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Acronyms
AER

Spanish acronym for Agency of Rural Extension

AGB

Aboveground biomass

APN

Spanish acronym for National Parks Association

BGB

Belowground biomass

ES

Ecological services

FAO

Food and Agriculture Organization

FCM

Fuzzy cognitive mapping

FLR

Forest and landscape restoration

INTA

Spanish acronym for National Institute of Agricultural Technology

INTI

Spanish acronym for National Institute of Industrial Technology

LS

Livestock

NR

Natural resources

NRMS

Natural resource management systems

NTFP

Non-timber forest products

PEI

Spanish acronym for Institutional Strategic Plan (2005-2015)

PPOP

Spanish acronym for Provisional Permit for Occupation and Pasture

SAF

Spanish acronym for Secretariat for Family Agriculture

STM

State and Transition Model

SBD

Soil bulk density

SES

Social–ecological systems

SH

Stakeholders
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Summary
The forest is typically defined as a renewable wood source. Yet, high rates of
exploitation combined with excessive livestock capacity seem to reduce the chances for
appropriate forest regeneration, posing at risk its characteristic of self-renewable
source. The aim of this study was to evaluate the impact of livestock grazing on native
forests in northern Patagonia national parks in order to develop scenarios aimed at
improving Natural Resource Management Systems (NRMS) with relevance to system
sustainability. Therefore, soil properties, total plant biomass and botanical composition
were explored and used as sustainability indicators to compare grazed vs. un-grazed
areas in the last four years. Besides this, stakeholders’ perception was benchmarked as
a starting point to assess extensive management of livestock in Patagonia natural
forests. We made use of Fuzzy Cognitive Maps (FCMs) to capture the views of various
actors, such as livestock managers, organizations and institutions referents, park
guards, extension workers and scientists.
Areas un-grazed for 4 years have shown overall more positive trends with regards to
the properties investigated in this study.

Results of soil properties and total level of

biomass suggest a gradient of depletion along the assessment sites analysed.
Systematic analysis of the botanical composition revealed the presence of several nonpalatable invasive species dominating the environments. Structural indices of the FCM
tool revealed different degrees of thinking along the groups, showing more complex
thinking for scientists and institutional officers compared to other stakeholders. Most
groups also suggested the need to diversify the activities in one way or another, for
example identifying forest products less harmful for the environment, yet marketable
and profitable, to reduce present forest degradation. The need to build organized
networks, was also widely stressed. Although this concept was highly recurrent in many
groups, the implication related with it varied from group to group, for instance with
repercussion on the market or as an effective strategy to influence rural development
and policies at regional level. The use of FCM has proven to be highly beneficial to
acknowledge the necessities of forest users and of other parties.
Incorporating the data provided in this work might help improving natural resource
management system as well as developing policies that take into account several
stakeholders interest.
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1. Introduction
Forest ecosystems cover roughly one third of the global land area and are among the
most biologically rich and genetically diverse ecosystems on Earth (Köhl et al. 2015). An
ecosystem

is

a

multifaceted

composition

of

physical,

chemical

and

biological

components; this complex system remains in a healthy state if the system can maintain
the ecological equilibrium among its components (Reza and Abdullah, 2011). Along with
the green revolution, agricultural production has gained massive intensification and
expansion,

increasing

global

yields

substantially

to

meet

fast-growing

human

development needs. Yet anthropogenic disturbances are the prime stressors that affect
the

equilibrium

in

agroecosystems

through

creating

fragmentation,

ecosystem

sensitivity, loosening landscape connectivity and disrupting ecological integrity (Reza
and Abdullah, 2011). According to Horrigan, Lawrence & Walker (2002) these effects
include air and water pollution, soil depletion, and biodiversity reduction.
Reversing climate change is a major goal at a global scale and the topmost priority in
research and political agendas. With this regards tree planting remains the most
widespread application on restoration plans. Recently Chazdon and Uriarte (2016)
compiled a set of papers shedding light on natural regeneration of forests in the tropics
as a viable land-use approach. On the contrary, costly establishment of tree plantations
can instead be targeted in those areas where natural regeneration capacity is low and
where economic benefits derived from timber and non-timber products from plantations
meet the needs of local stakeholders (Chazdon and Uriarte, 2016).
These authors provide an exhausting overview of the ecological, economic, and social
dimensions of forest and landscape restoration (FLR). The study reports the urgent
need to re-establish systems such as forests and landscapes which may naturally
recover from previous shocks, and reveals that protection of existing reserves and
conservation areas is not sufficient to safeguard biodiversity or to provide the levels of
ecosystem services required by growing human populations (Harvey et al. 2008,
Chazdon et al. 2009, Houghton et al. 2015, Martinez-Ramos et al. 2016a, Chazdon and
Uriarte, 2016). Restoration of forests within landscapes offers multiple social, economic,
and environmental benefits that enhance lives of local people, mitigate effects of
climate change, increase food security, and safeguard soil and water resources
(Chazdon and Uriarte, 2016).
This study analysed and assessed the traditional extensive management of livestock
grazing on the Andean forests of northern Patagonia Lake District, Argentina. To
compare grazed vs. un-grazed areas in the last four years, direct-field data were
7

collected and compared through which information emerged with regards to soil
properties, botanical diversity and total plant biomass. Such characteristics were
selected in the first place due to their importance on the preservation and longevity of
the system, hence reflecting its sustainability; but also for practical reasons as to
regularly obtain data easy to handle and grasp, in order to improve current
management of natural resources (NR) and comply with environmental policies at
national and global level, referred here broadly as to conservation objectives.
Besides, the stakeholder perception was benchmarked as a starting point to assess the
productive strategy of livestock extensively grazing onto native forests. We used Fuzzy
Cognitive Maps (FCMs) to capture the views of the actors living in this environment, but
also of other stakeholders (SH) closely interacting with it: namely organizations and
institutions’ referents, park guards, extension workers and scientists. In order to
understand the complexity of social–ecological systems (SES), including farming
systems, semi-quantitative approaches for modelling them have been developed, based
on local knowledge (Özesmi and Özesmi, 2004; Vanwindekens et al. 2014). FCMs
provide with clear overviews of the system under investigation and may contribute to
the sharing of individual knowledge, to increase the understanding of a system, to
eventually re-design it and explore future scenarios.
Along with the increase in ‘sustainability-oriented’ policies at the regional and national
levels, the need to improve information systems of decision-making in natural resource
management has been emphasized (Astier et al. 2011). The use of FCM has proven to
be highly beneficial to acknowledge the necessities of the forest users and of the view
other stakeholder groups.
Upon this study the term sustainability takes the straight connotation of self-organizing
ability of a certain system. For instance, the forest regeneration rate has to be
synchronized with livestock rearing in given silvopastoral systems. Similarly, ecological
integrity can be defined as the capacity to support and maintain the balanced and
integrated ecosystem in a particular region (Karr and Dudley, 1981; Karr, 1996; Parrish
et al. 2003; Reza and Abdullah, 2011). However it is also considered as a capacity and
an indication of the degree of self-organization (Müller et al. 2000, Reza and Abdullah,
2011).
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1.1 Context description
Argentina is ranked eighth among the biggest countries of the globe. It comprises a
wide variety of climatic conditions, vegetation and topography and overall can be
grouped into four major eco-regions: the Andes, the North, the Pampas, and Patagonia.
The Andean region (Fig. 1) extends some 3,700 km (2,300 miles) along the western
edge of the country from Bolivia to southern Patagonia, forming most of the natural
boundary with Chile (Wallenfeldt et al. 2016). This region is commonly subdivided into
two parts: the Northwest and the Patagonian Andes, the latter contains zones of
deciduous Andean forests and, east of the Andes, of steppe and desert (Wallenfeldt et
al. 2016).

a
Fig. 1.

b

Map of the Southern Hemisphere (a.)(Encyclopædia Britannica 2016). Map of northern

Patagonia research site (b.)(Google)

