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Simple Summary: Silvopastoral Systems (SPS) are agroforestry arrangements that combine forage
grasses with shrubs and trees for animal nutrition and complementary uses. Their contribution to
sustainable livestock production and animal welfare is well recognized, mainly with Zebu cattle in
tropical regions. In order to obtain information in temperate climate zones, 130 beef cattle of European
breeds were selected from four commercial herds and randomly allocated to two contiguous plots:
SPS and Open Pastures Systems (OPS). The trees in the SPS were Eucalyptus globulus globulus for
paper pulp production. They were planted with two meters between each tree over native, diverse
grasses. Over the course of one year, individual body weights and animal welfare indicators were
collected every 45 days. There were no differences observed in weight gain between the two systems.
No sign of impaired welfare, such as lameness, integument alterations, coughing, nasal/ocular
discharge, or hampered respiration, was observed in either system. Silvopastoral systems offer
animals a sustainable and richer environment, which will improve their welfare. The additional
income provided by the wood production allows the farmers to maintain their traditional cattle
farming lifestyle.
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Abstract: The potential benefits of keeping Zebu cattle in silvopastoral systems are well described
in tropical regions. In order to obtain information on European breeds of beef cattle (Bos taurus
taurus) in temperate climate zones, individual records of body weight and welfare indicators were
obtained from 130 beef cattle. These belonged to four herds and were randomly allocated to two
contiguous plots: Silvopastoral Systems (SPS) and Open Pastures Systems (OPS). The SPS in this
study were areas with exotic trees of Eucalyptus globulus globulus for paper pulp production planted
in a 2 × 2 design (two meters between each tree) over diverse, native grasses. The OPS were large
open areas with a great diversity of native grasses, herbs, and small plots of trees where the animals
could rest and shelter from extreme weather conditions. Over the course of one year, individual
body weights and a number of specific animal welfare indicators were measured every 45 days.
After a descriptive analysis, a generalized linear mixed model (GLMM) with a Gaussian distribution,
with time and system (OPS or SPS) fitted as fixed effects and individuals nested by herd as random
intercepts, was used. The results showed that weight gain did not differ between the two systems.
None of the animals showed any sign of impaired welfare in either system over the study period.
Silvopastoral systems offer animals a sustainable and richer environment that will improves their
welfare. The additional income provided by the wood production allows the farmers to maintain
their traditional cattle farming lifestyle.
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1. Introduction
Silvopastoral Systems (SPS) are agroforestry arrangements that deliberately combine
forage plants, such as grasses and legumes, with shrubs and trees for animal nutrition and
complementary uses [1–3]. They contribute to sustainable livestock production, because
they reduce the impact on natural resources and increase the efficiency and profitability of
an area of land. Furthermore, food security and animal welfare are improved in SPS [4,5].
The integration of forestry and livestock production appears to be more productive, profitable, and sustainable than each separately [3,6]. Animal welfare is improved, because SPS
provide shade and shelter for livestock during hot and sunny days [5] and allow animals to
dedicate a greater percentage of time to grazing and rumination activities [3,7]. In studies
in tropical regions with Zebu breeds, the cattle in SPS showed higher body condition than
did those in pastures without trees. This measure is seen as a strong indicator of animal welfare [8]. Moreover, it is reported that animals in SPS have less anxiety and fear, associated
with a greater possibility of partial or complete concealment [9]. Traditionally, in Uruguay,
a country with a subtropical/temperate climate, European breeds of beef cattle (Bos taurus
taurus) are kept on native Open Pastures Systems (OPS) for meat production [10]. Cattle
nutrition in OPS in Uruguay is based on a great diversity of native grasses and herbs (more
than 400 species), mainly composed of Axonupus spp., Paspalum notatum and P. dilatatum,
Piptochaetum stipoides, Cynodon dactylon, and dwarf weeds [11], which differs from systems
without trees and monocultures of grass species as described in Mancera’s studies with
Zebu cattle in the tropics [8]. In recent decades, SPS have been introduced in Uruguay
using an exotic tree species, Eucalyptus spp., as the main forestry component. This exotic
tree genus is used for paper production and is well adapted to the country’s conditions.
The planting design allows adequate passage of light through the “open” structure of
the branches and leaves of Eucalyptus spp. [12], permitting sufficient growth of grasses to
sustain livestock farming. Although Uruguay is located in the temperate climate zone of
the planet, during the summer, temperatures often surpass 30 ◦ C for several consecutive
days [13]. When the environmental temperature and relative humidity rise, cattle need
extra energy for cooling and eat less [6,14,15]. Shade is then essential. The temperature
humidity index (THI), created by Thorn in 1959 [16], combines ambient temperature and
relative humidity and is considered as “normal” below 74. Levels between 75 and 78
are treated as “mild”, those between 79 and 83 as “dangerous”, and measures over 84
as “emergency”. Trees are a good way to provide shade and thus diminish the risk of
heat stress.
There are different ways of integrating forestry and livestock production in SPS
worldwide, either in arrangements made by farmers or as a result of the adaptation and
management of natural ecosystems [17,18]. The main forms of SPS are (i) scattered trees in
pasturelands, (ii) timber plantations with livestock grazing areas, (iii) pastures between
tree alleys, windbreaks, live fences, and fodder banks with shrubs, and (iv) intensive
silvopastoral systems [6,10,19]. In Uruguay, cattle ranching is traditionally extensive in
OPS, with a group of trees planted in the center of the open field to provide shade for the
cows [10]. The main differences between temperate and tropical climates are in temperature
and rainfall, which determine the growth capacity of different plant species [20].
Because SPS improve the microclimate for the animals during extreme weather, and
because the wood produced by the trees will add to the income of the farmer, we designed
this study to compare the welfare and productive performance of cattle from European
breeds in SPS and OPS in Uruguay, a country with a temperate climate.
2. Materials and Methods
2.1. Study Site
The study was carried out in four locations of southeast Uruguay in South America,
from February 2016 to February 2017.
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Figure 2. Scheme with a 2 × 2 tree plantation design.

