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Beef cattle welfare: the role of
Integrated Systems in animal
adaptation and productivity
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Barbara Elis Santos Ruthes, Leandro Bittencourt de Oliveira
and Anibal de Moraes

Universidade Federal do Parana, Departamento de Fitotecnia e Fitossanitarismo, Curitiba, Brazil

Introduction: The domestication of cattle has shaped their adaptation to
livestock environments, although management conditions often limit their
welfare and productivity. This study investigated whether integrated livestock-
forestry (LF) systems improve the behavior, welfare, and productivity of beef
cattle compared to conventional livestock (L) systems.

Methods: Eighteen Angus steers were monitored for ten consecutive months
under continuous grazing. Welfare indicators were assessed according to the
Welfare Quality® protocol, with adaptations for grazing conditions.

Results: Both systems ensured adequate feeding, health, and rest conditions.
However, animals in the LF system performed better in thermal comfort and
human—animal interaction. Specifically, LF cattle had a 2.5 °C lower body surface
temperature, a 63% smaller flight zone, and an 85% lower reactivity score than
cattle in the L system. Average daily weight gain and body condition score did not
differ between systems.

Discussion: Integrated livestock—forestry systems enhanced adaptive behaviors
and animal comfort without compromising productivity. These findings highlight
LF systems as a sustainable approach to balancing animal welfare with
production efficiency.
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GRAPHICAL ABSTRACT

Overview of the study design and key findings on the influence of livestock-forest integration on animal welfare and productivity.

1 Introduction

Although it is not possible to precisely date the beginning of
cattle domestication, there is evidence that Bos primigenius, the wild
ancestor of today’s domestic cattle, was present in Southwest Asia,
Europe, and North Africa during the Neolithic Period (Geigl, 2008;
Culley et al., 2021). Cattle domestication was successful because of
the species’ herbivorous diet, rapid growth, ability to reproduce in
captivity, and docile behavior, which facilitates handling (Felius
et al, 2014; Halstead et al., 2024). Additionally, cattle provide
several resources, including traction, meat, milk, leather, fat, and
fertilizers (Felius et al., 2014).

The latest data estimated that 1.58 billion cattle are raised
worldwide (FAO, 2025), with one-third managed on pastures
(Herrero et al,, 2013; Wolf et al., 2021). Although pasture settings
resemble the animals’ natural habitat, they can expose animals to
stressful conditions, which may hinder or even prevent them from
achieving high levels of welfare (St-Pierre et al., 2003). Such stressful
conditions include exposure to direct solar radiation without access
to shelter or shade (Lemes et al., 2021), lack of water sources, low-
quality or insufficient forage (Oliveira et al., 2014; Ripamonti et al.,
2025), and exposure to parasites and other pathogens (Kelly et al.,
2020; Bouchez-Zacria et al.,, 2023; Thomsen et al., 2023). To
overcome these challenges in grazing environments, integrated
crop-livestock systems (ICLS) have already been recognized for
improving animal welfare by providing shade through the forest
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component, thereby reducing heat stress (Giro et al., 2019; Junior
et al., 2021; Sales-Baptista and Ferraz-de-Oliveira, 2021; Do
Nascimento Barreto et al., 2022).

Welfare is defined as an individual’s state in relation to their
attempts to cope with their environment (Broom, 1986). As a
multidimensional concept with several components (Webster,
2012), welfare assessments are not direct measurements. They often
involve evaluations of animal health, behavior, immune function,
presence of physical injuries, and size of the installations to estimate
animals’ responses to management practices and environmental
stimuli (Broom, 2014; Broom and Fraser, 2015; Kim et al., 2019).

Different grazing systems provide different conditions for
animals to cope with stressors, resulting in behavioral and welfare
changes. Therefore, this study aims to evaluate the influence of
integrated grazing systems on the behavior and welfare of beef
cattle, enabling the association between animal welfare and
productivity through resource- and animal-based indicators
derived from the Welfare Quality® protocol.

2 Materials and methods

2.1 Study site

The experiment was conducted in integrated crop-livestock
system long-term protocol installed in 2013 in the municipality of
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Pinhais, state of Parana, Brazil, at the Experimental Farm of the
Federal University of Parana (UFPR) (25°24’4.31” §; 49°7°15.02” W;
918 m.a.s.l). Climate in the region is subtropical highland (Cfb),
with mean temperatures ranging from 12.5 to 22.5 °C, annual
average rainfall of 1400 mm, and severe and frequent frosts
occurring 10 to 25 days per year on average, as described by
Koéppen. The study area is located within the Irai State
Environmental Protection Area (APA), where the use of
agrochemicals is prohibited, in compliance with State Decree No.
1.753, dated 06 May 1996 (Parana, 1996).

2.2 Experimental design and treatments

The present experiment was conducted from 31 July 2020 to 02
April 2021, totaling 245 days, the animals had 20 days of adaptation
before the beginning of the evaluations in the experimental area.
Two production systems were evaluated as treatments: Livestock
and Livestock-forestry in an area of 10.2 ha. The systems were
arranged in a randomized complete block design with three
replicates, totaling 6 experimental units (paddocks) of 1.7 ha each.

