office of Mongolia, 2007. Mongolian Statistical Yearbook 2006.
National Statistical Office of Mongolia, Ulaanbaatar. 401 pp.

Niamir-Fuller, M., 1998. The resilience of pastoral herding in Sahelian Africa. In:
Berkes, F., Folke, C., Colding, J. (Eds.), Linking Social and Ecological Systems:
Management Practices and Social Mechanisms for Building Resilience.
Cambridge University Press, Cambridge, pp. 250–284.

Okayasu, T., Muto, M., Jamsran, U., Takeuchi, K., 2007. Spatially heterogeneous
impacts on rangeland after social system change in Mongolia. Land Degrad. Dev.
18, 555–566.

Okayasu, T., Nakamura, H., Takeuchi, K., 2008. Possible countermeasures to counter
desertification and drought in a desert-steppe region on Mongolia. J. Environ.
Inf. Sci. 36, 141–150.

Reed, M.S., Dougill, A.J., Taylor, M.J., 2007. Integrating local and scientific knowledge
for adaptation to land degradation: Kalahari rangeland management options.
Land Degrad. Dev. 18, 249–268.

Ringrose, S., Vanderpost, C., Matheson, W., 1996. The use of integrated remotely
sensed and GIS data to determine causes of vegetation cover change in southern
Botswana. Appl. Geogr. 16, 225–242.

Sieff, D.F., 1999. The effects of wealth on livestock dynamics among the Datoga
pastoralists of Tanzania. Agric. Syst. 59, 1–25.

Sneath, D., 2003. Land use, the environment and development in post-socialist
Mongolia. Oxf. Dev. Stud. 31, 441–459.

Swift, D.M., Coughenour, M.B., Atsedu, M., 1996. Arid and semiarid ecosystems. In:
McClanahan, T.R., Young, T.P. (Eds.), East African Ecosystems and their
Conservation. Oxford University Press, New York, pp. 243–271.

Taylor, J.K., 2006. Negotiating the grassland: the policy of pasture enclosures and
contested resource use in Inner Mongolia. Hum. Organ. 65, 374–386.

Upton, C., 2008. Social capital, collective action and group formation:
developmental trajectories in post-socialist Mongolia. Hum. Ecol. 36, 175–188.


	An intrinsic mechanism for the co-existence of different survival strategies  within mobile pastoralist communities
	Introduction
	Methods
	Model
	Model structure
	Herders’ decision-making
	Flock dynamics
	Forage availability

	Modification of the model
	Simulation implementation
	Sensitivity analysis
	Analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