Although the country as a whole is universally known for intensive agricultural crop and
meat production across the vast Pampa plains, others agroecological regions do not
offer suitable conditions for typical farming and livestock systems. For this reason
agriculture in the Andes remains challenging, and the crop yield are relatively low partly
due to uncontrolled climatic conditions (high wind speed and low temperatures) and
partly due to poor management. Whereas rearing livestock does not imply such major
challenges and animal feed is mainly provided by the natural forest. Approximately
from the end of the XIX century land clearings were made by means of slash & burn
practices as to give expansion to livestock keeping. From that on the forest suffered of
post-fire successional stages interacting with long-term livestock pressure. In fact, from
time immemorial pobladores originarios have inhabited the Andean forests of northern
Patagonia where keeping livestock as means of support and insurance represented their
core activity for subsistence. Over time their settlements had experienced several
difficulties, re-allocations and failed interventions from the institutions largely aimed at:
(1) restoring the natural resources and (2) improving livelihoods and incomes
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throughout diversification of the household activities (e.g. forestry, eco-tourism etc.).
In such a system, seasonal transhumance holds great importance as an approach
undertaken to maintain the dynamic equilibrium of nutrients and green cover in
silvopastoral arrangements. Due to high stocking rates and rapid human population
expansion together with limited land available, nowadays transhumance is hardly
accomplished. As a consequence, present systems might be incapable to deliver selfempowerment, (i.e. ensuring adequate regeneration rates to the forest environment)
and additionally they do not seem to be in accordance with environmental policies at
institutional level.

1.2 State of knowledge
Questions have emerged regarding how the resilience paradigm can be put into practice
to support environmental management (Gray et al. 2015). On top of that, the
application and operationalization of the concept of sustainability is a challenging task,
as the concept has become one of the vaguest paradigms of contemporary society
(Bosshard, 2000; Speelman et al. 2007). Presumably, to sustain itself, a system has to
be synchronized (in time and space) among its components: namely pasture, livestock
and trees need to be managed as to keep the nutrient cycle well balanced and provide
benefits

to

each

component.

Instead,

forest

regeneration

rate

appear

to

be

compromised by livestock rearing and grazing pressure. In the context of natural
resource management, understanding and evaluating the performance of complex
socio-environmental systems has become a challenge, and the design of more
sustainable alternatives is a driving need (López-Ridaura et al. 2002). An important
stream of sustainability-oriented studies is based on an agroecosystems approach
(Astier et al. 2011). Agroecosystems can be defined as resource management systems
aimed at agricultural or forest production (Astier et al. 2011). Some recent works in the
area of study delivered essential inputs within the conceptual framework of this
research. While Cardozo (2014) investigated social and productive organization of
productive establishments with livestock, considering its sustainability through the
analysis of their family dynamics, its position in the market and the management of
natural resources, Seoane (2016) puts more emphasis at the level of animal distribution
which could provide information about their behaviour, demography and space use, and
stresses the importance of looking at the relationships with the ecosystem they inhabit.
Nevertheless, from the literature available seems that no previous study refers to the
acquisition of direct-field indicators and local perceptions while linking them to the
framework of sustainability. To do so, soil properties, botanical composition and total
10

plant biomass were explored and used as sustainability indicators to measure and
compare areas grazed vs. un-grazed for four years. Overall the state of these complex
systems is believed to be at risk and therefore calls for an evaluation.

1.3 Purpose of the study

The objective of this study was to evaluate the impact of livestock grazing on native
forests in northern Patagonia national parks in order to develop scenarios aimed at
improving Natural Resource Management Systems (NRMS) with relevance to system
sustainability. The specific objectives are:
i. To capture the perceptions of community members and other stakeholders regarding
the state of the forest with livestock rearing within the national park.
ii. To explore and evaluate the impact of grazing analysing experimental areas previously
enclosed.
iii. To identify local strategies from different livestock managers on the grazing in forested
areas.

1.4 Research Questions

Two main research questions and related sub-questions arise:
1. What are the perceptions of community members and other stakeholders regarding the
state of the forest with livestock rearing?
a. Which components determine the sustainability of livestock rearing in forested areas?
b. What are the local strategies envisioned among different livestock managers and other
stakeholder on keeping livestock in forested areas?
1. What are the resulting impacts after four years without grazing?
a. What is the effect on botanical composition in grazed vs. un-grazed areas?

11

1.5 Hypotheses
1. Different stakeholders have dissimilar viewpoints regarding forest conservation and
livestock keeping. Depending on individual interests and arbitrary vision producers view
may differ substantially from forest park guards and institutions referents on the
presence or adequate level of livestock allowed in the natural forest.
2. Unregulated grazing may considerably reduce soil fertility, botanical composition and
diversity as well as total plant biomass, including C storage and CO2 sequestration.
3. Combining forest conservation objectives with livestock keeping is possible and may
find harmonisation by means of good management schemes and intentional land use
choices, time and space related (i.e. destinating part of the land to fodder production
and sown of native species, adjusting stocking rates & periods of the year where forest
is used for grazing).
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2. Material and methods
2.1 Theoretical Framework
To achieve the objectives above cited the systematic procedure proposed by
(Verschuren and Doorewaard 1999) was adopted and adapted (Fig. 2). Therefore the
whole research process consisted of three phases as follows:

o

Design phase

o

Data collection

o

Data analysis and conclusion

a

Proposal
Literature
Review
Methods
Design

Semistructured
interviews

Laboratory
results

b

FCM/Mental
Modeler
Direct-field
inquiry of
enclosed areas

Scenarios

Fig. 2. Research Framework (a.) (source: Verschuren and Doorewaard, 1999). Diagram of the research
process (b.) (Own source)

A research on the literature ranging from the year 2000 up to 2016 has been conducted
making use of several databases such as Web of Science, Scopus, Science direct,
Google scholar and the electronic database of the Wageningen University library.
Designing semi-structured interviews was the starting point of the second phase, on the
field, that overall consisted of two additional steps. On the one hand, knowledgeable
community members were initially identified throughout snowball sampling method;
however at early stages it was acknowledged that several key stakeholders had
fortnight gatherings with roundtable meetings about local development in rural areas,
therefore we finally captured their insights for the construction of mental maps. On the
other hand direct-field measurements of biophysical properties were also carried out
13

and integrated with qualitative material. Later two core research tools had been used to
analyse socio-ecological data gathered: namely FCM supported by the open-sourceavailable

software

Mental

Modeler

and

experimental

enclosures

with

standard

laboratory analysis for direct-field measurements. The results followed by scenario
development aimed for a sustainability evaluation of present smallholder farming
systems in the area of study.
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2.2 Case study
The work was conducted in the Lanín National Park, Argentina, where the presence of
gently mountainous landscapes allowed for development of endemic temperate forests
and unique habitats that naturally occur due to its specific microclimate.

Rainfall

gradients in this area play a critical role and range from 1300 mm to 1500 mm annually
coming from the Pacific Ocean on the west side and decreasing eastwards towards the
flat and arid Patagonian steppe. The assessment site of Campo Arriagada (40° 07’
58.54’’ S, 71° 27’ 09.46’’ O) was used as case study for this thesis research. The farm
is located Southwest of Neuquén province approximately 20 km far from the small town
of San Martin de los Andes and counts nearly 445 ha lying within the Lanín National
Park that in turn covers 412.000 ha (partially in Argentina and partially in Chile).
Livestock rearing is formally legitimated in the park with the exception of some
intangible areas. Previous works conducted in the study area delivered useful
background information on the characteristic vegetation. Besides, the presence of
experimental enclosures in the property allowed for comparison of grazed vs. un-grazed
areas through the measurement of indicators executed in this study. This part of the
fieldwork required two months (October-November 2016) of either weekly or bi-weekly
visits at the farm. Overall six different assessment sites were examined and named with
the

abbreviations

mentioned

below

(Fig.

3).

Each

assessment

site

contained

experimental enclosures that secured the vegetation from being grazed by livestock in
the last 4 years. For the sake of simplicity these were labelled using the abbreviation
“in” for inside and “out” for the grazed land (e.g. RC

in

vs. RC

out

for Roble-Caña).