The systems evaluated were integrated livestock-forestry (LF),
characterized by the integration of Eucalyptus benthamii with
livestock production, and specialized livestock (L) production
which is not shaded. During the evaluations, the trees were seven
years old and distributed along contour lines on the ground with a
spacing of 28 m between single rows and 7.5 m between trees. The
density was 47 trees ha-1, and the average shade percentage was 31
and 22 in winter and summer, respectively. For more information
on the tree component, see Kruchelski et al. (2022).

In the summer of the 2013/14 crop year, summer perennial
pasture was established in both systems using Megathyrsus
(formerly Panicum) maximum, along with spontaneous species
such as African stargrass (Cynodon plectostachyus), Hemarthria
altissima, Urochloa (formerly Brachiaria) plantaginea, and kikuyu
grass (Pennisetum clandestinum). In the winter pasture, it was
overseeded black oat (Avena strigosa) intercropped with ryegrass
(Lolium multiflorum) with 60 and 15 kg ha-1 of seeds, respectively,
at the end of May 2020. The winter pasture also included other
spontaneous forage species such as white clover (Trifolium repens)
and vetch (Vicia sp.; Table 1).

2.3 Experimental animals

Three crossbred Angus steers (average initial weights of 177 +
40 kg; 12 months of age) were allocated per paddock, totaling 18
tester animals (nine per system). Pastures were managed under
continuous stocking with variable stocking rate (put-and-take
method; Mott and Lucas, 1952) to maintain a target sward height
of 24 cm. Sward height was monitored every 15 days by measuring
150 points per paddock with a sward stick, and stocking rate was
adjusted accordingly. Tester steers remained full-time in the
experimental units. Put-and-take animals of similar weight and
age were added or removed as needed to regulate sward height and
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TABLE 1 Composition of winter and summer pastures, sward height and stocking rate in the livestock-forest (LF) and livestock (L) systems.
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Trifolium repens and Viccia sp, Cynodon plectostachyu, Hemarthria altissima, Urochloa (ex Brachiaria) plantaginea and Pennisetum clandestinum.
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ensure consistent grazing intensity across paddocks. The average
sward height and average stocking rates were presented in Table 1.

In all systems, animals had access to water troughs equipped
with float valves for refill after consumption. The animals’ diet
consisted exclusively of pasture and ad libitum mineral salt,
provided in covered troughs. The internal dimensions of the
water troughs in all paddocks are 1.30 m long x 1.30 m wide x
0.60 m deep, providing 0.65 m of linear water per animal.
Furthermore, the maximum distance traveled by the animals to
the water trough was 190 m.

This study was approved by the Ethics Committee on the Use of
Animals, Agricultural Sciences Sector of UFPR, under protocol
no. 076_2019.

2.4 Measurement of variables

Eight welfare criteria were selected to address the four welfare
principles established by the Welfare Quality® protocol (2009 -
Table 2). These measures were selected based on the local
conditions of extensive cattle production (Huertas et al., 2009), as
well as on the feasibility and relevance of the measures as reflections
of the welfare promoted by the production system. Table 2 describes
the adapted measures used to assess the welfare criteria for cattle
grazing and local conditions.

2.4.1 Good feeding

The Body condition score (BCS) was used as a measure to assess
the absence of prolonged hunger as it reflects the body fat content,
indicating the nutritional status of the animal (Leach et al., 2009a).
BCS was assessed using a scale ranging from 0 to 5 points (from
very thin to very fat), according to the methodology proposed by
Lowman et al, 1976; Table 2). Additionally, the Average daily
weight gain (ADG) was included as a measure of the absence of
prolonged hunger due to the known relationship between
reductions in productivity and inadequate animal welfare (Ritter
et al,, 2019; Mariottini et al, 2022). ADG was calculated by the
difference between weigh-ins. These variables were evaluated at 28-
day intervals. The absence of prolonged thirst was assessed by daily
monitoring of water supply (Table 2).

2.4.2 Good housing

To evaluate the Comfort at Rest criteria, we chose to quantify the
time spent rest and ruminating in cattle, since changes in these activities
are related to stressful environments (Kilgour et al,, 2012). The duration
of the resting and ruminating period was also highlighted by Brorkens
etal. (2009) as reliable assessments of the resting behavior of beef cattle.
Comfort at rest was assessed by monthly evaluations of diurnal
behavior to measure how animals allocated their time across activities
such as grazing, rumination, and others, according to the methodology
described by Mezzalira et al. (2011). Assessments were carried out
through direct observation, by previously trained observers carrying
binoculars, over 13 consecutive hours, from sunrise to sunset, with each
animal’s activity recorded at 5-minute intervals (Table 2). Grazing time
was defined as the time spent searching for and harvesting forage, with
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the animal engaged in ingestion. Rumination was defined as the time
the animal was not grazing but chewing the rumen bolus, characterized
by cyclical and repetitive movements while the animal was stationary.
Other activities included water consumption, mineralized salt
consumption, socialization, and idleness. Cluster analysis was
employed to organize the data into three time periods: period 1 (5:30
am. - 9:30 am.), period 2 (9:35 am. - 2:30 p.m.), and period 3 (2:35
p.m. — 5:30 p.m.). Data analysis was based on the percentage of time
spent on each activity during the three periods.

