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Abstract
Livestock system structure is a relevant factor in determining the decision-making processes and the initiatives to reduce the vulner-
ability to external drivers. The definition of livestock stocking density (LSD) is a key factor as it determines the sustainability of the
activity. LSD adjusted to grassland productivity in space, and time has been advocated by researchers and policy makers. However,
most livestock farmers fail to adjust the LSD, and therefore, their vulnerability increases. This study explored the hypothesis that
productive decisions in livestock systems include information that reinforced the vulnerability. The main objective of this study was to
evaluate vulnerability of livestock farmers through the information that guides the decision-making process. We analyze information
based on which farmers define the LSD, focusing on the relationship between the farmers’ perception of grassland productivity, the
main reasons for their decisions, and grassland productivity using remote sensing techniques. The research strategy integrated inter-
views with farmers regarding LSD and grassland aboveground net primary productivity estimates. The results showed that 77% of the
farmers use LSD higher than the carrying capacity, although 66% of them do so knowingly. Consequently, most farmers are in a
situation of high vulnerability, especially to rainfall regime variability. Almost all farmers are affected by at least one trap: poverty,
rigidity, or gilded. A clear contradiction is identified between the farmer’s decisions and the current recommendations suggested by
researchers and public policy, which are mainly explained by the farmers’ optimism. Results highlight the access to information as a
great barrier to the adoption of adaptive strategies. We show for the first time the main traps and its causal associated mechanisms,
which limit the decision-making of Uruguayan livestock farmers. The proposed framework can be used in other agricultural systems to
identify barriers and traps, as the first step toward increasing agroecosystem sustainability.
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1 Introduction

Grassland management is a key factor for maintaining the sus-
tainability of livestock production systems (Kemp and Michalk
2007). These agroecosystems are highly complex and constantly
affected by external climatic and non-climatic drivers.
Additionally, they are usually affected by traps (system configu-
rations), which hinder and/or limit favorable trajectories. Traps are
adverse, undesirable, persistent, and self-reinforcing situations
(Haider et al. 2018), which prevent beneficial transformations
(Carpenter and Brock 2008) and limit the ability of a system to
adapt to external events and reduce the vulnerability, understood
as the degree of susceptibility and the lack of capacity to deal with
the negative impacts caused by external events. Three types of
traps are predominant. The rigidity trap, determined by a highly
connected system, minimally diverse (in socioeconomic and/or
natural components), and inflexible system, generates a homoge-
nous system with low innovation capacity (Gunderson and
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Holling 2002). Poverty traps, refer to unsustainable situations
reinforced through feedback between social and ecological pro-
cesses (Haider et al. 2018), wherein people are impoverished by
circumstances beyond their control (Gunderson and Holling
2002) and lack resources or the ability to focus on ideas or to
connect actors and key agents to improve the system (Westley
et al. 2006). Lastly, gilded traps refer to actions derived from
economically attractive opportunities outweighing potential risks
but generating important and negative ecological and socioeco-
nomic impacts (Steneck et al. 2011). The application of traps (and
the connections with the adaptive cycles theoretical frameworks)
to agricultural system is very recent, highlighting the approaches
focused on poverty traps and their link with development and
well-being (e.g., Tittonell 2014; Haider et al. 2018).

The decisions that livestock farmers make about their farms
are usually affected by well-established traps, which in turn may
help to consolidate new traps, thereby putting them in a situation
of high vulnerability to biophysical and economic external drivers
and internal control factors (Díaz et al. 2018). Livestock familiar
farmers make complex decisions, which can only be understood
based on the specific objectives and situation of each farmer,
albeit with a common decision-making pattern, either to keep
the production system in a state of persistence or to move it
toward a desired situation. Each situation is usually affected by
external drivers and factors, sensitivity (degree to which a system
is affected), and adaptability (ability of a system to adjust to ex-
ternal drivers) of the system, in addition to various traps, which
hinder and interfere with the operation of the production system.
Traps have a set of feedbacks that ensure their persistence over
time (Carpenter and Brock 2008) and determine (and are deter-
minate by) the level of sensitivity and adaptation of the systems.
The trajectory and dynamics of livestock farmers, independently
the situation they intend to achieve ormaintain, are constrained by
a set of traps.