Furthermore, the selected six assessment sites were visually displaying a gradient of
depletion that was systematically explored using a number of indicators for soil
properties, botanical diversity and total plant biomass, including C storage and CO2
sequestration as well as root accumulation in the upper 20 cm of soil. The first site,
roble-caña, was considered the reference state and consisted of associations between
bamboo and roble pellín trees, two endemic species. The second site investigated, roble
open, was also a forest of roble pellín surrounded by bamboo, but with lower tree
density, allowing the growth of pasture and herbaceous plants. The third site analysed,
the wetlands, was situated at the bottom of a valley and consisted of pasture land were
livestock was permanently grazing during our fieldwork. The fourth site, upper wetland,
was gently hilly and showed parts of bare soil. The fifth site, ñire meadow, was not far
from the previous one, thus showing similar properties, however with the presence of
ñire trees. In conclusion the last site was set out of the farm and appeared heavily
deteriorated with abundant woody species dominating the environment.

15

a

b

c

d

e

f

Fig. 3. The six assessment sites investigated visually displaying a degradation climax:
RC: Roble-caña (a), RO: Roble open (b), W: Wetland (c), UW: Upper wetland (d), NM: Ñire meadow
(e), FS: Forest steppe (f). (Own source)
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2.3 Fuzzy cognitive mapping

To better understand the dynamics of such a complex system, direct-field data
measured were integrated with qualitative pieces of information coming from a great
variety of local stakeholders. Series of workshops in the form of participative semistructured interviews and group discussions were thus performed delivering to the
study a key qualitative component in the form of fuzzy cognitive maps. Assuming that
different stakeholders have dissimilar viewpoints regarding forest conservation and
livestock keeping, it is believed that such arbitrary knowledge needs to be unfolded,
understood and considered when new institutional strategic plans are developed.
Using participative tools such as FCM tends to simplify the sharing of knowledge and
facilitates the process of capturing perceptions equally, yet making more visible those
key factors driving the system. The sample of people was first selected according to
their degree of closeness to the topic and using the common methodology of
snowballing, either visiting communities and technicians or inviting them at the agency
(see Appendix 2 for invitation letter template). However after learning that most of the
institutions and organizations had fortnight gatherings with roundtable meetings on
local rural development, we gathered them at the agency and encouraged to give their
opinions in a FCM workshop. Other groups were instead visited separately and overall
five workshops were accomplished. In this way an illustration of how producers
(livestock managers), scientists, extension officers, institutions’ referents and park
guards perceive the situation is represented. The generation of FCMs was obtained with
the open-source available software Mental Modeler (www.mentalmodeler.org).
FCMs delivered a diagrammatic representation that exemplifies a network of causal
relationships between elements in a certain system. The elements are defined as
concepts or nodes and possess values in the range of ±1 based on their degree of
influence according to each stakeholder interviewed. The connections between cited
factors were assigned with a positive or negative value ranging from a minimum
strength of (+/-) 0.25 for influence cited with no specific force or a maximum strength
of (+/-) 0.75 when the interviewee was highlighting the importance of the connection
with terms as“important’’, ’’essential’’, “central” etc. (Groumpos, 2010). The actors
were asked to give their general perception on the local silvopastoral system and to
express the causal relation between components interacting with each other as to find
crucial correlations. Workshops were divided in three main sessions: the map
construction, map presentation and the final group discussion.
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At the beginning of every workshop, the concept of FCM was introduced and a daily life
example, easy to understand, was illustrated. Occasionally, cards and figures were also
put in place to stimulate the actors. In some cases, key concepts were already given for
the FCM in order to activate knowledge and stimulate thinking (Goodier et al. 2010;
Jetter & Kok, 2014). The stakeholders were encouraged to follow a step-by-step
approach, starting with listing all the possible concepts, leaving at later stages their
interconnection with arrows and weights. After half an hour the groups presented their
FCM in a plenary session and feedbacks were successfully exchanged among the
participants.
Once the FCMs were created, an initial draft has been submitted in Spanish to most of
the stakeholders included, however without receiving major feedback. At later stages,
all mental maps were translated in English and edited using the software Mental
Modeler.

The

same

tool

was

also

employed

to

develop

scenario

analyses

(www.mentalmodeler.org/scenario). Based on stakeholders most emphasised concepts,
two main variables were selected among those ones having assigned values equal or
higher than 0.5 (≥ 0.5 or ≥ ++).
One by one these parameters were sequentially increased from an intermediate
strength of (+0.5) to the possible maximal value (+1) hence having ∆𝑃 = 0.5 and
changing in this way the model outputs as to fulfil sensitivity analysis. Additionally the
concerted action of two chosen variables was explored to develop truthful scenarios. As
for the case of individual variables, it was investigated the combination of the two at an
intermediate intensity (+0.5 or ++) and at their maximum intensity (+1 or ++++).
To define how sensitive model outputs are to changes in model inputs most approaches
examine the effects of changes in a single parameter value or input variable assuming
no changes in all the other inputs; a sensitivity coefficient can be used to measure the
magnitude of change in an output variable Y per unit change in the magnitude of an
input parameter value P from its base value P0 (Leffelaar 1999). The sensitivity index
SIPY can be defined:

SIPY = [Y(P0+∆P)-Y(P0-∆P)]/2∆P
Where 2·ΔP represents the difference between the highest and the lowest value of the
parameter in its range (Leffelaar 1999).
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2.4 Individual interviews

In some cases we carried out one-to-one interviews to understand the strategies of
different livestock keepers, representing two main classes of small-scale producers with
not only dissimilar land tenure rights but also diverse decisional and behavioural
aspects of land use. After preliminary questions on farm size, history and organization,
livestock management related with NR scarcity was explored. For this part of the
fieldwork an excel sheet served as a supporting tool (see Appendix 3 for an excel
template). Additionally we defined here the term strategy as an active, long-term
choice rather than a passive circumstance occasionally applied by livestock managers.

2.5 Indicator-based evaluation

The approach used to address main differences between areas experimentally enclosed
for 4 years (un-grazed) and that ones exposed to grazing, comprise of a quantification
of soil properties, botanical composition and total plant biomass , including C and CO2
sequestration and roots estimation in the upper 20 cm of soil.

2.6 Data collection and laboratory analysis
A number of composite soil samples of approximately 0.75 kg overall was gathered for
each of the six landscapes. Soil profiles (0-60 cm) were collected with an auger,
respectively at three points within each enclosure and at five points per open field
following the topography of the area. Afterwards all samples were air dried and sieved
through 2 mm mesh, stored at room temperature and analysed following standard
procedures. In addition a soil sample was collected using a ring (at 20 cm depth) twice
in every site to assess the difference in porosity inside and outside enclosed areas.
Later on samples were dried in a conventional stove at 105 °C and soil bulk density
(SBD) was calculated from dry weights.
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2.6.1 Characterization of the vegetation and soil cover

The composition of botanical species was determined following the criteria of Siffredi et
al. (2011). Furthermore it was compared with previous works in the region from Borrelli
et al. (2013). Their approach relies on visual estimation and is oriented at categorising
plant species according to their level of palatability (i.e. fodder species). Therefore all
vegetation encountered was marked as low, medium or high in palatability adapting
Siffredi et al. (2011) and Borrelli et al. (2013).
Classification of soil cover, defined as the plant proportion of covered surface related to
the area of soil occupied in its vertical projection axis, followed the local standard
methodology of Siffredi et al. (2011). Also this procedure is based on individual visual
assessment as it entails three discrete classes aimed at classifying the state of soil
cover as follows. Respectively, closed vegetation, where more than 65 % of soil is
protected; open vegetation, where dominant (or co-dominant) vegetation occupies a
range of 15-65 % of soil and sparse vegetation where the dominant plant biomass is
below 15% and visible signs of soil erosion may be evident.
Additionally, in the assessment site of the wetlands (W) a count of earthworms
populations within an area of 0,09 m2 at 20 cm depth was performed and compared
between the two areas (grazed and un-grazed) to give an indication of soil properties.
The extraction process was facilitated with hot mustard (15 ml/l) following standard
methods widely available on the literature (Singh et al. 2015; Gronstol et al. 2000).

