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RESUMEN

El territorio uruguayo forma parte de una region de pastizales templados de gran
importancia mundial. A pesar del avance de la agricultura y la forestacion, los
pastizales nativos y las pasturas perennes implantadas aun dominan el area,
especialmente en Uruguay y la subregion de la Pampa inundable. Esto se debe a que
la ganaderia continda siendo una actividad econdmica relevante que ocupa la mayor
parte del territorio del pais. La biodiversidad en los sistemas ganaderos es de gran
importancia para la conservacion de los ecosistemas y la produccion sostenible de
alimentos. La Alianza sobre Evaluacion Ambiental y Desempefio Ecoldgico de la
Ganaderia (LEAP) ha desarrollado guias con métodos de evaluacion que incluyen
indicadores para monitorear el estado del ecosistema y mitigar los impactos
negativos de la ganaderia en la biodiversidad. El objetivo de este trabajo es evaluar la
aplicacion de la guia LEAP Biodiversity and the livestock sector. Guidelines for
guantitative assessments en seis casos de estudio en Uruguay y ofrecer un analisis de
la metodologia utilizada y recomendaciones para su implementacion por parte del
sector. Los resultados de la aplicacion de los indicadores muestran una gran cantidad
de biodiversidad silvestre que utiliza sistemas de pastoreo basados en pastizales
nativos como hébitat y la aceptable integridad de estos ecosistemas. Sin embargo, se
destaca que su aplicacién puede resultar costosa en términos de tiempo, capacidad
técnica y recursos econdémicos, dependiendo de factores como la disponibilidad de
informacion oficial, aspectos culturales o personales que pueden influir en las
respuestas de los productores, el tamafio de los predios, el nivel de registro de datos,
asi como las metodologias de muestreo y los grupos bioldgicos seleccionados. Se
concluye que la aplicacion de la guia LEAP puede ser una herramienta util para
evaluar la biodiversidad en los sistemas ganaderos y a traves del analisis de los
indicadores propuestos, promover la conservacion y produccion sostenible de
alimentos. Se sugiere que su implementacion puede tener un impacto positivo en la
gestion de los sistemas ganaderos, facilitando el monitoreo a largo plazo y
fomentando la busqueda de alternativas de manejo mas sustentables.

Palabras clave: biodiversidad, ganaderia, pastizales, guia LEAP
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USE OF LEAP-FAO GUIDELINES TO ASSESS BIODIVERSITY IN
LIVESTOCK SYSTEMS IN URUGUAY

SUMMARY

The Uruguayan territory is part of one of the most important temperate grasslands
regions in the world. Despite the advance of agriculture and forestry, native
grasslands and perennial pastures still dominate the area, especially in Uruguay and
the floodplain Pampas sub-region. This is because livestock farming remains a
relevant economic activity that occupies most of the country's territory. Biodiversity
in livestock systems is of great importance for the conservation of ecosystems and
sustainable food production. The Livestock Environmental Assessment and
Performance Partnership (LEAP) has developed guidelines with assessment methods
that include indicators to monitor the state of the ecosystem and mitigate the negative
impacts of livestock on biodiversity. The objective of this work is to evaluate the
application of the LEAP guideline “Biodiversity and the livestock sector. Guidelines
for quantitative assessments” in six study cases in Uruguay, and to offer an analysis
of the methodology used and recommendations for its implementation by the sector.
The results of the indicators™ application show a large amount of wild biodiversity
using grazing systems based on native grasslands as habitat and the acceptable
integrity of these ecosystems. However, its application can be costly in terms of time,
technical capacity and economic resources, depending on factors such as
accessibility to official information, cultural or personal aspects that may limit
farmers' responses, the surface area of the farms, the level of data recording by
farmers, as well as the sampling methodologies and the selected biological groups. It
is concluded that the application of the LEAP guideline can be a useful tool to assess
biodiversity in livestock systems and, through the analysis of the indicators, promote
conservation and sustainable food production. It is suggested that its implementation
can have a positive impact on the management of livestock systems, facilitating long-
term monitoring and encouraging the search for more sustainable management

alternatives. Keywords: biodiversity, livestock, grassland, LEAP guidelines
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1. INTRODUCCION
El territorio uruguayo esta incluido dentro de los pastizales del Rio de la Plata,

una de las regiones de pastizales templados méas importantes del mundo (Paruelo et
al., 2007).

Una de las principales actividades productivas del pais es la ganaderia, que
ocupa 12,9 millones de hectéareas en sistemas puros y 2,2 millones de hectareas en
sistemas agricola-ganaderos (86 % del territorio nacional). De los 12,9 millones de
hectareas, el 87 % pertenecen a ambientes naturales y el 13 % a ambientes con
mejoramientos y siembra de algun recurso forrajero exotico (superficie que se
encuentra en aumento) (DIEA, 2021). Uruguay, como pais cuyo territorio estd
mayoritariamente dedicado a la produccion agropecuaria, debe procurar la
sostenibilidad de los sistemas productivos y la provisién de los servicios eco-
sistémicos que estos proveen.

La biodiversidad de plantas, animales y otros organismos vivos es esencial para
el bienestar humano a través de los diversos servicios ecosistémicos que brindan,
como son la produccién de biomasa, el ciclado de nutrientes, la formacion del suelo,
la fijacion de nitrgeno, la polinizacion, el control de plagas y enfermedades, la
regulacion del clima, entre muchos otros (Millennium Ecosystem Assessment, 2005).

La ganaderia se encuentra entre las actividades con mayor impacto en la
biodiversidad a través de la modificacién de los habitats naturales (por pasturas
sembradas y cultivo de alimentacién) y de las emisiones de gases de efecto
invernadero que contribuyen al cambio climético (Brazeiro et al., 2020, Mottet et al.,
2017, Gerber et al., 2013). Ademas, los manejos con alta intensidad de pastoreo se
asocian con efectos negativos como la erosion del suelo, la reduccion de las reservas
de carbono orgénico y la disminucion de la biodiversidad de plantas y animales
(Zhang et al., 2021, Pulido et al., 2018, Modernel et al., 2016).

Sin embargo, la ganaderia en ambientes naturales y manejada con altas
asignaciones de forraje puede tener también impactos positivos. La produccién
extensiva mantiene habitats de pastizales nativos que sustentan a un gran nimero de
especies silvestres y que proveen importantes servicios ecosistémicos (Brazeiro et
al., 2020, Modernel et al., 2016, Frank, 2005, Rook et al., 2004). El ganado no es



solo un usuario, también es un proveedor de servicios ecosistémicos dentro de los
cuales se encuentran el aprovisionamiento de alimentos, el mantenimiento de habitats
nativos para polinizadores que benefician a cultivos cercanos y el secuestro de
carbono en los pastizales (Scohier et al., 2013, Soussana et al., 2010). Para que estos
Impactos positivos sean tenidos en cuenta, es necesario cuantificar el impacto de la
actividad productiva y generar informacion cientifica valida en el ambito
institucional que pueda ser utilizada para comprender qué opciones de mitigacion
serviran para mejorar la sostenibilidad general de la produccion ganadera (Teillard et
al., 2016).

En las proximas décadas podria preverse una mayor demanda mundial de
productos animales, lo que ejerceria méas presion sobre la tierra y los recursos
(Bodirsky et al., 2015, Wirsenius et al., 2010). El sector ganadero enfrenta el desafio
de aumentar la produccion y limitar sus impactos negativos sobre la biodiversidad.

En respuesta a estas necesidades se cred la Alianza sobre Evaluacion
Ambiental y Desempefio Ecoldgico de la Ganaderia (LEAP), que ha elaborado guias
con una amplia variedad de métodos de evaluacion ambiental a diversas escalas
(global, regional y local). La guia LEAP, Biodiversity and the livestock sector.
Guidelines for quantitative assessments (FAO, 2020), plantea un conjunto de
indicadores que no solo monitorea el estado del ecosistemas y determinados grupos
taxondmicos, sino también las presiones que actlan sobre estos y las posibles
respuestas de los gestores del sistema productivo para mitigar efectos negativos.

El objetivo del presente trabajo es evaluar la aplicacion de esta herramienta
(LEAP Biodiversity Guidelines) para establecimientos en un conjunto de casos de
estudio en el sector ganadero de Uruguay. Ademas, se busca contribuir a la
valoracion ambiental de los sistemas ganaderos predominantes del Uruguay
(sistemas pastoriles) caracterizando el estado de los ecosistemas bajo uso pastoril y
algunos componentes especificos de su biodiversidad, mediante la aplicacion de
protocolos acordados internacionalmente como lo son las guias LEAP/FAOQ.

Como resultado de este trabajo se publicd el articulo cientifico “From theory to
practice: can LEAP/FAO biodiversity assessment guidelines be a useful tool for



knowing the environmental status of livestock systems?” (de Santiago et al., 2022),

del cual se presenta una transcripcion textual a continuacion.



2. FROM THEORY TO PRACTICE: CAN LEAP/FAO BIODIVERSITY
ASSESSMENT GUIDELINES BE A USEFUL TOOL FOR KNOWING THE
ENVIRONMENTAL STATUS OF LIVESTOCK SYSTEMS?

2.1. RESUMEN

La pérdida de biodiversidad es una preocupacion mundial, y la agricultura es uno de
los sectores econdmicos responsables de este impacto. La evaluacion de los
ecosistemas bajo la influencia de la produccion ganadera es fundamental para
conocer su integridad y capacidad para brindar servicios ecosistémicos. El objetivo
de esta investigacion fue evaluar la aplicacion de la guia LEAP/FAO para la
evaluacion cuantitativa de la biodiversidad en el sector ganadero a escala local (nivel
de predios) en un grupo de seis casos de estudio en Uruguay. Se utilizé un conjunto
de 20 indicadores, incluyendo siete temas clave: proteccion del habitat, cambio del
habitat, conservacion de la vida silvestre, especies invasoras, contaminacion y
biodiversidad acuatica, alimentacion fuera de la granja y conservacion del paisaje.
Los resultados muestran que la guia de evaluacién de la biodiversidad de LEAP
puede ser Util para caracterizar el estado de los ecosistemas bajo uso pastoril y
algunos componentes especificos de su biodiversidad, asi como para evaluar la
interaccidn del sistema de produccion con el medio ambiente y planificar la gestion
en consecuencia. Este trabajo también proporciona un analisis de la metodologia
utilizada y recomendaciones para facilitar su aplicacion por parte del sector. Los
resultados de la aplicacion de los indicadores muestran una gran cantidad de
biodiversidad silvestre que utiliza sistemas de pastoreo basados en pastizales nativos
como habitat y la aceptable integridad de estos ecosistemas. En promedio, los
predios estudiados, tienen el 83% de su ecosistema nativo con un valor de 3.5 para el
indice de Integridad Ecosistémica. En cuanto a la riqueza de los diferentes grupos,
hubo un promedio de especies de 112 plantas herbaceas, 48 plantas lefiosas, 48
aranas, 150 aves y 14 peces. El objetivo principal de este trabajo es ayudar en la
aplicacion més amplia de la guia, facilitando las decisiones sobre la metodologia, los

recursos necesarios y el apoyo técnico. Ademas, otro objetivo es mostrar la



importancia de los sistemas ganaderos basados en pastizales nativos para la
conservacion de la biodiversidad.

Palabras clave: biodiversidad; ganaderia; pastizales; guia LEAP

2.2. SUMMARY

Biodiversity loss is a global concern, and agriculture is one of the economic sectors
responsible for this impact. The assessment of ecosystems under the influence of
livestock production is essential for knowing their integrity and ability to provide
ecosystem services. The aim of this investigation was to evaluate the application of
LEAP/FAOQO guidelines for quantitative assessment of biodiversity in the livestock
sector at the local scale (farm level) in a group of six study cases in Uruguay. A set
of 20 indicators was used, including seven key thematic issues: habitat protection,
habitat change, wildlife conservation, invasive species, pollution, aquatic
biodiversity, off-farm feed, and landscape-scale conservation. The results show that
the LEAP biodiversity assessment guidelines can be useful to characterize the state
of ecosystems under pastoral use and some specific components of their biodiversity,
as well as assess the interaction of the production system with the environment and
plan management accordingly. This work also provides an analysis of the
methodology used and recommendations to facilitate its application by the sector.
The results from the application of the indicators show a great deal of wild
biodiversity that uses grazing systems based on native grasslands as habitats and the
acceptable integrity of these ecosystems. On average, farms have 83% of their native
ecosystem, with a value of 3.5 for the Ecosystem Integrity Index. In terms of the
richness of different groups, there was an average number of species of 112
herbaceous plants, 48 woody plants, 48 spiders, 150 birds, and 14 fish. The main
goal of this work is to help in the wider application of the guidelines by facilitating
decisions about methodology, necessary resources, and technical support. Moreover,
another goal is to show the importance of native grasslands-based livestock systems
for biodiversity conservation.

Keywords: biodiversity; livestock; grassland; LEAP guidelines



2.3. INTRODUCTION

Biodiversity is essential for ecosystem functioning and human well-being
through service provision, but the rate of species richness decline exceeds a hundred
times the estimated normal rate between previous mass extinctions [1]. One of the
main drivers of species extinction is habitat loss caused by human conversion of
natural ecosystems to other uses, mainly for producing commodities for consumption
[2]. Land use for animal production influences the earth system in a variety of ways,
including local-scale modification of the environment, affecting a wide spectrum of
issues (i.e., biodiversity, soil health, nutrient cycling, and the hydrology cycle) [3].
However, livestock systems differ in their impact and significance on biodiversity.
At one extreme, undisturbed habitats could be impacted by the conversion of primary
forests into pastures or feed crops [4-6]. At the other extreme, in places with a long
livestock history, many organisms have specifically adapted to habitats associated
with the presence of domestic herbivores, and they now play important roles in
maintaining permanent grassland habitats with high biodiversity levels, as in Europe
[7-10], America [11,12], Africa [13,14], and Oceania [15,16]. Occasionally,
livestock can play a similar ecological role to that of wildlife (i.e., bison in North
American rangelands [17]) or play important roles in seed dispersion [18].

Between these two extreme situations, a large number of impacts can be
described. Grazing can be a cause of erosion by trampling and changing the soil’s
physical and chemical properties, such as bulk density, moisture content, pH, and
nutrient content [19,20]. Overgrazing can also lead to biodiversity loss by degrading
plant community composition, diversity, and productivity [21]. Nutrient excess
caused by excretion or fertilization can alter the nutrient cycle, promoting habitat
changes [22], causing significant diffuse pollution by nitrogen and phosphorus [23],
and consequently eutrophication and acidification in both terrestrial and aquatic
ecosystems [24]. Acidification modifies species composition and the structure of
terrestrial ecosystems [25].

Biodiversity has an essential role not only for its intrinsic value but also for the
key role it plays in supporting ecosystem services that benefit human societies and

economies [26,27]. Anthropogenic environmental changes will continue to cause



biodiversity loss in the coming decades, with higher rates of species extinction that
could threaten the stability of the ecosystem services on which humans depend [28].
It is therefore important to assess the state of biodiversity in livestock systems in
order to monitor their current integrity and ability to continue providing ecosystem
services. However, biodiversity assessment has its difficulties due to its intrinsic
complexity (site specificity with different composition, structure, and function), scale
issues, and problems related to reducing biodiversity assessment to a single measure
or conservation objective [2]. Many quantitative indicators and assessment methods
have been developed to evaluate biodiversity, but it still presents considerable
challenges. Reaching an international consensus for the evaluation of the effects of
production systems is still a work in progress [27,29].

In this sense, the Food and Agriculture Organization (FAO) has promoted a
multistakeholder initiative that is committed to improving the environmental
performance of livestock supply chains (Livestock Environmental Assessment and
Performance; LEAP). The partnership integrates governments, the private sector,
non-governmental organizations (NGOs), and civil society organizations (CSOs),
which all identify the need for comparative and standardized indicators to switch the
focus of dialogue with stakeholders from methods to improved management
measures. The LEAP develops comprehensive guidance and methodology for
understanding the environmental performance of livestock supply chains in order to
shape evidence-based policy measures and business strategies [30].

Most of the LEAP guidelines recommend the use of Life Cycle Assessment
(LCA) as the main methodology for environmental assessment [31]. Although the
use of LCA in biodiversity assessment is considered a necessary trend [32] and there
has been some effort towards adapting the methodology [33], it is still difficult to
apply this complete methodology for biodiversity analysis at the local level [2]. This
is because biodiversity is site-specific, and LCA biodiversity impacts reports will
always be expressed in relation to a functional unit (e.g., per kg of carcass or live
weight), with no agreed metrics to standardize this assessment. For this reason,
although the LEAP biodiversity guidelines for quantitative assessment [2]

recommend several life cycle impact analysis (LCIA) models for regional to global



assessment, they propose that the most suitable approach for local assessments is to
use the Pressure-State-Response (PSR) indicators framework, which is based on
causality. Indicators are used to assess the pressure of human activities (e.g.,
pollution, habitat, and climate change) that lead to changes in the state of the
environment or the state of biodiversity (e.g., abundance, richness, or composition of
species, ecosystem degradation). This assessment promotes responses (i.e., decisions
and actions) from stakeholders (e.g., politicians and producers) aimed at achieving a
more sustainable state, either by mitigating the negative effects by taking measures to
reverse the damage or by conserving habitats and biodiversity [2].

The objective of this investigation was to evaluate the application of the
LEAP/FAQO guidelines for quantitative assessment of biodiversity in the livestock
sector [2] at the local scale (farm level) in a set of study cases in the livestock sector
of Uruguay. The focus was on the feasibility of using all the recommended
indicators, the selection of methodology, and the importance of interpreting the

results based on the assessment’s scope and goal.

2.4. MATERIALS AND METHODS
2.4.1. Study Cases

The investigation was carried out on six farms belonging to the Uruguayan
Federation of CREA groups (FUCREA). The study cases were randomly selected
from an anonymous database by some predetermined criteria: farms with a complete
bovine cycle (breeding cattle to fattening steers) and sheep production; three of them
with 100% of the native grasslands area; and the other three with a 25 to 30%
substitution of native grasslands by cultivated pastures. The selection of study cases
was carried out among full-cycle farmers so that all animal categories were present.
A previous analysis of the databases made by CREA showed that systems with
between 25 and 30% substitution of native grasslands by pastures represented a
common model of pastoral systems, and 100% of native grasslands were common in
traditional systems. Of the total number of cases in each category, the selected farms
were drawn. These cases represent the reality of Uruguay, where mixed systems

(cattle and sheep) are dominant, native grasslands are the base of pastoral systems,



and the most common intensification initiative is the incorporation of cultivated
pastures [34]. The farms are large-scale (2000 to 5000 hectares) and are located in
different areas of the departments of Salto, Rivera, Durazno, and Flores. The

localization of farms and productive characteristics are shown in Figure Al.

2.4.2. Set of Indicators

The LEAP guideline [2] provides a list of recommended biodiversity pressure-
state-response indicators addressing seven key thematic issues: habitat protection,
habitat change, wildlife conservation, invasive species, pollution, aquatic
biodiversity, off-farm feed, and landscape-scale conservation. Each of these includes
a number of quantitative and qualitative measures. In this investigation, the complete
list was applied, and in some cases, a single indicator was composed of multiple
variables or sources of information. It was because of the interest in evaluating more

than one possibility for applying the indicator.

2.4.2.1. Habitat Protection Indicators

Three indicators were included: (a) the inventory of wildlife habitats under the
farm’s influence, (b) the proportion of semi-natural habitats, and (c) grassland
restoration initiatives.

To construct these indicators, maps of the living environments were made,
which imply the spatial representation of the distribution of different communities in
each farm, employing photo-interpretation of satellite images and field validation.
The work was carried out using the free software Q-GIS (Version 3.16.12) [35] and
based on orthophotos from 2018-2019 with a resolution of 0.32 m per pixel available
for download in the Spatial Data Infrastructure of Uruguay [36]. Additionally, the
geographic information layer was used in the raster format “grassland cartography”
of Uruguay, where the country’s grasslands are classified, which is available on the
website of the Agriculture Ministry [37]. Grassland restoration initiatives were

identified through direct interviews with farmers.



2.4.2.2. Habitat Change

Four indicators were addressed: (a) soil erosion and soil erosion risk mapping
and management plans implemented, (b) the proportion of the area with degraded
soil, (c) the rate of habitat conversion, and (d) livestock density.

For the soil erosion and erosion risk indicator, a map developed by Carrasco
and Beretta [38] was used. The authors estimated erosion in 99 drainage basins in
Uruguay, analyzing and managing the information required by the universal
equations of soil loss (USLE/RUSLE) to predict the amount of soil loss due to runoff
in specific areas under certain management systems and crops [39]. The results were
presented in a geographic information layer in which each polygon was assigned to a
class. Each class identified by a color represents a range of soil loss in tons per
hectare per year [38].

Information about the state of soil degradation was obtained by applying the
Ecosystem Integrity Index (EII) [40], an environmental assessment tool whose main
objective is to assess the agro-ecosystem’s state in relation to an “optimum”
established for the ecoregion evaluated. This index has four dimensions, one of them
is the state of the soil, valuating the vegetation cover, evidence of erosion, and
predisposing conditions to degradation. A map was built for each farm that shows the
value of the soil component of the EIll for each paddock on a scale from 0 to 5. For
paddocks with values equal to or less than 3.5, it was analyzed which of the
characteristics evaluated were related to bad conditions.

The area or rate of habitat conversion was obtained from the environment map
by calculating the proportion of native grasslands that were transformed into
cultivated pastures, crops, forests, or dams. The density of cattle was related to the
carrying capacity of the pastures in order to indicate if there was an excess of cattle.
Stocking rate data were extracted from the farmer databases, which are periodically
updated and closed annually. Livestock values were expressed in livestock units
(LU), equivalent to an animal of 380 kg standard weight. For the carrying capacity of
the native grasslands, the reference was the value of the “safe stocking rate”
according to Saravia et al. [41], which establishes a reference for the number of

heads of cattle per hectare considering the soil type. The calculation of the carrying
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capacity of the cultivated pastures was carried out based on bibliographic data on

cultivated pastures’ yields and the cattle requirements [42,43].