To evaluate the thermal comfort criterion, the body surface
temperature variable was chosen due to its importance in the
thermolysis process (Collier et al., 2006). Thermal comfort was
assessed monthly using images captured by a FLIR C2® (640 x 480
pixels) thermographic camera to measure the body surface temperature
of the cattle, emissivity equal to 0.9 (Figure 1). The flank area were used
for analysis, as they are the areas most exposed to direct solar radiation
during the day (Giro et al, 2019). Pictures were taken at a distance of
approximately 4 m from the animal, captured only on the left side of
the animal. On the evaluation days, images were captured at 8:00 a.m.,
11:00 a.m. and 2:00 p.m The images were then analyzed using FLIR
Thermal Studio Suite® software (Table 2).

The temperature-humidity index (THI) is recognized as an
indicator of thermal comfort for pastured cattle (Aube et al., 2022)
and was therefore included in the thermal comfort assessment. THI
described by Thom (1958) was calculated using the following formula:
THI = Tair + (0,36Td + 41,5) where Tair = Mean air temperature, Td =
Dew point temperature (Table 2). THI values <70 are considered
normal and non-stressful for cattle, values from 71 to 78 are classified as
critical, from 79 to 83 indicate danger, and >83 represent an emergency
state. Data on temperature, relative humidity, solar radiation, and dew
point were collected daily from meteorological stations (HOBO RX
Station - RX3000®) located in the livestock (L) and integrated livestock-
forestry (LF) livestock production systems (Figure 2).

2.4.3 Good health

As described by Aubé et al. (2022), assessments of the
locomotor system, skin lesions, parasite infestation, fecal
consistency, and secretions are important indicators of welfare for
grazing cattle. Therefore, these parameters were chosen to assess
good health. The absence of injuries was monitored weekly
throughout the assessment period, during which the presence or
absence of lesions on any part of the animal’s body was recorded, as
suggested by Schulze Westerath et al. (2009; Table 2). Variables,
including coughing, nasal discharge, and labored breathing, were
also monitored weekly by recording their presence or absence
(Table 2). Data analysis considered the frequency at which
injuries, nasal discharge, and coughing occurred.

Locomotion score (LS) was evaluated monthly on a scale from 1
to 5, with 1 indicating normal walking and 5 indicating severe
lameness, following the methodology described by Shearer et al.
(2013; Table 2). Occurrence of diarrhea was assessed monthly using
a fecal consistency score (FCS) ranging from 0 to 3 (from well-formed
feces to severe diarrhea), according to Walker et al. (1998; Table 2).

Ectoparasite infestation was monitored biweekly through the
counting of horn flies (Haematobia irritans), botfly (Dermatobia
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TABLE 2 Principles, criteria and measures for assessing the welfare of beef cattle.

Frequency of Evaluation location

Welfare principles Welfare criteria Measures Methodology

ABojoyy3 ul sianuoi4

S0

640" UISISNUO.Y

Good feeding

Absence of prolonged hunger

Absence of prolonged thirst

Body condition score

Lowman et al. (1976) - The method uses a scale of 1
to 5. Score 1 represents an extremely thin animal,
and 5 represents an excessively fat animal.
Assessment is made by visual inspection and
palpation of specific areas of the body, such as the
ribs, rump, base of the tail, and lumbar region,
assessing fat and muscle mass deposition.

evaluation

28 days

Cattle chute

Average daily weight gain

Water supply

Calculated by subtracting the initial weight from the
final weight between weighings and dividing by the
number of days between weighings. ADG= (Final
weight — Initial weight)/Number of days between
weighings.

Daily monitoring of water supply and regular
cleaning of drinking fountains.

28 days

Daily

Cattle chute

Pasture

Good housing

Good health

Comfort around resting

Time for leisure and rumination.

Mezzalira et al. (2011) - Assessments were carried
out through direct observation, over 13 consecutive
hours, from sunrise to sunset, with each animal’s
activity recorded at 5-minute intervals.

Monthly

Pasture

Thermal comfort

Absence of injuries

Body surface temperature

Thermography

Monthly

Pasture

Temperature-humidity index

Skin lesions

Thom (1958) - THI= Tair + (0,36Td + 41,5) where,
Tair= Mean air temperature, Td= Dew point
temperature. THI<70 are considered normal and not
stressful for cattle; values from 71 to 78 are classified
as critical; from 79 to 83 indicate danger and >83
represent a state of emergency.