2.6.2 Characterization of the root system
Using a plastic frame (30 x 30 cm2) the accumulation of biomass in the roots was
assessed for both grazed and un-grazed patterns. Samples within an area of 0,09 m2 in
the upper 20 cm of soil were collected and compared inside the enclosures and in the
outside surrounding environment (Fig. 4). Consequently in a sub-sample having area
0,03 m2 equivalent to one third (1/3) of the initial sample, the number of roots was
counted along the 20 cm, falling into four different intervals as follows: 0-5 cm, 5-10
cm, 10-15 cm and 15-20 cm. The count in the sub-sample excluded all fine roots. In
this thesis we expressed fine roots those ones having diameter smaller than 2 mm as
this characterisation has been commonly accepted in previous findings.
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a

b

Fig. 4. Pictures showing the initial sample collected with a standard plastic frame (a.), what remained
after removing the sub-sample through which roots count was performed (b). (Own source)

2.6.3 Carbon storage and CO2 sequestration

Using a stove at temperature T = 90 °C samples were weighted multiple times, at
intervals of 12 hours, obtaining three weight estimates (W1, W2, W3). Finally after 36
hours from the harvest, dry weights of all samples were obtained. Carbon mass was
calculated assuming a carbon content of half of the dry matter in different vegetation
stands is composed by carbon. Furthermore, knowing the molecular mass of CO2 these
values were then multiplied for factor 3,67 as 1 ton of C is the equivalent of 3,67
tonnes of CO2 overall expressing the quantity of CO2 sequestrated. Calculations were
applied in accordance with the work of Laclau, (2004).
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3. Results

3.1 Fuzzy cognitive mapping
Building on stakeholders’ perceptions seven FCMs were finally produced, each one
delivering a unique outline of their view on silvopastoral systems. All variables identified
by the groups were listed according to their frequency and divided into three categories
based on their degree of influence and arrow direction (transmitter, receiver and
ordinary variable). We summarise results of each stakeholder group model followed by
brief description of the key concepts that mostly emerged from their views.
Additionally for every FCM future scenarios are shown. Among the variables cited from
target groups, only two were selected to generate each scenario, and modelled around
∆𝑃=0.5 hence leading to different model outputs. Such variables were first maximised
one by one, yet also combined together to notice the effects of the concerted action of
the two on the given system.
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3.1.1 Forest users
The only map witnessing smallholders vision was provided by native Mapuche
community ‘Lof Cayun’ who expressed great awareness on the existing state of forest
depletion and consequently their effort as forest dwellers to pursue a more sustainable
development in obtaining raw forest materials without further worsening NR scarcity. A
general understanding on the unfeasibility of traditional productive strategies was
therefore underpinned and alternatives were considered; particularly they advocated
the urgent need to redefine and to market less-damaging forest products, namely NonTimber Forest Product (NTFP) that could reduce present forest degradation yet
nurturing a better living for the community as a whole.
Several activities and commodities were indicated. These could be commercialized both
at local and international market scale, for instance handcrafts such as bamboo and
rattan, harvesting of medicinal plants, tannins and essential oils, but also tree
nurseries, mushrooms cultivations and common pooled seed or fodder banks.
Regarding the FCM, several structural indices were calculated (Table 1). Overall, It
emerged that amongst all groups, they scored the highest value for the indicator C/N
that indicates the number of connections divided by number of variables (concepts).
This value though is inversely proportional to the level of connectedness, as the lower
the C/N score, the higher the degree of connectedness in a system (Özesmi and Özesmi
2004).
Fodder scarcity and invasive species of flora and fauna were particularly mentioned as
main threats for the system, having tremendous consequences on the integrity of
native forest (Fig. 5 ). According to their view maximising relevant components of the
system as sown of fodder and sown of native species could contribute in the restoration
of the system that once established might produce multiple benefits while reducing
dispersion of invasive species.
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+ 0.09

- 0.11

+ 0.17

+ 0.07

Amount of relative change

+ 0.07
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CO

IS

WA

FI

AW

Fig. 5. Illustration of FCM (a.), and scenario results (b.), depicted from the perception of small
livestock managers that use common pooled resources. In the FCM the symbols + and – indicate
positive and negative relations, respectively. The thickness of the lines is proportional to the strength of
the relation (0.25, 0.50, 0.75, or 1.00). Whereas, the scenario describes the relative change of states
of response variables after increasing strengths of influence for the two variables combined, Sowing of
fodder and Sowing of native species. PW: Producer wealth, CO: Community organization, WA: Water
availability, IS: Invasive species, FI: Forest integrity, AW: Animal welfare
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3.1.2 Park guards
Stakeholders monitoring protected areas (Lanìn national park) spoke as representatives
of the institutional body Administraciòn de Parques Nacionales (APN) that forms a
component of the Ministry of Environment. They addressed as relevant components
issues related with land tenure rights, unregulated livestock capacity and lack of
transparency in meat sale (Fig. 6). Thus to overcome current environmental damage,
concepts as update political agenda, organized networks, introduction of public
slaughterhouses and national park restrictions were emphasised during the workshop.
From the FCM emerged that they obtained the second largest score for number of
concepts identified as well as for number of transmitter variables, where the latter
shows that they perceive various external causes as drivers of the system (Table 1).
Besides the FCM, scenario analyses were simulated maximising the values of the two
variables organized networks and national park restrictions (Fig. 6.).

Inherently the

scenario reported a consequent reduction of free-range livestock from the system.
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Fig. 6. Illustration of FCM (a.), and scenario results (b.), representing the vision of the system from
representatives of the National Park Association (APN). In the FCM the symbols + and – indicate
positive and negative relations, respectively. The thickness of the lines is proportional to the strength of
the relation (0.25, 0.50, 0.75, or 1.00). While the scenario describes the relative change of states of
response variables after increasing strengths of influence for the two variables combined, organized
networks and national park restrictions. EM: Extensive management, FI: Forest integrity, PR: Profit,
MS: Meat sale transparency, PS: Public slaughterhouse, HE: Health
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3.1.3 Extension workers
Researches from the agency of rural extension (INTA-AER-San Martin) underlined some
of the concepts of major importance in the framework of silvopastoral systems: among
others land tenure, cultural value of NR and national park restrictions were the variables
more stressed and driving elements to tackle the roots of environmental issues linked
with regeneration.(Fig. 7). As for the park guards group, the high number of
transmitters shows that they perceive various external causes as drivers of the system.
From the calculation of main structural indices (Table 1), they totalised the least score
with regards to the map complexity, which indicates the ratio of receiver variables to
transmitter variables. In other words, such indicator is directly related with complexity
of system thinking. In general it was highlighted the need of considering three key
trajectories or dimensions to focus on as to work towards the former institutional
strategic plan (PEI 2005-2015). Specifically, environment health, social equity and
productivity were mentioned as pillars to work in dynamic equilibrium with each other,
to finally restructure present systems.
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+ 0.01

Amount of relative change
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b
PW
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AW
+
W
Fig. 7. Graphic representations displaying (a.) FCM from the view of the extension workers on the
silvopastoral system. In the FCM the symbols + and – indicate positive and negative relations,
respectively. The thickness of the lines is proportional to the strength of the relation (0.25, 0.50, 0.75,
or 1.00). (b.) Scenario describing the relative change of states of response variables after increasing
strengths of influence for two variables combined, land tenure and cultural value of natural resources.
PW: Producer well-being, FI: Forest, EM: Extensive management AW: Animal welfare
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3.1.4 Institutional officers
INTI representatives also provided their view on the silvopastoral system suggesting
several elements for diversification of the activities as main strategy to reduce and
reverse current trends of depletion. They pointed at the necessity of diversifying labour
through generation of off-farm employments such as direct selling of fresh produces,
confits or handcrafts to lessen the impact of grazing on natural forest. Their map
reveals that location and multi-income are central themes in the framework of forest
integrity and conservation objectives (Fig. 8). Several indices were computed from the
FCM showing that overall this group indicated the least number of concepts, yet they
recorded the highest value in complexity, being an indicator of complex system thinking
(obtained from the ratio between receiver and transmitter variables) (Table 1).
From the FCMs scenarios were simulated running two selected variables among the
ones brought by the group. Fodder availability and multi-income were modelled first
one by one and later in synergy, with the latter producing the following outcomes
(Fig.8).
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+ 0.07