2.4.2.3. Wildlife Conservation.

Three indicators were included: (a) actions promoting high-value conservation
species; (b) particular species with high conservation values; and (c) species richness
or diversity. This last indicator can include a lot of different groups and measurable
variables, which can turn it into a multidisciplinary assessment.

In the present investigation, the vegetal communities included were forests
(woody species richness and diversity) and herbaceous communities in reference
paddocks (richness, different strata cover rate, and community map). In the case of
fauna, spiders, birds, and fish were included.

A reference paddock was selected for each farm to evaluate the grassland
communities. A preliminary assessment of each paddock was carried out in late
2019, during which high-definition aerial images were generated using a drone and
the main plant communities to be characterized in subsequent samplings were
defined. The plant communities were recognized physiognomically based on the
density and height of the vegetation and according to the geomorphological
characteristics of the regions in which they develop, following Lezama et al. [44].
Vegetation surveys were carried out during the summer and spring of 2020 following
the phytosociological method [45]. Three sampling points representative of the
global variation present in the paddock were selected for each of the different plant
communities identified. At each sampling point, a 5 x 5 m plot was implemented, in
which all vascular plant species present were recorded and specimens of those
species that required observation under a magnifying glass were collected to be
identified later. A percentage of the aerial cover of each species was visually
estimated following the Braun-Blanquet [46] abundance scale for values under 5%
and in steps of 5% for higher values. The coverage of species in the lower stratum
was estimated using a 50 x 50 cm quadrant, placed at three different points within
each plot. Additionally, the height and number of strata were recorded, as well as the
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total coverage of each stratum. Each species was subsequently classified according to
its origin (i.e., native or adventitious) [47] and life form [48].

In the case of woody communities in native forests, the protocol for integrity
assessment of the REDD+ initiative was applied [49] on farms with more than 1% of
the farm area occupied by native forest. It included at least two transects per farm of
100 m long and 2 m in width. In these transects, species, the number of individuals,
and size categories were recorded, and the Shannon diversity index [50] was
calculated. Along the transect, five points were selected for seedling counting and
assessing the cover of herbaceous plants, mulch, and canopy cover using one-square
meter plots. In addition, to calculate richness, woody species were also recorded
during the application of the Ecosystem Integrity Index [40].

Arthropods were collected with two complementary techniques, pitfall traps
and aspirations [51]. Pitfall traps consisted of open-top plastic containers buried in
the ground slightly below the surface, which were partially filled with a preservative
solution (50% propylene glycol) to preserve the arthropods that fell inside [51]. One
reference paddock with native grasslands was selected in each study case, and in
those with cultivated pastures, one additional paddock with annual pastures was
selected. Traps were installed in each paddock in a 100-m transect, placing a pair of
traps every 10 m, separated from each other by two meters. The traps were installed
every season for one year and remained active for seven days; after that time, they
were removed and taken to the laboratory for later identification. Complementary
aspirations of the herbaceous layer were carried out using a modified garden vacuum
cleaner (g-vac). Ten sample units of 1 m? were taken close to each pair of traps
following the transect. Each sampling unit corresponded to one minute of aspiration,
and the samples were placed in bags with 70% alcohol duly labeled. The content of
the traps and aspirations was processed, and the collected arthropods were separated
for posterior identification. In this study, only spiders were taxonomically classified,
and the rest of the arthropods were preserved for future analysis. Spiders were
identified at the species/morphospecies level. Rarefaction curves were made based
on the number of samples, in order to estimate the efficiency of samplings. In

addition, a non-parametric estimator of species richness (Chao 1) and the Shannon
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diversity index [50] were calculated. These analyses were made with the software
EstimateS 9.1 [52]. The efficiency of both techniques was compared using the data
of the paddock (Farm 3, native grassland) with more spiders and species. Abundance
and species richness of spiders collected with g-vac and pitfalls were compared using
t-tests. The data were log-transformed because they did not approach a normal
distribution. These analyses were performed with the software INFOSTAT
(ver.2016) [53].

For bird sampling, as recommended by Gibbons and Gregory [54],
Mackinnon’s lists were used. They consist of visual and/or auditory records along
paths (not previously defined) where the observed species are recorded until reaching
a certain amount (15 in this case), then a new list is started where the already
observed species can be included again [55]. This methodology was applied in the
predominant environments of each establishment (native grassland, cultivated
pasture, and forest). The bird samples were carried out in three seasons (spring,
summer, and winter).

Species with high conservation values were identified for woody and
herbaceous plants, birds, fish (see pollution and aquatic biodiversity indicators), and
spiders based on the official Uruguayan lists of priority species for conservation
[56,57]. Actions implemented to promote these species were identified through direct

interviews with farmers.

2.4.2.4. Invasive Species

Two indicators were included: (a) a management plan in place for the control
of invasive species and (b) the presence and abundance of invasive alien species.

The invasive flora species present in the farms were recorded during the
application of the Ecosystem Integrity Index and with the lists of herbaceous and
woody species from the richness studies. Invasive fauna species were identified from
the bird and fish lists. The publications of Soutullo et al. [56], Brazeiro et al. [58],
and Proyecto REDD+ Uruguay [59] were used as references.
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Information about the existence of management plans for the control of
invasive alien species resulted from interviews with the farmers and the observation

of the management system and the applied practices.

2.4.2.5. Pollution and Aquatic Biodiversity

Four indicators were used: (a) management plan in place for the application of
ecotoxic agrochemicals; (b) nutrient management plan in place to rationalize
fertilizer application; (c) length/proportion of protected waterways; and (d)
ecological indicators of eutrophication or water quality.

Information on nutrient and agrochemical (herbicides, pesticides, veterinary
products, and fertilizers) management, including application following
manufacturers’ guidelines, safe storage, measures to avoid application in sensitive
habitats, and actions to minimize the risk of nutrient loss, resulted from interviews
with the farmers and the observation of the management system and the applied
practices.

Streams can be protected through livestock exclusion (e.g., fencing), edges, or
buffer strips. In the “riparian zones” component of the Ecosystem Integrity Index
[40], the width of the buffer zone of all the water courses of each farm was recorded.
The presence of fences was identified through satellite images and field surveys.

Fish were collected using electric fishing on two streams per farm in winter
and summer. Following the methodology proposed by Teixeira de Mello et al. [60],
50 pulses were performed in a 50-m section of each stream. Once the fish were
collected, they were euthanized with an overdose of 2-phenoxy-ethanol (5 ml.LY), a
technique approved by the Honorary Commission for Animal Experimentation
(CHEA). The collected individuals were fixed in 10% formaldehyde and transported
to the laboratory for further analysis. All individuals was classified at the species
level. The number of individuals captured were corrected following Texeira de Mello
et al. [60], estimating density (ind/m?) and fish biomass per square meter (BM, g/m?).
To avoid species abundance effects, rarefaction curves were generated with the
statistical package INEXT to calculate the observed and estimated richness, thus

making possible the evaluation of this sampling method’s performance [61,62].
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Finally, species richness, number of individuals, density, and biomass per square
meter were compared between seasons using a repeated measures ANOVA in the
free R software (version 4.1.3) [63].

At each site, physicochemical parameters of the water were measured using a
YSI 6000MS-V2 multiparametric probe (pH, conductivity, temperature, and
dissolved oxygen), Xylem Inc., Washington DC, USA. Additionally, water samples
were taken for subsequent nutrient analysis in the laboratory (total phosphorus and
total nitrogen). All physicochemical variables were compared between seasons using
a repeated measures ANOVA in the R software (version 4.1.3) [63].

2.4.2.6. Off-Farm Feed

Three indicators were included in this section: (a) an inventory of the off-farm
feed being used established; (b) traceability systems for feed stuff implemented; and
(c) the share of imported feed—total from areas that are certified/deforested/of high
conservation value.

Information about the composition and volume (weight) of the off-farm feed
and its production origin was obtained from interviews with farmers and searches for

information.

2.4.2.7. Landscape-Scale Conservation

Two indicators were addressed: (a) measures to promote connectivity
identified and implemented, and (b) landscape heterogeneity.

Information about the heterogeneity of the landscape was obtained from the
land use and land cover annual map 2019 of MapBiomas Pampa, Collection 1 [64].
Using the free software Q-GIS (version 3.16.12) [35], the map was cut with a buffer
area of 10 km around each farm and processed using the Landscape Ecology
Statistics (LecoS) plugin [65] to obtain the landscape proportion, largest patch index,
and effective mesh size [66,67] of each land use or cover (Forest Formation,
Forestry, Wetland, Grassland, Farming, Non-Vegetated Area). In addition, through
the interpretation of the environment maps, the physical elements that impede the
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mobility of organisms along natural corridors or habitats and the measures

implemented to overcome them were identified.

2.5. RESULTS

2.5.1. Habitat Protection Indicators

A geographic information system (GIS) was used to map the different natural
and modified environments of farms (Figure A2).

None of the properties are included in the National System of Protected Areas
of Uruguay (SNAP). The only protected environment with legal regulations is the
native forest [68]. None of the farms had degraded areas under restoration
management. Table 1 shows the percentage of semi-natural (densely vegetated
grasslands, sparsely vegetated grasslands, and native forests) and modified
environments (cultivated pastures, forestry, dams, and buildings) for each farm. The

dominant vegetation on all farms was grassland.

Table 1. Proportion of different environments in the studied farms (F).

Environment F1 F2 F3 F4 F5 F6
Dense vegetated grassland 76.5 66.5 66.1 46.4 63.8 65.2
Sparsely vegetated grassland 0.0 0.0 2.2 50.5 0.9 26.2
Cultivated pastures 0.0 29.1 25.1 0.0 32.1 0.0
Native forest 154 1.5 0.6 2.7 1.0 7.7
Scrubland 1.9 0.0 0.0 0.0 0.2 0.1

Dams 4.5 0.6 0.3 0.0 0.6 0.3

Buildings 0.6 0.4 0.7 0.1 0.4 0.1
Forestry 1.1 2.0 51 0.3 1.1 0.4

Total modified 6.2 32.0 31.2 0.5 34.2 0.8
Total natural 93.8 68.0 68.8 99.5 65.8 99.2

2.5.2. Habitat Change
Based on the study of Carrasco and Beretta [38], part of the soils of farms 3

(2%) and 5 (24%) (F3 and F5, Figure A3) would experience an average annual soil
loss of 7 ton/ha/year.

In farms 1, 2, 3, and 5, the proportion of area with values of the soil component
of the EIl lower than 3.5 was 2, 11, 6, and 15%, respectively. In farms 2, 3, and 5,
the lowest values for the soil component generally coincided with cultivated

pastures. The main reason for the Ell soil component rating drop in these paddocks is
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the proportion of bare ground recorded. In farms 4 and 6, there were no values lower
than 3.5 (Figure A4).

All farms with cultivated pastures (F2, F3, and F5, Figure A2) have a
management plan to prevent soil erosion. In all farms, direct sowing is used,
perpendicular to the slope. The buffer zones around the water courses or drains are
not sown.

According to the livestock holding capacity calculated for cultivated pastures
and the concept of “safe stocking rate” for native grassland [41], which establishes
references for each ecoregion of the country, farms 1, 4, and 6 were over the
sustainable carrying capacity of the farmlands (Table Al).

The habitat conversion area, for farms 1, 4, and 6, in which the forage base of
the productive system is based exclusively on native grasslands, had a substitution
area of only 6.2, 0.5, and 0.8%, respectively. Farms 2, 3, and 5, in which there was a
percentage of substitution of native grasslands for cultivated pastures, presented a
modified area of 32, 31, and 34%, respectively. Table 1 shows the proportion of

habitat conversion for each farm.

2.5.3. Wildlife Conservation
2.5.3.1. Flora

No special management or actions were implemented by farmers for the

conservation of tall grasslands, which is an endangered ecosystem and is the habitat
with the highest number of threatened species.

Abundant information was obtained for the selected groups of flora and fauna.
For the herbaceous vegetation of native grasslands, between two and four different
communities were recognized on each farm (Figure A5). These communities include
sparsely vegetated grasslands, densely vegetated grasslands, tall and densely
vegetated grasslands, and scrubland.

Results of the phytosociological surveys of these communities found a total of
104, 54, 138, 149, 119, and 114 species of vascular plants on farms 1 to 6,
respectively. The families with the highest species richness were Poaceae,
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Asteraceae, and Cyperaceae for farms 1, 2, 3, and 5, while they were Poaceae,
Asteraceae, and Fabaceae for farms 4 and 6 (Table 2).

Table 2. Richness of herbaceous vegetation.

Farm N° of Families N° of Species Most Species-Rich Families (N° spp.)
1 23 103 Poaceae (32) Asteraceae(25) Cyperaceae(11)
2 13 53 Poaceae (29) Asteraceae(6) Cyperaceae(4)
3 33 136 Poaceae (41) Asteraceae(26) Cyperaceae(14)
4 42 149 Poaceae (36) Asteraceae(23) Fabaceae(9)
5 25 118 Poaceae (30) Asteraceae(24) Cyperaceae(12)
6 31 114 Poaceae (32) Asteraceae(17) Fabaceae(8)

For Poaceae, the dominant species were Axonopus fissifolius (Raddi) Kuhim
(farms 1 and 2), Paspalum notatum Fliigge (farms 4, 5, and 6), and Andropogon
lateralis Nees (farm 3). For Asteraceae, Baccharis coridifolia DC. (farms 2, 4, 5, and
6), Vernonanthura nudiflora (Less.) H. Rob. (farm 1), and Baccharis trimera (Less.)
DC (farm 3). For Cyperaceae, Cyperus brevifolius (Rottb.) Endl. ex Hassk (farm 1),
Eleocharis dunensis Kuk (farm 2), Carex bonariensis Desf. Ex Poir. (farm 5),
Cyperus polystachyos Rottb. (farm 3), Carex phalaroides Kunth (farm 4), and
Eleocharis montevidensis Kunth (farm 6). For Fabaceae, Galactia marginalis Benth
(farms 2 and 5), Adesmia punctata var. sessiliflora Davyt and lzag. (farm 3),
Adesmia bicolor (Poir.) DC. (farm 4), Trifolium polymorphum Poir (farm 6), and
Adesmia sp. (farm 1).

A total of 13 herbaceous species considered a priority for conservation in
Uruguay were recorded across five of the farms, with farm 2 being the only one
where no such species were found (Table 3).

Overall, 18 exotic herbaceous species were found throughout the surveyed
paddocks of all farms, but most of them with average spatial coverage values below
1% in any given community. The only exception was Cynodon dactylon (L.) Pers.,
which was found to be very prevalent in farms 1 and 5, but mostly in farm 2, with
coverage values ranging up to nearly 75% in some plots and averaging 42% for one
of the communities. Incidentally, farm 2 had the lowest amount of plant families and
species out of the six farms by a considerable margin. The complete lists of species
and their relative coverage within each community are presented in Tables A2—AS8.
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In the case of woody native forest communities, 63, 41, 27, 55, 36, and 64
species of native trees were listed for farms 1 to 6, respectively (Table A9). Through
the REDD+ integrity assessment protocol, the richness, Shannon diversity index, and
soil and canopy cover (Table 4) were obtained for four farms that had more than 1%
of their area occupied by native forest. Farm 4 had two types of native forests,

riparian (F4.1) and ravine (F4.2), which were sampled separately.

Table 3. Priority herbaceous species for conservation recorded by farm (F).

Family Species F1 F2 F3 F4 F5 F6
Euphorbiaceae Acalypha senilis Baill. X
Apiaceae Ammoselinum rosengurttii Mathias & Constance X
Orchidaceae Bipinnula biplumata (L. f.) Rchb. f. X
Cyperaceae Carex uruguensis Boeckeler X
Poaceae Danthonia rhizomata Swallen X
Poaceae Digitaria cuyabensis (Trin.) Parodi X
Poaceae Digitaria eriostachya Mez X
Asteraceae Hypochaeris rosengurttii Cabrera X
Asteraceae Lessingianthus glabratus (Less.) H. Rob. X
Solanaceae Nierembergia calycina Hook. X
Solanaceae Solanum commersonii Dunal X
Euphorbiaceae Tragia incana Klotzsch ex Mill. Arg. X
Asteraceae Trichocline incana (Lam.) Cass. X

Table 4. Analysis of tree richness, diversity, and soil and canopy cover of native

forests.
. Shannon Average N_umber Soil Cover % Canopy
Farm  Richness Index of Seedlings  Herbaceous Shrubs and Mulch Cover
(Plants/m?) Plants  Tree Seedling
F1 23 2.15 30.3 8.9 12.0 88.4 83.6
F2 20 241 4.3 13.7 0.8 20.9 82.8
F4.1 28 2.84 12.3 32.5 17.6 50.7 81.2
F4.2 19 2.54 6.7 12.8 11 58.3 80.3
F6 33 291 7.2 24.1 6.0 62.2 80.5

Three woody species considered a priority for conservation in Uruguay were
recorded: Allophylus guaraniticus Radlk. on farm 4, Banara umbraticola Arechav.
On farm 4 and 6 and Pomaria rubicunda (Vogel) B.B. Simpson and G.P. Lewis on

farm 6.
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2.5.3.2. Fauna

In the spiders’ study, 13,406 individuals belonging to 28 families were
collected, among which the families Linyphiidae (17.5%), Philodromidae (13.7%),
Lycosidae (13.2%), Salticidae (9.7%), Oxyopidae (8.2%), Araneidae (7.4%),
Anyphaenidae (6.7%), Theridiidae (6.1%), Thomisidae (4.1%), and Hahniidae
(3.8%) were the 10 most abundant of the entire sample, representing 90.6% of the
total. One hundred and three species/morphospecies were identified out of a total of
3268 adults (Table A10). Table 5 shows the values of species richness and diversity
(Shannon’s index) of the studied paddocks. The sampling efficiency was similar in
all the sampled paddocks, and it was observed that all the species’ rarefaction curves

approximated the asymptote (Figure 1).

Table 5. Number of species and diversity (Shannon) of spiders present on each farm.

F: farm; NG: native grasslands; P: cultivated pastures.

F1 F2 F2 F3 F3 F4 F5 F5 F6

NG NG P NG P NG NG P NG

Species richness 50 47 36 59 33 46 52 31 36
Shannon diversity index 321 3.05 272 331 306 306 341 294 3.02
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Figure 1. Rarefaction curves of spider species based on the number of samples in
each paddock studied in the livestock systems of Uruguay. F: farm; NG: native

grasslands; P: cultivated pastures.

Significant differences were found in the number of spiders and the number of
species between collection techniques (t = 6.45, p < 0.0001; t = 6.49, p < 0.0001,
respectively; Table 6). Regarding the differences between the species recorded by
technique, more exclusive species were reported with g-vac than with pitfalls (Figure
2). In total, 59 species were recorded with both techniques. More individuals and
species of spiders were collected in the warm seasons, registering almost the same
number of species in spring and summer, although more individuals were recorded in

summer and 20 species were found exclusively in this season (Table 7).

Table 6. Comparison of the collection efficiency of two collection techniques used in

the natural grassland of Farm 3.

G-VAC PIT-FALLS BOTH
Number of spiders 2259 245 2504
Number of adult spiders 393 140 533
Number of species 42 34 59
Number of estimated species (Chao 1) 51.97 51.97 79.02
Shannon diversity index 3 2.81 3.31
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G-vac Pit-falls

Figure 2. A Venn diagram with the number of shared and exclusive spider species

among sampling techniques in the native grassland of Farm 3.

Table 7. Number of individuals and species of spiders collected per season using
pitfalls and G-vac techniques.

Season
Autumn Winter Spring Summer
Number of spiders 2350 3386 3323 4347
Number of species 43 53 67 68
Number of exclusive species 5 4 6 20

Two species of spiders considered a priority for their conservation in Uruguay
were registered: Mesabolivar tandilicus (Pholcidae) on farm 1 (only in native
grassland) and Aglaoctenus lagotis (Lycosidae) on farms 1 and 2.

The number of bird species recorded was 170, 148, 127, 132, 175, and 145
from farms 1 to 6, respectively (Table All). Of these species, 31 are considered a
priority for their conservation in Uruguay. Table 8 shows a list of them and their

presence by farm.
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Table 8. Priority bird species for conservation recorded by farm (F).

Species F1 F2 F3
Anthusnattereri (Ochre-breasted Pipit)
Aramusguarauna (Limpkin) X X
Bartramialongicauda (Upland Sandpiper) X X
Cairinamoschata (Muscovy duck) X
Calidrisfuscicollis (White-rumped Sandpiper)
Cariamacristata (Red-leggedSeriema)
Circus cinereus (Cinereous Harrier)
Cistothorusplatensis (Grass Wren)
Coragypsatratus (Black Vulture) X
Coscorobacoscoroba (Coscoroba Swan) X X X
Cranioleucasulphurifera (Sulphur-throated Spinetail) X
Cyanocompsabrissonii (Ultramarine Grosbeak) X
Cygnus melancoryphus (Black-necked Swan) X X
Donacospizaalbifrons (Long-tailed Reed-Finch) X X X
Emberizoidesherbicola (Wedge-tailed Grass Finch) X
Falco peregrinus (Peregrine Falcon)
Geranoaetusmelanoleucus (Black-chested Buzzard-eagle)
Gnorimopsarchopi (Chopi Blackbird) X
Limnoctitesrectirostris (Straight-billed Reedhaunter) X
Nothura maculosa (Spotted Nothura) X
Oreopholusruficollis (Tawny-throated Dotterel)
Paroariacoronata (Red-crested cardinal) X X
Pluvialisdominica (American-Golden Plover) X
Porzanaflaviventer (Yellow-breasted Crake)
Rhea americana (Greater Rhea) X X X X
Spartonoicamaluroides (Bay-capped Wren-spinetail)
Sporophilacinnamomea (Chestnut Seedeater) X
Sporophilaruficollis (Dark-throated Seedeater) X
Tryngitessubruficollis (Buff-breasted Sandpiper) X
Turdusleucomelas (Pale-breasted Thrush) X X
Xolmisdominicanus (Black and White Monjita) X X
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2.5.4. Invasive Species

Few invasive alien species were detected from several taxonomic groups. The
presence of herbaceous invaders such as Cynodon dactylon was recorded in all the
farms, Senecio madagascariensis Poir. in farms 1, 3, and 5, and Eragrostis plana
Nees. in farms 1 and 2.