The livestock carrying capacity (LCC) is key in extensive
animal husbandrymanagement under grazing because it is closely
linked to the profitability and sustainability of the activity (Foran
and Stafford 1991; McKeon et al. 2009). Imbalances between
LCC and livestock stocking densities (LSD) may lead to under-
utilization of resources, which triggers loss of profits, or converse-
ly, and most often, to overutilization of resources, which causes
serious problems in natural resources (grasslands, soils, and wa-
ter) and consequently reduced performance (Zhang et al. 2014).
Stocking density can be considered as an output variable of the
grazing system according to what was stated by Do Carmo et al.
(2016), However, in vulnerability assesmente stocking density is
an input variable because it feedbacks and conditions the perfor-
mance of the systems. Mckeon et al. (2009) emphasize the ben-
efits of maintaining forage use levels associated with LSD adjust-
ed to grassland conditions, highlighting reduced impacts during
droughts, reduced need for selling livestock in times of lowprices,
decreased need for resorting to dietary supplementation,

decreased feeding problems, improved livestock conditions and
reproductive performance, and improved grassland quality.
Studies focused on the definition of LCC have mainly evaluated
the relationship between livestock intake and grassland produc-
tivity (e.g., McKeon et al. 2009; Zhang et al. 2014). For estimat-
ing intake, the main strategy has been the definition of the bio-
mass intake of different herbivores (AFRC 1993; INIA 2012).
For estimating productivity, studies initially used biomass harvests
and, subsequently, empirical models based on remote sensing
techniques. Currently, the most utilized model is Monteith’s
Model (Monteith 1972), which establishes that the aboveground
net primary productivity (ANPP) is determine by the fraction of
absorbed photosynthetically active radiation (fPAR), the incident
photosynthetically active radiation (PAR), and the radiation use
efficiency (ε).

In Uruguay, the intake evaluation in general has been asso-
ciated with the estimation of livestock units (LU) which is a
parameter of equivalence on the biomass energy consumption
by herbivores (INIA 2012), and the Monteith’s Model has
been widely used to estimate ANPP by researchers (e.g.,
Baeza et al. 2011; Gallego et al. 2017; Díaz et al. 2019) and
by the agricultural institutions (e.g., MGAP, INIA). Despite
these advances in the generation of information, Uruguayan
livestock farmers usually do not use this information to make
their decisions. However, 50% of Uruguayan livestock
farmers use stocking density to make decisions, and 63%
know or at least heard about the concept (Lindemann et al.
2013). Gutierrez and Modernel (2011) show in a case study
that producers decide to resort to over-stocking, and the rea-
sons for their decision are contradictory to those proposed by
technicians. This situation, on the one hand, questions infor-
mation based on which decisions are made and, on the other
hand, highlights other sources of information, such as field
experience and perceived grassland performance as key man-
agement inputs.

The relationship between perception and technical estimates of
grassland productivity can offer three possibilities: agreement, as
the first scenario; a difference in which the perceived grassland
productivity is higher than the estimate; and, finally, a difference
in which the perceived grassland productivity is lower than the
estimate. In the second scenario, the livestock farmer identifies a
higher potential in the grasslands than the estimate (optimistic
estimate), and in the third scenario, grassland productivity is lower
than the estimate (pessimistic estimate). The possible impacts
from these scenarios are clearly different; the second scenario is
most likely to be adversely affected by negative biophysical and
economic impacts. The adjustment of the stocking density is key
in times of drought inwhich productivity decreases and the forage
deficit worsens. This is particularly relevant in Uruguay, especial-
ly in Sierras del Este (Fig. 1), one of the regions of the country
most vulnerable to climate variability and drought (Díaz et al.
2019). However, livestock farmers usually do not adjust stocking
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density structurally (Díaz et al. 2018), adjusting it only in critical
times. This adverse situation was also identified by Bartaburu
et al. (2009) and in other regions of the country, highlighting its
negative impacts.

Decision-making processes in Uruguayan livestock sys-
tems have been broadly analyzed, focusing mainly in the
framework of technology adoption and technological change
(e.g., Mondelli and Picasso 2001; Carriquiry and Fernandez
2004). However, the decision-making process in agricultural
systems integrates a complex set of decisions and dimensions
that demands new approaches and systemic analysis. In this
context, the following key questions arise. Based on what
information and on what objectives do livestock farmers de-
fine stocking density? Is it possible to identify traps that affect
the livestock farmers’ decision-making and vulnerability?
Does the incidence of traps vary by type of farmer? The main
objective of this study was to evaluate the vulnerability of
livestock farmers through the information that guide the
decision-making process. The agreement between the percep-
tion and technical measurements of ANPP of grasslands was
assessed, identifying the livestock farmers most vulnerable to
unsuitable grassland management. Finally, the article provides
a set of reflections to contribute to the design of public policies
linked to reducing the vulnerability of livestock farmers.

2 Methods

2.1 Study area

The study area is located in Sierras del Este region (Uruguay) and
includes the Barriga Negra and Polanco stream basins

(72,600 ha) (Fig. 2). The climate is temperate subtropical, with
annual rainfall of 1100 mm without a dry season. The dominant
ecosystems are natural grasslands and natural forest. The domi-
nant soils are argiudolls (75%) and lithosols (17%), and more
than 70% of the soils are moderately rocky. Hills dominate the
topography (83%) and the average surface slope is 8%.