+ 0.13

Amount of relative change

+ 0.11

b
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Fig. 8. FCM representing the view of institutional officers (INTI) (a.). In the FCM the symbols + and –
indicate positive and negative relations, respectively. The thickness of the lines is proportional to the
strength of the relation (0.25, 0.50, 0.75, or 1.00). Graphic representation of scenario (b.) describing
the relative change of states of response variables after increasing strengths of influence for two
variables combined, namely fodder availability and multi-income. PI: Producer income, PW: Producer
well-being, FI: Forest integrity.
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3.1.5 Secretariat for Family Agriculture (SAF)
This group addressed concepts and activities with influence on both forest and livestock.
They stressed the necessity of activities that generate multi-income, but also organized
networks and adequate facilities that sustain productivity and forest regeneration,
animal welfare and as a consequence their own wellbeing (Fig. 9).
In the FCM, several structural indices were calculated (Table 1). It was found out that
they also accounted for the highest complexity score, being an indicator of complex
system thinking, obtained from the ratio between receiver and transmitter variables.
Additionally, as for the group of forest users, this group scored the highest value for the
structural indicator C/N that indicates the number of connections divided by number of
variables (concepts). Nevertheless it is worthwhile to say that this value is inversely
related to the level of connectedness. The lower the C/N score, the higher the degree of
connectedness in a system (Özesmi and Özesmi 2004).
Scenarios were achieved simulating the combined increase of two variables mentioned
by the group, namely multi-income activities and organized networks, yet implying a
consequent negative influence on labour for producers.
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Fig. 9. Representation of perceptions (a.) and scenarios (b.), developed from the view of institutional
referents (SAF). In the FCM the symbols + and – indicate positive and negative relations, respectively.
The thickness of the lines is proportional to the strength of the relation (0.25, 0.50, 0.75, or 1.00).
Graphic Scenario simulation is describing the relative change of states of response variables after
increasing strengths of influence for two variables combined: multi-income and organized networks.
LA: Labour, FI: Forest integrity, FA: Family income, EM: Extensive management, AW: Animal welfare
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3.1.6 Scientists
A group of scholars whose work is strictly related to the topic under investigation had
totalised the most complex maps (Table 1). Higher complexity indicates more complex
systems thinking (Eden et al.1992; Özesmi and Özesmi 2004).
According to them natural forests systems are seriously shaped by anthropogenic use
(Fig. 10). They indicated that conservation might go along with productivity by means
of generation of knowledge, environmental policies and restoration initiatives such as
tree planting.
At this purpose they built a State-and-Transition model (STM) for the Nothofagus Ñire
forest system under silvopastoral use in northern Patagonia, with the aim to identify
management effects on the vegetation as the identification of risk phases from each
state enables early warning of degradation. The model can help to design management
practices to maintain the system within 'desired' states or conditions in the long term,
bringing together scattered information about long-term changes in the vegetation
(Rusch et al. submitted for publication).
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Fig. 10. Graphic FCM (a.) and scenario development (b.) from the view of the scientists group target.
In the FCM the symbols + and – indicate positive and negative relations, respectively. The thickness of
the lines is proportional to the strength of the relation (0.25, 0.50, 0.75, or 1.00).

The scenario

describes the relative change of states of response variables after simulating the combined increase in
strengths of influence for the two variables, generation of knowledge and environmental policies.
EM: Extensive management, PR: Profit, ER: Erosion, FI: Forest integrity, IS: Invasive species, CI:
Cultural identity, BD: Biodiversity.
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3.1.7 Social scientists
Social scientists reacted analysing the system with a fundamental diversification
between structural and non-structural variables. The first ones difficult to modify, the
second ones more incline to changes. (Fig. 11.) They suggested for example cultural
identity, land use and land tenure as structural elements relevant to the system;
whereas pointed at market relations and institutional relationships as more dynamic
non-structural variables prone to modifications. For this group such concepts are pivotal
to support a change for the better, sustaining endangered species of both flora and
fauna living in protected areas and reversing current trends of deterioration. From the
map several indices were calculated showing that they scored the least number of both
connections (C) and concepts (N) reaching the highest level of connectedness (Table 1).
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Fig. 11. FCM describing the view of social scientists (a.) In the FCM the symbols + and – indicate
positive and negative relations, respectively. The thickness of the lines is proportional to the strength of
the relation (0.25, 0.50, 0.75, or 1.00). Graph representation of scenario simulation (b.) describing
the relative change of states of response variables, after simulating the combined increase in strengths
of influence for the two variables market relations and institutional relationships.
WR: Water resources, PA: Protected areas, FI: Forest integrity, CI: Cultural identity, EM: Extensive
management,
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Table 1. Shows main structural indices obtained from calculations in accordance with (Özesmi and
Özesmi 2004). Complexity indicates the ratio of receiver variables to transmitter variables. Indicates
the degree of resolution and is a measure of the degree to which outcomes of driving forces are
considered. Higher complexity indicates more complex systems thinking (Eden et al.1992; Özesmi and
Özesmi 2004). While C/N indicates the number of connections divided by number of variables
(concepts). The lower the C/N score, the higher the degree of connectedness in a system (Özesmi and
Özesmi 2004).
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3.2 Individual interviews
We learned a number of strategies from different local producers representing two
classes of small-scale livestock keepers. The first pattern identified emerged from two
Mapuche communities interviewed; herdsmen belonging to this first category make use
of common pooled resources and their situation resembles Hardin’s ecological metaphor
of the Tragedy of the Commons. Their ‘strategy’ primarily aims for subsistence and
insurance, though meat sale in the informal market is often performed. However their
strict relation with nature and cultural value for natural resources fundamentally
distinguish their approach to the others encountered.
Another identified local strategy, was performed by individual producers having
temporary permits to occupy the land and to rear livestock (PPOP). Despite all, they
adopted seasonal transhumance practices and market-oriented choices related with
productivity and profit, maximizing earnings by means of sales and commercialization
of a broad variety of marketable products. (i.e. livestock, meat, bamboo, etc.).
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3.3 Indicator-based evaluation
Different results emerged in the analysis of the six assessment sites. For instance, total
plant biomass in grazed vs. un-grazed areas greatly differed among the different
assessment sites, in some cases accounting for differences of factor 4 or 5. On the
contrary, other sites reported the same values, displaying little or no variation in the
two patterns. Results from laboratory tests on a variety of soil indices also show
different trends according to the type of environment investigated (Fig. 12).
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Fig. 12. Graphical representation of main indices acquired from chemical laboratory analysis:
Soil pH (a.), Soil EC (b.), Soil Nitrogen (c.), C:N ratio (d.), Phosphorus available (e.) and Potassium
extractable

(f.) in all assessment sites. RC: roble-caña, RO: Roble open, W: wetlands, UW: upper

wetlands, NM: ñire meadow, FS: forest steppe. Grazed patterns are in orange while the un-grazed ones
are in blue.
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3.3.1 Characterization of the vegetation and soil cover

Fig. 13. Showing the first assessment site named roble-caña (RC)

The first assessment site analysed (named as RC, roble-caña) consisted of associations
between two endemic main species of the area under study, namely the bamboo
Chusquea culeou D. (caña colihue) was growing underneath trees of Nothofagus oblique
O. locally known as roble pellín (Table 2). Inside the circular enclosure of area 2.27 m2
a considerable layer of litter mixed with volcanic ash, of lighter colour, covered the total
soil surface, falling into the first category for soil cover classification, as close
vegetation. Individuals of Chusquea culeou (caña colihue) (1.2-1.5 m high) were
harvested as close to the soil surface as possible in order to provide truthful
aboveground

biomass

estimates.