Within the woody species, individuals of Gleditsia triacanthos L. were found
on farms 1, 2, 3, and 4, Populus alba L. on farm 1, Melia azedarach L. on farm 6,
and individuals of Pinus spp. on farm 1. Of these species, only G. triacanthos was

considered to have a high level of presence, corresponding to farm 1.
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Sturnus vulgaris, an invasive bird species, was recorded in farms 3, 4, 5, and 6,
and Carduelis carduelis on farm 3.

Invasive fish species were not detected in any of the analyzed streams.

Farms 1 and 2 had a management plan for the control of E. plana that consisted
of the application of glyphosate with a backpack, locally on the detected plants. Farm
2 also controlled G. triacanthos by cutting its trees, and farm 5 controlled S.

madagascariensis by managing the sheep stock.

2.5.5. Pollution and Aquatic Biodiversity

All farms apply phosphorus (P) fertilizers, and those with cultivated pastures
also use nitrogen (N). In all farms except F1, soil analysis is carried out before
fertilization, and a certain distance is kept from water courses to reduce the risk of
nutrient loss through leaching and run-off.

Herbicides were used by all farms, except F4, and all used veterinary products.
All farmers stated that the applications are carried out according to factory or
technical recommendations and away from water courses. Plastic waste and
packaging of agrochemicals and fertilizers are safely stored on all farms to be later
transferred to plastic recycling plants, except for those on farm 5 (F5), which are
taken to garbage dumps or burned on the farm because there are no recycling centers
in the area.

Fencing for livestock exclusion was only identified in some streams on farms 3
and 5. A stream was recorded on farms 2, 3, and 5 with a thin buffer zone (between 1
and 5 m wide). The other streams in all the properties had a buffer zone width greater
than 15 m.

2.5.5.1. Water Quality

Stream water quality parameters showed variability between farms and with
season (between summer and winter). Water temperature was significantly higher in
summer than in winter (F = 1160, p < 0.00001), while the concentration of dissolved
oxygen in water as well as the percentage of oxygen saturation were higher in winter
than in summer (F = 6.27, p = 0.04 and F = 25.01, p = 0.001, respectively). Water
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conductivity was significantly higher in summer (F = 6.59, p = 0.03), while specific
conductivity (corrected at 25 °C) did not show differences between both seasons.
Since conductivity is temperature-dependent, differences between summer and
winter are the result of water temperature and are not related to other environmental
factors.

Total nutrients in water showed lower p values with means of 27 pg/L in
summer and 15 pg/L in winter, and intermediate to high N values with means of 341
pg/L for summer and 533 pg/L in winter. Another important parameter that showed
high variability was dissolved oxygen, with lower values in the summer (Figure 3). It
Is important to highlight the low water quality of some streams. In summer, systems
F4.2 and F5.1 presented the highest values of total nitrogen (both with 706 pg/L) and
anoxia values of 1.24 mg/L (16.7% O saturation) and 0.62 mg/L (8.4% O:
saturation). Moreover, sites F2.1 and F3.1 presented hypoxia with 2.58 (31.0% O
saturation) and 3.12 mg/L (36.4% O saturation), respectively. Contrarily, site F6.2
presented oxygen supersaturation of 125.9% (9.36 mg/L). In winter, the maximum
values of total nitrogen were detected in F3.1 and F4.2, with 1384 and 743 pg/L
respectively. At this time, the sites F4.2 and F5.1 presented oxygen supersaturation
values of 117.7% and 134.8%, respectively.
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2.5.5.2. Fish Community

A total of 10,951 individual fish belonging to 13 families and 46 species were
collected in the summer and winter. The families with the highest species richness
were Characidae (34.8%), Cichlidae (21.7%), Loricariidae (8.7%), and
Heptapteriidae (6.5%). Considering the number of individuals, the family with the
highest abundance was Poecilidae (71.7%), followed by Characidae (18.1%), and
Cichlidae (4.9%) (Table Al12). The great abundance of the Poeciliidae family
corresponds to individuals of Cnesterodon decemmaculatus (7024 individuals)
collected at site F3.1, which is the stream with the lowest species richness, with only
six species combined in both summer (6) and winter (4).

Richness, number of individuals, density, and biomass were higher in summer
than in winter (Table 9). The difference in species richness between both seasons
corresponds to a higher richness per stream but strictly does not represent a higher
number of total species collected in the summer (43 species) than in the winter (41
species). The species exclusively collected in summer were: Ancistrus taunayi,

Gymnogeophagus peliochelynion, Hisonotus charrua, Oligosarcuso ligolepsi and
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Synbranchus marmoratus; during winter, there were: Characidium tenue,

Hyphessobrycon togoi, and Rhamdella longiuscula.

Table 9. Fish community descriptors for summer and winter.

. Summer Winter
Variable Median + SD Median + SD F p-Value
Richness 14.1+55 55+4.2 0.0131 0.91
N individuals 1295.8 + 2990.8 814.7 + 1397.1 0.8467 0.38
Density (ind/m?) 13.9+37.9 9.0+14.7 0.4013 0.54
Biomass (g/m?) 3.9+28 28+11.9 0.6069 0.45

The estimated species richness (via rarefaction) at the stream level was higher
or equal in eight of the eleven streams, following the general pattern observed.
However, F1.2, F4.1, and F6.2 showed an unexpected pattern with higher species
richness in winter. Moreover, Shannon’s diversity follows a pattern similar to that of
richness (Table 10). The ratio between observed and estimated species richness
showed a good performance of the sampling methodology. In summer, the observed
richness represented 85 + 8% of the estimated richness, while in winter there was a
higher dispersion of 83 = 17%. This higher dispersion is caused by site F1.2, where
15 species were observed and 31 were estimated during the winter. This estimation
could be affected by the low number of individuals representing many species since

53% of the species were represented by a single individual.

Table 10. Observed and estimated richness and Shannon diversity index for each

stream in summer and winter.

o o Farm F1 =) F3 F4 F5 F6
eason INCEX stream 1 2 1 1 2 1 2 1 2 1 2
Richness Ob_served 15 15 19 4 14 16 20 11 13 15 15
Estimated 19 31 20 4 22 17 20 13 13 21 18

Winter % 77 49 94 100 64 95 98 83 99 71 &5
Shannon Observed 7.11 8.77 10.38 1.15 4.75 10.87 523 6.89 3.55 10.90 9.55
Estimated 7.51 11.54 1150 1.15 5.04 12.49 530 7.90 3.62 13.32 10.72
Observed 18 5 19 6 21 10 17 14 19 16 10
Estimated 20 5 25 6 22 12 21 16 23 22 13
Summer % 90 91 75 100 93 82 81 86 83 73 77
Shannon Observed 8.00 4.05 9.85 1.15 11.97 542 8.32 9.39 4.39 11.21 6.60
Estimated 8.26 4.51 10.97 1.15 12.60 5.89 8.98 10.07 4.48 12.59 7.10

Richness
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The species Ectrepopterus uruguayensis, Hoplias argentinensis (ex. H.
malabaricus), Gymnogeophagus meridionalis, Gymnogeophagus rhabdotus,
Gymnotus omarorum, Corydoras paleatus, Rhamdia quelen, Otocinclus arnoldi,
Rineloricaria longicauda, Scleronema angustirostre, Astyanax jacuiensis, Ancistrus
taunayi, Hisonotus charrua, and Synbranchus marmoratus are priority species for
conservation in Uruguay, with the last three occurring only in summer. Analysis at
the farm level shows the presence of PSC in all farms (average 4); two of the sites
with poor water quality (F3.1 and F5.1) had the lowest number of PSC. It is worth
noting that farm F3 has the most deteriorated stream with no PSC (F3.1) and one of
the streams with the highest amount of PSC (F3.2) of all the systems sampled (Table
11).

Table 11. Presence of priority species for conservation in the different sampled sites
(1 and 2) in each farm (F).

F1 F2 F3 F4 F5 F6
Species 1 2 1 1 2 1 2 1 2 1 2
Ancistrus taunayi X X
Astyanax jacuiensis X X
Corydoras paleatus X X X X
Ectrepopterus uruguayensis X X X X X
Gymnogeophagus meridionalis X
Gymnogeophagus rhabdotus X X X X
Gymnotus omarorum X X X
Hisonotus charrua X
Hoplias argentinensis X X X X X X X
Otocinclus arnoldi X X X
Rhamdia quelen X X
Rineloricaria longicauda X X X X X
Scleronema angustirostre X X X X
Synbranchus marmoratus X X X
Total 5 6 6 0 6 5 4 2 5 5 3

2.5.6. Off-Farm Feed and Supplements

All the farms used grains and/or salts bought in the local market (a maximum
distance of 100 km from the farms). Although all foods are produced domestically,
some of them use foreign-sourced products in their composition, whose specific area
of origin cannot be traced. Farm 4 was the only one that used 100% national food

production and composition. In all cases, the use of off-farm feed was minimal; the
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grains were supplied only to calves for a maximum period of three months. Table 12

shows the inventory of off-farm feed used by farms, its volume, and its origin.

Table 12. Volume of off-farm feed used by farm (F) and its origin. PO: production

origin; 10: Ingredients origin; N: National; I: International.

Annual Food PO IO F1 F2 F3 F4 F5 F6
Grain
Rice bran (kg) N N 49,527
Corn DDGS (kg) N N 49,000 49,527 63,721
Whole grain corn (kg) N N 245,000
Protein concentrate (kg) N N/I 8496
Total grain 0 294000 0 99,054 0 72,218
Salts
Protein block (kg) N N/l 750 1000
Salt powder 9% Phosphorus (kg) N N/I 15,000
Protein salts 30% Protein (kg) N N/I 5000
Total salt 750 5000 1000 0 15,000 0
Total off-farm feed (kg) 750 299,000 1000 99054 15,000 72,218

2.5.7. Landscape-Scale Conservation

Habitat mapping around farms (Figure 4) shows the predominance of
natural/seminatural communities. In the case of farm 3, the farming area in the
surroundings is important, and forestry is an important land use in the landscape of
farm 1 (Table Al13). The dominant environment in the landscape around all farms

and the least fragmented is grassland (Tables A13—-A15).
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Figure 4. Landscape maps. F: farm. White lines show the perimeter of the farms.

The only identified element that could constitute an obstacle to the mobility of
wildlife between habitats were fences, but most species of fauna can cross them
without problem, with the exception of the Rhea americana (Greater Rhea). No

measures were identified to overcome this obstacle on any farm.

2.6. DISCUSSION
2.6.1. Habitat Protection and Habitat Change
These first groups of indicators include the regulatory framework and actions

adopted by farmers for conservation. indicators include the regulatory framework
and actions adopted by farmers for conservation. This is the result of the revision of
local and national regulations, which in the case of Uruguay are easily available, and
interviews with the farmers to learn about their action plans and measures taken
towards conservation. Although in principle it does not seem to have practical
difficulties, in each case of application around the world aspects of accessibility to
official information and a clear regulatory framework may condition the result. The

second aspect to consider is cultural or personal aspects that may limit the responses
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of farmers to questions about their actions and decision-making. In this sense, most
of the information could be obtained without difficulty for the six study cases.

For most of the indicator in these group (especially those that involved
mapping and area calculation), GIS layers were created. This was the end product of
several stages, starting with the clear definition of the study area, then an inventory
and delimitation of the different environments present on each farm, as well as their
management units. The incorporation of existing information for the study areas,
field validation, and the modeling of information obtained using other methodologies
such as the Ecosystem Integrity Index [40] followed.

It should be noted that although validation and field work were necessary for
almost all stages, both Uruguay and the region have a lot of open-access geographic
information (satellite) that improves and facilitates work [36,64].

The map made by Carrasco and Beretta [38] based on the USLE/RUSLE
model (widely used in Uruguay for land use and management plans, mandatory in
agricultural systems) [39] were very useful to identify the risk of soil loss by erosion
in areas with different uses. To identify existing situations of degradation related
more specifically to livestock management, the Ecosystem Integrity Index was a
useful tool [40]. By evaluating various characteristics related to the components:
vegetation structure, plant species, soil, and riparian zones, it allowed the collection
of a large amount of information for various indicators and served to distinguish
situations of degradation related to livestock management at the paddock level or
related to the management of cultivated pastures destined for cattle feeding.

The indicator that was the most difficult to monitor was “Livestock density”
since stocking rates and forage availability are very dynamic and variable measures
over time. For this study, only average values were obtained for the farm and not for
paddocks or environments, potentially hiding possible overgrazing situations. The
carrying capacity calculated for the pastures was carried out in a very simplified way
and based on bibliography due to the lack of particular data for each farm.
Furthermore, the “safe load” reference is a general value and is not useful for this
indicator, for which it is necessary or at least desirable to have more local data. The

amount of forage that is produced on each farm and even in the different
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environments within the farm is variable (due to the hydric and thermal regimes, soil
conditions, etc.) so the same stocking rate may imply a different supply of forage per
animal and therefore different grazing intensities [69]. In this sense, Soca et al. [69]
propose this as a tool to calculate the intensity of grazing, the control of the offer or
level of forage allocation (kg of dry matter (DM) per 100 kg of live weight). This
indicator is also very dynamic and variable at the paddock level and therefore
difficult to measure. An approximation could be a satellite estimate of the net
primary production (NPP) [70] divided by the average annual stocking rate recorded,

if possible per paddock.

2.6.2. Wildlife Conservation

This assessment requires qualified specialists and extensive field work.

Therefore, it requires a high degree of interdisciplinary work and relatively high
economic costs, requiring a careful analysis of the scope and the necessary
specialists.

Regarding the evaluation of the state of wild populations, in this study, the
criterion of incorporating representative classes of different phyla for the animal and
plant kingdoms was adopted. In this sense, vascular plants for the dominant habitat
(native grasslands) in reference paddocks and a list of species and diversity of woody
species in native forests were selected for the plant kingdom. In the animal kingdom,
a representative of terrestrial vertebrates (birds) and a representative of terrestrial
invertebrates (spiders) were selected. Although it is considered in another group of
indicators (pollution and aquatic biodiversity), fish were incorporated as vertebrates
to represent the aquatic ecosystem.

In relation to the protection of habitats for species with high conservation
value, some of them have legal protection. In this sense, the Uruguayan Law
prohibits logging (except for domestic use) and “any operation that threatens the
survival of the native forest” without authorization of the Agriculture Ministry [68].
This seeks the conservation of natural forests. Regarding fauna, hunting, capture, or
sacrifice of wild animals and legally protected species is prohibited [71].
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2.6.2.1. Birds

Birds are a good model for studying the state of ecosystems because there are
species that occupy all trophic levels. The high richness recorded is not surprising
since 90 species of birds inhabit the Uruguayan grasslands, to which the forest
inhabitants are added, a habitat that is normally present in the country’s farms (and
was present in all the case studies). Of these species, several are considered priorities
for conservation due to the significant decrease in their national population size, the
low natural effective density of their populations, and the loss of habitat [72,73].
Brennan and Kuvlesky [74] have suggested the population decline suffered by most
grassland birds in North America due to habitat loss highlights “a major conservation
crisis”. In Europe, between 1970 and 2000, 70% of grassland birds and other
agroecosystems’ “farmland birds” decreased in abundance [75], mainly due to
agricultural intensification [76]. In the grasslands of the Rio de la Plata, at least 22
species of birds that inhabit the pampas and campos are threatened, both on a
regional and global scale, and many others have decreased their population size
considerably [72,77,78]. Many of these species were recorded on the sampled farms.

With regards to the methodology for assessment, birds are mostly diurnal and
have identifiable vocalization, which facilitates their detection. In this study,
McKinnon lists [79] were selected because they are an efficient method for listing
most of the species inhabiting a certain area, independently of the environment, with
a reasonable approximation to the proportion of each species within the community.
Additionally, it can be done by less skilled observers, although it probably requires
additional time. The main disadvantage is that easily detected or less common
species’ proportions will be overestimated [54], which happens especially if large
lists are used. In our experience, the method turned out to be very efficient for the
detection of a large number of species with a reasonable sampling effort. In this
study, 15-species lists were used, which is a large number for environments where
the density of birds is low, such as pastures. The use of 10-species lists could
improve efficiency by reducing the time needed to finish each list and reducing the
overestimation of the proportion of common species and the underestimation of rare

ones.
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In tropical zones where richness is high, the sampling efficiency for point
counts and the bioacoustic method is high [80]. Other methods, such as line transects
commonly used in extensive open habitats, are very effective at determining
population densities, especially when distance sampling methods are used, but they
require very capable observers and a large sampling effort if knowledge of the
richness and diversity of large areas is wanted [54].

2.6.2.2. Spiders

Spiders were chosen because, as a mega-diverse group, they are excellent study
models for evaluating environmental impacts. They are the seventh group in species
richness within arthropods, with more than 50,000 species known worldwide [81],
and they are found in almost all terrestrial ecosystems and are generalist predators
that play a fundamental role as biological controllers of pests in agroecosystems, thus
providing an important ecosystem service [82]. The results obtained confirm spiders
as a very useful group as a model for conducting diversity surveys and evaluations in
grassland environments, such as cattle ranches, as has already been mentioned in
other studies [83,84]. Additionally, they are good study models for estimating
biological diversity, as well as for conservation and environmental quality as bio
indicators [85]. In recent years, the importance of this group has increased from a
biodiversity conservation point of view [86]. Even in Uruguay, there are already lists
of priority arachnids [57], and in the samplings, species that are on these lists were
found, generating more importance to the livestock grasslands of the region.

It is difficult to know which sampling technique is the most efficient and
easiest to use in diversity survey studies such as those required in the LEAP
guidelines. It could be considered that the use of complementary techniques, such as
those used in this study (g-vac and pitfalls), allows for a broader panorama of the
grassland spider community, recording ground and vegetation species. In this study,
the g-vac method collected three times as many specimens and more than twice as
many species as the pitfalls. These lower numbers in pitfall traps compared to other
techniques were recorded in other inventory studies with spiders [87]. Furthermore,

g-vac requires a much lower budget in time and money compared to pitfall traps
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[88,89]. The g-vac technique ensures that samples are not lost when taking them,
since the pitfall traps are exposed to rain or the actions of animals. However, pitfall
traps are highly recommended for diversity inventories [83], and this is because a
large percentage of adults are obtained, it is a measure of individual activity, and it
allows collection of spiders that live at ground level and are not recorded with other
methods (for example, in this study the spiders of the Lycosidae family were
collected almost entirely with pitfalls).

According to the rarefaction curves, the total number of samples used could be
considered efficient for this type of diversity survey with minimal effort. If the
number of samples is reduced in order to reduce costs and time, many species would
be lost, since with half the samples, between 10 and 15 fewer species are recorded in
some paddocks. When comparing the sampling dates, although the number of species
increases when working in the four seasons, clearly the summer period is much more
effective for carrying out surveys of spiders, and a greater number of species and
individuals are obtained than in the colder dates.

With the results obtained, if shorter times and reducing economic costs were
required, the recommendation is to carry out a survey only in the summer or on two
dates in the spring and summer, with the g-vac technique that allows obtaining a
large number of specimens and species in a short period of time.

Although some capture techniques, such as those used here, can be carried out
by people without previous training or experience, the identification of specimens at
the species level requires the participation of specialists in the subject [87].

A large number of specimens and species of spiders were obtained for this
study. The diversity values were high compared to other ecosystems in the region
[90,91]. Aglaoctenus lagotis (Lycosidae) and Mesabolivar tandilicus (Pholcidae)
were recorded (Table A10), two species considered a priority for their conservation
[57]. Both species were not recorded in large numbers, which may be due to the fact
that the techniques used are not adequate to collect them due to their lifestyle.
Mesabolivar tandilicus was found exclusively in native grasslands, which shows the

importance of conserving these environments.
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2.6.2.3. Herbaceous Species

The study of the flora and herbaceous vegetation of the native grasslands is
essential since they are environmentally important and the main feeding source of the
six farms in the study. Native grasslands are the dominant plant formation in
Uruguay, occupying 66% of the national territory [34]. They reside within the Rio de
la Plata Grasslands, one of the most important temperate grassland regions in the
world [92].

The sampled grasslands presented a great heterogeneity of communities and
different strata. Livestock influences the conservation of grassland diversity since it
can modify its structure and floristic composition [93,94]. Knowledge of the species
that comprise the community is essential to determining grazing management
strategies to prevent and control the degradation processes of this environment [95—
97].

The heterogeneity of the environment at the local scale (even at the paddock
level, such as those sampled) also contributes to the maintenance of the diversity of
some faunal groups, such as soil invertebrates, by providing different niches and
refuges [98,99].

Sampling native grassland herbaceous species in livestock production systems
is complex and requires the support of specialists since most species are grazed,
making their identification difficult.

Some of the surveys were carried out during the months of February and
March, which is not the optimal time to carry out a characterization of the flora since
many of the plant species are in a vegetative state or remain only in reserve
structures. It is recommended to carry out the surveys from October to December, a
period in which most of the species present reproductive structures that enable and
facilitate their identification. Ideally, a survey would include sampling in both
seasons, late spring/early summer and late summer/early fall, so as to coincide with
the two big flowering peaks of plants in this region and therefore obtain a more
complete record of all species present.