Schulze Westerath et al. (2009) - Observation and
recording of absence or presence

Monthly

Weekly

Pasture

Pasture

Locomotion score

Shearer et al. (2013) - Score 1= Normal - Stands and
walks normally; Score 2= Mildly lame - Stands with
flat back, but arches when walks. Gait is slightly
abnormal; Score 3= Moderately lame - Stands and
walks with an arched back, and short strides with
one or more legs; Score 4= Lame - Arched back
standing and walking, with one or more limbs
favored but at least partially weight bearing; Score 5=
Severely lame - Arched back, refuses to bear weight
on one limb, may refuse or have great difficulty
moving from lying position.

Monthly

Cattle chute

(Continued)
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TABLE 2 Continued

Welfare principles

Appropriate behavior

Welfare criteria

Absence of disease

Good human-animal
relationship

Measures

Cough, nasal discharge, difficulty
breathing

Methodology

Observation and recording of absence or presence

Frequency of
evaluation

Weekly

Evaluation location

Pasture

Diarrhea

Walker et al. (1998) - Score 0= normal, manure is
normal and well formed; Score 1= abnormal feces
but not diarrhea, manure is pasty (softer than
normal); Score 2= mild diarrhea (semi-liquid, but
still has a solid component); Score 3= pure liquid
feces.

Monthly

Cattle chute

Ectoparasite infestation

Flight zone

Ticks and botfly - Score 0= count equal to 0; Score
1= counting between 1 and 5; Score 2= counting
between 6 and 10; Score 3= counting between 11 and
15; Score 4= counting above 16. Horn flies - Score
0= count equal to 0; Score 1 = counting between 1
and 10; Score 2= counting between 11 and 20; Score
3= counting between 21 and 30; Score 4= counting
above 31.

Fordyce et al. (1982); Burrow (1997) - Maximum
approach distance of the observer on foot was
captured before the animal reacted.

Biweekly

Monthly

Pasture

Pasture

Number of vocalizations

Recording the number of occurrences.

28 days

Cattle chute

Absence of fear

Reactivity score

Hearnshaw and Morris (1984) - Score 0= tands very
quietly, offers no resistance, only casual tail swishing;
Score 1= generally quiet, offers token resistance,
steady movement in bail; Score 2= slightly excited
movement, straining and paddling, may kick; Score
3= excited, vigorous abrupt movement, straining and
paddling, may kick; Score 4= very disturbed,
frightened, wild movements, many jumps and falls
down in crush; Score 5= unmanageable and
dangerous.

28 days

Cattle chute

Escape speed

Burrow et al. (1988) - Calculated exit speed of cattle
from the cattle chute

28 days

Cattle chute

Source: Adapted from Welfare Quality® (2009) - Cattle assessment protocol.
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FIGURE 1
Example photo taken with FLIR C2® thermal imaging.

hominis) - larval stage, and ticks (Rhipicephalus microplus) on one
side (midline plane) of each animal. H. irritans are hematophagous
flies that remain on cattle for most of their life cycle, causing blood
loss and irritation; D. hominis is a botfly whose larvae develop
subcutaneously, producing painful nodules; and R. microplus is a
one-host tick responsible for blood loss, skin damage, and
transmission of pathogens. An infestation score was assigned for
each ectoparasite. For botfly and ticks, scores ranged from 0 to 4,
increasing with every five additional parasites counted, whereas for
horn flies, the infestation score also ranged from 0 to 4, increasing
with every 10 additional flies counted (Table 2).
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2.4.4 Appropriate behavior

To assess appropriate behavior, flight zone (FZ) measurements
were selected because they are used as a measure of the human-
animal relationship for grazing cattle (Aube et al., 2022). Recording
the number of vocalizations was also selected because it is a non-
invasive parameter for understanding the emotional status of cattle
(Schnaider et al., 2022). The Reactivity Score (RS) and Escape Speed
(ES) were included in the evaluation because they are parameters
indicative of animals present in a stressful environment (Grajales-
Cedeno and Paranhos da Costa, 2024).

Flight zone was measured monthly using a laser measuring tape
Bosch GLM 50-12%, accuracy range from 0 to 50 m, capturing the
maximum distance at which the observer could approach before the
animal reacted (Fordyce et al., 1982; Burrow, 1997: Table 2). The
flight zone assessment began with the evaluator entering the
paddock (an average area of 1 hectare) on foot. The evaluator
then aimed the laser tape measure at the animal and began walking
slowly and without speaking. The measurement was taken when the
evaluator observed the evaluated bovine begin to flee. The number
of vocalizations was recorded while animals were restrained during
the weigh-ins conducted every 28 days.

Reactivity score was assessed in the restraint chute during weigh-
ins, based on an adapted methodology from Hearnshaw and Morris
(1984; Table 2). It considered agitation and animal movement on a
scale from 1 to 5, where 1 corresponded to a calm animal with relaxed
head, ears, and tail, and 5 to an uncontrollable and dangerous animal.
Escape speed was recorded based on the time it took for the animal to
leave the chute (over a known distance - 2,5 m), according to the
adapted method of Burrow et al. (1988; Table 2).
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2.5 Data analysis

A completely randomized design was adopted, with two
treatments (L and LF) and nine replications per treatment. The
experiment was conducted across 10 evaluation periods, considered
as repeated measures over time. A mixed-effects model was applied
for data analysis, with treatment as a fixed effect and evaluation
periods as a random effect, using the MIXED procedure.