Besides

this,

only

one

individual

of

anther

autochthonous species, namely Osmorrhiza chilensis (perejil del monte) was found in
RCin. Furthermore, to make a reliable comparison, outside the enclosure an area of the
same size of the enclosed site was measured and entitled as RCout. The assigned grazed
area appeared topped by understory litter 4 cm high, on average, covering the 15-20 %
of soil surface. A secondary layer was populated by same species of bamboos (caña
colihue) this time fairly grazed as low as 0.6 m high. Likewise, only one individual of
Osmorrhiza chilensis was growing under the litter layer and population density of newly
germinated Nothofagaceae trees was eventually assessed, counting overall 43 plantlets
in situ within a sub-sample of area 0,09 m2. Overall, soil cover in this case fell into the
second discrete class as open vegetation. The vegetation encountered in the first
assessment site comprised of all endemic species characteristic of the analysed area,
thus showing absence of colonization from exotic species in the botanical composition
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Fig. 14. Shows the second assessment site named roble-open (RO) due to
characteristic low tree density. In the figure is visible the enclosure from an outside
view.

Nothofagus obliqua (roble pellín) forests were also prevailing in the second landscape
examined (RO, roble open) (40.13446 ° S, 71.44999° O). However, this assessment
site was characterised by larger distances between trees of different ages (40, 80, 150
years old). The area previously enclosed (ROin) had area of 2,83 m2 on which a 3 cm
layer of litter uniformly covered the total soil surface. Several individuals of bushy
species (Berberis spp.) and of other herbaceous and grassy species were identified,
such as Osmorrhiza chilensis, Acaena pinnatifida, Trifolium repens etc. (Table 2). The
texture of the soil was relatively sandy with the uppermost 8 cm characterised by an
intense brown colour. Overall the vegetation density was high, leaving little amount of
soil uncovered, hence this assessment site was finally categorised as closed vegetation.
Instead, numerous grazed plantlets were found outside the enclosure (ROout) within an
area of equal dimension to that experimentally enclosed. The assigned area was
composed by the same plant species, nevertheless leaving wider portions of bare soil
(approximately 50% of the surface), thus classified as open vegetation. The vegetation
encountered in the second assessment site had mostly endemic species of the
environment that were growing in combination with or replaced by exotic species.
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Fig. 15. Showing the third assessment site named wetland (W) from outside the enclosure.

Productive wetlands, locally known as mallínes, formed the third type of landscape
investigated (W, wetland) in which were previously placed several circular enclosures of
area 2,83 m2. There (ROin), understory grass 20 cm high covered the total soil surface.
Amongst all, several individuals of shrubs (Berberis spp.), and perennials figured in the
enclosed area as well as Taraxacum officinalis, Juncus balticus (junco), Trifolium repens
(trebolblanco) etc. (Table 2) that were growing under a strata of dry grass which was
harvested and collected in different plastic bags in order to distinguish the species lying
underneath.
The soil profile showed a clayey-lime texture with traces of Iron (Fe) at 15 cm depth. In
the surrounding environment an area of the same size was measured, enclosed and
named Wout. The vegetation composition, in most cases vastly grazed to the ground
level, was also found to be poorer in palatability and of fodder species in comparison
with Win. Furthermore, it distinguished a reduced depth of root system due to the
presence of a compact layer of clay.
Regarding soil cover, in this case both sites (Win and Wout) appeared uniformly
populated and so were defined as closed vegetation. In the third assessment site most
endemic species disappeared from the characteristic environment and were replaced
with exotic species substantially changing the botanical composition.
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Fig. 16. Showing the fourth assessment site named as upper wetland (WU) from outside the enclosure.

Next to the wetlands another site (UW, upper wetland 40.13406 ° S, 71.45236 ° O)
was identified and investigated. This time the area previously enclosed was oval-shaped
and sized 48 m2 with a 5 cm layer of litter fall. While lush grassy species soft in texture
covered entirely the surface. Amongst all, 4 individuals of Ñire tree (Nothofagus
Antactica) were lying in the enclosed area (of which one was dead with no leaves left).
Beside, shrub-grass species were individuated such as the endemic Chusquea culeou D.
(caña colihue) and other exotic herbaceous and grassy species of Acaena pinnatifida,
Trifolium repens (trebolblanco) etc. (Table 2). Here, soil cover was classified as closed
vegetation. In the fourth assessment site most endemic species disappeared from the
characteristic environment and were replaced with exotic species substantially changing
the botanical composition.
Soil texture was sandy and loose in the first 20-30 cm, turning browner and more
compact in the range between 30-60 cm with traces of Iron (Fe). Outside, an area of
the same size of the enclosed one was measured, enclosed and named UWout. The
assigned area consisted of same plant species mentioned earlier, though covering a
wider portion of bare soil, (approximately 50% of the surface). The soil cover in this
case was defined as open vegetation. Several individuals of Berberis heterophylla
(calafate), Acaena pinnatifida, Taraxacum officinale and other grassy species were
individuated.
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Fig. 17. Showing the assessment site named Ñire meadow (NM) from inside the experimental
enclosure.

We labelled as site E the uppermost assessment site investigated in the property (NM,
ñire meadow, 40.13457 ° S, 071.45242 ° O), characterised by the presence of
autochthonous trees of Nothofagus Antarctica (ñire). The area previously enclosed
(NMin), of size 48 m2 was oval-shaped and sheltered by 5 cm of understory grass and
litter fall covering roughly 80% of soil surface. For this reason, classification of soil
cover was defined here as closed vegetation.
Three individuals of ñire trees were lying inside the enclosed area; several herbs of
Acaena pinnatifida, Juncus balticus (junco), Erodium cicutarium (Alfilerillo) etc. were
also acknowledged, as well as perennial grasses and shrubby species of Maytenus
chubutensis, Fragaria chioensis L. (frutilla) etc. (Table 2).
Soil texture was sandy without much consistency in the first 20-30 cm, switching to a
browner pigmentation and more compact structure in the in interval 30-60 cm, with
traces of Fe giving a red colour. Outside the enclosure (NMout) the soil was formed by
same botanical composition, though covering a much wider portion (anything between
70 and 90%) of soil unprotected prone to evaporation. The majority of the environment
was dominated by bushy species (Berberis spp.) followed by many individuals of
evergreen wild strawberry Fragaria chioensis L. Furthermore, perennial herbs of Acaena
pinnatifida, as well as perennial grasses of Trifolium repens (trebolblanco), Rumex
acetosella L. (vinagrigio), etc. were individuated. Overall, soil cover was defined here as
sparse vegetation. The vegetation encountered in this assessment site was missing
most endemic species from the environment and replaced with exotic species changing
the botanical composition.
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Fig. 18. Showing the assessment site named forest steppe (FS) from outside the experimental
enclosure.

Unlike previous areas evaluated the last one (named as FS, forest steppe 40.11.799 °
S, 71.40086° O) was set marginally outside the property. The landscape, once
dominated by autochthonous ñire trees (Nothofagus Antarctica), turned into harshly
arid prairies with circumscribed patches of natural forest. For this reason we describe it
as a forest turned into steppe, displaying a severe degradation climax. What is more,
the circular enclosure (FSin) having area of 2,83 m2 was found open at the moment of
harvest, therefore diversity between the two sampled areas was assumed to be little.
However, from a preliminary visit we estimated that it was subjected to browsing for a
period of two to three weeks before the data acquisition.
Inside, it exhibited several individuals of shrubby Acaena spp. Tribulus terrestris L.
(abrojo comun), Maytenus chubutensis, Mulinum spinosum Cav. (neneo) and of other
perennial herbs and grasses, richer in palatability such as, Poa ligularis (coiron poa),
Taraxacum officinale and Rumex acetosella L. (vinagrigio) (Table 2) that figured in the
enclosed area (covering approximately 60% of soil surface analysed). This suggested
an estimated classification of the soil cover as open vegetation. Soil texture was fairly
sandy with presence of abundant volcanic ash. Outside the enclosure (FSout) the area
was constituted by the same species previously mentioned, although covering a broader
portion of soil exposed, and overall classified as sparse vegetation. In the sixth
assessment site most endemic species disappeared from the characteristic environment
and were replaced with exotic species changing the botanical composition.
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Table 2. Shows main botanical species identified across the assessment sites analysed in this study. RC:
roble-caña, RO: roble open, W: wetlands, UW: upper wetlands, NM: ñire meadow, FS: forest steppe.
Grazed patterns are defined as “out” while the un-grazed ones are defined as “in”.