In the study area are located 100 farmers who practice an
extensive livestock mostly over natural grasslands. The aver-
age extension of the farms is 150 ha, but farmers with less than
20 ha and a farm size of over 1300 ha can also be found. The
vast majority of farmers implement a mixed livestock produc-
tion system (bovines and ovine), but they have a bovine pro-
duction as their main activity and sheep farming marginally.
The average livestock stocking density (LSD) found in the
study area is 0.79 LU per hectare (Díaz et al. 2019).

2.2 Primary production and livestock carrying
capacity estimations

Monteith’s Model was utilized (Monteith 1972) (Ec 1)

Ec1: ANPP kg DM :ha−1:y−1
� � ¼ fPAR MJ :ha−1:y−1

� �

� PAR� ε kg DM :MJ−1
� �

where fPAR is the fraction of absorbed photosynthetically
active radiation, PAR is the incident photosynthetically active,
and ε is the radiation use efficiency.

According to the approach applied by Díaz et al. (2019), the
fPAR was estimated using the normalized difference vegetation
index (NDVI) of the MODIS data series for the periods 2000–
2017, because NDVI is positively related to fPAR from vegeta-
tion and therefore to primary productivity. PAR was estimated
from the spatial interpolation (kriging) of the values of sun hours/

Fig. 1 Livestock system in the
Barriga Negra stream basin,
Sierras del Este region, Uruguay.
In this farm, the farmer
implements a mixed livestock
production system (bovines and
ovine) but with predominance of
bovines
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day of the nearest meteorological stations (Carrasco y Treinta y
Tres, located 100 km southwest and 60 kmnortheast respectively
of the study area). The data was provided by Instituto Nacional
de Investigación Agropecuaria (INIA). Finally, ε was obtained
from Gallego et al. (2017) who proposed ε = 0.36 kg DM. MJ-1
for grasslands of the same region.

LCC was estimated from the ANPP, the annual individual
requirement (AIR = requirements in dry matter that a 1 LU
needs) and the harvest index (HI = consumable percentage).
This method was used by Gallego et al. (2017) for an area of
the same study region, who assumed anAIR (1 LU) = 2774 kg
DM according to a 50% HI.

ANPP and LU information was georeferenced and system-
atized at the farm scale of each farmer.

2.3 Evaluation of the perception of productivity
and stocking density

In-depth, semi-structured interviews were conducted with 35
livestock commercial farmers. The interviews were conducted
between 2015 and 2018, visiting the farmers in their farms, in
different years and seasons. This strategy allowed validating the
information collected in previous interviews. The farmers were
asked about social and productive aspects; perception of grass-
lands productivity; about whether the LSD was high, low, or
adjusted to the grassland productivity; and finally about the pos-
sibility of adjusting it. Through this flexible technique, livestock
farmers reported their stocking density, decision-making process,
and the strategies used for livestock management, and, finally,

Fig. 2 Study area. Dominant land cover and localization of interview livestock farmers
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they valued the forage productivity (as indicator to the grasslands
productivity) of their farms. Thus, the livestock farmers’ percep-
tion of grassland productivity was rated from 1 (very low pro-
ductivity) to 5 (very high productivity) based on the historical-
personal context of each farmer and the local context. In addition,
livestock farmers were asked about the performance of their
fields in periods of normal rainfall and drought. The relationship
between these responses was evaluated using the Spearman’s
rank correlation nonparametric test (p < 0.05).

Stocking density was evaluated during the interviews and
was systematized at the farm scale. LU were estimated using
equivalent parameters developed by the INIA (2012). In this
proposal, a weighting coefficient is assigned, depending on
the species (bovine, sheep, or equine) and the category (age
of the herbivore), which allows a comparable measure about
consumable biomass (equivalent to the requirements of a
380 kg cattle). In this way, the LSD of each farm corresponds
to the ratio between the weighted sum of the herbivores and
the grassland area.

2.4 Traps

Traps have been identified as system configuration which in-
terferes with the progression of adaptive cycles, and this
framework is applied for the identification of phases within
the cycle and for their evaluation (Gunderson and Holling
2002; Carpenter and Brock 2008). Adaptation is not a linear
process, covertly is it the outcome of progression of different
auto defined and reinforced actions. The framework of adap-
tive cycles allows to understand the change in socio-
ecological systems. In addition, it is used to understand how
persistence and transformation coexist in these systems and in
what contexts the transformations occur (Cosens and
Gunderson 2018). Owing to the complexity of the relation-
ships in this framework and to difficulties in its application to
any context, this study focused on the link between traps and
decision-making in livestock farms. Accordingly, the traps
were defined as a function of a key decisionmade by livestock
farmers (the stocking density) and the information and objec-
tives that guide that decision. This information was collected
during the interview process, in which farmers narrated their
production history, the decisions taken, and the impacts of
these decisions. The occurrence of poverty traps was deter-
mined when livestock farmers resorted to over-stocking for
lack of resources and/or because they were prevented (for
whatever reason) from adjusting the stocking density.
Moreover, poverty traps were defined when livestock farmers
identified, according to the configuration of their livestock
production system, over-stocking as the only option to avoid
compromising their profitability. The occurrence of gilded

traps was determined when the reason for over-stocking was
a beneficial and strictly economic opportunity for livestock
farmers. Lastly, rigidity traps were defined when the reason
for over-stocking was the lack of flexibility in adopting viable
strategies for adjusting the stocking density and/or when dif-
ferences were found between perceived grassland productivity
and ANPP.