The characteristics of the SPS under study are summarized in Table 1.
Figure 1. Unconstrained A-B-C model with path coefficients and statistical significance. ** p < 0.01. β
Figure 2. Scheme with a 2 × 2 tree plantation design.
values for boys are above the path and β values for girls are below the path.

All the conditions were satisfied in boys, except for condition 3. That is, the Loglikelihood Chi
Square Difference Test was statistically reliable, indicating that PD functioned as a partial mediator.
The direct effect between SV and emotional and physical TDV in the A-C model was significant (β =
0.47 and β = 0.49, respectively, p < 0.01) and, although its magnitude decreased slightly after entering
PD as a mediator in the Unconstrained A-B-C model (β = 0.41 p < 0.01 for both types of TDV), it
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Type

Eucalyptus spp.
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spaced out as requested by the farmer in order to avoid additional handling stress closer to
the end of pregnancy.
2.3.1. Welfare Indicator Assessment
On visiting days, the animals were herded from the plots and left in separate pens for
a few hours, without the presence of humans or movements that may cause stress.
After that time period, trained observers performed assessments of selected animal
welfare indicators according to the Welfare Quality® (WQ) protocol [22], adapted to local
farming conditions [23]. Although, so far, no measure has been developed to evaluate the
thermal comfort criterion in the WQ protocol, we consider it an important parameter for
the welfare of the animals [14,24–26]. Non-hampered respiration is considered a measure
of the absence of disease, as shown in Table 2. Therefore, the 130 animals, selected as
described in Section 2.2 and Figure 1, were observed and considered positive if at least one
animal breathed rapidly through the mouth (adapted from the panting scores proposed by
Davis and Mader, 2003 [27]).
Table 2. Some measures based on the Welfare Quality® assessment protocol. Adapted from ref. [23].
Animal Welfare Indicator

Welfare Criterion

Measures

Good Feeding

Absence of prolonged hunger

Body condition score

Absence of injuries

Lameness, integument
alterations

Absence of disease

Coughing, nasal discharge,
ocular discharge, hampered
respiration, diarrhoea, bloated
rumen, mortality