Species

Palatability

RCin

RCout

ROin

ROout

Win

Wou

UWin

X

X

UWout

NMin

NMout

FSin

FSout

X

X

t

Acaena pinnatifida R.

Low

X

X

Acaena splendens H.

Low

X

X

X

Acaena magellanica

Low

X

X

Agropyron
patagonicum
Berberis bruxifolia

High

X

X

X

X

Berberis heterophylla
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X
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X
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Medium
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X

X
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3.3.2 Roots count

Roots count was performed in a sub-sample having area 0,03 m2 for all assessment
sites (Fig. 19) showing after all higher accumulation of belowground biomass in the ungrazed experimental areas. As hypothesised, the pressure of livestock leads to
inhibition of the root length, therefore areas not being grazed in the last four years
show signs of recovery and overall more positive trends when compared to grazed
areas.

Fig. 19. Graph representations showing the accumulation of biomass in the root systems along all the
assessment sites. RC: roble-caña (a.), RO: roble open (b.), W: wetlands (c.), UW: upper wetlands
(d.), NM: ñire meadow (e.), FS: forest steppe (f.) Grazed patterns are in red while the un-grazed ones
are in blue.
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3.3.3 Carbon storage and CO2 sequestration
Carbon storage estimates were calculated from both vegetation stands and root
systems as well as in the soil (Fig. 20) exhibiting differences between un-grazed and
grazed areas. As such, it underlines the variation of biomass that would have grown
without protection in the given fenced areas, thus showing the net benefit of the
experimental enclosures.
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Fig. 20. Graph representing aboveground carbon storage (a.), belowground carbon storage (b.) and
soil organic matter (c.) in all the assessment sites under grazed and un-grazed conditions. RC: roble
caña, RO: roble open, W: wetlands, UW: upper wetlands, NM: ñire meadow, FS: forest steppe
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Table 3: Shows values for CO2 sequestrated in all assessment sites, respectively inside (in) and
outside (out) of the experimental enclosure. RC: roble caña, RO: roble open, W: wetlands, UW: upper
wetlands, NM: ñire meadow and FS: forest steppe.

CO2 sequestrated

[KgDM/ha]

Assessment sites

Aboveground CO2

Belowground CO2

RCin

15763

12437

RCout

3058

1427

ROin

2613

16311

ROout

612

20185

Win

3339

30583

Wout

1530

61982

UWin

40

24671

UWout

42

20389

NMin

28

12641

NMout

25

6321

FSin

9564

18554

FSout

13001

13049
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4. Discussion
One purpose of this study was to explore the viewpoints of a variety of stakeholders
and to develop scenarios aimed at increasing natural resources management systems.
Most groups suggested the need to diversify the activities in one way or another, for
example identifying forest products less harmful for the environment (NTFP) yet
marketable and profitable, to reduce present forest degradation. The need to build
organized networks, was also widely stressed. Although this concept was highly
recurrent in many groups, the implication related with it varied from group to group, for
instance with repercussion on the market or as an effective strategy to influence rural
development and policies at regional level. As hypothesised the FCM also revealed a
higher degree of complex thinking from some groups, as for scientists and institutional
officers compared to other stakeholders. What is more, disagreements were also found
on the adequate amount of livestock in forested areas, among the different groups,
providing conflicting opinions on the regeneration rate. We acknowledge that the
establishment of new plantlets for regeneration of the forest depends on numerous
variables. Under natural conditions there are several limitations for forest regeneration,
from the flowering stage until seedling establishment and survive (Jordano et al. 2008;
Soler et al. 2013; Peri et al. 2016). However, these limitations may be intensified in
those forests impacted by productive activities. (Peri et al, 2016)
Another objective was identifying main local strategies brought by livestock managers
with the assumption that by means of spatial and temporal adjustments is possible to
combine forest conservation with livestock. It has been found out that only one class of
producers adopted seasonal transhumance practices as to provide fallow land allowing
regeneration of plant species. While the majority of them make use of common pooled
resources and their situation resembles Hardin’s ecological metaphor of the Tragedy of
the Commons, leading to over-exploitation of resources (Hardin, 1968).
Areas un-grazed for 4 years have shown overall more positive trends with regards to
the properties investigated in this study. Our results suggest a gradient of depletion
along the assessment sites analysed, in accordance with Rusch et al. (submitted for
publication) which reported that Nothofagaceae forests with bamboo are considered the
reference state, with least anthropic intervention, and the state characterised by dwarf
shrub steppe with dominance of Acaena splendens was the most degraded state (Rusch
et al. submitted for publication). However our results did not show significant
differences, and therefore a time frame of four years does my not be sufficient to allow
full recovery. As such, this study does not reveal what time frame is required for
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acceptable levels of total biomass and self-regeneration of the forest and grassland. The
need to measure how different managements perform and recover over time (i.e.
measuring biomass at time t1, t2, tx) must be quantified and requires more investigation
to make proper management planning.
Systematic analysis of the botanical composition has revealed the presence of several
non-palatable invasive species dominating the environments. To cope with it the
generation

and

establishment

of

native

seed

banks

for

fodder

purposes

is

recommended. Changes in plant species can influence ecosystem nutrient dynamics by
a variety of mechanisms including biomass production, decomposition and nutrient
cycling (Solly et al. 2013, Hättenschwiler et al. 2005; Hobbie, 1992; Tilman et al.
1996). Soil organic carbon (SOC) is the most often reported attribute from long-term
studies and is chosen as the most important indicator of soil quality and agronomic
sustainability because of its impact on other physical, chemical and biological indicators
of soil quality (Reeves, 1997; Basso et al. 2006. Vice versa, maintaining abundance and
diversity of plant species with high levels of ground cover reduces soil erosion while
increasing soil organic matter. In light of this, the application of such experimental setups at larger scale would imply for instance a rotational system aimed at creating fallow
land that would eventually lead to the same or higher level of biomass reached inside
the experimental enclosures.
During the completion of this research several other limitations emerged in the
applicability of the methodology from the initial conceptual framework set up. We
acknowledge a certain degree of methodological error analysis with regards to the root
system count. As mentioned in chapter 2, root samples in the upper 20 cm of soil were
obtained using a (30x30 cm2) plastic frame; later sub-samples were derived dividing it
in three equal parts (3 portions, each 1/3). In this way sub-samples were systematically
extracted from the same side (right one) of the sample.
However this approach could have possibly hampered its representativeness because
broken roots coming from sample extraction (on-field) may have contributed to errors
in the root analysis. Belowground C allocation of plant litter and root exudation
commonly equals or exceeds aboveground litter fall C, making it one of the main yet
least well quantified C fluxes at the global scale (Davidson et al. 2002). Measuring root
primary production and root biomass, for instance, require the manual analysis of many
root samples from a known volume of soil, and to account for large spatial and temporal
variation (Nadelhoffer, 2000).
Another potential drawback entails the soil visual assessment subjectivity in delivering
reliable estimates. These biases, if adjusted, may unleash key knowledge to add on to
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the existing work and gain important insights. Nonetheless the research can serve as a
starting point to locally investigate the integrated management of complex silvopastoral
systems.
Instead, the perception of local stakeholders revealed complexities that need to be
carefully considered by policy-makers and planners. In current environmental policies at
national and global level one objective is to enhance protection of forest as to increase
its regeneration rate up to desirable levels, but what are the implications for forest
users? What is the impact at farm level? What consequential conflicts this may arise?
What policies can be developed?
Considering this, we recommend the importance to address in future studies what
implications such policies would have on forest users and livestock managers, in both
socio-cultural and economical terms, hence taking into account labour, productivity,
income, well-being etc. Incorporating the data provided in this work might help
improving natural resource management system as well as developing policies that take
into account several stakeholders interest.
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5. Conclusions