In summary, the traps are defined and provided with feed-
back by the interactions between the decisions taken by the
producers and the structure of the farm (which in turn has
conditioned the occurrence of the traps) and determine the
vulnerability to external drivers. The vulnerability control of
farmers implies the reduction of the exposure and increases
the ability to respond to external events. The inability to re-
spond to external events compromises the sustainability (un-
derstood as a multi-dimensional attribute, biophysical, eco-
nomic, and productive). According to this, sustainability is
operationalized as the permanence of the farm and the farmers
in the medium and long term.

3 Results and discussion

Almost all livestock farmers were affected by at least one trap,
which compromises the sustainability of the activity. Most
livestock farmers used a LSD that clearly exceeded the
LCC. These discrepancies question the information based on
which livestock farmers make their decisions, highlighting
divergence with the promoted strategies by Uruguayan agri-
cultural institutions, and ultimately, they question the objec-
tives and economic needs of livestock farmers. In particular,
some traps systematically forced livestock farmers into mak-
ing a set of decisions that increased their vulnerability to ex-
ternal climatic and economic drivers, due to feedback process-
es of the traps and their status as a regime with capacity to
remain over the time.

Table 1 Farm values (average, minimum, maximum, and coefficient of
variation (CV)) of grassland aboveground net primary productivity
(ANPP), livestock stocking density (LSD), and livestock carrying
capacity (LCC)

Average Minimum Maximum CV

ANPP (kg DM. ha− 1. y− 1) 3922 3326 5356 13%

LSD (LU. ha− 1) 0.88 0.6 1.1 18%

LCC (LU. ha− 1) 0.71 0.47 0.83 13%
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3.1 Productivity perceptions vs productivity
estimations

The average ANPP and LCC for the study area presented,
among year (2000–2015), low variability (Table 1).
Conversely, ANPP and LCC presented high variability within
the study area (Fig. 3); the farm with the highest values was
1.77 times more productive than the one with the lowest
values. In general, livestock farmers have a positive percep-
tion of the productivity of their grasslands. In total, 49% of
livestock farmers reported that their grasslands have high pro-
ductivity, 37% medium and the remaining 14% low (Fig. 4)
(Table 2). Monthly and annual averages of grassland ANPP
were not associated with perceived grassland productivity
throughout the study period (p > 0.05) except for the months
of severe drought (p < 0.05, rS = 0.1, statistically significant
but very weak).

Differences between perception and estimation could
be related to two possible causal mechanisms. The first
mechanism refers to conceptual problem and also to pos-
sible deficiencies of techniques currently used to estimate
productivity. Despite major improvements in recent years,
large-scale access to information, mainly on the radiation

use efficiency of each farm, remains a considerable limi-
tation, in addition to the set of assumptions (the growth
rate is a reasonable estimator of PPNA, and there are a
similar composition of grasslands at similar sites) used for
its estimation which have been identified for local condi-
tions by Baeza et al. (2011). On the other hand, and de-
spite the fact that national scientific contributions agree
on the potential of this approach for estimating the pro-
ductivity of natural grasslands in Uruguay, the period an-
alyzed (18 years) requires caution because the patterns
observed can be part of a cyclical trend of higher temporal
scale. Access to satellite information is presented as a
restriction and, therefore, limits a deeper analysis of the
data.

The second mechanism suggests that livestock farmers
fail to correctly estimate the potential of their grasslands.
The focus that farmers put on livestock instead of grass-
land (Bartaburu et al. 2009) could explain this situation.
As the productivity levels identified in this study are sim-
ilar to those recorded for the region (Bartaburu et al.
2013), differences between estimation and perception sug-
gest overestimation of perceived grassland productivity.
Therefore, the discrepancy between perceived and