Expression of social behaviors

Agonistic behaviors, cohesive
behaviors

Good health

Appropriate behavior

2.3.2. Body Weight
All animals were periodically weighed, individually, on a scale (Tru-Test® Model
Eziweigh5/MP600; Almacen Rural, Montevideo, Uruguay) placed at the exit of the chute.
2.4. Records of Environmental Temperature and Humidity
Local weather information was obtained from the Uruguayan Agroclimatic data
bank [13]. The variables collected were the daily maximum, minimum, and average values
of the ambient temperature (◦ C) and relative humidity (%) for the study period. The
temperature humidity index (THI) was calculated using the formula proposed by Thorn
(1994) [16].
2.5. Statistical Analyses
In order to analyze the relationships between the response variable (weight, a numerical continuous one) and the explanatory variables (herd and system), an exploratory
data analysis was performed using box-plot diagrams to visualize the weights by herd
and system. The temporal dimension was also incorporated into the graphs in order to
determine if there was an effect of individual evolution (at the animal and herd level) on
weight gain. The information obtained from the descriptive graphs was used to select the
best family of models and the most relevant variables in the context of the hypotheses set
up [28].
Individual weight, as the response variable, was subjected to a generalized linear
mixed model (GLMM) with a Gaussian distribution and identity as the link function,
with time and system (OPS or SPS) fitted as fixed effects and individuals nested by herd
as random intercepts. Additionally, the residual structure was adjusted to include the
autocorrelated structure of the longitudinal design [29,30].
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The model’s goodness of fit was assessed by the calculation of marginal (R2 m) and
conditional (R2 c) coefficients of determination for generalized mixed-effect models [31].
For the data analysis, the statistical software R [32] was used. Graphics were constructed
For the data analysis, the statistical software R [32] was used. Graphics were constructed
using the “ggplot2” package [33], models were fitted with the “nlme” package [34], and the
using
the “ggplot2” package [33], models were fitted with the “nlme” package [34], and the
R2 goodness of fit was estimated with the (r.squared GLMM) function implemented in the
R2 goodness of fit was estimated with the (r.squared GLMM) function implemented in the
“MuMin” package [35].
“MuMin” package [35].
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Figure 4. Distribution of individual weights (kg) expressed as percentile ranks for herds and systems.
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Generalized Mixed-Effect Model (GLMM)
Generalized Mixed-Effect Model (GLMM)
The estimated marginal mean and 95% confidence intervals of weight by system and
The estimated marginal mean and 95% confidence intervals of weight by system and
visit for the GLMM used are presented in Table 3. The results of the GLMM showed no
visit for the GLMM used are presented in Table 3. The results of the GLMM showed no
differences between systems when the remaining explanatory variables of the experimental
differences between systems when the remaining explanatory variables of the experidesign were controlled. The analysis of the residuals showed that the chosen model was
mental design were controlled. The analysis of the residuals showed that the chosen
adequate. Figure 5 shows the mean weight values and their 95% confidence intervals.
model was adequate. Figure 5 shows the mean weight values and their 95% confidence
These were estimated by a GLMM for each of the eight visits. There were no differences
intervals. These were estimated by a GLMM for each of the eight visits. There were no
between groups, and the magnitudes of the increase are shown in Table 3.
differences between groups, and the magnitudes of the increase are shown in Table 3.
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Table 3. Generalized linear mixed model (GLMM) results of weight means by system across eight
visits. The values are presented in absolute terms for Visit 1, and from Visit 2 onwards, only the
increases with respect to the initial one are shown (which were the same for each group).
Fixed Effects
Variable

Estimated weight a

CI b

systemOP: visit_1
systemSPS: visit_1
visit_2
visit_3
visit_4
visit_5
visit_6
visit_7
visit_8

290.5
300.1
36.9
55.9
65.8
72.9
70.1
73.9
112.1

(274.4; 306.5)
(284.4; 315.7)
(31.2; 42.6)
(48.8; 62.9)
(58.1; 73.5)
(64.8; 81.1)
(61.4; 78.7)
(63.8; 84.0)
(99.0; 125.1)