Normality of the variables was assessed using the Shapiro-Wilk
test. Homogeneity of variances was evaluated using Bartlett’s test,
and the independence of residuals was also verified. Only the
variables ADG and the frequencies of grazing, rumination, and
other activities showed a normal distribution. When significant
differences were detected, the means were compared using the least-
squares means (LS-means) model. The best variance structure was
selected based on the lowest Akaike Information Criterion (AIC)
value. Interaction between treatments and evaluation periods was
further examined when statistically significant at the 5%
probability level.

Other variables that did not meet the assumption of normal
distribution, even after transformation, were analyzed using
nonparametric analysis of variance (ANOVA) through the
Kruskal-Wallis test. All statistical analyses were conducted on
RStudio 4.0.4 software, and a 5% significance level (p < 0.05)
was adopted.

3 Results
3.1 Good feeding

For the BCS and ADG variables, no statistically significant
differences were observed between the L and LF systems across the
average of all evaluation periods (p = 0,563; p = 0,962 respectively;
Table 3). Among evaluation periods, considering the average of
both systems, the highest BCS was recorded at evaluation 10 (p <
0,001) (Table 3), while the lowest ADG values were observed at
evaluations 7, 8, and 9 (p < 0,001; Table 3). A significant interaction
(p = 0,009) between livestock systems and evaluation periods was
observed only for the ADG variable (Table 3). At evaluations 7 and
8, animals in the LF system showed higher ADG values than those
in the L system. In contrast, during evaluation 6, the L system
yielded higher ADG than the LF system.

3.2 Good housing

Across evaluation periods and systems, statistically significant
differences were observed between time slots (p < 0,001) and activity
frequencies (p = 0,009), with no interaction between time intervals
and activity frequencies (p = 0,618). The highest frequency of
grazing was observed during time interval 3, rumination peaked
in time interval 2, and other activities (e.g., idling, social interaction,
water intake, and mineral consumption) were most frequent in time
intervals 1 and 2 (Figure 3). Grazing and other activities were most
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frequent in time interval 1, rumination was less frequent than
grazing in time interval 2, and grazing was more frequent than all
other activities in time interval 3 (Figure 3).

The body surface temperature of cattle differed between the
systems (p < 0,001), being 2.5 °C lower in animals raised in the LF
system compared with those in the L system, averaged across all
evaluations (Table 3). Averaged across both systems, body surface
temperature was higher (p < 0,001) at evaluations 6, 9, and 10 and
did not differ from evaluations 7 and 8 (Table 3).

THI did not differ between the livestock systems (p = 0,915;
Table 3). Across evaluation periods, averaged across systems, THI
values were higher at evaluations 7, 8, 9, and 10 and lower at
evaluation 1, with no difference from evaluation 2 (p <
0,001; Table 3).

3.3 Good health

No statistically significant differences were observed between
the L and LF systems for LS (p = 0,150), FCS (p = 0,753), or
ectoparasite infestation scores for botfly (p = 0,192), ticks (p =
0,570), and horn flies (p = 0,631), regardless of evaluation period
(Table 3). The FCS was higher at evaluation 3 and lower at
evaluation 1 in both systems (p = 0,009; Table 3). On average,
botfly infestation scores were higher at evaluations 4 to 8 (p <
0,001), tick infestation scores were lower at evaluations 1, 2, 4, and 9
(p <0,001), and horn fly infestation scores were lower at evaluations
1,2, and 9 (p < 0,001; Table 3).

Frequency of nasal discharge did not differ between the L and
LF systems (p = 0,703), however, a significantly higher occurrence
was recorded at evaluation 10 in both systems (p < 0,001; Table 3).
Frequency of coughing showed an interaction between systems and
evaluation periods (p < 0,001), with higher occurrence in the L
system at evaluations 1 and 6, and no difference between systems at
the other evaluations (Table 3). No animals exhibited labored
breathing during any of the evaluations.

3.4 Appropriate behavior

The average flight zone was significantly greater in the L system
(p=0,023), with a 63% increase compared to the LF system,
regardless of evaluation period (Table 3). Flight zone varied
significantly between evaluation periods (p < 0,001), with greater
distances at evaluations 1, 2, and 3 compared to the others in both
systems (Table 3). The number of vocalizations did not differ
between systems (p = 0,263) or evaluation periods (p
0,541; Table 3).