Fig. 3 Usable grassland
aboveground net primary
productivity (ANPP) as a function
of livestock stocking density
(LSD); the line (y = x/2774)
indicates the mean livestock
carrying capacity (LCC) for a
50% harvest index and for a
consumption per LU of 2774 kg
DM per year, and the dotted lines
indicate intervals ± 10% of LCC.
The plot starts from x = 0.4 and
from y = 1200 to facilitate figure
interpretation
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estimated productivity generates a scenario of high vul-
nerability of livestock farmers, which increases with this
difference. The identification of livestock farmers in this
situation is relevant to implementing measures for im-
proving the knowledge of each livestock production sys-
tem. It is important to note that many farmers have ob-
served and valued grassland productivity for more than
18 years. However, these evaluations were not carried
out systematically, and there are also no systematized re-
cords to incorporate into this analysis. Access to the in-
formation generated in this study in synergy with the live-
stock farmers’ experience may help improve farm man-
agement. Strengthening information exchange relation-
ships between livestock farmers and increasing access to
technical assistance and to information could improve the
knowledge of and subsequent management of processes
which define the main controlling factors of livestock
production systems (Díaz et al. 2018). Group learning
and coinnovation strategies could yield positive results
as reported for other key decision in livestock systems
of the region and for other areas of the country
(Albicette et al. 2017).

3.2 Over-stocking: Strategy or necessity

The LSD average for the study area were 0.88 LU/ha. About
11.5% of livestock farmers reported a LSD lower than to the
LCC, 11.5% around the LCC (equal or little higher than the
LCC), and the remaining 77% at least 10% higher than the
LCC (Table 2). Of the livestock farmers with a LSD higher
than the LCC, 76% confirmed that grassland was the only
source of food, 14% sometimes used dietary supplements,
and the remaining 10% used dietary supplements. In total,
37% of livestock farmers used a high stocking density in
grasslands with low perceived grassland productivity, 22% a
high stocking density in grasslands with high perceived pro-
ductivity, and 11% a low stocking density in grasslands per-
ceived with high productivity (Fig. 4). The remaining 20% of
livestock farmers used a stocking density adjusted to their
perceived grassland productivity. Of the livestock farmers
whose perceived grassland productivity was higher than that
of the LCC, 50% perceived that their grassland had a very
high productivity and that they could even increase the stock-
ing density (e.g., farmers 21, 7, and 6). Of the livestock
farmers whose perceived grassland productivity was similar

Fig. 4 Perceived grassland
productivity (qualitative variable
from 1 that is very low
productivity to 5 very high
productivity) as a function of
stocking density. The vertical line
(x = 3.5) indicates the start of the
perception of high productivity,
the solid horizontal line (y = 0.71)
indicates the mean livestock
carrying capacity (LCC), and the
dotted lines indicate minimum
and maximum LCC in the study
area
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Table 2 Summary of the status of each livestock farmer regarding farm
area (ha), livestock stocking density (LSD), usable grassland
aboveground net primary productivity (UANPP), livestock carrying
capacity (LCC), difference between LCC-LSD, LSD adjustment
perception by farmers (P-LDS) (Yes farmers know the stoking density is

exceeded; No they do not know it), LSD adjustment (A-LDS),
relationship between perceived grassland productivity and ANPP,
relationship between perceived grassland productivity and LSD, reason
for over-stocking, trap(s) affecting the livestock farmer (P poverty trap, R
rigidity trap, G gilded trap), and main mechanism for the trap(s)

Producer
#

Farm
area
(ha)

LSD
(LU)

UANPP
(DM.
ha− 1

y− 1)

LCC
(LU)

LCC-
LSD
(LU)

P-
LSD

A-LSD Perception/
ANPP
relationship

Perception/
LSD

Over-
stocking
reason

Trap(s) Main mechanism for
the trap(s)

1 ~ 300 1.10 2197 0.79 − 0.31 Yes Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

2 ~ 100 1.12 2165 0.78 − 0.34 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

3 ~ 300 0.90 2153 0.78 − 0.12 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

4 ~ 300 0.90 2216 0.80 − 0.10 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

5 ~ 800 0.70 1333 0.48 − 0.22 No Over-stocking Low Low-Low Necessity R Inadequate and/or
partial information

6 ~ 300 1.10 2204 0.79 − 0.31 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

7 ~ 300 0.90 1687 0.61 − 0.29 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

8 ~ 1000 0.70 1900 0.68 − 0.02 No LSD adjusted High High-Low

9 ~ 200 0.80 2069 0.75 − 0.05 No LSD adjusted High Low-High

10 ~ 300 1.02 1961 0.71 − 0.31 Yes Over-stocking Low Low-High Opportunity G&R Inadequate and/or
partial information
and prioritize the
economic dimension

11 ~ 300 1.05 2169 0.78 − 0.27 Yes Over-stocking Low High-High Opportunity G&R Inadequate and/or
partial information
and prioritize the
economic dimension

12 ~ 300 0.92 1987 0.72 − 0.20 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

13 ~ 500 1.01 2289 0.83 − 0.18 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

14 ~ 300 1.00 2242 0.81 − 0.19 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

15 ~ 300 0.85 2088 0.75 − 0.10 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