The aim of this study was to analyse the extensive management of livestock and to
evaluate its impacts on north Patagonia protected areas. In this research, soil
properties, botanical composition and total plant biomass were explored and used as
sustainability indicators to measure and compare grazed vs. un-grazed for four years.
Direct-field measurements were integrated bringing together the view of different
stakeholders. Our findings suggest that there is a general awareness on the lack of
forest regeneration and several elements were unravelled as main drivers and
contributors of the present scenario. According to a variety of stakeholders, securing
land tenure has proven to be an essential step to be taken to overcome current forest
depletion. This entails that long-term decisions and precautions are taken when the
land is owned. Also a general understanding on the unfeasibility of traditional
productive strategies was underpinned and alternatives were explored; particularly the
urgent need to redefine and to market less-damaging forest products was pointed out.
Non-Timber Forest Product (NTFP) could hamper present forest degradation yet
nurturing a better living for the community as a whole. Unregulated livestock keeping
has shown to damage forest resources generating soil infertility gradients and
obstructing natural forest regeneration rate. As such when conditions are favourable
seasonal transhumance should be maintained; alternatively rotational plans must be
designed and responsibly followed by livestock keepers.
We made use of Fuzzy Cognitive Maps (FCMs) to capture the views of various actors, as
livestock managers, organizations and institutions’ referents, park guards, extension
workers and scientists. The use of FCM has proven to be highly beneficial to
acknowledge the necessities of the forest users and of other parties, developing a
participative co-conception strategy that built up on the integration and exchange of
native know-how with tailored technical knowledge.
Finally coordination and integration between extension, development and research are
needed to manage forest sustainably. When regeneration of the native forest is
established and optimally managed it might provide multiple services at different scales
improving basic needs and livelihoods, to eventually generate long-term wealth for
many poor people living in forested areas.
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Appendices

Appendix 1. Fieldwork planning & structure:

1. FCM
The idea is to make common interviews and group discussions either inviting at
the agency groups of producers and Mapuche communities clustered according
to the livestock size and management they apply. In this way the process of
capturing their perceptions would be easier and quicker than individual
interviews, but also more difficult. By trying to make a questionnaire to the
INTA staff, I realized that in order to get the answers related with the scope of
the study I need to readdress several time the question. I got feedback and
insights from the staff (which I recorded and listened).

2. Experimental enclosures
Listed here are some possible indicators that we will collect in the next 3
weeks:
1.Producer perception
2. Other SH perception
3. Soil pH, soil nutrients, soil BD
4. % regeneration multi-strata (tree, undergrowth, etc)
5. species appearance & diversity
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Appendix 2. Invitation letter template:
Consulta AER INTA
En las próximas semanas nos interesaría armar un taller con los pobladores de la
Comunidad, particularmente con los productores ganaderos de la comunidad para
construir un mapa comunitario como herramienta participativa.
La fuerte relación y pertinencia establecida con la naturaleza entre las comunidades y
su territorio es un punto de inicio para definir la problemática ambiental. Sus
percepciones en cuanto conocedoras y usuarios del bosque son fundamentales. Esta
seria una actividad inicial para armar un proyecto de trabajo en la agencia de INTA
sobre usos del bosque. En particular en este primer encuentro nos interesa conocer:
-

Como la comunidad toman decisiones sobre el uso comunitario del bosque

-

Cuales dificultades se identifican como medio de vida del productor Mapuche
ganadero

-

Como creen que nosotros podemos aportar soluciones técnicas
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Appendix 3. Excel sheet used as a tool to support individual interviews with
small producers (livestock managers):
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Appendix 4. Illustrates estimated values of the measured indicators referred to
the areas experimentally enclosed (1) vs. areas exposed to grazing pressure (2)

Sampled

Type of

*Dominant soil

area

environment

(FAO)

2

**Soil BD

Soil pH

Soil EC

OM
3

[m ]

Soil

[g/cm ]

[%]

AG carbon

BG carbon

AG CO2

BG CO2

absorption

absorption

absorption

absorption

[dS/m]

(KgDM/ha)

(KgDM/ha)

(KgDM/ha)

(KgDM/ha)

A1

Roble- caña

Andosol

0,87

8,5

6,29

0,18

4295

3389

15763

12437

A2

Roble- caña

Andosol

1,03

7,9

6,43

0,16

833

389

3058

1427

B1

Roble open

Andosol

1,56

5,0

6,54

0,21

712

4444

2613

16311

B2

Roble open

Andosol

1,56

5,0

6,07

0,35

167

5500

612

20185

C1

Wetlands

Histosol

1,18

8,6

6,04

0,08

910

8333

3339

30583

C2

Wetlands

Histosol

1,51

9,6

6,01

0,08

417

16889

1530

61982

D1

Upper wetland

Histosol

1,22

10,8

5,93

0,13

11

6722

40

24671

D2

Upper wetland

Histosol

2,18

10,8

5,88

0,15

11

5556

42

20389

E1

Ñire meadow

Andosol

1,31

6,7

6,36

0,08

8

3444

28

12641

E2

Ñire meadow

Andosol

1,87

6,7

6,34

0,06

7

1722

25

6321

F1

Forest steppe

Andosol

2,18

5,1

6,46

0,03

2606

5056

9564

18554

F2

Forest steppe

Andosol

2,22

5,1

6,46

0,04

3542

3556

13001

13049

* FAO (1971)
** Values of Soil Bulk Density (Soil BD) were intentionally taken out from the results in the manuscript
because of values higher than reported thresholds. Main causes that led to some degrees of distortion
are to be attributed to the initial use of a non-standard stove that may have compromised the samples.
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Appendix 5. Scale of guiding values to qualify soil samples from the region of North

Patagonia
Conductividad eléctrica (dS/m)
(Suspensión-relación
1:2,5)
No salina

0-1

Levemente salina

1-2

Medianamente salina

2-4

Muy salina

2.1-4

suelo/agua

Source: adapted from FAO

Nivel

Materia
Orgánica
(Wakley
Black)

Nitrógeno
total
%

%

Fósforo
disponible
(Olsen)

Potasio
Extractable
ppm

ppm

Bajo

<3.5

<0.1

<10

<50

Medio

3,5-6

0,1-0,3

10-25

50-100

Alto

>6

>0.3

25-50

>100

Excesivo

-

-

>50

-

Source: elaboration based on local information of North Patagonian soils
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(relación
1:2,5)

suelo/agua
pH

extremadamente ácido

<4,5

muy fuertemente ácido

4,65,0

fuertemente ácido

5,15,5

moderadamente ácido

5,66,0

levemente ácido

6,16,5

muy levemente ácido

6,66.9

neutro

7,0

muy levemente alcalino

7,17,3

levemente alcalino

7,47,8

moderadamente alcalino

7.98.4

fuertemente alcalino

8,59,0

Muy
alcalino

>9,0

fuertemente

Source: USDA
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Appendix 6.
Table 3. Reported values of above and belowground biomass of all assessment
sites calculated in [KgDM/ha]
Aboveground

[KgDM/ha]

Biomass
Assessment

Aboveground

Aboveground

Aboveground

sites

Biomass

C stored

CO2 stored

A1

8590

4295

15763

A2

1667

833

3058

B1

1424

712

2613

B2

333

167

612

C1

1820

910

3339

C2

834

417

1530

D1

22

11

40

D2

23

11

42

E1

15

8

28

E2

13

7

25

F1

5212

2606

9564

F2

7085

3542

13001

Belowground

(KgDM/ha)

Belowground

Belowground

C stored

CO2 stored

Biomass
Assessment
sites

Belowground
Biomass

A1

6778

3389

12437

A2

778

389

1427

B1

8889

4444

16311

B2

11000

5500

20185

C1

16667

8333

30583

C2

33778

16889

61982

D1

13444

6722

24671

D2

11111

5556

20389

E1

6889

3444

12641

E2

3444

1722

6321

F1

10111

5056

18554

F2

7111

3556

13049
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Appendix 7. Aerial view of vegetation stands in the region of study.
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