The frequency of RS differed significantly between systems (p =
0,036), being 85% higher in the L system than in the LF system,
averaged across all evaluations (Figure 4). A significant interaction

was observed for RS and evaluation period (p < 0.001), with the
highest scores recorded in the L system during evaluations 5 and 6
(Figure 4). Escape speed was similar between systems and
significantly lower at evaluations 1 and 8 (Figure 4).
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TABLE 3 Mean values of body condition score (BCS), average daily weight gain (ADG - kg animal-1 day-1), body surface temperature (°C), temperature-humidity index (THI), locomotion score (LS), fecal
consistency score (FCS), infestation score of botfly, ticks and horn flies, vocalization, flight zone (m), reactivity score (RS) and escape speed (m s-1) and Frequency of occurrence of lesions, coughing and nasal
discharge as a function of livestock (L) and livestock-forest (LF) systems and evaluation times.

Evaluation

Systems

‘e 1@ unJep

ABojoyy3 ul sianuoi4

60

640" UISISNUO.Y

Variables

Good feeding

L

LF

5

6

BCS 2,91 2,83 2,02° 2,394 2,66° 2,69 2,86 2,92° 2,97° 3,00 2,88° 3,47 0,563 < 0,001 0,401
ADG 0,873 0,878 - 1,43* 1,15° 0,99 1,07 1,01 0,52 0,58 0,094 1,03* 0,962 < 0,001 0,009
Good housing
Body surface temperature 35,3° 32,8" 32,9 33,3 33,7° 32,8° 33,1° 35,1° 34,8%° 34,81% 34,9 35,7 < 0,001 < 0,001 0,062
THI 67,2 67,4 56,06° 57,6° 58,9 59,0° 59,4° 62,5 70,7 71,8* 68,9 71,4* 0,915 < 0,001 0,121
Good health
Locomotion score 1 1 1 1 1 1 1 1 1 1 1 1 0,150 0,083 0,092
FCS 1,8 1.9 1,44° 1,83% 2,33 1,83% 1,83% 2,00°° 1,72 1,67%° 2,05% 1,78 0,753 0,009 0,918
Lesions 222 55,6 5,77 1,92 7,70 15,38 9,62 9,62 9,62 13,46 13,46 13,46 0,744 0,259 0,623
i;iﬁ?:::cye"f Coughing 444 333 11.1° 0,0° 0,0° 0,0° 0,0° 11.1° 0,0° 0,0° 0,0° 778 0,308 <0,001 <0,001
Nasal discharge 333 444 0,0b 0,0° 0,0° 0,0° 0,0° 0,0° 0,0° 0,0° 0,0° 100* 0,703 <0,001 0415
Botfly 0,8 1,0 0,004 0,22¢ 0,61° 2,20° 1,16" 0,72 1,89° 1,50° 0,50 0,22¢ 0,192 < 0,001 0,197
i’cﬁitation Ticks 17 19 0,00° 0,389° 2,55 0,17¢ 2,17 3,89° 2,61° 3,85° 0.22¢ 211° 0,570 < 0,001 0,036
Horn flies 0,6 0,7 0,00 0,00 0,78% 0,72° 0,89 0,89 1,39 1,28° 0,11¢ 0,61° 0,631 < 0,001 0,579
Vocalization 0,42 0,12 0,11 0,05 0,22 1,05 0,66 0 0 0 0 0,61 0,263 0,541 0,574
Appropriate behavior
Flight zone 6,41° 3,93° 16,70° 12,11° 8,91° 391° 221" 1,75" 1,75" 1,71° 1,66 0,99 0,023 < 0,001 < 0,001
Reactivity score 0,566 1,044 1,333 0,944* 0,778" 0,500° 1,222° 1,222° 1,000 0,722* 0,000 0,333" 0,183 < 0,001 0.15
Escape speed 0,358 0,420 0,323% 0,426" 0,443" 0,446* 0,437° 0,418% 0,379 0,281° 0,347 0,388° 0,223 < 0,001 0,103

Lowercase letters demonstrate significant difference between rows in the same column, at the 5% significance level.
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FIGURE 3

Frequency (%) of grazing, rumination and other activities in the three
assessment times 1 (5:30 a.m. - 9:30 a.m.), 2 (9:35 a.m. - 2:30 p.m.)
and 3 (2:35 p.m. - 5:30 p.m.), on average across the assessment
systems Note: Uppercase letters represent differences between the
frequency of activities (grazing, rumination and others) at each
assessment time (1, 2 and 3), at a significance level of 5%.

4 Discussion

4.1 Good feeding

There were no significant differences in ADG and BCS between
the systems (Table 3), which can be explained by the similar pasture
height in both systems (Table 1). The higher BCS observed at the
final evaluations (Table 3) is consistent with the animals’
cumulative weight gain over the 10 months and suggests that, in

10.3389/fetho.2025.1656211

both systems, the cattle had access to adequate feed, enabling
comparable productivity levels.