16 ~ 400 1.02 2144 0.77 − 0.25 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

17 ~ 200 0.71 1907 0.69 − 0.02 No LSD adjusted High Low-Low

18 ~ 500 0.95 1919 0.69 − 0.26 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

19 ~ 300 0.94 2055 0.74 − 0.20 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

20 ~ 200 1.05 1597 0.58 − 0.47 Yes Over-stocking Low Low-High Opportunity G&R Inadequate and/or
partial information
and prioritize the
economic dimension

21 ~ 300 0.85 2131 0.77 − 0.08 Yes Over-stocking High High-High Opportunity G&R

22 ~ 50 0.95 1942 0.70 − 0.25 No Over-stocking Low Low-High Necessity R Inadequate and/or
partial information

23 ~ 50 1.05 2124 0.77 − 0.28 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity
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to or lower than that of the LCC, more than 75% confirmed
that their grassland had a very high productivity (e.g., farmers
8, 25, and 33). Some livestock farmers whose perceived grass-
land productivity was not high also perceived that they could
increase the stocking density (e.g., farmers 5 and 17). In total,
46% of livestock farmers perceived grassland productivity as
low, and 17% of livestock farmers perceived grassland pro-
ductivity as high resorted to over-stocking. In addition, more
than half of the latter showed ANPP values lower than the
mean for the area. Although farms with over-stocking
prevailed, the difference between adjusted and unadjusted
stocking density was greater in the farms with the pastures
perceived as having lower productivity.

Proposals to reduce vulnerability to drought presented by
researchers and public policy makers agree with the need to
adjust the stocking density to the grassland conditions
(Bartaburu et al. 2009, 2013). However, this strategy is not
adopted by most livestock farmers in the area (Table 2) for
three main reasons that determine this situation: inadequate
and/or partial information, impossibility of changing the

current strategy, and, lastly, selection of another strategy.
The first case, which shows the existence of rigidity traps
(Carpenter and Brock 2008), is based on empirical evidence
suggesting that many livestock farmers use the over-stocking
strategy without being fully aware of the responses of their
grasslands and of the potential medium-term impacts. These
decisions are mainly influenced by the inability to incorporate
currently available information into their decision-making
processes which is aggravated by the rigidity of the system
and by the lack of rural extension. The second case, which
highlights the existence of poverty traps according to the def-
inition of Carpenter and Brock (2008), is based on the
unfeasibility or lack of implementation of currently proposed
strategies owing to the livestock farmers’ structural condi-
tions, particularly availability of capital to modify their pro-
duction system, as well as their age and possibility of in-
creased working hours, among other factors. Relevant prac-
tices, such as paddock design, improvement of availability of
water and shade, as well as management of the herd, require
investment and an increase of the working hours into the farm.

Table 2 (continued)

Producer
#

Farm
area
(ha)

LSD
(LU)

UANPP
(DM.
ha− 1

y− 1)

LCC
(LU)

LCC-
LSD
(LU)

P-
LSD

A-LSD Perception/
ANPP
relationship

Perception/
LSD

Over-
stocking
reason

Trap(s) Main mechanism for
the trap(s)

24 ~ 300 0.69 1292 0.47 − 0.22 Yes Over-stocking High High-Low Necessity P Integral information but
lack of capacity

25 ~ 500 0.71 2224 0.80 0.09 No LSD adjusted High High-Low

26 ~ 500 0.80 1710 0.62 − 0.18 Yes Over-stocking High Low-High Necessity P Integral information but
lack of capacity

27 ~ 300 0.95 1872 0.67 − 0.28 Yes Over-stocking High Low-High Necessity P Integral information but
lack of capacity

28 ~ 100 0.95 1432 0.52 − 0.43 Yes Over-stocking High Low-High Necessity P Integral information but
lack of capacity

29 ~ 300 1.05 1915 0.69 − 0.36 Yes Over-stocking Low Low-High Opportunity G&R Inadequate and/or
partial information
and prioritize the
economic dimension

30 ~ 1000 0.60 1523 0.55 − 0.05 No LSD adjusted High High-Low

31 ~ 300 0.85 1730 0.62 − 0.23 Yes Over-stocking Low High-High Opportunity G&R Inadequate and/or
partial information
and prioritize the
economic dimension

32 ~ 300 1.05 2275 0.82 − 0.23 Yes Over-stocking High High-High Necessity P Integral information but
lack of capacity

33 ~ 1200 0.62 1750 0.63 0.01 No LSD adjusted High High-Low

34 ~ 1500 0.60 2234 0.81 0.21 No LSD adjusted High High-Low

35 ~ 1500 0.61 2204 0.79 0.18 No LSD adjusted High High-Low

In cases of more than one trap, the order does not necessarily imply that one trap is more important than or precedes the other. Inadequate and/or partial
information refers to one or more than the following three situations: non incorporation of key information, key information not considered, and
inadequate weighting of available information. Integral information refers to the opposite to the inadequate and/or partial information
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The third case, which highlights the existence of gilded traps
(Steneck et al. 2011), corresponds to a set of livestock farmers
who resort to over-stocking because they identify an econom-
ic opportunity, prioritizing these benefits over other structural
and long-term benefits. These farmers decide to resort over-
stocking but also overvalued the grasslands. Not only these
farmers affected by a gilded trap (regardless of whether over-
stocking determines high or higher revenues) but also other
livestock farmers make this decision to maintain the current
situation and not for an exclusively economic purpose.