Random Effects
Variable

Estimated SD

c

herd/id

41.1 (Intercept); 33.2 (Residual)
Goodness of fit

R2 m d

15%

R2 c e

79%

a

Estimated weight: Mean individual weight (kg) estimated by the model; b CI: Confidence
intervals (95%) for the estimated mean; c herd/id: Standard deviation of the nested mixed
effects for the unique individuals by herd; d R2 m: Marginal R2 , represents the variance
explained by the fixed effects; e R2 c: Conditional R2 , represents the variance explained by
the entire model, including both fixed and random effects.
3.3. Records of Environmental Temperature and Humidity
The daily minimum, maximum, and average records of ambient temperature in
degrees Celsius (AT), relative humidity as a percentage (RH), and temperature humidity
index (THI) during the study period can be seen in Table 4. Note that in summer, fall,
and spring, the maximum daily THI reached the emergency zone, while the daily average
remained in the normal zone in all of the seasons.
Table 4. Average daily minimum and maximum ambient temperature in degrees Celsius (AT),
relative humidity as a percentage (RH), and records of the temperature humidity index (THI) during
the study period.
Season

Daily Minimum

Daily Maximum

Daily Average

AT

RH

THI

AT

RH

THI

AT

RH

THI

summer

10

65

51.6

35

98

94.9

23.3

81

72.5

fall

−1

74

34.2

32

98

89.6

17.3

88.6

63

winter

0

71

36.2

20

98

68.1

10.7

87.6

51.9

spring

6

57

46.5

34

96

92.8

18.4

76.5

64.4

AT: Ambient temperature in

◦ C;

RH: Relative humidity in %; THI: Temperature humidity index.
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sustainable, where many other beef production systems are not [42]. Brazeiro et al. [44]
found that the overall species richness in the landscape did not decrease with increasing
forestation. The tree species Eucalyptus globulus globulus does not have a very dense leaf
coverage, allowing sufficient light to pass through to the ground. Studies performed
in Australia showed that pasture productivity (quality and quantity) was significantly
higher under reasonably dense, mature, native eucalyptus cover. This might be due to
an improved microclimate (higher winter temperatures and lower evaporation) and the
higher soil organic matter content under the trees [45].
Regarding productive performance in our study, animals in the OPS and SPS had
similar weights and weight gains, as well as similar body conditions, in contrast to findings
by other authors that cattle in SPS in tropical regions had higher body condition than did
cattle in grasslands without trees [8]. It should be noted that in the OPS in our study, the
nutrition was based on a great diversity of native grasses and herbs [11], and the weather
conditions were friendlier to animals because they could seek shelter under the trees, in
contrast to the treeless monoculture systems of the previous findings [8].
With respect to body weight, the result of the present study differs from previous
findings, where the annual weight gain per animal for dairy heifers was greater and body
condition was higher in SPS [8,46]. In the present study, the body condition of the animals
did not show an increase, but remained between 3 and 4 [47]. It should be noted that these
studies were carried out in a tropical region and with SPS established over a monoculture
of Brachiaria decumbens. Studies under similar conditions are scarce; nevertheless, in
Uruguay, some authors working with European cattle breeds and Eucalyptus spp. found
greater weight gains when the animals had access to shade. They found an improvement
in grazing activity and daily weight gain in Hereford steers, without affecting feed intake [48,49]. However, none of these studies were conducted under conditions similar to
those in the present study, so comparisons are difficult.
In tropical regions, the presence of forage trees in pastures enhances the yield and
nutritional quality of food available for animal feeding. A combination of grazing species
and trees was found to produce more meat per unit area per year [50]. Probably, the higher
frequency of grass species with high nutritional value, even with low dry matter values, in
both OPS and SPS in Uruguay can partly explain our results of good performance in terms
of animal weight gain [51,52].
Although Uruguay’s livestock production has been undertaken in extensive systems
on natural and diverse grasslands for hundreds of years, the growing demand for pulpwood has promoted an increase in SPS in areas less suitable for agriculture, as especially
defined in the National forest law No 15,939 (1987). When compared with longer-rotation
timber crops, pulpwood plantations have relatively lower input costs and require fewer
management interventions, resulting in good financial returns in a short time. The valorization of intangible environmental benefits from agroforestry, such as efforts to mitigate
climate change, water and biodiversity protection, erosion control, and shelter, may result
in the emergence of markets for carbon credits and bioenergy [45]. This could result in
extra income on top of the sale of wood.
Despite the fact that the daily THI maximum reached the emergency zone in summer,
autumn, and spring, no animals with signs of heat stress, such as panting or shortness of
breath, were observed. This could be partially explained by the cattle also having access to
shade (small plots of trees) in the OPS under study. The SPS, however, also provided shade
for cattle in the area where they grazed, so they could dedicate a greater percentage of
time to grazing. Therefore, the THI thresholds, which are widely used for dairy cattle, may
not be useful for beef cattle in OPS and SPS [53]. In addition, the presence of a permanent
natural water supply in all paddocks will have contributed to mitigating potential heat
stress [48]. Moreover, according to the NRC beef cattle feed intake guidelines, low-fiber
diets appear to cause less heat stress than do high-fiber diets [39].
The welfare of humans and the welfare of animals are closely linked. Positive relations
with animals are an important source of comfort, social contact, and cultural identification
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for many people. Furthermore, the One Welfare concept, to which we subscribe, recognizes
the relationship between animal welfare, human welfare, and the environment [54].
5. Conclusions
The presence of Eucalyptus spp. planted on treeless grasslands in parts of Uruguay
did not impair the performance or welfare of certain categories of European beef cattle
breeds allocated to commercial plantations. Under local production conditions, welfare
and productive performance (measured as weight gain) did not differ between the assessed systems. Silvopastoral systems offer animals a sustainable and richer environment,
which will improve their welfare. Further, the additional income provided by the wood
production allows the farmers to maintain their traditional cattle farming lifestyle.
Author Contributions: Conceptualization, S.M.H. and F.J.C.M.v.E.; Data curation, P.E.B.; Formal
analysis, P.E.B. and F.J.C.M.v.E.; Investigation, P.E.B. and F.J.C.M.v.E.; Methodology, S.M.H., I.A. and
E.A.; Resources, S.M.H., P.E.B., and F.J.C.M.v.E.; Supervision, F.J.C.M.v.E.; Writing—original draft,
S.M.H. and P.E.B.; Writing—review and editing, S.M.H. and F.J.C.M.v.E. All authors have read and
agreed to the published version of the manuscript.
Funding: This research was funded by the National Institute for Agricultural Research—INIA,
Uruguay through the FPTA 311 project “Evaluation of sustainability of silvopastoral production
systems and pastoral production system and its relationship with the welfare and production of
beef cattle”.
Institutional Review Board Statement: Not applicable.
Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.
Acknowledgments: The authors would like to thank FORESUR Gie. and Uruguayan farmers and
their personnel.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