Being the basis of livestock feeding and therefore subject to grazing and animal

selectivity, the diversity conservation of this stratum represents a challenge. The
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priority species for conservation were recorded at low frequencies. Any conservation
strategy must consider aspects of palatability for livestock in addition to the

ecological conditions that favor them.

2.6.2.4. Woody Species

Forests host most of the world’s terrestrial biodiversity [100]. Although
Uruguay has a low forest area (about 5%) [34], these constitute the habitat for a large
number of plant species (136 tree species, 150 shrub species, and 120 fern species
have been identified) and animals (approximately 50% of mammal and bird species
are linked to the forest) [101] and provide valuable ecosystem services such as
climate regulation, carbon sequestration, water quality regulation, watershed
conservation, etc. [100-104]. Riparian forests are the most abundant type and form a
buffer strip along most of the country’s rivers and streams [101,105]. Forests also
provide important services to production systems, such as refuges and shade for
livestock [102,106].

To identify and reverse the causes of native forest deterioration and improve its
quality, Uruguay joined the REDD+ initiative that emerged under the United Nations
Framework Convention on Climate Change [107]. Among the many objectives of
this initiative, the development of a protocol for the evaluation of native forest
integrity is included. The REDD+ integrity assessment protocol was used for this
study as it involves the evaluation of multiple attributes to obtain an approximation
of the conservation status of native forests and allows the calculation of species
diversity indices. It is also a valuable tool to detect evolution over time and changes
due to management practices.

The richness of the studied farms is greater than what the transects were able to
capture, probably due to the number of environmental variants in the microsites.
Data recording during the application of the Ecosystem Integrity Index was
complementary and generated a broader record of the farms’ woody species richness.
Considering the proposed reference for interpretation of results [49], the richness,
soil cover, and canopy cover are considered good. However, the average number of

seedlings is variable within the farms, being good for farm 1 but intermediate for the
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rest of the farms. This is probably caused by the grazing effect, and it is a matter that
must be addressed since it could affect the renewal of the forest. Livestock systems
can generate impacts on native forests. Depending on management, cattle can alter
these ecosystems by affecting species regeneration, reducing herbaceous vegetation,
dispersing seeds of invasive exotic species, and generating erosion and soil
compaction [106,108,109]. Likewise, it has been shown that measures such as the
exclusion or control of livestock entry to forests by fences help to prevent these
damages or improve the conservation status of these ecosystems [106].

Although the area of native forests in Uruguay has increased in recent years
[110], they are undergoing degradation processes. Two of the biggest threats are
invasion by exotic species and agricultural expansion [101].

In future work, an increase in the number of sampling points should be
considered to capture the existing richness. In any case, one of the main objectives
should be the evolution of the sites sampled over time in order to evaluate the effect
of eventual interventions to improve the state of forests, not only in terms of richness

and diversity but also in structure.

2.6.3. Invasive Species

Invasive alien species are one of the main threats to biodiversity, they cause
extinctions, produce changes in the composition and functioning of ecosystems,
cause economic losses, and impact human and animal health [111-113]. Some of
these species were recorded in this work, such as Eragrostis plana and Gleditsia
triacanthos.

A recent study by Olivera and Riafio [109] showed that approximately 2.6% of
the native forest area in Uruguay is invaded by two of the most aggressive exotic
species present in the country, Ligustrum lucidum and Gleditsia triacanthos.

Invasive exotic herbaceous and woody species threaten the diversity of
grasslands and forests, and impact livestock productivity by reducing forage quality
(low palatability) and/or quantity [102,114-116].

Although a low incidence of exotic species has been reported in Uruguayan

grasslands with extensive uses [117], some hazardous invasive species were
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identified that represent a great risk to local species communities and populations
and can cause important economic and ecological impacts for Uruguay and the
region [109,116,118,119].

Livestock can contribute to the seed dispersal of invasive plant species
[120,121], but through grazing management, it can play a dual role with respect to
native grasslands invasions. Cattle generate direct damage to plants through
consumption; also, the intensity of grazing influences local resource availability
(space, water, light, nutrients, etc.) and can be used as a regulator of the competition
processes in grassland plant communities (altering vegetation structure and species
richness) [115,116,122]. Therefore, grazing management can favor or limit the
availability of resources for invaders, and consequently be used as a control tool, as
in the case of farm 5.

There were no problems in the identification of exotic invaders by specialists,
especially with the fauna and flora surveys carried out previously, but the ease of
identification of exotic invasive species by farmers depends on the taxonomic group,
on the information obtained through campaigns of recognition and control of these
species, and on the risk they represent for the production system.

Although some control measures were recorded, few of the invasive species
identified were under a management plan with strategic actions, a systemic view, and
multi-year planning. Managing biological invasions requires great effort and
economic resources that not all farmers have or are willing to provide.

In general, producers recognized only the most important or aggressive
invaders and controlled those that affect agricultural production, affecting direct use
values (e.g., forage or crop production). The loss or alteration of indirect use values
(regulating and supporting services, e.g., natural pest control, soil fertility, water
purification, etc.) or non-market-based ecosystem services by invasive species is
often overlooked or underappreciated because they are poorly understood [114].

It is important that producers know the invasive alien species present inside the
farm as well as in the surroundings and can predict the impact or consequences of
agricultural and livestock management decisions in order to prevent the invasion of

their production systems (especially related to flora).
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Regarding certain taxonomic groups or at scales that escape the control or
prevention of farmers, it is also necessary, as mentioned by Fonseca [118], to
establish coherent national and regional legislation and socio-environmental

education on the subject.

2.6.4. Pollution and Aquatic Biodiversity
2.6.4.1. Water Quality

Water quality monitoring allowed us to assess the effect of land use [123,124]

and detect differences between the streams studied and both seasons. The P
concentration of the streams analyzed showed generally good water quality, with
values lower than 25 pg P/L of total phosphorus (TP), which is the upper limit value
in the current regulations [125]. This limit is rarely exceeded in systems of low
intensity land use, such as extensive cattle ranching in Uruguay [126]. In the case of
N, most of the sites also correspond to low-intensity land use systems [126]. Two
streams presented values that can be considered as values corresponding to systems
between low and high agricultural intensities (>700 pg /L) [124,126]. Therefore, it is
necessary to pay special attention to the spatial and temporal variability of nitrogen
in these systems. In addition, the same systems that presented elevated nitrogen
concentrations in water also presented dissolved oxygen values that corresponded to
hypoxia-anoxia values or supersaturation values. The first case represents evidence
of a high organic matter load where decomposition processes outweigh oxygen
production, and in the second case, an excessive production of oxygen by the
primary producers [127]. These symptoms represent eutrophication processes, which
in the case of land uses with low nutrient application may be due to direct access of
livestock to watercourses, something that was observed in some of the sampled sites.
This can occur particularly in cases of hypoxia and anoxia, where the entry of
livestock, in addition to direct urine and feces, generates locally an important
removal of sediments, making organic matter available in the water column with the
consequent consumption of oxygen [128]. In addition, by increasing turbidity, the
entry of light for primary producers is prevented, again favoring oxygen

consumption. Situations of oxygen supersaturation correspond to systems with a high
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development of primary producers (mainly periphyton) due to the availability of
nutrients and clear water [127]. The sampling strategy allowed us to see the
importance of implementing the monitoring of physical-chemical parameters at
different times of the year, in accordance with other high frequency monitoring
strategies [123,124].

2.6.4.2. Fish Community

Fish play a fundamental role in the food web and functioning of inland water
systems and can affect nutrient translocation and predator-prey interactions in all
habitats, as they exhibit a great diversity of feeding modes and are generally the top
predators within the aquatic system [129]. Moreover, the analysis of fish community
biomass is considered a functional response of the system as well as an ecosystem
service [130]. The monitoring system used in this work proved to be effective,
allowing the capture of more than 40 species, including rare taxa, with the number of
species observed exceeding 80% of the estimated number of species. The sampling
strategy used has been previously validated when compared to monitoring systems
that involve a greater sampling effort, so it generates a lower impact on the system
[131]. Fish communities are used worldwide in biomonitoring programs to assess the
effects of land use due to the existence of species that are sensitive or tolerant to
changes in water quality and physical habitat modification [132]. In Uruguay, there
is clear evidence of different types of fish communities’ responses to different land
uses [130,133,134].

The systems analyzed presented a diversity of species similar to systems with
low impacted land use [60,131]. The results of the performed monitoring, combining
water quality and fish communities, showed coincidences between lower water
quality and a deteriorated fish community, with low species richness and dominated
by Cnesterodon decemmaculatus, a tolerant species and an indicator of
environmental deterioration [130,133,134]. The coincidence between poor water
quality and a deteriorated fish community indicates that the situation of
environmental degradation has been maintained over time since disturbances at a

specific moment in time do not generally affect the fish community.
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Another relevant aspect to consider in the evaluations is the presence of
priority species for conservation. In this study, the presence of priority species was
observed in all the farms, indicating the importance of maintaining the diversity of
these systems. On the other hand, it is important to mention that this list [135] should
be updated since it is almost 10 years old and there have already been taxonomic
revisions that have generated changes for our country (e.g., Hoplias malabaricus
change to H. argentinensis), as well as descriptions of new species that, based on
their restricted distribution and the interest of their use in aquarism, should be

included as priority species (e.g., Gymnogeophagus peliochelynion).

2.6.5. Off-Farm Feed

Given the globalization of agricultural supply chains, the environmental effects

of a livestock system can occur in multiple geographic areas [32]. The expansion of
croplands for livestock feed purposes can encourage deforestation, the removal of
wildlife habitats, and generate significant impacts on biodiversity and ecosystem
services by the replacement of high conservation value environments [26,136-138].

In this sense, the engagement of livestock farmers (and other stakeholders) who
use imported feed is necessary so that they can understand and be informed about the
impacts generated by the products they buy in their place of origin [2]. However,
foods produced outside the farm (such as salt, grains, or energy concentrates) in
extensive systems in Uruguay, such as those studied, are generally nationally
produced and used in low volumes with strategic objectives. They are used to cover
the requirements of certain categories when their physiological demand is high
and/or at times when the forage supply is low or of lower quality.

This indicator arises from the life cycle analysis methodology, that is, the
impact generated on biodiversity by the production cycle of that food imported to the
farm as an input. The most measurable indicator is the area assigned to the
production of food, such as grains or fodder, which implies replacing the native
community with a crop. In this case, an estimation of the impacted area could be
assigned based on the average productivity (kg/ha) of each crop and the consumption

of food (kg) of each farm.
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For example, in the case of corn grain, which has an average yield of 6000
kg/ha in Uruguay [34], we could say that farm 2 affects 40.8 hectares dedicated to
cultivation; but also, in this case, there are several considerations that make it
difficult to assign an impact on biodiversity, for example, that it is a seasonal crop
and therefore that area of land has another use for half the year (shared impact).

Another additional difficulty is when it comes to industrial by-products, such
as the case of corn DDGS or rice bran. In these cases, the area could be counted
according to the percentage that this by-product represents over the total grain.
Another challenge for analysis is that the negative impact generated in the crop
production area or the possible increase in the livestock stocking rate could be
partially offset. This is because of the positive effect that the correct use of strategic
supplementation can generate in the states of the native communities of grasslands
[139,140].

Considering that the determination of the impact depends not only on the
replaced area but also on how this crop contributes or does not contribute habitat to
certain organisms, in the near future, a better approximation can be to have average
Ell values of the different crops in order to have a quantifiable measure of the impact

on ecosystem integrity.

2.6.6. Landscape-Scale Conservation

Nowadays, there is a large and growing amount of open-access geographic
information as well as tools with functions that facilitate the calculation of landscape
metrics [35,64,65]. This improves the efficiency of the planning, design, and
management of ecosystems [141,142]. For this, it is necessary not only to analyze the
structure of the landscape but also to understand how some organisms or
agroecosystems interact with the surrounding landscape matrix [143-145].

There are many landscape metrics that allow the study of its structural patterns
at different levels (patch, class, and landscape) [67,146]; the decision of which to
include depends on the research objectives, the different aspects of the landscape
structure to be analyzed, and their relationship with certain ecological processes of
interest [112,119,143,147,148].
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Based on a previous study of the heterogeneity and fragmentation of the
temperate grasslands of South America [149] and the recommendations of the LEAP
guidelines [2], for this work, three indices were chosen: landscape proportion, largest
patch index, and effective mesh size [66,67].

Landscape proportion (LP) quantifies the number and relative area of different
land uses [67]. It was the most basic and useful index to characterize the composition
and heterogeneity of the studied areas. The largest patch index (LPI) measures the
proportion of the total landscape area comprised by the largest patch of each class,
providing a class-level measure of dominance [67]. The greatest advantage of these
two indices is their ease of calculation, interpretation, and communication.

Effective mesh size (MESH) is a measure of the degree of landscape
fragmentation that has the ability to detect structural differences (“MESH takes into
account the patch size distribution of the corresponding class as well as the total
landscape area comprised of that class”). This method is characterized by the
advantages of being insensitive to the omission or addition of very small patches and
for characterizing the subdivision of a landscape regardless of its size (being area
proportionately additive), which makes it effective when comparing the
fragmentation of regions with different surfaces [66,67]. However, this index has the
disadvantage of not being intuitive and easy to interpret.

The analysis using these indices made it possible to identify the heterogeneity
in the composition and configuration of the landscape of which the studied farms are
part. Productive activities generate changes in land use and land cover that can lead
to the loss, modification, and fragmentation of habitats [150]. All this, together with
the loss of connectivity, can impair the movement of individuals and matter in the
ecosystem, generating problems for biodiversity and ecosystem services [87,151—
155]. Changes in landscape configuration can also generate vulnerability to
important degradation processes such as invasion by exotic species [112,119].

Despite the advance of agriculture, forestry, and some intensification strategies
in the livestock sector (perennial and annual pastures), native grasslands continue to
be the main environment and the feeding base of the activity that occupies most of

the Uruguayan territory [34]. The six study farms and their surrounding landscape
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were representative of this situation. The main vegetation, in all cases, was native
grassland, a class that also represented the greatest dominance in patch size and the
least fragmentation evaluated through effective mesh size (Tables A13-A15). In
farms 2 to 6, the proportion of environments is very similar to that of the surrounding
landscape. In farm 1 (forage base 100% native grassland), the proportion of
substituted environments in the surrounding landscape amounts to more than 30%,
with commercial forestation being the second most important and least fragmented
land use.

Changes over time in these indicators provide important information on large
scale trends in habitat quantity and configuration in the landscape, and they can help

to predict and prevent degradation processes associated with these changes.

2.7. CONCLUSIONS

The LEAP assessment guideline is a useful tool to both characterize the state of
ecosystems under pastoral use and some specific components of their biodiversity
and assess the interaction of the production system with the environment and plan
management accordingly.

Some of the indicators recommended by the guide, especially those that
include studies of groups of fauna and flora, can be very costly to carry out, in terms
of time and money, as well as requiring the support of numerous specialists;
therefore, it is necessary to have the appropriate amount of resources so that the
studies are as complete and in-depth as possible.

It was possible to generate, for the case studies, the basic information for the
set of indicators proposed in the LEAP guidelines, but they must be monitored over
time to assess the consequences of management decisions.

In the cases studied, there was a high richness of the species evaluated, many
of which are priorities for conservation, demonstrating the importance of maintaining
native communities as habitats for wild species. Livestock systems that preserve a
great proportion of the land cover as native grasslands and forests will allow the

conservation of these environments, increasing their function as reservoirs of
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biodiversity. Emerging problems such as exotic species invasions are increasing, not
only due to the impacts but also due to the low consideration of farmers.

Off-farm food utilization can have negative or positive effects inside the farms
but also generate impacts in other places, which are difficult to measure.

The use of indicators, such as the Ell, that synthesize a lot of information and
give an idea of the state and potential functioning of the ecosystems can be a good
strategy to maintain frequent monitoring and allow extending the periods for more
expensive indicators.

Establishing regular biodiversity measurement protocols, such as the LEAP
Guidelines, is essential to monitoring and maintaining real sustainable systems.

The implementation of the assessment of biodiversity at the local level (farm)
is essential to be able to make practical decisions in the improvement of processes
and also in the possibility of showing consumers the contributions of systems to
conservation.

The main aims of this work are to help in the wider application of the
guidelines by facilitating decisions about the methodology, necessary resources, and
the necessity of developing a cooperation strategy between the agriculture sector and
biodiversity researchers. Moreover, to show the importance of native grasslands

based livestock systems for biodiversity conservation.
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2.9. APPENDIX

wool/ha/year

Total area and ge stocks by |
ARGEN Farm 1 2 3 4
BRAZIL
B Total area (ha) 2770 2424 2555 2022
F6 Heifers 300 471 227, 123
sao*F4 *
st { 1 Rivera Breeding cows 800 464 850 423
URUGUAY 3 Fattening cows 150 182 160 92
Paysandu : T
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* 5 Steers 100 432 71 145
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) Bulls 112 15 29 15
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Y : Productivity kg
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Figure A2. Resource maps. F: farms.
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Figure A4. Ecosystem Integrity Index Soil component maps. F: farm.

60



Figure A5. Plant communities™ maps. F: farm.

PLANT COMMUNITIES

I Forestry
I Native forest
B Scrubland

Paspalum exaltatum Scrubland

B Paspalum quadrifarium Scrubland

B Tall and densely-vegetated grasslands

[ Densely-vegetated grasslands

[7) Sparsely-vegetated grasslands

[ Sparsely-vegetated grasslands (rocky slope)
[ Sparsely-vegetated grasslands (high zone)
[ Sparsely-vegetated grasslands (low zone)

Table Al. Livestock stocking used and carrying capacity for each farm. B: bovines,

S: sheep, LU: livestock units, NG: native grassland, CPCC: cultivated pasture

carrying capacity, TCC: total carrying capacity.

Total “Safe Stocking Rate”
Farm B S  Others LU/ha NG CPCC TCC
1 070 008 0.14 0.92 0.85-0.90 0.00 0.85-0.90
2 078 006 0.06 0.90 0.80-0.85 1.09 0.91
3 070 0.04 0.03 0.77 0.70 -0.75 1.21 0.86
4 041 031 0.02 0.74 0.65-0.70 0.00 0.65-0.70
5 081 0.04 - 0.85 0.85-0.90 1.17 0.99
6 061 008 0.02 0.71 0.65-0.70 0.00 0.65-0.70
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Table A2. Herbaceous species recorded by farm (F). Family to which they belong,

life forms according to Raunkiaer, origin and conservation status in Uruguay. Origin
(O): Native (N), Adventitia (A). Life forms (LF): Camephyte (C), Cryptophyte (CR),
Phanerophyte (F), Hemicryptophyte (HC), Nanophanerophyte (NF), Therophyte (T).
*priority for their conservation in Uruguay.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Euphorbiaceae Acalypha senilis Baill.* X c N
Acanthostyles buniifolius (Hook. ex Arn.)
Asteraceae R.M. King & H. Rob. X NF N
Asteraceae Achyrocline alata (Kunth) DC. X C N
Asteraceae Achyrocline satureioides (Lam.) DC. X C N
Calyceraceae Acicarpha tribuloides Juss. X X T N
Asteraceae Acmella decumbens (Sm.) R.K. Jansen X X C N
Fabaceae Adesmia bicolor (Poir.) DC. X X HC N
Adesmia punctata var. sessiliflora Davyt &
Fabaceae Izag. X X HC N
c/
Fabaceae Adesmia sp. X X HC N
Pteridaceae Adiantum raddianum C. Presl X HC N
Orobanchaceae Agalinis communis (Cham. & Schitdl) D'Arcy X X X X X C N
Poaceae Agrostis montevidensis Spreng. ex Nees X X HC N
Verbenaceae Aloysia gratissima (Gillies & Hook.) Tronc. X NF N
Amaranthaceae Alternanthera kurtzii Schinz ex Pedersen X C N
Asteraceae Ambrosia tenuifolia Spreng. X X C N
Ammoselinum rosengurttii Mathias &
Apiaceae Constance™ X X T N
Poaceae Andropogon lateralis Nees X X X X X X HC N
Poaceae Andropogon selloanus (Hack.) Hack. X HC N
Poaceae Andropogon sp. X HC N
Poaceae Andropogon ternatus (Spreng.) Nees X X X X X HC N
Cyperaceae Androtrichum giganteum (Kunth) H. Pfeiff. X HC N
Ranunculaceae Anemone decapetala Ard X HC N
Apiaceae Apium sp. X CR N
Fabaceae Arachis burkartii Handro X HC N
Apocynaceae Araujia megapotamica (Spreng.) G. Don X HC N
Poaceae Aristida circinalis Lindm. X HC N
Poaceae Aristida filifolia (Arechav.) Herter X HC N
Poaceae Aristida murina Cav. X HC N
Poaceae Aristida sp. X X X X HC N
Poaceae Aristida teretifolia Arechav. X X HC N
Poaceae Aristida uruguayensis Henrard X X HC N
Poaceae Avristida venustula Arechav. X X HC N
Aristolochiaceae  Aristolochia stuckertii Speg. X X C N
Apocynaceae Asclepias mellodora A. St.-Hil. X HC N
Asteraceae Aspilia montevidensis (Spreng.) Kuntze X X X C N
Poaceae Axonopus argentinus Parodi X X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Poaceae Axonopus fissifolius (Raddi) Kuhlm. X X X X X HC N
Poaceae Axonopus sp. X X HC N

Ayenia mansfeldiana (Herter) Herter ex
Malvaceae Cristébal X X C N
Asteraceae Baccharis coridifolia DC. X X X X X C N
Asteraceae Baccharis microcephala (Less.) DC. X NF N
Asteraceae Baccharis punctulata DC. X C N
Asteraceae Baccharis sp. X NF N
Asteraceae Baccharis spicata (Lam.) Baill. X X X NF N
Asteraceae Baccharis trimera (Less.) DC. X X X X X X C N
Asteraceae Baccharis vulneraria Baker X C N