Identifying the vulnerability of the system and the ac-
tions necessary to reduce this vulnerability are two funda-
mental obstacles that must be overcome in order to move
toward successful adaptation processes. This requires, first,
overcoming the barriers that hinder or prevent adaptation
(Moser and Ekstrom 2010). An important set of these bar-
riers occurs in the first phase of the adaptation process,
which refers to understanding the problem in three stages:
detecting the problem, gathering/using information, and
(re)defining the problem (Moser and Ekstrom 2010). It is
evident that a significant fraction of the farmers analyzed
in this study, for various reasons, fail to overcome the first
stage of the first phase. This situation further increases the
high level of vulnerability to drought of livestock farmers
in areas of high exposure and high sensitivity, as highlight-
ed by Díaz et al. (2018, 2019). Furthermore, the absence of
information makes it impossible to efficiently develop at
least the first (planning) and third (observation/control)
management stages of all crop and livestock production
systems (Cros et al. 2004).

3.3 Traps in grassland management

Livestock farmers with a high perceived grassland pro-
ductivity and who used an LSD adjusted to grassland
productivity (n = 7) were mostly those who managed the
largest farms in the study area. Livestock farmers with a
low perceived grassland productivity and who used an
LSD adjusted to grassland productivity (n = 1) were fam-
ily livestock farmers with low levels of vulnerability to
drought. Livestock farmers with a high perceived grass-
land productivity and who resorted to over-stocking (n =
11) were family and small-scale livestock farmers, as well
as, for very different reasons, small-scale livestock
farmers with high levels of education and who often used
dietary supplementation. Lastly, livestock farmers with a
low perceived grassland productivity and who resorted to
over-stocking (n = 16) formed a very heterogeneous group
of livestock farmers in terms of farm size and stocking
density. In total, 23% of livestock farmers were unaffected

by any trap. Conversely, 31%, 17%, and 43% of livestock
farmers were affected by poverty traps, gilded traps, and
rigidity traps, respectively (Table 2). In addition, 14%
were simultaneously affected by gilded and rigidity traps.
Thus, 5 situations were prominent: (a) 11 livestock
farmers affected by poverty traps, (b) 10 livestock farmers
affected by rigidity traps, (c) 5 livestock farmers affected
by gilded and rigidity traps, (d) 1 livestock farmer affect-
ed by gilded traps, and (e) 8 livestock farmers unaffected
by any of the three traps analyzed in this study.

The findings allow us to identify and differentiate live-
stock farmer groups to define knowledge dissemination
and/or generation activities. A priority group is formed
by livestock farmers affected by poverty traps, among
whom alternatives cannot be implemented for economic
reasons (Díaz et al. 2018). Skills must be developed and
applied to increase the response through the development
of low-cost strategies already consolidated in Uruguay
(Pereira 2003; Carriquiry and Fernandez 2004).
Accordingly, agricultural institutions play a key role in
this regard. A policy that integrates all the agents, a broad
vision considering different paradigms, the search for
flexibility, and coordination are challenges posed by
Mondelli and Picasso (2001) that are still valid.
Furthermore, for livestock farmers who manage small
farms and/or lease agricultural land at high costs, the
above strategies should be supplemented with access to
land. If not, they will not be able to avoid the trap only
through improvements in the management of the activity.
In addition, economic measures that facilitate the transi-
tion to short- and long-term sustainable management strat-
egies should also be investigated. Among these livestock
farmers, and those in rigidity traps, the problems
identified by Bartaburu et al. (2009) worsen in periods
of drought (in reference to the “perverse cycle of the pro-
ducer” that increases the LSD in favorable climatic con-
ditions and retains the cattle in unfavorable conditions or
sells them at low prices, with the consequences that this
behavior implies in its capital, in its production, and in the
degradation of the natural grassland). This cycle increases
their vulnerability because droughts affect sensitivity and
limit the future development of adaptability. Another pri-
ority group corresponds to farmers who show rigidity
traps (e.g., over-stocking and high perceived grassland
productivity). For these livestock farmers, the develop-
ment of skills is key because innovations are available,
but their dissemination and promotion are limited; hence,
the main obstacle is access to and understanding of infor-
mation (Díaz et al. 2018). Therefore, the central problem
is the acquisition and assimilation of information, which
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highlights the need for rethinking dissemination strate-
gies, especially considering investment is generally not a
determining factor and that the economic benefits from its
current over-stocking strategy have been questioned in the
region (Albicette et al. 2017). Because the decisions of
livestock farmers affected by gilded traps are strictly
made for maximization of profit, the priority must be to
further the evaluation of the economic and environmental
benefits, at diverse spatial and temporal scales, from
adjusting the stocking density. According to Steneck
et al. (2011), escaping from gilded traps requires new
resou rce managemen t s t ruc tu re s and po l i c i e s .
Accordingly, another major challenge is the incorporation
of the concept and regulations on the sustainable use of
natural resources (primarily soil and water) that have been
developed in agricultural crop in recent years in Uruguay
into livestock production.