4.
5.
6.
7.

8.
9.

10.
11.

Murgueitio, E.; Calle, Z.; Uribe, F.; Calle, A.; Solorio, B. Native trees and shrubs for the productive rehabilitation of tropical cattle
ranching lands. For. Ecol. Manag. 2011, 261, 1654–1663. [CrossRef]
Russo, R.O.; Botero, R. Nitrogen fixing trees for animal production on acid soils. In Nitrogen Fixing Trees for Acid Soils—A Field
Manual; Powell, M.H., Ed.; Winrock International: Morrilton, AR, USA, 1996; pp. 31–39.
Peri, P.L.; Dube, F.; Varella, A.C. Silvopastoral systems in the subtropical and temperature zones of South America: An overview.
In Silvopastoral Systems in Southern South America; Peri, P., Dube, F., Varella, A., Eds.; Springer International Publishing: Cham,
Switzerland, 2016; pp. 1–9.
Broom, D.M. Components of sustainable animal production and the use of silvopastoral systems. R. Bras. Zootec. 2017, 46,
683–688. [CrossRef]
Chará, J.; Reyes, E.; Peri, P.; Otte, J.; Arce, E.; Schneider, F. Silvopastoral Systems and Their Contribution to Improved Resource Use and
Sustainable Development Goals: Evidence from Latin America; FAO: Rome, Italy, 2019; p. 60.
Nuberg, I.; George, B.; Reid, R. Agroforestry for Natural Resource Management; CSIRO Publising: Clayton, Australia, 2009; p. 341.
Bobadilla, P.E.; Huertas, S.M.; Akkermans, E.; Bueno, H.; Eerdenburg, F.J.C.M. Silvopastoral system in a subtropical region: A tool
to improve beef cattle welfare. In Proceedings of the UFAW International Animal Welfare Science Symposium, Bruges, Belgium,
3–4 July 2019; p. 57.
Mancera, K.; Zarza, H.; López de Buen, L.; Carrasco García, A.; Montiel Palacios, F.; Galindo, F. Integrating links between tree
coverage and cattle welfare in silvopastoral systems evaluation. Agron. Sustain. Dev. 2018. [CrossRef]
Ocampo, A.; Cardozo, A.; Tarazona, A.; Ceballos, M.; Murgueitio, E. La investigación participativa en bienestar y comportamiento
animal en el trópico de América: Oportunidades para nuevo conocimiento aplicado/Participatory research on animal welfare
and behavior in the tropics of America: Opportunities for new applied knowledge. Colomb. Cienc. Pecu. 2011, 24, 332–346.
Bussoni, A.; Alvarez, J.; Cubbage, F.; Ferreira, G.; Picasso, V. Diverse strategies for integration of forestry and livestock production.
Agrofor. Syst. 2017. [CrossRef]
Rosengurtt, B. Tablas de comportamiento de las especies de plantas de campos naturales en el Uruguay/Tables of behavior
of plant species from natural fields in Uruguay. Dirección General de Extensión Universitaria, División Publicaciones y
Ediciones. 1979. Available online: https://books.google.nl/books/about/Tablas_de_comportamiento_de_las_especies.html?
id=zMxgAAAAMAAJ&redir_esc=y) (accessed on 21 January 2021).