Barrosoa candolleana (Hook. & Arn.) R.M.
Asteraceae King & H. Rob. X HC N
Orchidaceae Bipinnula biplumata (L. f.) Rchb. f. * X HC N
Nyctaginaceae Boerhavia diffusa L. X cC A

Borreria dasycephala (Cham. & Schitdl.)
Rubiaceae Bacigalupo & E.L. Cabral X C N
Rubiaceae Borreria verticillata (L.) G. Mey. X C N
Poaceae Bothriochloa laguroides (DC.) Herter X X X X X HC N
Solanaceae Bouchetia anomala (Miers) Britton & Rusby X X C N
Poaceae Bouteloua megapotamica (Spreng.) Kuntze X HC N
Apiaceae Bowlesia incana Ruiz & Pav. X X T N
Poaceae Briza minor L. X T A
Poaceae Bromus auleticus Trin. ex Nees X X HC N

CR
/

Cyperaceae Bulbostylis juncoides (Vahl) Kiik. ex Osten X X HC N
Solanaceae Calibrachoa pygmaea (R.E. Fr.) Wijsman X T N
Iridaceae Calydorea azurea Klatt X CR N
Iridaceae Calydorea sp. X CR N
Asteraceae Campuloclinium macrocephalum (Less.) DC. X HC N
Brassicaceae Cardamine chenopodiifolia Pers. X T N
Cyperaceae Carex bonariensis Desf. ex Poir. X X CR N
Cyperaceae Carex brongniartii Kunth X CR N
Cyperaceae Carex phalaroides Kunth X X CR N
Cyperaceae Carex sp. X CR N
Cyperaceae Carexsp. 1 X CR N
Cyperaceae Carex sp. 2 X CR N
Cyperaceae Carex uruguensis Boeckeler™ X CR N
Cucurbitaceae Cayaponia sp. X C N

Centaurium pulchellum (Sw.) Hayek ex Hand-
Gentianaceae Mazz., Stadlm., Janch. & Faltis X T A
Primulaceae Centunculus minimus L. X T A
Caryophyllaceae  Cerastium commersonianum DC. X X T N
Asteraceae Chaptalia exscapa (Pers.) Baker X X HC N
Asteraceae Chaptalia piloselloides (\Vahl) Baker X X X HC N

Chascolytrum brizoides (Lam.) L. Essi,
Poaceae Longhi-Wagner & Souza-Chies X X HC N
Poaceae Chascolytrum subaristatum (Lam.) Desv. X X X X HC N
Asteraceae Chevreulia acuminata Less. X X X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Asteraceae Chevreulia sarmentosa (Pers.) S.F. Blake X X X HC N
Asteraceae Cirsium vulgare (Savi) Ten. X X T A

Cliococca selaginoides (Lam.) C.M. Rogers &
Linaceae Mildner X X X C N
Poaceae Coleataenia prionitis (Nees) Soreng X X HC N
Commelinaceae  Commelina erecta L. X T N
Convolvulaceae  Convolvulus hermanniae L'Hér. X C N
Convolvulaceae  Convolvulus laciniatus Desr. X X C N
Asteraceae Conyza bonariensis (L.) Cronquist X T N
Asteraceae Conyza glandulitecta Cabrera X T N
Asteraceae Conyza monorchis (Griseb.) Cabrera X X HC N
Conyza primulifolia (Lam.) Cuatrec. &
Asteraceae Lourteig X HC N
Asteraceae Conyza sp. X C N
Cistaceae Crocanthemum brasiliense (Lam.) Spach X X C N
Lamiaceae Cunila microcephala Benth. X C N
Lythraceae Cuphea campylocentra Griseb. X C N
Lythraceae Cuphea glutinosa Cham. & Schitdl. X X X X X C N
Cyclospermum leptophyllum (Pers.) Sprague
Apiaceae ex Britton & P. Wilson X X X X X T N
Poaceae Cynodon dactylon (L.) Pers. X X X X HC A
CR
/
Iridaceae Cypella herbertii Hook. X X HC N
CR
/
Cyperaceae Cyperus brevifolius (Rottb.) Endl. ex Hassk. X X X HC N
CR
/
Cyperaceae Cyperus entrerianus Boeckeler X X HC N
Cyperaceae Cyperus eragrostis Lam. X CR N
Cyperaceae Cyperus fraternus Kunth X CR N
Cyperaceae Cyperus megapotamicus Kunth X X CR N
Cyperaceae Cyperus meridionalis Barros X X X CR N
Cyperaceae Cyperus polystachyos Rottb. X CR N
Cyperaceae Cyperus reflexus Vahl X CR N
CR
/
Cyperaceae Cyperus rigens J. Presl & C. Presl X X X HC N
Cyperaceae Cyperus sesquiflorus (Torr.) Mattf. & Kiik X HC N
Cyperaceae Cyperus sp. X HC N
Poaceae Danthonia rhizomata Swallen™ X HC N
Fabaceae Desmodium incanum (Sw.) DC. X X HC N
Deyeuxia viridiflavescens var. montevidensis
Poaceae (Nees) Cabrera & Rugolo X HC N
Dichanthelium sabulorum (Lam.) Gould &
Poaceae C.A. Clark X X HC N
c/
Convolvulaceae  Dichondra sericea Sw. X X X X X X HC N
Poaceae Digitaria cuyabensis (Trin.) Parodi* X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Poaceae Digitaria eriostachya Mez™ X HC N
Rhamnaceae Discaria americana Gillies & Hook. X NF N
Euphorbiaceae Ditaxis acaulis Herter ex Arechav. X HC N
Moraceae Dorstenia brasiliensis Lam. X X X HC N
Alismataceae Echinodorus longiscapus Arechav. X CR N
Asteraceae Eclipta elliptica DC. X C N

Eclipta megapotamica (Spreng.) Sch. Bip. ex
Asteraceae S.F. Blake X X X C N
Cyperaceae Eleocharis dunensis Kilk. X X CR N
Cyperaceae Eleocharis elegans (Kunth) Roem. & Schult. X CR N
Cyperaceae Eleocharis montana (Kunth) Roem. & Schult. X X CR N
Cyperaceae Eleocharis montevidensis Kunth X CR N
Cyperaceae Eleocharis sp. X X CR N
Cyperaceae Eleocharis viridans Kiik. ex Osten X CR N
Poaceae Eleusine tristachya (Lam.) Lam. X T N
Poaceae Eragrostis airoides Nees X HC N
Poaceae Eragrostis bahiensis Schrad. ex Schult. X X HC N
Poaceae Eragrostis cataclasta Nicora X X X HC N
Poaceae Eragrostis lugens Nees X HC N
Poaceae Eragrostis neesii Trin. X X X X HC N
Poaceae Eragrostis pectinacea (Michx.) Nees X HC N
Poaceae Eragrostis polytricha Nees X HC N
Poaceae Eragrostis sp. X HC N
Poaceae Eragrostis sp. 1 X HC N
Poaceae Eragrostis sp. 2 X HC N
Poaceae Eragrostis sp. 3 X HC N
Asteraceae Erechtites hieraciifolius (L.) Raf. ex DC. X T N
Poaceae Erianthus angustifolius Nees X HC N
Poaceae Eriochloa montevidensis Griseb. X X HC N
Apiaceae Eryngium ebracteatum Lam. X HC N
Apiaceae Eryngium horridum Malme X X X X X X HC N
Apiaceae Eryngium nudicaule Lam. X X X X X HC N
Apiaceae Eryngium pandanifolium Cham. & Schitdl. X HC N
Apiaceae Eryngium sanguisorba Cham. & Schltdl. X HC N
Apiaceae Eryngium sp. X HC N
Myrtaceae Eugenia sp. X F N
Euphorbiaceae Euphorbia sp. X C N
Poaceae Eustachys bahiensis (Steud.) Herter X X HC N

Eustachys paspaloides ssp. caribaea (Spreng.)
Poaceae Nowack X HC N

CR
/

Convolvulaceae  Evolvulus sericeus Sw. X X X X X HC N
Asteraceae Facelis retusa (Lam.) Sch. Bip. X X T N
Poaceae Festuca australis Nees X X X X T N
Cyperaceae Fimbristylis autumnalis (L.) Roem. & Schult. X X X CR N
Cyperaceae Fimbristylis dichotoma (L.) Vahl X CR N
Fabaceae Galactia marginalis Benth. X X X X X HC N

Galianthe centranthoides (Cham. & Schitdl.)
Rubiaceae E.L. Cabral X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Rubiaceae Galianthe fastigiata Griseb. X C N
Rubiaceae Galium bigeminum Griseb. X T N
Rubiaceae Galium hirtum Lam. X T N

Galium noxium ssp. valantioides (Cham. &
Rubiaceae Schltdl.) Dempster X X T N

Galium richardianum (Gillies ex Hook. &
Rubiaceae Arn.) Endl. ex Walp. X X X X X T N
Rubiaceae Galium sp. X X C N
Rubiaceae Galium vile (Cham. & Schltdl.) Dempster X T N
Asteraceae Gamochaeta coarctata (Willd.) Kerguélen X HC N
Asteraceae Gamochaeta pensylvanica (Willd.) Cabrera X X HC N

Gamochaeta simplicicaulis (Willd. ex Spreng.)
Asteraceae Cabrera X HC N

c/
Asteraceae Gamochaeta sp. X X X HC N
Asteraceae Gamochaeta stachydifolia (Lam.) Cabrera X HC N
Geraniaceae Geranium molle L. X T A
Geraniaceae Geranium sp. X cC A
Verbenaceae Glandularia peruviana (L.) Small X X X C N
Verbenaceae Glandularia selloi (Spreng.) Tronc. X C N
Verbenaceae Glandularia sp. X C N
Verbenaceae Glandularia subincana Tronc. X C N
Amaranthaceae Gomphrena sp. X C N
Plantaginaceae Gratiola peruviana L. X C N
HC
/

Lythraceae Heimia salicifolia Link X X X NF N
Asteraceae Helenium uniflorum (Spreng.) P.L.R. Moraes X C N
Boraginaceae Heliotropium amplexicaule VVahl X C N
Iridaceae Herbertia lahue (Molina) Goldblatt X X X CR N
Iridaceae Herbertia sp. X CR N
Asteraceae Holocheilus brasiliensis (L.) Cabrera X HC N
Poaceae Hordeum pusillum Nutt. X T N
Poaceae Hordeum stenostachys Godr. X HC N
Avraliaceae Hydrocotyle bonariensis Lam. X X HC N
Avraliaceae Hydrocotyle cryptocarpa Speg. X HC N
Avraliaceae Hydrocotyle exigua (Urb.) Malme X HC N
Avraliaceae Hydrocotyle sp. X HC N

Hypochaeris albiflora (Kuntze) Azevédo-
Asteraceae Gong. & Matzenb. X X X X HC N
Asteraceae Hypochaeris glabra L. X T A
Asteraceae Hypochaeris megapotamica Cabrera X X HC N
Asteraceae Hypochaeris radicata L. X HC A
Asteraceae Hypochaeris rosengurttii Cabrera® X HC N
Asteraceae Hypochaeris sp. X HC N
Asteraceae Hypochaeris tropicalis Cabrera X X HC N
Hypoxidaceae Hypoxis decumbens L. X HC N
Lamiaceae Hyptis lappacea Benth. X C N
Amaranthaceae Iresine diffusa Humb. & Bonpl. ex Willd. X X C N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
CR
/
Juncaceae Juncus capillaceus Lam. X X X X X X HC N
CR
/
Juncaceae Juncus dichotomus Elliott X X HC N
CR
/
Juncaceae Juncus imbricatus Laharpe X X X X HC N
Juncaceae Juncus marginatus Rostk. X X CR N
CR
/
Juncaceae Juncus microcephalus Kunth X X X HC N
Juncaceae Juncus sp. X X CR N
Malvaceae Krapovickasia flavescens (Cav.) Fryxell X X C N
Fabaceae Lathyrus subulatus Lam. X X HC N
Poaceae Leersia hexandra Sw. X HC N
Brassicaceae Lepidium auriculatum Regel & Kérn. X X T N
Asteraceae Lessingianthus glabratus (Less.) H. Rob.™ X HC N
Linaceae Linum carneum A. St.-Hil. X X C N
Verbenaceae Lippia coarctata Tronc. X X HC N
Fabaceae Lotus suaveolens Pers. X T A
Onagraceae Ludwigia sp. X NF N
Poaceae Luziola peruviana Juss. ex J.F. Gmel. X HC N
Marsileaceae Marsilea ancylopoda A. Braun X X X HC N
Plantaginaceae Mecardonia procumbens (Mill.) Small X X T N
Fabaceae Medicago lupulina L. X T A
Poaceae Melica brasiliana Ard. X X X X X HC N
Lamiaceae Mentha pulegium L. X C A
Asteraceae Micropsis spathulata (Pers.) Cabrera X X T N
Asteraceae Mikania parodii Cabrera X HC N
Fabaceae Mimosa flagellaris Benth. X HC N
Mnesithea selloana (Hack.) de Koning &
Poaceae Sosef X X X X X HC N
Malvaceae Modiola caroliniana (L.) G. Don X C N
Polygalaceae Monnina sp. X C N
Poaceae Nassella neesiana (Trin. & Rupr.) Barkworth X X X HC N
Poaceae Nassella sp. X X X HC N
Solanaceae Nicotiana longiflora Cav. X HC N
Solanaceae Nierembergia calycina Hook.* X C N
Solanaceae Nierembergia sp. X X C N
Amaryllidaceae Nothoscordum montevidense Beauverd X HC N
CR
/
Amaryllidaceae Nothoscrodum bivalve (L.) Britton X X HC N
Asteraceae Noticastrum sp. X C N
Ocimum carnosum (Spreng.) Link & Otto ex
Lamiaceae Benth. X C N
Onagraceae Oenothera sp. X X HC N
Oldenlandia salzmanni (DC.) Benth. & Hook.
Rubiaceae f. ex B.D. Jacks. X T N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O

Oxalidaceae Oxalis bipartita A. St.-Hil. X CR N
Oxalis brasiliensis Lodd., G. Lodd. & W.
Oxalidaceae Lodd. ex Hildebr. X HC N
Oxalidaceae Oxalis conorrhiza Jacq. X X HC N
Oxalidaceae Oxalis sp 1. X CR N
Oxalidaceae Oxalis sp 2. X CR N
Oxalidaceae Oxalis sp. X CR N
Oxalidaceae Oxalis sp. 1 X CR N
Oxalidaceae Oxalis sp. 2 X CR N
Oxalidaceae Oxalis sp. 3 X CR N
Apocynaceae Oxypetalum sp. X HC N
Poaceae Panicum bergii Arechav. X HC N
Poaceae Panicum sp. X X X HC N
Asteraceae Panphalea heterophylla Less. X X T N
Poaceae Paspalum dilatatum Poir. X X X X X X HC N
Poaceae Paspalum exaltatum J. Presl X HC N
Poaceae Paspalum notatum Fliiggé X X X X X X HC N
Poaceae Paspalum plicatulum Michx. X X X X X X HC N
Poaceae Paspalum quadrifarium Lam. X HC N
Poaceae Paspalum sp. X HC N
Poaceae Paspalum sp. 1 X HC N
Poaceae Paspalum sp. 2 X HC N
Poaceae Paspalum sp. 3 X HC N
Malvaceae Pavonia glechomoides A. St.-Hil. X C N
Malvaceae Pavonia sp. X C N
Primulaceae Pelletiera verna A. St.-Hil. X X T N
Asteraceae Perezia multiflora ssp. sonchifolia Vuilleum. X X T N
Polygonaceae Persicaria punctata (Elliott) Small X X X T N
Amaranthaceae Pfaffia gnaphalioides (L.f.) Mart. X X HC N
Amaranthaceae Pfaffia tuberosa (Spreng.) Hicken X X X HC N
Poaceae Phalaris platensis Henrard ex Wacht. X X T N
Verbenaceae Phyla nodiflora (L.) Greene X X HC N
Phyllanthaceae Phyllanthus sellowianus (Klotzsch) Mill. Arg. X F N
Asteraceae Picrosia longifolia D. Don X X HC N
Poaceae Piptochaetium bicolor (Vahl) E. Desv. X HC N
Poaceae Piptochaetium montevidense (Spreng.) Parodi X X X X X HC N
Poaceae Piptochaetium ruprechtianum E. Desv. X HC N
Poaceae Piptochaetium sp. X X X HC N
Poaceae Piptochaetium sp. 1 X X HC N
Poaceae Piptochaetium sp. 2 X X HC N
Poaceae Piptochaetium sp. 3 X X HC N
Poaceae Piptochaetium sp. 4 X HC N
Poaceae Piptochaetium sp. 5 X HC N
Piptochaetium stipoides (Trin. & Rupr.) Hack.

Poaceae ex Arechav. X X X X X HC N
Plantaginaceae Plantago myosuros Lam. X X X T N
Plantaginaceae Plantago sp. X HC N
Plantaginaceae Plantago tomentosa Lam. X X HC N
Asteraceae Pluchea sagittalis (Lam.) Cabrera X X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Poaceae Poa annua L. X T A
Poaceae Poa lanigera Nees X X HC N
Acanthaceae Poikilacanthus glandulosus (Nees) Ariza X C N
Polygalaceae Polygala australis A.W. Benn. X X T N
Polygalaceae Polygala linoides Poir. X X T N
Polygalaceae Polygala molluginifolia A. St.-Hil. & Moqg. X T N
Polygalaceae Polygala sp. X X X HC N
Poaceae Polypogon imberbis (Phil.) Johow X HC N
Violaceae Pombalia parviflora (L. f.) Paula-Souza X X T N

Psidium salutare var. sericeum (Cambess.)
Myrtaceae Landrum X HC N
Dennstaedtiacea
e Pteridium esculentum (G. Forst.) Cockayne X HC N
Asteraceae Pterocaulon angustifolium DC. X HC N
Asteraceae Pterocaulon cordobense Kuntze X X X HC N
Asteraceae Pterocaulon cordobense Kuntze X HC N
Asteraceae Pterocaulon polystachium DC. X X X HC N
Asteraceae Pterocaulon sp. X HC N
Ranunculaceae Ranunculus platensis Spreng. X T N
CR
/
Fabaceae Rhynchosia senna Gillies ex Hook. & Arn. X X HC N
Fabaceae Rhynchosia sp. X HC N
Cyperaceae Rhynchospora barrosiana Guagl. X CR N
Cyperaceae Rhynchospora corymbosa (L.) Britton X CR N
Rhynchospora megapotamica (A. Spreng.) H.
Cyperaceae Pfeiff. X CR
Cyperaceae Rhynchospora scutellata Griseb. X CR
Cyperaceae Rhynchospora tenuis Willd. ex Link X X CR
Richardia humistrata (Cham. & Schltdl.)
Rubiaceae Steud. X X X X X HC N
Rubiaceae Richardia stellaris (Cham. & Schltdl.) Steud. X X X HC N
Poaceae Rostraria cristata (L.) Tzvelev X T A
Acanthaceae Ruellia morongii Britton X HC N
Polygonaceae Rumex crispus L. X HC A
Schizachyrium microstachyum (Desv. ex
Poaceae Ham.) Roseng., B.R. Arrill. & lzag. X X X X X X HC N
Cyperaceae Schoenoplectus californicus (C.A. Mey.) Sojak X CR N
Plantaginaceae Scoparia montevidensis (Spreng.) R.E. Fr. X X X C N
Lamiaceae Scutellaria racemosa Pers. X X X C N
Selaginellaceae Selaginella sellowii Hieron. X C N
Asteraceae Senecio brasiliensis (Spreng.) Less. X HC N
Asteraceae Senecio heterotrichius DC. X HC N
Asteraceae Senecio madagascariensis Poir. X HC A
Asteraceae Senecio selloi (Spreng.) DC. X X HC N
Asteraceae Senecio sp. X X HC N
Senegalia bonariensis (Gillies ex Hook. &
Fabaceae Arn.) Seigler & Ebinger X F N
Senna corymbosa (Lam.) H.S. lIrwin &
Fabaceae Barneby X F N
Poaceae Setaria parviflora (Poir.) Kerguélen X X X X HC N
Poaceae Setaria sp. X HC N
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Table A2. Cont.