The animals showed good performance, with an average ADG
of 0.875 kg animal-1 day-1 across systems and evaluation periods,
indicating that both systems were able to ensure favorable welfare
conditions, as insufficient productive performance is typically
associated with compromised welfare (Ritter et al., 2019;
Mariottini et al, 2022). This relationship between performance
and welfare is further supported by the fact that the lowest ADG
values were recorded at evaluations 7 to 9, which coincided with
higher parasite loads (ticks and botfly), more frequent injuries, and
elevated THI values (Table 3). These factors—particularly prevalent
in summer—created stressful environmental conditions that likely
reduced both animal welfare and graze intake (Herbut et al., 2019),
thereby hindering productive performance. These findings agree
with those reported by Herbut et al. (2019), who demonstrated a
connection between environmental stressors and reduced
productivity in dairy cows.

4.2 Good housing

Cattle typically alternate between grazing, ruminating, and
resting throughout the day (Souza et al, 2010), with grazing
primarily concentrated during the cooler periods of the day: early
morning and late afternoon (Broom and Fraser, 1997). Changes in
the timing of these activities are often associated with thermal stress
conditions (Kilgour et al., 2012; Cortés Fernandez de Arcipreste
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FIGURE 4

o Escape speed

Frequency of reactivity scores (1, 2, 3, 4 and 5) and average escape speed values (m s-1) according to the livestock (L) and livestock-forest (LF)

systems and the evaluation periods.
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et al,, 2018). During periods of intense heat, animals modify their
grazing behavior to minimize heat load (Schiitz et al, 2010).
Reduced forage intake also helps lower internal heat production,
since fiber digestion is thermogenic (Ferreira et al., 2006).
Consequently, ruminating and resting activities tend to shift to
early morning and nighttime hours (Polsky and von Keyserlingk,
2017; Poulopoulou et al., 2019; Souza et al., 2019).

In this study, grazing activity peaked between 2:35 p.m. and 5:30
p.m. (time interval 3), resting and other activities were most frequent
from 5:30 a.m. to 9:30 a.m. (time interval 1), and rumination was most
common between 9:35 a.m. and 2:30 p.m. (time interval 2; Figure 3).
These patterns align with the natural behavior of grazing animals
(Kilgour et al,, 2012). Thus, both the L and LF systems appear to have
provided good housing conditions, as further indicated by the longer
grazing durations relative to other activities. Kilgour et al. (2012)
reported that an average grazing time of around 6.1 hours is
adequate; in this study, animals grazed for an average of 6.5 hours
across both systems. The availability of ample forage (Table 1) allowed
animals to meet their intake needs within a time frame that did not
interfere with rumination, social interaction, or idling (Cortes
Fernandez de Arcipreste et al, 2018). Maintaining regular
rumination is essential for cattle’s energy balance (Grant and Dann,
2015), and reductions in rumination can lead to acidosis (Owens et al.,
1998), impairing welfare and productivity.

Thermal comfort, as indicated by THI, was similar across systems
and exceeded the critical threshold of 71 only at evaluations 8 and 10
(Table 3). Body surface temperature reached its peak at evaluations 6
and 10 and was significantly higher in the L system; however, the
average temperature did not exceed 35 °C (Table 3). This is
important, as body surface temperature below 35 °C allows
thermolysis to occur, establishing a thermal gradient between the
body core and surface that enables effective heat dissipation (Collier
et al, 2006). Lower ambient temperatures, as provided by the LF
system (Figure 2), facilitate this process. Although surface
temperatures remained within physiological limits in both systems,
animals in the LF system had significantly lower body surface
temperature, by about 2.5 °C (Table 3), suggesting better heat
dissipation and thermal adaptation in systems with tree cover.
Broom (2017) also highlighted the benefits of shade in silvopastoral
systems, reporting reductions of up to 4 °C in body surface
temperature compared to systems without tree cover.

4.3 Good health

Throughout the evaluation period, locomotion score in both
systems remained at 1, indicating no signs of lameness or mobility
issues (Table 3). This is a positive welfare indicator, as movement
problems cause pain, discomfort, and fear (Leach et al., 2009b;
Bautista-Fernandez et al., 2021). Fecal consistency score were close
to 2 in both systems while nasal discharge and coughing were
infrequent (Table 3), and no animals showed signs of labored
breathing during any of the assessments.

Ectoparasite infestation scores for botfly, horn flies, and ticks
did not differ between systems but were higher during warmer
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months (Table 3), which is expected given seasonal parasite
dynamics. A corresponding increase in the occurrence of injuries
was observed during periods with higher infestation scores
(Table 3), likely due to direct damage from the parasites (e.g.,
myiasis) or self-inflicted trauma from scratching (Morel et al., 2017;
Rashid et al., 2018).

Contrary to findings by Murgueitio and Giraldo (2009), who
reported lower parasite loads in silvopastoral systems because of
increased biodiversity and the presence of natural predators, this
study found no such advantage in the LF system. This suggests that
other local or system-specific factors may influence ectoparasite
dynamics more strongly than tree cover alone.