The system under study differs from the model pro-
posed by Carpenter and Brock (2008) with its additional
complexity, thereby requiring other strategies. First is the
existence of a new (gilded) trap, in addition to that of
poverty and rigidity traps. This situation raises the ques-
tion as to whether the simultaneous existence of two traps
is more harmful than the existence of a single trap or,
more simply, whether a livestock farmer affected by the
gilded and poverty trap is closer to an adaptation phase or
to disappearing from the system than a livestock farmer
only affected by rigidity traps. The second emerges as a
question if livestock farmers can leave the system only
from rigidity traps. Specifically for Uruguay, and particu-
larly for the study area, empirical evidence based on offi-
cial data (DIEA 2011) supports the hypothesis that live-
stock farmers who leave the system are actually those
with characteristics specific of poverty traps, because
those who disappear from the system are primarily
small-scale livestock farmers (note that between 2000
and 2011, 12,241 farms have disappeared, being the
91% of the farm less than 100 ha). Lastly, livestock
farmers affected by poverty traps, as well as rigidity traps,
albeit to a smaller extent (e.g., livestock farmers who not
only fail to correctly assess their grasslands but also
knowingly resort to over-stocking because they cannot
adapt their production system for economic reasons) were
identified in the study area. These livestock farmers, who
would be in a more stable situation in the scheme pro-
posed by Carpenter and Brock (2008) for being between
two traps (adaptation or reconfiguration process without
leaving the system), could eventually find themselves in a
worse situation in a context where they could be expelled
from the system by any trap. Future studies should further

investigate the relationship between traps and the context
in which they develop and consolidate mainly to under-
stand how they are linked to and influence decision-
making.

The analyzed temporal period allowed to identify the
general patterns in the decisions of the producers and the
traps that compromise the sustainability of the farms.
Increasing temporal and spatial scale would contribute to
further deepening of the link between traps, vulnerability,
and sustainability in the management of natural grass-
lands. Additionally, having more extensive series of data
would greatly contribute to deepening the identification
and characterization of the traps. Although remote sensing
techniques contribute in this way, availability of data does
not allow capturing the entire grassland history and de-
mands to be cautious in the interpretation of the results. In
the same way, that what happens with the productive his-
tory of the farmers, due to the fact that they do not have
systematized information of their evaluations, strategies,
and decisions.

4 Conclusion

This study shows for the first time that the decision-
making of the Uruguayan livestock farmers about the nat-
ural grassland’s management is determinate by poverty,
rigidity, and gilded traps. This adverse configuration fa-
vors the increase of its vulnerability and compromises its
sustainability.

Over-stocking is a strategy commonly used by many
livestock farmers to maintain their capital whether they
know or ignore the associated risks. However, a consid-
erable number of livestock farmers perceived their grass-
land productivity as higher than the productivity estimated
using empirical methods and that they could maintain
high stocking densities. These livestock farmers, who fail
to overcome the first phase of adaptation barriers and who
face severe traps, are more sensitive to drought. They
require, to a greater extent, concrete actions to end the
current adverse situation. As long as they maintain this
over-stocking strategy, their levels of vulnerability will
progressively increase.

The efforts devoted to highlighting the advantages of
considering stocking density, a central management vari-
able, through public policies and dissemination strategies
remain insufficient to reverse historically consolidated
traps. In addition, differences between the perception of
livestock farmers and technical estimates of productivity
generate a new obstacle.
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This study advances our understanding of livestock
production systems of Sierras del Este and may be very
useful for decision-makers. Nevertheless, estimation of
ANPP, spatiotemporal variability to nutritional and har-
vest requirements, and the behavior of all these variables
in periods of drought, as well as that of the livestock
farmers’ strategies, decisions, and objectives, must be im-
proved. Among these aspects, the spatiotemporal scale
must be increased to plan farm management. Improving
these evaluations and the understanding of the traps that
constrain the livestock farmers’ decision-making process
is the key to not compromising the sustainability of
agroecosystems.
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