Animals 2021, 11, 992

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

22.
23.

24.
25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.

11 of 12

Fedrigo, J.K.; Benítez, V.; Santa Cruz, R.; Posse, J.; Santiago, R.; Hernández, J.; Mantero, C.; Morales, V.; Silveira, E.; Viñoles, C.
Opportunities and challenges for the silvopastoral systems in Uruguay. Veterinaria 2018, 54, 20–30. [CrossRef]
INIAGRAS 2020. Available online: http://www.inia.uy/gras/Clima/Banco-datos-agroclimatico (accessed on 11 January 2021).
West, J.W. Effects of heat-stress on production in dairy cattle. J. Dairy Sci. 2003, 86, 2131–2144. [CrossRef]
Van Eerdenburg, F.; Plekkenpol, S. Heat stress in Dutch dairy cattle during summer. In Proceedings of the ISAH 2005, Warsaw,
Poland, 4–8 September 2005; Volume 1, pp. 229–232.
Thorn, E. The discomfort index. Weatherwise 1959, 12, 57–59.
Murgueitio, E.; Barahona, R.; Chará, J.D.; Flores, M.X.; Mauricio, R.M.; Molina, J.J. The intensive silvopastoral systems in Latin
America sustainable alternative to face climatic change in animal husbandry. Cuba. J. Agric. Sci. 2015, 49, 541–554.
Chará, J.; Rivera, J.E.; Barahona, R.; Murgueitio, E.; Deblitz, C.; Reyes, E.; Mauricio, R.; Molina, J.; Flores, M.; Zuluaga, A. Intensive
silvopastoral systems: Economics and contribution to climate change mitigation and public policies. In Integrating Landscapes:
Agroforestry for Biodiversity Conservation and Food Sovereignty; Montagnini, F., Ed.; Springer: Cham, Switzerland, 2017; Volume 12.
Cubbage, F.; Balmelli, G.; Bussoni, A.; Noellemeyer, E.; Pachas, A.N.; Fassola, H.; Colcombet, L.; Rossner, B.; Frey, G.; Dube, F.;
et al. Comparing silvopastoral systems and prospects in eight regions of the world. Agrofor. Syst. 2012, 86, 303–314. [CrossRef]
Cunningham, S.C.; Read, J. Comparison of temperate and tropical rainforest tree species: Photosynthetic responses to growth
temperature. Oecologia 2002, 133, 112–119. [CrossRef] [PubMed]
Silveira, A.; Ferrão, J.; Muñoz-Rojas, J.; Pinto-Correia, T.; Guimarães, M.; Schmidt, L. The sustainability of agricultural intensification
in the early 21st century: Insights from the olive oil production in Alentejo (Southern Portugal) In Changing Societies: Legacies and
Challenges; Imprensa de Ciências Sociais: Lisbon, Portugal, 2018; pp. 247–261.
Blokhuis, H.J. Welfare Quality Assessment Protocol for Cattle. 2009. Available online: https://edepot.wur.nl/233467 (accessed
on 11 January 2021).
Huertas, S.M.; Paranhos da Costa, M.; Manteca, X.; Galindo, F.; Morales, M. An overview of the application of the animal welfare
assessment system in Latin America. In An Overview of the Development of the Welfare Quality® Project Assessment Systems; Report
No 12; Keeling, L., Ed.; Welfare Quality Network: Uppsala, Sweden, 2009; pp. 70–89. ISBN 1-902647-82-3.
Berman, A. Estimates of heat stress relief needs for Holstein dairy cows. J. Anim. Sci. 2005, 83, 1377–1384. [CrossRef] [PubMed]