4.4 Appropriate behavior

Handlers’ actions influence animal behavior during handling. It
is well established that aggressive handling negatively affects animal
welfare, increases fear toward humans, and makes animals more
reactive (Grandin, 1997; Hemsworth, 2007; Hemsworth and
Coleman, 2010). Flight zone and escape speed are indicators of
the quality of the human-animal relationship: shorter flight zone
and lower escape speed reflect better interaction between handlers
and animals (Hemsworth et al., 2000; Welfare Quality, 2009;
Grajales-Cedefio and Da Costa, 2024).

In this study, flight zone was 63% greater in the L system
compared to the LF system (Table 3), suggesting that the presence
of trees contributed to a better human-animal relationship.
Mancera and Galindo (2011) and Ocampo et al. (2011) reported
that fear of humans may decrease when animals are partially
concealed, which helps improve human-animal interaction. In
this context, animals in the LF system—exposed to an
environment that allowed partial concealment—appeared to show
reduced fear responses toward humans. Additionally, the reactivity
score was 85% higher in the L system compared to the LF system
(Figure 4), indicating that animals in the latter system were better
able to cope with and adapt to their environment. It is important to
highlight that animals in both systems were handled calmly and
quietly, in accordance with the understanding that handler attitudes
are the primary determinant of handling quality (Grandin, 2016).

There is a direct relationship between reactivity score and
escape speed: stressed cattle typically show higher reactivity and
leave the chute more rapidly (Grajales-Cedefio and Da Costa, 2024).
However, as shown in Figure 4, instances in the P system where a
reactivity score of 5 was recorded coincided with slower escape
speed. This may be explained by the intense tension experienced by
highly reactive animals, which can lead to paralysis and muscle
tremors (Da Silva et al., 2024), ultimately resulting in slower
escape speed.

The results related to appropriate behavior and good housing
(in terms of body surface temperature) show that integrating
livestock-forestry facilitated the expression of more adaptive
behaviors. This highlights the understanding that domestication
deprived animals of resources beneficial to their behavior, and
environmental enrichment increased welfare indices. The LF
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system reduced flight zone by 63%, suggesting greater tolerance to
human presence, and decreased reactivity score by 85% compared
to the L system. These findings highlight the behavioral plasticity of
cattle fostered by domestication, enabling them to respond
differently in tree-integrated systems. These results corroborate
those of Ameéndola et al. (2016), who found that tree-covered
systems enhance herd social stability and reduce aggressive
behaviors, thereby improving animal welfare. Nevertheless, it is
worth emphasizing that, for the principles of good feeding, good
housing (in terms of rest and rumination time), and good health,
both systems were effective in providing conditions that enabled
animals to achieve welfare. This suggests that cattle can adapt to
different environments (Pacheco et al., 2020; Martin et al., 2021;
Santos et al., 2022; Da Silva et al., 2024).

Based on these findings, both systems were capable of
supporting cattle welfare. However, caution is needed in
generalizing, since both livestock systems in this study provided
the following: appropriate handling; feed supply pasture according
to demand; clean, fresh, and freely accessible water; stocking
densities that allowed equitable access to pasture resources;
ongoing health monitoring and veterinary supervision; facilities
that reduced fear and anxiety and allowed natural behavior
expression. Moreover, the experimental site’s subtropical climate
—with mean temperatures ranging between 12.5 and 22.5 °C—
supported thermal homeostasis. Therefore, it is emphasized that
changes in production systems or the use of other technologies must
be combined with meeting the basic needs of animals already
known in the literature.

The growing demand for livestock systems that combine
sustainability with animal welfare is evident (Nalon et al., 2021).
Welfare is a fundamental component of sustainability and plays a
crucial role in both productivity and consumer acceptance of
animal products (Alonso et al., 2020; Del Campo et al,, 2024). In
this regard, the silvopastoral system provides numerous advantages:
increased biodiversity (Sales-Baptista and Ferraz-de-Oliveira, 2021;
Kinneen et al., 2023), improved soil fertility and hydraulic
properties (Liu et al, 2024; Romanoski et al., 2025), better
management of invasive plant species (Munaro et al., 2023),
income diversification (Rohrig et al., 2020), lower thermal stress
and improved reproductive performance (Huertas et al., 2021;
Lemes et al,, 2021), as well as a potential strategy to mitigate
greenhouse gas emissions (Portugal et al., 2023). This study
contributes new information into the interaction and adaptation
of beef cattle to pasture environments with and without tree cover,
and the effects on welfare and productivity.

5 Conclusion

Cattle raised in the integrate livestock-forestry system (LF)
showed superior outcomes in the welfare criteria related to
human-animal interaction, absence of fear, and thermal comfort.
Specifically, animals in the LF system exhibited a 63% shorter flight
zone, an 85% lower reactivity score, and lower body surface
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temperature compared to those in the livestock system (L).
These findings suggest improved thermal comfort, better
behavioral adaptation, and more positive interactions with
handlers. Nevertheless, both livestock production systems—L and
LF—were effective in providing adequate welfare conditions for the
criteria of absence of prolonged hunger and thirst, comfort during
rest, and absence of injuries and disease.
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