Family Specie FI1 F2 F3 F4 F5 F6 LF O
Poaceae Setaria vaginata Spreng. X X X HC N
Malvaceae Sida rhombifolia L. X C N
Malvaceae Sida spinosa L. X X C N
Caryophyllaceae  Silene gallica L. X T A
Iridaceae Sisyrinchium pachyrhizum Baker X CR N
Iridaceae Sisyrinchium sp. X X X CR N
Solanaceae Solanum commersonii Dunal™ X HC N
Solanaceae Solanum glaucophyllum Desf. X HC N
Asteraceae Solidago chilensis Meyen X X HC N
Asteraceae Soliva sessilis Ruiz & Pav. X X T N
Asteraceae Sonchus asper (L.) Hill X T A
Poaceae Sporobolus indicus (L.) R. Br. X X X X X X HC N
Poaceae Stapfochloa canterae (Arechav.) P.M. Peterson X HC N

Stapfochloa grandiflora (Roseng. & Izag.)
Poaceae Wipff & Shaw X HC N
Poaceae Steinchisma hians (Elliott) Nash X X X HC N
Poaceae Steinchisma laxa (Sw.) Zuloaga X HC N
Plantaginaceae Stemodia verticillata (Mill.) Hassl. X T N
Acanthaceae Stenandrium dulce (Cav.) Nees X X HC N
Fabaceae Stylosanthes montevidensis VVogel X X HC N
Symphyotrichum squamatum (Spreng.) G.L.
Asteraceae Nesom X X X X C N
Poaceae Trachypogon montufari (Kunth) Nees X X HC N
Euphorbiaceae Tragia geraniifolia Klotzsch ex Baill. X C N
Euphorbiaceae Tragia incana Klotzsch ex Miill. Arg. * X C N
Asteraceae Trichocline incana (Lam.) Cass. * X HC N
Poaceae Tridens brasiliensis (Nees) Parodi X HC N
Poaceae Tridens hackelii (Arechav.) Parodi X HC N
Fabaceae Trifolium polymorphum Poir. X X HC N
Passifloraceae Turnera sidoides L. X C N
Urolepis hecatantha (DC.) R.M. King & H.
Asteraceae Rob. X HC N
Verbenaceae Verbena montevidensis Spreng. X X X X X X C N
Verbenaceae Verbena sp. X C N
Vernonanthura montevidensis (Spreng.) H.
Asteraceae Rob. X C N
Asteraceae Vernonanthura nudiflora (Less.) H. Rob. X HC N
Fabaceae Vicia pampicola var. burkartii Giangualani X T N
Fabaceae Vicia setifolia Kunth X X T N
Campanulaceae  Wahlenbergia linarioides (Lam.) A. DC. X X X X C N
Wissadula glechomaefolia (A. St.-Hil.) R.E.
Malvaceae Fr. X C N
Zygostigma australe (Cham. & Schiltdl.)
Gentianaceae Griseb. X C N
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Table A3. Relative coverage (%) of the herbaceous species (with % total average
coverage equal to or greater than 1%) recorded within each plant communities on
Farm 1. Plant communities: Densely vegetated grasslands (DVG), Sparsely vegetated
grasslands (SVG), Tall and densely vegetated grasslands (TDVG).

Family Specie DVG SVG TDVG
Orobanchaceae  Agalinis communis (Cham. & Schltdl.) D'Arcy 3.1 2
Asteraceae Ambrosia tenuifolia Spreng. 2
Poaceae Andropogon lateralis Nees 3.7
Poaceae Axonopus fissifolius (Raddi) Kuhlm. 22.6 204 16.2
Asteraceae Baccharis trimera (Less.) DC. 1.8
Poaceae Bothriochloa laguroides (DC.) Herter 3.3
Asteraceae Conyza bonariensis (L.) Cronquist 1
Poaceae Cynodon dactylon (L.) Pers. 10.5 174 2.6
Cyperaceae Cyperus brevifolius (Rottb.) Endl. ex Hassk. 1.1 1.2
Cyperaceae Cyperus entrerianus Boeckeler 1.8
Poaceae Erianthus angustifolius Nees 4 30
Poaceae Eriochloa montevidensis Griseb. 25
Apiaceae Eryngium horridum Malme 1
Juncaceae Juncus capillaceus Lam. 1.1 1.1
Poaceae Paspalum dilatatum Poir. 8.7 10.7 6.4
Poaceae Paspalum notatum Fliiggé 13 19.8 144
Poaceae Paspalum plicatulum Michx. 3.9
Verbenaceae Phyla nodiflora (L.) Greene 13

Schizachyrium microstachyum (Desv. ex Ham.)
Poaceae Roseng., B.R. Arrill. & Izag. 4.7 2
Poaceae Setaria parviflora (Poir.) Kerguélen 2.3
Poaceae Sporobolus indicus (L.) R. Br. 4.2
Poaceae Steinchisma hians (Elliott) Nash 3.6
Asteraceae Vernonanthura nudiflora (Less.) H. Rob. 3.1 3
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Table A4. Relative coverage (%) of the herbaceous species (with % total average
coverage equal to or greater than 1%) recorded within each plant communities on
Farm 2. Plant communities: Sparsely vegetated grasslands (SVG), Sparsely vegetated

grasslands low zone (SVG-LZ).

Family Specie SVG SVG-LZ
Poaceae Axonopus fissifolius (Raddi) Kuhlm. 10.5 14.3
Asteraceae Baccharis trimera (Less.) DC. 9.1
Poaceae Bothriochloa laguroides (DC.) Herter 1.8
Poaceae Cynodon dactylon (L.) Pers. 42 22.4
Cyperaceae Eleocharis dunensis Kik. 8.3
Apiaceae Eryngium horridum Malme 3
Poaceae Nassella sp. 5.2
Poaceae Paspalum dilatatum Poir. 15
Poaceae Paspalum notatum Fliiggé 4.4 55
Poaceae Paspalum plicatulum Michx. 1
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Table A5. Relative coverage (%) of the herbaceous species (with % total average
coverage equal to or greater than 1%) recorded within each plant communities on
Farm 3. Plant communities: Paspalum exaltatum srubland (PES), Paspalum
quadrifarium srubland (PQS), Sparsely vegetated grasslands (SVG), Tall and densely
vegetated grasslands (TDVG).

Family Specie PES PQS SVG TDVG

Asteraceae  Achyrocline satureioides (Lam.) DC. 1.7

Poaceae Andropogon lateralis Nees 26.5

Poaceae Andropogon ternatus (Spreng.) Nees 3.7

Poaceae Axonopus argentinus Parodi 6

Asteraceae  Baccharis trimera (Less.) DC. 2.3 3.6

Poaceae Coleataenia prionitis (Nees) Soreng 5

Cyperaceae  Cyperus eragrostis Lam. 5.3

Cyperaceae  Cyperus polystachyos Rottb. 3.1

Apiaceae Eryngium horridum Malme 4.5

Juncaceae Juncus capillaceus Lam. 2.4

Juncaceae Juncus imbricatus Laharpe 3.2

Poaceae Melica brasiliana Ard. 6.7

Poaceae Paspalum dilatatum Poir. 3.5

Poaceae Paspalum exaltatum J. Presl 70 11.7

Poaceae Paspalum notatum Fliiggé 1.1

Poaceae Paspalum plicatulum Michx. 4.5

Poaceae Paspalum quadrifarium Lam. 11.7 63.3 3.8

Poaceae Paspalum sp. 1.6

Poaceae Paspalum sp. 2 8.5

Poaceae Piptochaetium sp. 4.3
Richardia humistrata (Cham. & Schitdl.)

Rubiaceae Steud. 9.7
Schizachyrium microstachyum (Desv. ex

Poaceae Ham.) Roseng., B.R. Arrill. & lzag. 5.9

Asteraceae  Senecio brasiliensis (Spreng.) Less. 2

Poaceae Trachypogon montufari (Kunth) Nees 22.7
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Table A6. Relative coverage (%) of the herbaceous species (with % total average

coverage equal to or greater than 1%) recorded within each plant communities on

Farm 4. Plant communities: Densely vegetated grasslands (DVG), Sparsely vegetated

grasslands (SVG-HZ), Sparsely vegetated grasslands rocky slope (SVG-RS).

Family Specie DVG SVG-HZ SVG-RS
Asteraceae Acmella decumbens (Sm.) R.K. Jansen 1
Poaceae Andropogon lateralis Nees 2
Poaceae Andropogon ternatus (Spreng.) Nees 5.2
Poaceae Aristida venustula Arechav. 7.5 1.6
Poaceae Axonopus fissifolius (Raddi) Kuhlm. 4.5
Asteraceae Baccharis coridifolia DC. 6.8 8.6 13.5
Poaceae Bothriochloa laguroides (DC.) Herter 1.1
Poaceae Bromus auleticus Trin. ex Nees 1
Poaceae Chascolytrum subaristatum (Lam.) Desv. 1.2
Asteraceae Chevreulia sarmentosa (Pers.) S.F. Blake 1 25

Cyclospermum leptophyllum (Pers.) Sprague
Apiaceae ex Britton & P. Wilson 1.1
Convolvulaceae  Dichondra sericea Sw. 3.8 9.1 3.6
Poaceae Eragrostis neesii Trin. 3
Poaceae Eragrostis polytricha Nees 1.6
Apiaceae Eryngium nudicaule Lam. 1
Poaceae Eustachys bahiensis (Steud.) Herter 1.6
Convolvulaceae  Evolvulus sericeus Sw. 2.1
Poaceae Melica brasiliana Ard. 1.2
Mnesithea selloana (Hack.) de Koning &
Poaceae Sosef 5.9
Poaceae Nassella neesiana (Trin. & Rupr.) Barkworth 3.9 2.6
Poaceae Paspalum dilatatum Poir. 4.2 3.4
Poaceae Paspalum notatum Fliiggé 13.3 8 8.2
Poaceae Paspalum plicatulum Michx. 1.6 1.9
Poaceae Piptochaetium montevidense (Spreng.) Parodi 3.8 2.5
Piptochaetium stipoides (Trin. & Rupr.)
Poaceae Hack. ex Arechav. 2.8
Plantaginaceae Plantago myosuros Lam. 7
Schizachyrium microstachyum (Desv. ex
Poaceae Ham.) Roseng., B.R. Arrill. & Izag. 1.2
Stapfochloa grandiflora (Roseng. & lzag.)
Poaceae Wipff & Shaw 1.3
Poaceae Steinchisma hians (Elliott) Nash 1.5 1.1
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Table A7. Relative coverage (%) of the herbaceous species (with % total average

coverage equal to or greater than 1%) recorded within each plant communities on

Farm 5. Plant communities: Densely vegetated grasslands (DVG), Scrubland (S),

Sparsely vegetated grasslands (SVG), Tall and densely vegetated grasslands

(TDVG).

Family Specie DVG S SVG TDVG
Poaceae Andropogon lateralis Nees 1.5 20.5
Poaceae Andropogon ternatus (Spreng.) Nees 2.8 1.8
Poaceae Axonopus argentinus Parodi 3.1
Poaceae Axonopus fissifolius (Raddi) KuhIm. 6.1 8.9 8.6
Asteraceae Baccharis coridifolia DC. 2
Asteraceae Baccharis trimera (Less.) DC. 2 3.7
Poaceae Coleataenia prionitis (Nees) Soreng 90
Poaceae Cynodon dactylon (L.) Pers. 4 6.2 134
Poaceae Eragrostis cataclasta Nicora 3.4
Poaceae Eriochloa montevidensis Griseb. 2.7
Apiaceae Eryngium horridum Malme 8.4 3.5
Juncaceae Juncus capillaceus Lam. 9.6 6.2
Juncaceae Juncus imbricatus Laharpe 1.8
Poaceae Luziola peruviana Juss. ex J.F. Gmel. 4.2
Poaceae Paspalum dilatatum Poir. 12 3.8 4
Poaceae Paspalum notatum Fliiggé 15.2 10.8 6.2
Poaceae Paspalum plicatulum Michx. 1.2
Verbenaceae Phyla nodiflora (L.) Greene 6.8
Poaceae Sporobolus indicus (L.) R. Br. 5.7
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Table A8. Relative coverage (%) of the herbaceous species (with % total average

coverage equal to or greater than 1%) recorded within each plant communities on

Farm 6. Plant communities: Densely vegetated grasslands (DVG), Sparsely vegetated

grasslands (SVG), Sparsely vegetated grasslands high zone (SVG-HZ).

Family Specie DVG SVG SVG-HZ
Calyceraceae Acicarpha tribuloides Juss. 1.6
Poaceae Andropogon lateralis Nees 11.2
Asteraceae Baccharis coridifolia DC. 2.4 6.7
Asteraceae Baccharis trimera (Less.) DC. 2
Fabaceae Desmodium incanum (Sw.) DC. 55
Convolvulaceae Dichondra sericea Sw. 1.2 2.7
Cyperaceae Eleocharis montevidensis Kunth 1.8
Apiaceae Eryngium horridum Malme 15.2 104
Asteraceae Facelis retusa (Lam.) Sch. Bip. 1.1
Araliaceae Hydrocotyle bonariensis Lam. 2.1
Juncaceae Juncus capillaceus Lam. 2.1 1.2
Asteraceae Micropsis spathulata (Pers.) Cabrera 1.6 1.9
Poaceae Mnesithea selloana (Hack.) de Koning & Sosef 1.8 8
Poaceae Nassella neesiana (Trin. & Rupr.) Barkworth 1.6 5.6 35
Oxalidaceae Oxalis sp. 2 4.1
Poaceae Panicum bergii Arechav. 1.9
Poaceae Paspalum dilatatum Poir. 1.9 1.6
Poaceae Paspalum notatum Fliiggé 5 4.6 4.7
Poaceae Piptochaetium montevidense (Spreng.) Parodi 1.3 1
Plantaginaceae Plantago myosuros Lam. 3.4
Cyperaceae Rhynchospora corymbosa (L.) Britton 1.1

Rhynchospora megapotamica (A. Spreng.) H.
Cyperaceae Pfeiff. 1.3
Rubiaceae Richardia stellaris (Cham. & Schltdl.) Steud. 1.2
Schizachyrium microstachyum (Desv. ex Ham.)
Poaceae Roseng., B.R. Arrill. & lzag. 5.4 3.3
Poaceae Setaria parviflora (Poir.) Kerguélen 1.1
Asteraceae Soliva sessilis Ruiz & Pav. 3
Fabaceae Trifolium polymorphum Poir. 1.2 3.5
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Table A9. Woody species recorded by farm (F) and by sampling technique (R:
Native (N), exotic (E).

REDD+, E: Ecosystem Integrity Index). Origin (O):
Conservation Status (CS): Priority (P).

F3 F4 F5 F6
Family Specie R E E|E|/R E|E|R E|O CS
Fabaceae Acacia bonariensis X X| X[ X X| X | X X|N
Santalaceae Acanthosyris spinescens X X| X | X X X X |N
Myrtaceae Acca sellowiana X | N
Sapindaceae Allophylus edulis X X X| X | X X| X | X X|N
Sapindaceae Allophylus guaraniticus X N P
Verbenaceae Aloysia gratissima X X | X X | N
Arecaceae Arecastrum romanzoffianum X X N
Salicaceae Banara umbraticola X X X|N P
Fabaceae Bauhinia forficata X N
Berberidaceae Berberis laurina X X X | X X | X X | N
Myrtaceae Blepharocalyx salicifolius X X X| X | X X| X [X X|N
Fabaceae Caesalpinia rubicunda X|N P
Fabaceae Calliandra tweediei X X X X X X | N
Simaroubaceae Castela tweedii X N
Cannabaceae Celtis iguanaea X X X| X | X X|N
Cannabaceae Celtis tala X X| X[ X X| X | X X|N
Rubiaceae Cephalanthus glabratus X X X | X X | X X | N
Solanaceae Cestrum parqui X X N
Sapotaceae Chrysophyllum marginatum X N
Verbenaceae Citharexylum montevidense X X X X X X|N
Cardiopteridaceae  Citronella gongonha X X N
Rutaceae Citrus X sinensis X E
Rhamnaceae Colletia paradoxa X X N
Sapindaceae Cupania vernalis X X X X | N
Thymelaeaceae Daphnopsis racemosa X X X | X X | X X | N
Fabaceae Erythrina crista-galli X X X| X[ X X| X X | N
Erythroxylaceae Erythroxylum myrsinites X X X N
Escalloniaceae Escallonia bifida X X X | N
Escalloniaceae Escallonia megapotamica X N
Myrtaceae Eugenia cisplatensis X X | X X X X | N
Myrtaceae Eugenia uniflora X X X X X X X|N
Myrtaceae Eugenia uruguayensis X X X N
Moraceae Ficus luschnathiana X X | N
Fabaceae Gleditsia amorphoides X X X X|N
Fabaceae Gleditsia triacanthos X E
Asteraceae Gochnatia polymorpha X X N
Rubiaceae Guettarda uruguayensis X X X X X X X |N
Asteraceae Heterothalamus alienus X X | N
Santalaceae Jodina rhombifolia X X | X X | X X | N
Verbenaceae Lantana camara X X X | N
Verbenaceae Lantana montevidensis X X | N
Anacardiaceae Lithraea brasiliensis X X N
Anacardiaceae Lithraea molleoides X X X X X X|N
Euphorbiaceae Manihot grahamii X X|N
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Table A9. Cont.

F1 F2 F3 F4 F5 F6
Family Specie R E|R E|E|R E|E|R E|O CS
Apociynaceae Maytenus dasycladus X X N
Meliaceae Melia azedarach X E
Celastraceae Monteverdia ilicifolia X X| X X| X | X X]| X X | N
Myrtaceae Myrceugenia glaucescens X X X XX X| X X | N
Myrtaceae Myrcia selloi X X N
Myrtaceae Myrcianthes cisplatensis X X N
Myrtaceae Myrcianthes pungens X X X X |N
Myrtaceae Myrrhinium atropurpureum | X X | X X | X | X X | X | X X |N
Primulaceae Myrsine coriacea X | N
Primulaceae Myrsine laetevirens X X | X N
Primulaceae Myrsine parvula X N
Lauraceae Nectandra megapotamica X | X X X X X X |N
Lauraceae Ocotea acutifolia X X X X | X X|N
Fabaceae Parkinsonia aculeata X X X X | N
Phyllanthaceae Phyllanthus sellowianus X[ X XX X | X X | N
Phytolaccaceae Phytolacca dioica X X | N
Sapotaceae Pouteria salicifolia X X| X X| X | X X| X |X X|N
Rosaceae Prunus subcoriacea X X N
Quillajaceae Quillaja brasiliensis X X X | N
Polygonaceae Ruprechtia laxiflora X X X X X X X|N
Polygonaceae Ruprechtia salicifolia X X X X | N
Salicaceae Salix humboldtiana X| X X|X X | X X | N
Adoxaceae Sambucus australis X X N
Euphorbiaceae Sapium glandulosum X X | X X N
Euphorbiaceae Sapium haematospermum X X | N
Celastraceae Schaefferia argentinensis X X X X |N
Anacardiaceae Schinus engleri X N
Anacardiaceae Schinus longifolius X| X X| X | X X| X | X X]|N
Anacardiaceae Schinus molle X X X | N
Rhamnaceae Scutia buxifolia X XX X[ X[ X X| X | X X]|N
Euphorbiaceae Sebastiania brasiliensis X X| X X X X | X X|N
Euphorbiaceae Sebastiania commersoniana | X X | X X | X [ X X | X | X X |N
Euphorbiaceae Sebastiania schottiana X X | X X X N
Fabaceae Senna corymbosa X X X X X | N
Fabaceae Sesbania punicea X X | X N
Solanaceae Solanum mauritianum X X X | N
Loranthaceae Tripodanthus acutifolius X X X X N
Fabaceae Vachellia caven X X | X X | X X | N
Salicaceae Xylosma tweedianum X X X X X| X | X X|N
Rutaceae Zanthoxylum fagara X X | X X X | N
Rutaceae Zanthoxylum rhoifolium X X X N
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Table A10. Spider species recorded by farm in the four seasons. F: farm; NG:

natural grassland; P: cultivated pastures.

F1 F2 F3 F4 F5 F6
Family Specie NG | NG NG P | NG| NG P|NG
Actinopodidae Actinopus uruguayense X
Anyphaenidae Arachosia bergi (Simon, 1880) X
Arachosia proseni (Mello-
Anyphaenidae Leitdo, 1944) X X X X X X
Otoniela quadrivittata (Simon,
Anyphaenidae 1897) X X X
Sanogasta maculatipes
Anyphaenidae (Keyserling, 1878) X X
Sanogasta minuta (Keyserling,
Anyphaenidae 1891) X
Anyphaenidae Sanogasta tenuis Ramirez, 2003 X
Araneidae Araneidae-spl X
Alpaida quadrilorata (Simon,
Araneidae 1897) X X X X
Alpaida rubellula (Keyserling,
Araneidae 1892) X
Alpaida veniliae (Keyserling,
Araneidae 1865)
Alpaida versicolor (Keyserling,
Araneidae 1877) X X X X X X
Larinia bivittata Keyserling,
Araneidae 1885 X X X X X X| X
Metepeira gressa (Keyserling,
Araneidae 1892) X
Ocrepeira venustula
Araneidae (Keyserling, 1879) X
Cheiracanthium inclusum
Cheiracanthidae  (Hentz, 1847) X X
Corinnidae Castianeira spl X X X X X X X
Corinnidae Castianeira sp2 X X X X X X
Falconina gracilis (Keyserling,
Corinnidae 1892) X
Metaltella simoni (Keyserling,
Desidae 1878) X X X
Dictynidae Dictyna sp. X
Gnaphosidae Apopyllus suavis (Simon, 1893) X X
Camillina pulchra (Keyserling,
Gnaphosidae 1891) X X
Latica galeanoi da Silva,
Guerrero, Bidegaray-Batista
Gnaphosidae &Sim6 2020 X X
Gnaphosidae Neodrassex sp. X X
Hahniidae Hahniidae spl X X X X X X X
Hahniidae Hahniidae sp2 X
Linyphiidae Linyphiidae spl X X X X X X X
Linyphiidae Linyphiidae sp2 X X X X X X X X
Linyphiidae Linyphiidae sp3 X X X X X X X X
Linyphiidae Linyphiidae sp4 X X X
Linyphiidae Linyphiidae sp5
Linyphiidae Linyphiidae sp6 X X X X X X X X
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Table A10. Cont.