Kendall, P.E.; Nielsen, P.P.; Webster, J.R.; Verkerk, G.A.; Littlejohn, R.P.; Matthews, L.R. The effects of providing shade to lactating
dairy cows in a temperate climate. Livest. Sci. 2006, 103, 14–157. [CrossRef]
Vermunt, J.J.; Tranter, B.P. Heat stress in dairy cattle: A review, and Some of the Potential Risks Associated with the Nutritional
Management of This Condition. 2011. Available online: http://eprints.jcu.edu.au/15828/1/15828_Vermunt_and_Tranter_2011
.pdf (accessed on 11 January 2021).
Davis, S.; Mader, T. Adjustments for Wind speed and Solar Radiation to the Temperature-Humidity Index. Nebraska Beef Report; University
of Nebraska Lincoln: Lincoln, NE, USA, 2003; pp. 49–51.
Zuur, A.F.; Ieno, E.N.; Elphick, C.S. A protocol for data exploration to avoid common statistical problems. Methods Ecol. Evol.
2010, 1, 3–14. [CrossRef]
Bolker, B.M.; Brooks, M.E.; Clark, C.J.; Geange, S.W.; Poulsen, J.R.; Stevens, M.H.H.; White, J.S.S. Generalized linear mixed
models: A practical guide for ecology and evolution. Trends Ecol. Evol. 2009, 24, 127–135. [CrossRef] [PubMed]
Zuur, A.; Ieno, E.N.; Walker, N.; Saveliev, A.A.; Smith, G.M. Mixed Effects Models and Extensions in Ecology with R; Springer:
New York, NY, USA, 2009.
Nakagawa, S.; Schielzeth, H. A general and simple method for obtaining R2 from generalized linear mixed-effects models.
Methods Ecol. Evol. 2013, 4, 133–142. [CrossRef]
R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna,
Austria, 2020.
Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016.
Pinheiro, J.; Bates, D.; DebRoy, S.; Sarkar, D.; R Core Team. nlme: Linear and Nonlinear Mixed Effects Models; R Package Version
3.1-144; R Foundation for Statistical Computing: Vienna, Austria, 2020.
Bartón, K. MuMIn: Multi-Model Inference. 2018. Available online: https://CRAN.R-project.org/package=MuMIn (accessed on
11 January 2021).
Fraser, D.; Duncan, I.; Edwards, S.; Grandin, T.; Gregory, N.; Guyonnet, V.; Hemsworth, P.; Huertas, S.; Huzzey, J.; Mellor, D.; et al.
General principles for the welfare of animals in production systems: The underlying science and its application. Vet. J. 2013, 198,
19–27. [CrossRef] [PubMed]
Broom, D.M.; Galindo, F.A.; Murgueitio, E. Sustainable, efficient livestock production with high biodiversity and good welfare
for animals. Proc. Roy. Soc. B. 2013, 280. [CrossRef]
Bouissou, A.; Boissy, A.; Le Neindre, P.; Veissier, I. The social behaviour of cattle. In Social Behavior in Farm Animals; Keeling, L.,
Gonyou, H., Eds.; CABI: Wallinford, UK, 2000. [CrossRef]
Rossner, M.V.; Aguilar, N.M.; Koscinczuk, P. Bienestar animal aplicado a la producción bovina. Rev. Vet. 2010, 21, 151–156.
[CrossRef]
Del Campo, M.; Brito, G.; Montossi, F.; Soares de Lima, J.M.; San Julián, R. Animal welfare and meat quality: The perspective of
Uruguay, a “small” exporter country. Meat Sci. 2014, 98, 470–476. [CrossRef]

Animals 2021, 11, 992

41.