F1 F2 F3 F4 F5 F6
Family Specie NG | NG P | NG P |[NG|NG P|NG
Linyphiidae Linyphiidae sp7 X X X X
Linyphiidae Linyphiidae sp8 X
Linyphiidae Linyphiidae sp9 X X X X X X X X
Linyphiidae Linyphiidae sp10 X X X
Linyphiidae Linyphiidae sp11 X X X X X X
Linyphiidae Linyphiidae sp12 X
Linyphiidae Linyphiidae sp13 X X X
Psilocymbium lineatum
Linyphiidae (Millidge, 1991) X X X X X X X X| X
Scolecura propinqua Millidge,
Linyphiidae 1991 X X X X X X X X| X
Linyphiidae Sphecozone sp. X X X X X X X
Linyphiidae Tutaibo sp. X X X X X X X X X
Lycosidae Lycosidae spl X X
Lycosidae Lycosidae sp2 X X
Abaycosa nanica (Mello-Leitéo,
Lycosidae 1941) X X X X X X X X
Aglaoctenus lagotis* (Holmberg,
Lycosidae 1891)
Lobizon humilis (Mello-Leitéo,
Lycosidae 1944) X X X X X
Lycosa auroguttata (Keyserling,
Lycosidae 1891) X
Lycosa erythrognatha Lucas,
Lycosidae 1836 X
Lycosidae Lycosa inornata Blackwall, 1862 X X X X
Lycosa poliostoma (C.L. Koch,
Lycosidae 1847) X X X X X X X X X
Lycosa thorelli (Keyserling,
Lycosidae 1877) X X
Lycosa u-album Mello-Leitdo,
Lycosidae 1938 X X X X X X X X| X
Paratrochosina amica (Mello-
Lycosidae Leitdo, 1941) X X X X X X X X X
Miturgidae Teminius insularis (Lucas, 1857) X X X X X
Losdolobus nelsoni Pompozzi,
Orsolobidae 2015 X
Oxyopidae Oxyopes salticus Hentz, 1845 X X X X X X X X| X
Tibellus paraguensis Simon,
Philodromidae 1897 X X X X
Mesabolivar tandilicus* (Mello-
Pholcidae Leitdo, 1940) X
Pycnothele modesta (Schiapelli
Pycnothelidae & Gerschman, 1942) X X
Stenoterommata palmar
Pycnothelidae Golohoff, 1995 X
Salticidae Salticidae spl X
Salticidae Aphirape gamas Galiano, 1996 X
Chirotecia daguerrei Galiano,
Salticidae 1972 X
Dendryphantes mordax (C.L.
Salticidae Koch, 1846) X X X X
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Table A10. Cont.

F1 F2 F3 F4 F5 F6
Family Specie NG | NG NG P | NG| NG P|NG
Euophrys melanoleuca Mello-
Salticidae Leitdo, 1944 X X
Hisukattus transversalis Galiano,
Salticidae 1978 X X X X
Pseudofluda pergeri Nadal &
Salticidae Rubio, 2019 X
Saphrys saitiformis (Simon,
Salticidae 1901) X X
Salticidae Sarinda capibarae Galiano, 1967 | X X X X
Semiopyla cataphracta Simon,
Salticidae 1901 X X X
Sumampattus hudsoni Galiano,
Salticidae 1996 X X
Tartamura adfectuosa (Galiano,
Salticidae 1977) X X
Tullgrenella guayapae Galiano,
Salticidae 1970 X
Tullgrenella lunata (Mello-
Salticidae Leitdo, 1944) X
Tullgrenella quadripunctata
Salticidae (Mello-Leitdo, 1944) X X X X X
Salticidae Zygoballus sp. X
Glenognatha lacteovittata
Tetragnathidae ~ (Mello-Leitdo, 1944) X X X X X
Theridiidae Theridiidae spl X X X X X X X
Theridiidae Theridiidae sp2 X X X X X
Theridiidae Theridiidae sp3 X X X X
Theridiidae Theridiidae sp4 X
Theridiidae Theridiidae sp5 X
Theridiidae Argyrodes sp. X X
Theridiidae Cryptachaea sp. X X X X X X X| X
Dipoena granulata (Keyserling,
Theridiidae 1886) X X X X X
Theridiidae Euryopis sp X
Guaraniella manherti (Baert,
Theridiidae 1984) X X X X X| X
Theridiidae Steatoda sp. X X X X X X X
Theridiidae Theridion sp. X X X X X X | X
Theridiidae Thymoites spl X X
Thymoites puer (Mello-Leitéo,
Theridiidae 1941) X X X X X X| X
Thomisidae Thomisidae spl X
Thomisidae Thomisidae sp2 X
Misumenops pallidus
Thomisidae (Keyserling, 1880) X
Thomisidae Runcinioides sp. X X
Thomisidae Tmarus sp. X X X | X
Uraarachne runcinioides
Thomisidae (Simon, 1886) X
Goeldia luteipes (Keyserling,
Titanoecidae 1891) X X
Trachelidae Trachelidae spl X X X X
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Table Al11. Bird species recorded by farm (F) in spring, summer and winter. Origin

(O): Native (N), exotic (E). Conservation Status (CS): Priority (P).

Family Specie F1 F2 F3 F4 F5 F6 O GCs
Accipitridae Accipiter striatus 4 1 2 1 1 N
Icteridae Agelaioides badius 17 16 16 12 10 16 N
Hirundinidae Alopochelidon fucata 1 1 2 N
Anatidae Amazonetta brasiliensis 24 15 8 3 23 6 N
Passerellidae Ammodramus humeralis 13 13 39 13 11 17 N
Anatidae Anas flavirostris 16 15 11 2 19 4 N
Anatidae Anas georgica 2 4 7 N
Anatidae Anas versicolor 2 2 6 N
Motacillidae Anthus correndera 1 N
Motacillidae Anthus furcatus 10 7 11 11 22 N
Motacillidae Anthus hellmayri 20 19 18 20 12 18 N
Motacillidae Anthus lutescens 7 4 1 2 10 1 N
Motacillidae Anthus nattereri 2 N P
Motacillidae ANTHUS SP 1 2 3 N
Furnariidae Anumbius annumbi 29 31 33 11 13 44 N
Rallidae Aramides cajanea 5 4 1 N
Rallidae Aramides ypecaha 24 7 5 6 3 N
Aramidae Aramus guarauna 19 8 5 10 3 N P
Psittacidae Aratinga leucophthalma 11 1 4 5 3 N
Ardeidae Ardea alba 29 12 1 3 18 2 N
Ardeidae Ardea cocoi 10 1 8 1 N
Furnariidae Asthenes baeri 9 5 N
Strigidae Athene cunicularia 1 8 1 2 8 10 N
Scolopacidae Bartramia longicauda 2 12 12 1 13 N P
Parulidae Basileuterus culicivorus 10 2 1 1 7 N
Parulidae Basileuterus leucoblepharus 16 10 10 5 13 N
Ardeidae Bubulcus ibis 12 7 7 2 14 N
Accipitridae Buteo albicaudatus 1 1 1 1 N
Accipitridae Buteogallus meridionalis 23 12 4 2 N
Ardeidae Butorides striatus 12 5 5 9 1 N
Icteridae Cacicus chrysopterus 13 1 6 N
Anatidae Cairina moschata 4 3 N P
Scolopacidae Calidris fuscicollis 1 N P
Scolopacidae Calidris melanotos 1 N
Anatidae Callonetta leucophrys 5 N
Tyrannidae Camptostoma obsoletum 7 4 5 3 3 N
Falconidae Caracara plancus 13 20 33 15 17 14 N
Fringillidae Carduelis carduelis 1 E
Cariamidae Cariama cristata 13 8 2 2 3 N P
Cathartidae Cathartes aura 15 9 12 21 3 10 N
Cathartidae Cathartes burrovianus 3 N
Furnariidae Certhiaxis cinnamomeus 1 N
Charadriidae Charadrius collaris 2 N
Anhimidae Chauna torquata 18 20 22 6 N
Cerylidae Chloroceryle amazona 4 2 2 2 1 N
Cerylidae Chloroceryle americana 1 5 1 2 1 1 N
Trochilidae Chlorostilbon aureoventris 6 2 15 3 7 N
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Table All. Cont.

Family Specie F1 F2 F3 F4 F5 F6 O Cs
Laridae Chroicocephalus cirrocephalus 1 N
Laridae Chroicocephalus maculipennis 2 N
Icteridae Chrysomus ruficapillus 11 3 2 5 N
Ciconiidae Ciconia maguari 11 3 1 5 4 N
Accipitridae Circus buffoni 2 2 1 N
Accipitridae Circus cinereus 5 2 1 N P
Troglodytidae Cistothorus platensis 6 3 N P
Cuculidae Coccyzus melacoryphus 1 1 3 1 2 N
Picidae Colaptes campestris 21 17 20 22 22 21 N
Picidae Colaptes melanochloros 17 6 3 11 5 6 N
Columbidae Columbina picui 15 1 2 N
Columbidae Columbina talpacoti 1 N
Cathartidae Coragyps atratus 1 N P
Anatidae Coscoroba coscoroba 4 1 3 N P
Furnariidae Cranioleuca pyrrhophia 34 21 6 7 17 16 N
Furnariidae Cranioleuca sulphurifera 1 N P
Thraupidae Cyanocompsa brissonii 2 N P
Corvidae Cyanocorax chrysops 5 4 11 11 N
Thraupidae Cyanoloxia glaucocaerulea 2 3 5 1 4 N
Vireonidae Cyclarhis gujanensis 25 11 5 3 11 17 N
Anatidae Cygnus melancoryphus 1 4 N P
Anatidae Dendrocygna viduata 10 4 6 1 N
Thraupidae Donacospiza albifrons 10 8 3 N P
Furnariidae Drymornis bridgesii 4 1 3 11 6 9 N
Ardeidae Egretta thula 17 1 2 1 9 2 N
Tyrannidae Elaenia parvirostris 21 20 12 23 21 19 N
Thraupidae Emberizoides herbicola 1 N P
Thraupidae Embernagra platensis 15 6 52 3 22 N
Tyrannidae Empidonomus aurantioatrocristatus 3 N
Tyrannidae Euscarthmus meloryphus 3 N
Falconidae Falco femoralis 1 1 1 N
Falconidae Falco peregrinus 1 N P
Falconidae Falco sparverius 9 14 4 5 11 8 N
Rallidae Fulica armillata 2 1 N
Rallidae Fulica leucoptera 1 2 1 3 1 N
Furnariidae Furnarius rufus 50 60 69 28 47 35 N
Scolopacidae Gallinago paraguaiae 3 19 9 6 12 6 N
Rallidae Gallinula chloropus 3 2 2 N
Rallidae Gallinula melanops 3 1 N
Furnariidae Geositta cunicularia 17 1 1 2 N
Parulidae Geothlypis aequinoctialis 2 6 13 10 8 6 N
Accipitridae Geranoaetus melanoleucus 1 2 N P
Accipitridae Geranospiza caerulescens 1 1 N
Icteridae Gnorimopsar chopi 1 4 2 5 2 2 N P
Cuculidae Guira guira 24 14 6 11 14 7 N
Threskiornithidae  Harpiprion caerulescens 30 12 1 8 N
Recurvirostridae Himantopus melanurus 14 6 2 14 5 N
Hirundinidae Hirundo rustica 1 N
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Table All. Cont.

Family Specie F1 F2 F3 F4 F5 F6 O Cs
Caprimulgidae Hydropsalis torquata 2 4 1 7 N
Trochilidae Hylocharis chrysura 8 5 2 6 5 3 N
Tyrannidae Hymenops perspicillatus 37 N
Icteridae Icterus cayanensis 2 1 2 5 2 4 N
Jacanidae Jacana jacana 8 9 4 15 4 N
Tyrannidae Knipolegus cyanirostris 5 8 1 1 N
Laridae Larus dominicanus 1 N
Rallidae Laterallus melanophaius 2 2 N
Tyrannidae Lathrotriccus euleri 10 1 N
Furnariidae Lepidocolaptes angustirostris 4 1 5 12 1 12 N
Columbidae Leptotila verreauxi 15 15 7 28 12 21 N
Tyrannidae Lessonia rufa 2 N
Furnariidae Limnoctites rectirostris 1 N P
Tyrannidae Machetornis rixosa 19 10 13 16 16 19 N
Cerylidae Megaceryle torquata 1 3 1 N
Picidae Melanerpes candidus 2 1 1 N
Falconidae Milvago chimachima 6 1 N
Falconidae Milvago chimango 11 6 1 4 1 N
Mimidae Mimus saturninus 17 5 29 14 2 9 N
Mimidae Mimus triurus 1 1 N
Icteridae Molothrus bonariensis 17 14 22 11 11 9 N
Icteridae Molothrus rufoaxillaris 8 5 9 5 1 5 N
Ciconiidae Mycteria americana 14 1 6 N
Tyrannidae Myiarchus swainsoni 16 7 4 8 8 10 N
Tyrannidae Myiodynastes maculatus 5 2 8 3 10 N
Tyrannidae Myiophobus fasciatus 7 4 8 12 12 6 N
Psittacidae Myiopsitta monachus 26 12 36 12 34 13 N
Anatidae Netta peposaca 3 3 N
Tinamidae Nothura maculosa 24 24 21 17 31 25 N P
Ardeidae Nycticorax nycticorax 1 4 1 3 N
Charadriidae Oreopholus ruficollis 2 1 N P
Anatidae Oxyura vittata 1 N
Tityridae Pachyramphus polychopterus 13 3 9 2 9 N
Rallidae Pardirallus maculatus 2 N
Rallidae Pardirallus sanguinolentus 1 5 3 N
Thraupidae Paroaria coronata 32 32 60 20 27 26 N P
Parulidae Parula pitiayumi 37 22 4 16 5 19 N
Passeridae Passer domesticus 1 6 N
Columbidae Patagioenas maculosa 18 8 8 5 12 2 N
Columbidae Patagioenas picazuro 47 25 11 28 31 30 N
Cracidae Penelope obscura 11 3 7 17 N
Hirundinidae Petrochelidon pyrrhonota 1 N
Furnariidae Phacellodomus striaticollis 13 4 35 13 N
Sternidae Phaetusa simplex 1 N
Phalacrocoracida
e Phalacrocorax brasilianus 9 2 3 6 7 2 N
Threskiornithidae  Phimosus infuscatus 9 1 4 N
Furnariidae Phleocryptes melanops 3 N
Tyrannidae Phylloscartes ventralis 16 11 3 1 8 N
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Table All. Cont.

Family Specie F1 F2 F3 F4 F5 F6 O Cs
Cotingidae Phytotoma rutila 1 N
Cuculidae Piaya cayana 1 1 2 N
Picidae Picumnus nebulosus 3 1 N
Thraupidae Pipraeidea melanonota 1 N
Thraupidae Piranga flava 12 1 3 2 7 N
Tyrannidae Pitangus sulphuratus 40 49 62 30 30 31 N
Threskiornithidae  Platalea ajaja 11 1 1 10 N
Threskiornithidae  Plegadis chihi 17 4 13 N
Charadriidae Pluvialis dominica 1 N P
Caprimulgidae Podager nacunda 1 5 2 4 N
Podicipedidae Podiceps major 1 1 N
Podicipedidae Podilymbus podiceps 7 2 2 3 1 N
Polioptilidae Polioptila dumicola 8 17 8 22 12 18 N
Thraupidae Poospiza cabanisi 8 7 2 4 13 N
Thraupidae Poospiza melanoleuca 1 1 7 8 N
Thraupidae Poospiza nigrorufa 11 5 11 5 7 3 N
Rallidae Porzana flaviventer 1 N P
Hirundinidae Progne chalybea 2 3 4 3 1 2 N
Hirundinidae Progne tapera 31 29 23 12 20 18 N
Icteridae Pseudoleistes guirahuro 1 N
Icteridae Pseudoleistes virescens 11 4 21 9 26 6 N
Furnariidae Pseudoseisura lophotes 2 N
Hirundinidae Pygochelidon cyanoleuca 14 3 1 2 6 2 N
Tyrannidae Pyrocephalus rubinus 17 17 34 9 15 14 N
Rheidae Rhea americana 16 27 8 26 11 37 N P
Tinamidae Rhynchotus rufescens 15 4 11 N
Podicipedidae Rollandia rolland 1 1 1 2 N
Accipitridae Rostrhamus sociabilis 10 7 1 3 6 4 N
Accipitridae Rupornis magnirostris 10 8 3 9 4 3 N
Rynchopidae Rynchops niger 1 N
Thraupidae Saltator aurantiirostris 7 5 4 22 8 12 N
Thraupidae Saltator similis 10 6 4 3 7 N
Tyrannidae Satrapa icterophrys 8 2 1 1 2 N
Furnariidae Schoeniophylax phryganophilus 8 5 N
Tyrannidae Serpophaga nigricans 6 5 4 3 8 1 N
Tyrannidae Serpophaga subcristata 22 14 7 16 6 11 N
Thraupidae Sicalis flaveola 32 25 38 28 32 35 N
Thraupidae Sicalis luteola 42 30 45 19 33 20 N
Furnariidae Spartonoica maluroides 1 N P
Fringillidae Sporagra magellanica 5 7 16 5 5 5 N
Thraupidae Sporophila caerulescens 26 1 2 3 11 3 N
Thraupidae Sporophila cinnamomea 3 1 N P
Thraupidae Sporophila ruficollis 1 N P
Hirundinidae Stelgidopteryx ruficollis 4 5 2 3 4 1 N
Thraupidae Stephanophorus diadematus 12 9 4 14 12 13 N
Stercorariidae Stercorarius parasiticus 1 N
Sternidae Sternula superciliaris 2 N
Icteridae Sturnella superciliaris 13 9 11 3 8 10 N
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Table All. Cont.

Family Specie F1 F2 F3 F4 F5 F6 O Cs
Sturnidae Sturnus vulgaris 14 2 5 1 E
Tyrannidae Sublegatus modestus 5 N
Tyrannidae Suiriri suiriri 1 N
Furnariidae Synallaxis frontalis 4 5 10 5 7 N
Furnariidae Synallaxis spixi 4 1 1 2 N
Furnariidae Syndactyla rufosuperciliata 13 5 1 8 6 15 N
Ardeidae Syrigma sibilatrix 7 4 1 5 16 3 N
Hirundinidae Tachycineta leucorrhoa 19 15 9 4 24 5 N
Hirundinidae Tachycineta meyeni 1 N
Thraupidae Tangara preciosa 12 5 1 9 1 4 N
Cuculidae Tapera naevia 1 1 1 1 1 N
Thamnophilidae Thamnophilus caerulescens 26 16 2 9 11 14 N
Thamnophilidae Thamnophilus ruficapillus 6 5 8 6 7 N
Threskiornithidae  Theristicus caudatus 8 6 3 9 5 N
Thraupidae Thraupis bonariensis 3 4 6 5 7 4 N
Thraupidae Thraupis sayaca 14 6 20 4 14 N
Scolopacidae Tringa flavipes 5 2 3 4 2 N
Scolopacidae Tringa melanoleuca 2 1 1 N
Scolopacidae Tringa solitaria 3 1 2 1 N
Troglodytidae Troglodytes aedon 28 22 55 18 20 27 N
Scolopacidae Tryngites subruficollis 1 N P
Turdidae Turdus albicollis 6 2 N
Turdidae Turdus amaurochalinus 28 24 14 23 19 18 N
Turdidae Turdus leucomelas 2 1 N P
Turdidae Turdus rufiventris 26 15 5 13 13 16 N
Tyrannidae Tyrannus melancholicus 16 12 13 4 9 8 N
Tyrannidae Tyrannus savana 34 30 35 19 39 16 N
Charadriidae Vanellus chilensis 55 44 33 28 53 39 N
Picidae Veniliornis spilogaster 11 8 1 13 2 10 N
Vireonidae Vireo olivaceus 16 5 N
Tyrannidae Xolmis cinereus 7 23 13 2 16 5 N
Tyrannidae Xolmis dominicanus 4 4 N P
Tyrannidae Xolmis irupero 19 13 3 9 8 16 N
Columbidae Zenaida auriculata 25 3B 41 25 20 34 N
Emberizidae Zonotrichia capensis 69 47 55 54 34 46 N
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Table A12. Total abundance of the fish species recorded at the different sites (1,2) in

summer and winter. F: farm. Conservation Status (CS): Priority (P).

F1 F2 F3 F4 F5 F6
Family Specie 1 2| 1 1 2 1 2 1 2 1 2| Cs
Loricariidae Ancistrus taunayi 1 1] P
Characidae Astyanax disenssus 8 2 3 1
Astyanax 2 2 3
Characidae eigenmanniorum 43 4| 5 21 | 6 9 2 1 7 2
Characidae Astyanax jacuiensis 2| 1 P
1
Cichlidae Australoheros facetus 4 5 4 6
1 1
Cichlidae Australoheros scitulus 5 6 6 15 | 4 5 2
Bryconamericus 13 46
Characidae iheringii 2| 5 4 8 3 6 6 3
Callichthys
Callichthydae callichthys 1 1
1
Crenuchidae Characidium rachovii 37 1] 4 12 12 | 9 5 2 32 1|5
1
Crenuchidae Characidium tenue 8 5
Characidae Charax stenopterus 6 2 9 3 5 20 | 1
1
Characidae Cheirodon interruptus | 148 8| 17 | 172 2 7 568 8 |8 2
Cichlidae Cichlasoma dimerus 1 3
Cnesterodon 702 3 59 |1 2
Poecilidae decemmaculatus 66 66 4 21 | 2 9 1 5 3 0
Callichthydae  Corydoras paleatus 3 2 1 4 P
1 1
Cichlidae Crenicichla lepidota 9 1] 11 3 6 2 8 9 1
Cichlidae Crenicichla scottii 9 3 1 9
Cyanocharax 17 1
Characidae uruguayensis 10 8 3
Curimatidae Cyphocharax voga 64 6 1 1 1 3
Characidae Diapoma terofali 33
Ectrepopterus
Characidae uruguayensis 2 5 5 1 55 P
Gymnogeophagus 3 1 1
Cichlidae mekinos 5 8 0 2910 3 2
Gymnogeophagus
Cichlidae meridionalis 13 P
Gymnogeophagus
Cichlidae peliochelynion 9
Gymnogeophagus 1 2
Cichlidae rhabdotus 18 5 8 5 P
Gymnogeophagus 1 2 3
Cichlidae terrapurpura 4 14 31|14 15|10 4
Gymnotidae Gymnotus omarorum 1 1 1 P
Heptapterus 1 2
Heptapteridae  mustelinus 2 3 21 12 33 |1 6 9
Loricariidae Hisonotus charrua 1 P
Erythrinidae Hoplias argentinensis 6 1] 6 2 2 4 1 P
Hyphessobrycon
Characidae anisitsi 22 1
Hyphessobrycon
Characidae luetkenii 4 6| 12
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Table Al12. Cont.

F1 F2 F3 F4 F5 F6
Family Specie 1 1 2 2 CS
Characidae Hyphessobrycon togoi 1 16
Characidae Oligosarcus jenynsii 7 8 2
Oligosarcus
Characidae oligolepis 1
Loricariidae Otocinclus arnoldi 1 5 P
Phaloceros
Poecilidae caudimaculatus 4 2
Pseudobunocephalus
Aspredinidae iheringii 2
Pseudocorynopoma
Characidae doriae 13 7 3 12
Rhamdella
Heptapteridae  longiuscula
Heptapteridae  Rhamdia quelen 1 P
Rineloricaria
Loricariidae longicauda 12 1 P
Trichomycter  Scleronema
idae angustirostre 76 57 P
Steindachnerina
Curimatidae biornata 3 11
Synbranchida  Synbranchus
e marmoratus 2 p

88



Table A13. Landscape proportions of each farm (F).

Environment F1 F2 F3 F4 F5 F6
Forest Formation 6.6 0.5 14 2.0 0.6 4.4
Forestry 19.4 6.9 4.6 0.3 12.0 0.4
Wetland 13.9 2.6 0.1 0.0 10.7 0.0
Grassland 44.7 76.4 62.7 95.1 48.1 92.0
Farming 12.6 12.9 30.8 1.2 13.7 2.0
Non Vegetated Area 2.3 0.5 0.4 14 1.3 0.9
River, Lake and Ocean 0.5 0.2 0.0 0.0 13.5 0.3
Table A14. Effective mesh size (km?) of farm landscapes. F: farm.
Environment F1 F2 F3 F4 F5 F6
Forest Formation ~ 0.080 0.00 0.0077 0.03 0.00 0.24
Forestry 12.979 2.79 0.0237 0.00 0.87 0.00
Wetland 1.406 0.01 0.0000 0.00 0.78 0.00
Grassland 32,232 351.62 140.7748 249.36 30.80  263.49
Farming 0.894 0.44 6.3827 0.00 0.50 0.02
Non Vegetated Area 0.016 0.00 0.0001 0.00 0.01 0.00
River, Lake and Ocean 0.002 0.00 0.0001 0.00 9.79 0.00
Table A15. Largest patch index of farm landscapes. F: farm.
Environment F1 F2 F3 F4 F5 F6
Forest Formation 0.52 0.0675  0.297 0.5824 0.05 1.0684
Forestry 1507 6.5284  0.340 0.0087 2.29 0.0085
Wetland 4.20 0.1614  0.008  0.0003 2.24 0.0037
Grassland 20.19 73.2178 50.718 55.4189 18.59 44,7041
Farming 2.83 19315 9.630 0.1083 1.95 0.3448
Non Vegetated Area  0.31 0.0250 0.009 0.0324 0.27 0.0500
River, Lake and Ocean 0.10 0.0768  0.037  0.0105 12.47  0.0356
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3. DISCUSION

Si bien la agricultura y la forestacion han venido ganando espacio dentro de la
region de los pastizales del Rio de la Plata en las ultimas décadas (Vega et al., 2009,
Baldi y Paruelo, 2008), Baeza y Paruelo (2020) encontraron que los pastizales
nativos y las pasturas perennes implantadas ain continan dominando el area (60 %),
principalmente en Uruguay y en la subregion de la Pampa inundable.

Uruguay presenta el mejor escenario en cuanto al estado de conservacion de la
vegetacion natural de los pastizales del Rio de la Plata, dado que aproximadamente el
64 % del territorio sigue cubierto por pastizales nativos (DIEA, 2021, Bilenca y
Mifiarro, 2004), lo que se debe a que la ganaderia sigue siendo una actividad
econdmica importante y la que ocupa la mayor parte del territorio del pais (DIEA,
2021, Fonseca et al., 2013).

Brazeiro et al. (2020) sugieren que una de las alternativas para reducir la tasa
de pérdida de pastizales nativos en Uruguay y conservar la biodiversidad y los
servicios ecosistémicos asociados con estos sistemas seria la promocion de la
produccién de carne sobre pastizales nativos. Para validar esta opcion, es esencial
contar con herramientas de estudio (como la guia LEAP aplicada en este trabajo) que
permiten conocer y monitorear el estado de conservacién de la biodiversidad y
demas recursos naturales de estos sistemas. Ademas, permite monitorear a lo largo
del tiempo el efecto de las decisiones de manejo ganadero junto con la interaccion
entre aspectos estructurales y funcionales para encontrar las alternativas de gestion
mas sustentables.

La guia LEAP, Biodiversity and the livestock sector. Guidelines for
guantitative assessments (FAO, 2020), propone varios indicadores que abordan
muchas cuestiones tematicas (proteccion del habitat, cambio del habitat,
conservacion de la vida silvestre, especies invasoras, contaminacion y biodiversidad
acuatica, alimentacion fuera de la granja y conservacion del paisaje), lo que la puede
hacer muy costosa de aplicar en términos de tiempo, capacidad técnica y recursos
econdémicos. Sin embargo, esto depende de varios aspectos.

En primer lugar, la accesibilidad a la informacion oficial puede condicionar el

resultado. Ademas, hay que tener en cuenta aspectos culturales o personales que
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pueden limitar las respuestas de los productores a preguntas sobre sus acciones y
toma de decisiones. En este sentido, para los seis casos de estudio, la mayor parte de
la informacion se pudo obtener sin dificultades y cabe destacar que Uruguay y la
region cuentan con mucha informacion geografica satelital de libre acceso que
mejora y facilita el trabajo (MapBiomas Pampa Sudamericano Project, s. f.).

Otro aspecto a tener en cuenta es la superficie de los predios y el nivel de
registro de datos que llevan los productores, lo que puede dificultar el trabajo o
generar mayor demanda de recursos. En los casos de estudio, los predios eran de
gran tamafio, lo que implicd mayor tiempo de muestreos, pero contaban con un nivel
de registro de datos importante (todos pertenecian a grupos CREA), lo que facilité la
informacién para algunos de los indicadores.

Por ultimo, uno de los aspectos mas importantes es la eleccion de las
metodologias de muestreo y, para el grupo de indicadores de «conservacion de la
vida silvestre», la eleccién de los grupos biolégicos a muestrear. El indicador
«riqueza o diversidad de especies» es el que implica mayor necesidad de trabajo de
campo Yy especialistas calificados para su realizacion. Por lo tanto, requiere un alto
grado de trabajo interdisciplinario y costos econdémicos relativamente altos. Para los
grupos elegidos en este trabajo, se requirio especialistas en peces, en aves, en arafas
y boténicos, y se pudieron realizar muestreos muy precisos de las comunidades y
especies de los predios. En cuanto a las técnicas de muestreo, es dificil saber cual
puede ser la més eficiente y facil de utilizar. EI uso de técnicas complementarias
(como las empleadas en este estudio para arafias y vegetacion lefiosa) permite un
panorama mas amplio de la comunidad de especies, pero a su vez implica una mayor
utilizacion de recursos. Si se requirieran tiempos mas cortos y reduccion de costos
econdmicos, la recomendacion es realizar los muestreos de fauna y flora solo en
verano o en dos fechas incluyendo primavera y verano, y priorizar la técnica mas
acorde a los objetivos de trabajo. Con las técnicas de muestreo utilizadas, en todos
los casos de estudio se registré una gran cantidad de especies, muchas de ellas
prioritarias para su conservacion en Uruguay, lo que era esperado, ya que existen
registros de que estas variedades de habitats (en toda la region de los pastizales del

Rio de la Plata) sostienen importantes niveles de biodiversidad (Azpiroz et al., 2012,
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Overbeck et al., 2007, Bilenca y Mifarro, 2004) y demuestran la relevancia de
conservar su integridad.

Por otro lado, puede ser complejo, pero a la vez necesario analizar y entender
la relacion o interaccion entre los diferentes indicadores calculados a la hora de
tomar decisiones de manejo. Por ejemplo, la heterogeneidad del ambiente local
(incluso la heterogeneidad en la estructura y composicion floristica de los potreros,
que puede lograrse a traves del manejo diferencial de los mismos) proporciona
diferentes nichos y refugios que contribuyen al mantenimiento de la diversidad de
algunos grupos faunisticos (Aisen et al., 2017, Vanbergen et al., 2007). Ciertas
medidas de manejo como el libre acceso del ganado a los cursos de agua podrian
influir negativamente en la calidad de algunos de sus parametros fisico- quimicos, lo
que podria evitarse excluyendo el ganado mediante alambrados, de zonas de bafiado
0 montes. Los cambios en la estructura del paisaje pueden generar vulnerabilidad a
importantes procesos de degradacion como la invasion de especies exéticas (Guido et
al.,, 2016, Hobbs, 2001). Cabe aclarar que algunas decisiones escapan a los
productores y tienen que ser estudiadas a una escala mas amplia, como el
ordenamiento territorial.

A su vez, para poder tomar las decisiones de manejo mas sustentables, es
necesario entender cdmo todos esos procesos impactan en la provision de servicios
ecosistémicos, en la economia, en la viabilidad de ciertas practicas productivas a
mediano o largo plazo y principalmente en el bienestar humano y animal.

Por ultimo, aunque este estudio busque tener un enfoque maés local, no se
pueden perder de vista los impactos generados fuera de los sistemas ganaderos
cuando estos importan o utilizan insumos externos. En general, en los sistemas

extensivos en Uruguay se utilizan bajos volumenes de este tipo de insumos.
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4. CONCLUSIONES
La ganaderia sigue siendo una de las actividades econdmicas principales del

pais, se desarrolla mayoritariamente sobre un recurso natural de gran importancia
nacional y mundial, como son los pastizales nativos, y puede contribuir al
mantenimiento de estos. El sector privado, como principal propietario y gestor de
estos recursos, debe estar mas integrado en las politicas nacionales de conservacion.
La guia LEAP de evaluacion de la biodiversidad es una herramienta util tanto para
caracterizar el estado de los ecosistemas bajo uso pastoril y algunos componentes
especificos de su biodiversidad, como para evaluar la interaccion del sistema de
produccion con el medio ambiente y planificar el manejo en consecuencia.
Adicionalmente, su utilizacion es importante para crear un vinculo de comunicacién
con los productores, despertar el interés en la tematica y generar mas conciencia
acerca de la complejidad de los sistemas que manejan.

La produccion y la conservacion no son necesariamente objetivos antagdnicos.
Desde un punto de vista econdémico, preservar los pastizales nativos podria
representar desde no quedar fuera de algunos mercados a nivel mundial, hasta una
oportunidad para los productores de la region, de diferenciar y valorizar su
produccion de carne por sus cualidades ambientales y asi escalar en las cadenas
globales de alto valor. En este sentido, es fundamental fomentar practicas
productivas sostenibles que promuevan la conservacién del medio ambiente y la
biodiversidad, al mismo tiempo que aseguren la produccién y la rentabilidad de la
actividad ganadera. De esta manera, se pueden alcanzar objetivos econémicos y

ambientales a largo plazo.

93



5. BIBLIOGRAFIA

Aisen S, Werenkraut V, Marquez MEG, Ramirez MJ, Ruggiero A. 2017.
Environmental heterogeneity, not distance, structures montane epigaeic spider
assemblages in north-western Patagonia (Argentina). Journal of Insect
Conservation, 21(5): 951-962. https://doi.org/10.1007/s10841-017-0034-8

Azpiroz AB, Isacch JP, Dias RA, Di Giacomo AS, Fontana CS, Palarea CM. 2012.
Ecology and conservation of grassland birds in southeastern South America:
A review. Journal of Field Ornithology, 83(3): 217-246.
https://doi.org/10.1111/j.1557-9263.2012.00372.x

Baldi G, Paruelo JM. 2008. Land-Use and Land Cover Dynamics in South American

Temperate Grasslands. Ecology and Society, 13(2).
https://doi.org/10.5751/ES-02481-130206
Bilenca D, Mifarro F. 2004. Identificacion de areas valiosas de pastizal (avps) en las

pampas y campos de Argentina, Uruguay Yy sur de Brasil. Fundacién Vida
Silvestre Argentina. Buenos Aires, Argentina. 250 p.

Bodirsky BL, Rolinski S, Biewald A, Weindl I, Popp A, Lotze-Campen H. 2015.
Global Food Demand Scenarios for the 21st Century. PLOS ONE, 10(11):
e0139201. https://doi.org/10.1371/journal.pone.0139201

Brazeiro A, Achkar M, Toranza C, Bartesaghi L. 2020. Agricultural expansion in

Uruguayan grasslands and priority areas for vertebrate and woody plant
conservation. Ecology and Society, 25(1). https://doi.org/10.5751/ES-11360-
250115

de Santiago MF, Barrios M, D" Anatro A, Garcia LF, Mailhos A, Pompozzi G,

Rehermann S, Sim6 M, Tesitore G, Teixeira de Mello F, Valtierra V,
Blumetto O. 2022. From Theory to Practice: Can LEAP/FAO Biodiversity
Assessment Guidelines Be a Useful Tool for Knowing the Environmental
Status of Livestock Systems? Sustainability, 14(23), 16259.
https://doi.org/10.3390/su142316259

94


https://doi.org/10.1007/s10841-017-0034-8
https://doi.org/10.1111/j.1557-9263.2012.00372.x
https://doi.org/10.5751/ES-02481-130206
https://doi.org/10.1371/journal.pone.0139201
https://doi.org/10.5751/ES-11360-250115
https://doi.org/10.5751/ES-11360-250115
https://doi.org/10.3390/su142316259

FAO (Food and Agriculture Organization). 2020. Biodiversity and the livestock
sector - Guidelines for quantitative assessment - Version 1. Roma, Italia. 114
p. https://doi.org/10.4060/ca9295en

Fonseca CR, Guadagnin DL, Emer C, Masciadri S, Germain P, Zalba SM. 2013.
Invasive alien plants in the Pampas grasslands: A tri-national cooperation
challenge. Biological Invasions, 15(8): 1751-1763.
https://doi.org/10.1007/s10530-013-0406-2

Frank DA. 2005. The interactive effects of grazing ungulates and aboveground

production on grassland diversity. Oecologia, 143(4): 629-634.
https://doi.org/10.1007/s00442-005-0019-2

Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman J, Falcucci A,
Tempio G. 2013. Tackling climate change through livestock. Food and

Agriculture Organization of the United Nations (FAQO). Roma, Italia. 139 p.
https://www.fao.org/publications/card/es/c/030a41a8-3e10-57d1-ae0c-
86680a69ceea/

Guido A, Vélez-Martin E, Overbeck GE, Pillar VD. 2016. Landscape structure and
climate affect plant invasion in subtropical grasslands. Applied Vegetation
Science, 19(4): 600-610. https://doi.org/10.1111/avsc.12263

Hobbs RJ. 2001. Synergisms among Habitat Fragmentation, Livestock Grazing, and

Biotic Invasions in Southwestern Australia. Conservation Biology, 15(6):
1522-1528. https://doi.org/10.1046/j.1523-1739.2001.01092.x
MapBiomas Pampa Sudamericano Project. (s. f.). Collection 1 of the Annual Pampa

Coverage and Land Use Series. [En linea]. 23 de septiembre de 2022.

Disponible en: https://plataforma.pampa.mapbiomas.org/

DIEA (Direccion de Estadisticas Agropecuarias). 2021. [En linea]. En Anuario
Estadistico Agropecuario 2021. Montevideo: MGAP (Ministerio de
Ganaderia, Agricultura y Pesca). Consultado 14 mayo 2023. Disponible en:

https://www.gqub.uy/ministerio-ganaderia-agricultura-

pesca/comunicacion/publicaciones/anuario-estadistico-agropecuario-2021

95


https://doi.org/10.4060/ca9295en
https://doi.org/10.1007/s10530-013-0406-2
https://doi.org/10.1007/s00442-005-0019-2
https://www.fao.org/publications/card/es/c/030a41a8-3e10-57d1-ae0c-86680a69ceea/
https://www.fao.org/publications/card/es/c/030a41a8-3e10-57d1-ae0c-86680a69ceea/
https://doi.org/10.1111/avsc.12263
https://doi.org/10.1046/j.1523-1739.2001.01092.x
https://plataforma.pampa.mapbiomas.org/
https://www.gub.uy/ministerio-ganaderia-agricultura-pesca/comunicacion/publicaciones/anuario-estadistico-agropecuario-2021
https://www.gub.uy/ministerio-ganaderia-agricultura-pesca/comunicacion/publicaciones/anuario-estadistico-agropecuario-2021

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-being:
Biodiversity Synthesis. World Resources Institute. Washington, DC. 86 p.
https://www.millenniumassessment.org/documents/document.354.aspx.pdf

Modernel P, Rossing WAH, Corbeels M, Dogliotti S, Picasso V, Tittonell P. 2016.
Land use change and ecosystem service provision in Pampas and Campos

grasslands of southern South America. Environmental Research Letters,
11(11): 113002. https://doi.org/10.1088/1748-9326/11/11/113002
Mottet A, de Haan C, Falcucci A, Tempio G, Opio C, Gerber P. 2017. Livestock: On
our plates or eating at our table? A new analysis of the feed/food debate.
Global Food Security, 14: 1-8. https://doi.org/10.1016/j.9fs.2017.01.001
Overbeck GE, Miiller SC, Fidelis A, Pfadenhauer J, Pillar VD, Blanco CC, Boldrini
IL, Both R, Forneck ED. 2007. Brazil’s neglected biome: The South Brazilian

Campos. Perspectives in Plant Ecology, Evolution and Systematics, 9(2):
101-116. https://doi.org/10.1016/j.ppees.2007.07.005

Paruelo JM, Jobbagy EG, Oesterheld M, Golluscio R, Aguiar M. 2007. The
Grasslands and Steppes of Patagonia and the Rio de la Plata Plains. En:
Veblen TT, Young KR, Orme AR Eds. The physical geography of South
America. Oxford University Press. 232-248.

Pulido M, Schnabel S, Lavado Contador JF, Lozano-Parra J, Gonzélez F. 2018. The

Impact of Heavy Grazing on Soil Quality and Pasture Production in

Rangelands of SW Spain: Soil Quality and Pasture Production in Rangelands
of SW Spain. Land Degradation & Development, 29(2): 219-230.
https://doi.org/10.1002/1dr.2501

Rook AJ, Dumont B, Isselstein J, Osoro K, WallisDeVries MF, Parente G, Mills J.
2004. Matching type of livestock to desired biodiversity outcomes in pastures

- a review. Biological Conservation, 119(2): 137-150.
https://doi.org/10.1016/j.biocon.2003.11.010
Scohier A, Ouin A, Farruggia AA, Dumont B. 2013. Is there a benefit of excluding

sheep from pastures at flowering peak on flower-visiting insect diversity?
Journal of Insect Conservation, 17(2): 287. https://doi.org/10.1007/s10841-
012-9509-9

96


https://www.millenniumassessment.org/documents/document.354.aspx.pdf
https://doi.org/10.1088/1748-9326/11/11/113002
https://doi.org/10.1016/j.gfs.2017.01.001
https://doi.org/10.1016/j.ppees.2007.07.005
https://doi.org/10.1002/ldr.2501
https://doi.org/10.1016/j.biocon.2003.11.010
https://doi.org/10.1007/s10841-012-9509-9
https://doi.org/10.1007/s10841-012-9509-9

Soussana JF, Tallec T, Blanfort V. 2010. Mitigating the greenhouse gas balance of
ruminant production systems through carbon sequestration in grasslands.
Animal, 4(3): 334-350. https://doi.org/10.1017/S1751731109990784

Teillard F, Anton A, Dumont B, Finn JA, Henry B, Souza DM, Manzano P, Mila i
Canals L, Phelps C, Said M, Vijn S, White S. 2016. A review of indicators
and methods to assess biodiversity - Application to livestock production at

global scale. Livestock Environmental Assessment and Performance (LEAP)

Partnership. FAO. Roma, Italia. 150 p.
https://www.fao.org/documents/card/es/c/35dd6e4c-07a8-4dad-8abb-
a058139f0dfc/

Vanbergen AJ, Watt AD, Mitchell R, Truscott AM, Palmer SCF, lvits E, Eggleton P,

Jones TH, Sousa JP. 2007. Scale-specific correlations between habitat
heterogeneity and soil fauna diversity along a landscape structure gradient.
Oecologia, 153(3): 713-725. https://doi.org/10.1007/s00442-007-0766-3

Vega E, Baldi G, Jobbagy EG, Paruelo J. 2009. Land use change patterns in the Rio

de la Plata grasslands: The influence of phytogeographic and political
boundaries. Agriculture, Ecosystems & Environment, 134(3): 287-292.
https://doi.org/10.1016/j.agee.2009.07.011

Wirsenius S, Azar C, Berndes G. 2010. How much land is needed for global food

production under scenarios of dietary changes and livestock productivity
increases in 20307 Agricultural Systems, 103(9): 621-638.
https://doi.org/10.1016/j.agsy.2010.07.005

Zhang R, Yeh ET, Tan S. 2021. Marketization induced overgrazing: The political

ecology of neoliberal pastoral policies in Inner Mongolia. Journal of Rural
Studies, 86: 309-317. https://doi.org/10.1016/j.jrurstud.2021.06.008

97


https://doi.org/10.1017/S1751731109990784
https://www.fao.org/documents/card/es/c/35dd6e4c-07a8-4dad-8abb-a058139f0dfc/
https://www.fao.org/documents/card/es/c/35dd6e4c-07a8-4dad-8abb-a058139f0dfc/
https://doi.org/10.1007/s00442-007-0766-3
https://doi.org/10.1016/j.agee.2009.07.011
https://doi.org/10.1016/j.agsy.2010.07.005
https://doi.org/10.1016/j.jrurstud.2021.06.008