42.
43.
44.
45.
46.
47.
48.

49.

50.

51.

52.

53.
54.

12 of 12

Améndola, L.; Solorio, F.J.; González-Rebeles, C.; Galindo, F. Behavioural indicators of cattle welfare in silvopastoral systems
in the tropics of México. In Proceedings of the 47th Congress of International Society of Apply Ethology, Florianópolis, Brazil,
2–6 July 2013; p. 150.
Waterhouse, A. Animal welfare and sustainability of production under extensive conditions—A European perspective. Appl.
Anim. Behav. Sci. 1996, 49, 29–40. [CrossRef]
Broom, D.M. Sustainability and the role of animal welfare. In Proceedings of the 33rd World Veterinary Congress, Incheon, Korea,
27–31 August 2017; pp. 632–635.
Brazeiro, A.; Cravino, A.; Fernández, P.; Haretche, F. Afforestation in Uruguayan grasslands: Effects on bird and mammal
diversity at stand and landscape scales. Ecosistemas 2018, 27, 48–59. [CrossRef]
Reid, R. Trees in grazing systems. In Agroforestry for Natural Resource Management; Nuberg, I., George, B., Reid, R., Eds.; CSIRO:
Canberra, Australia, 2009; pp. 219–235.
Campos Paciullo, D.S.; Tavares de Castro, C.R.; de Miranda Gomide, C.A.; Martins Mauricio, R.; Ávila Pires, M.F.; Dias Müller,
M.; Ferreira Xavier, D. Performance of dairy heifers in a silvopastoral system. Livest. Sci. 2011, 141, 166–172. [CrossRef]
Lowman, B.G.; Scott, N.A.; Somerville, S.M. Condition Scoring Beef Cattle. Bulletin No. 6; East of Scotland College of Agriculture:
Aberdeen, UK, 1976.
Simeone, A. ¿Ganadería y Forestación: Competitividad o Complementariedad? Sitio Argentino de Producción Animal/Livestock
and Forestry: Competitiveness or Complementarity? Argentine Animal Production Site. 2012. Available online: http://www.
produccionanimal.com.ar/produccion_y_manejo_pasturas/manejo%20silvopastoril/143-Ganaderia_y_forestacion.pdf (accessed
on 11 January 2021).
Beretta, V.; Simeone, A.; Bentancur, O. Manejo de la sombra asociado a la restricción del pastoreo: Efecto sobre el comportamiento
y performance estival de vacunos/Shade management associated with grazing restriction: Effect on the behavior and summer
performance of cattle. Agrociencia 2013, 17, 131–140.
Manríquez-Mendoza, L.; López-Ortiz, S.; Olguín Palacios, C.; Pérez-Hernández, P.; Díaz-Rivera, P.; López-Tecpoyotl, Z. Productivity of a silvopastoral system under intensive mixed species grazing by cattle and sheep. Trop. Subtrop. Agroecosyst. 2011, 13,
573–584.
Nabinger, C.; de Faccio Carvalho, P.C.; Cassiano Pinto, E.; Mezzalira, J.C.; Martins, D.; Brambilla, M.; Boggiano, P. Ecosystems
services from natural grasslands: It’s possible to enhance them with more productivity? Asoc. Latinoam. Prod. Anim. 2011, 19,
27–34.
Bueno, H.; Bobadilla, P.; Huertas, S. Comparative study of winter floristic composition of sisvopastoral system and natural
pasture in a central zone of Uruguay. In Proceedings of the IX Congreso Internacional de Sistemas Silvopastoriles, Manizales,
Colombia, 6–8 September 2017; pp. 49–53, ISBN 978 958 9386 78 1.
Gomes da Silva, R.; Morais, D.; Guilhermino, M. Evaluation of thermal stress indexes for dairy cows in tropical regions. Rev. Bras.
Zootec. 2007, 36, 1192–1198. [CrossRef]
García Pinillos, R.; Appleby, M.C.; Scott-Park, F.; Smith, C.; Velarde, A. One Welfare—A platform for improving human and
animal welfare. Vet. Rec. 2015, 177, 629–630.

