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IMPLICAGOES DE PRATICAS DE MANEJO NA DISTRIBUIGAO DA ALTURA DO
PASTO E NO COMPORTAMENTO INGESTIVO DE OVINOS SOB METODO DE
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Orientador: Paulo César de Faccio Carvalho
Co-orientador: Jean Victor Savian

RESUMO

A resposta funcional e o comportamento animal desempenham papel importante na
definicdo de metas de manejo do pasto. Recentemente, uma nova abordagem guiada
pela resposta de consumo do animal na menor escala do pastejo foi proposta. Essa
estratégia, chamada Rotatinuo, recomenda oferecer, aos animais, plantas em uma
faixa de alturas que os propiciem maximizar sua taxa de ingestdo instantanea de
matéria seca. Esta dissertagdo teve como objetivo aprofundar o entendimento desta
nova estratégia aplicada em piquetes sob o método de pastoreio continuo. Neste
contexto, nés delineamos um experimento para testar o efeito de trés formas de
manipulagédo da heterogeneidade do pasto sobre o comportamento animal, seguindo
as orientagdes deste conceito. O objetivo foi avaliar se o controle da distribuicdo da
altura do pasto, por meio do ajuste da taxa de lotagdo, auxiliado por periodos
estratégicos de descanso, rogadas e o uso de cercas, modificaria o comportamento
ingestivo dos animais. Cordeiros mantidos em pastos de azevém anual manejados
com altura média de 15 cm foram avaliados por meio de observagdes visuais das
atividades diarias e do monitoramento continuo de bocados. As manipulagdes dos
tratamentos serviram para oferecer as estruturas de pasto desejadas sob a 6tica do
conceito Rotatinuo. Nossas analises n&do indicaram grandes mudangas nas variaveis
de comportamento de curto prazo, no tempo de pastejo, ruminagéo e ocio, e no padréo
de pastejo ao longo do dia. Concluimos que herbivoros se adaptam as mudangas na
distribuicdo espacial do pasto quando pastejando em condigdes nao limitantes.
Ressaltamos que a maior heterogeneidade encontrada nos piquetes com menos
intervengdes ndo prejudicou o processo de forrageamento e que ajustes no numero
de animais por area sao suficientes para oferecer as estruturas que otimizam o
pastejo.

Palavras-chave: altura do pasto, herbivoros, heterogeneidade, manejo, produgao
animal.

'Dissertagao de Mestrado em Zootecnia, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul,
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ABSTRACT

The functional response and grazing behavior play an important role in setting grazing
management goals. A new management approach guided by the intake response was
proposed recently. This strategy, named Rotatinuous, recommends offering animals
plants in a range of heights that maximizes their dry matter instantaneous intake rate.
This dissertation desired to increase the understanding of this novel strategy applied
on paddocks under the continuous stocking method. We designed an experiment to
test the effect of three forms of manipulate the sward heterogeneity on the animal
behavior, following this management guidelines. The objective was to test whether the
control of the sward height distribution by adjusting the stocking rate, aided by strategic
periods of rest and forage mowing, and the use of fences would modify the ingestive
behavior of the animals. Lambs grazing annual ryegrass pastures managed with an
average height of 15 cm were evaluated through visual observations of daily activities
and the continuous bite monitoring technique. The treatments succeeded in offering
the desired sward structures of the Rotatinuous concept. Overall, our results did not
indicate major changes in the short-term behavior variables, in the daily activities time
and grazing pattern. We concluded that herbivores adapt to changes in the spatial
distribution of pasture when grazing in non-limiting conditions. We highlight that the
greater sward heterogeneity found in paddocks with less interventions did not
jeopardize the foraging process, and that adjustments in the stocking density are
enough to offer animals structures that optimize intake.

Keywords: sward height, herbivores, heterogeneity, grazing management, animal
production.
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CHAPTER |



1. INTRODUCTION

Despite decades of research on the animal-plant interface, the mechanisms of
the grazing process, and the benefits of high secondary production in managing
grasslands ecosystems, some management tools disregard the animal perspective
and focus on biomass production. However, a recent development on grazing
management has incorporated the animal approach.

This dissertation aimed to increase the understanding of this approach in
continuous stocking. Can we manipulate the heterogeneity of the sward to benefit the
foraging process? To address these questions, an experiment at paddock level was
carried out with sheep grazing Lolium multiflorum pastures. The research question
was: How can we create structures that optimize intake in continuous stocking?

So, we created three strategies to manipulate the sward heterogeneity. In the
first one we just adjusted the stocking rate (Treatment 1). The second treatment, in
addition to adjusting stocking rate, we used fences to alter the paddock’s available
area for grazing, either to isolate overgrazed areas or to concentrate the animals to
control sward height in previously rejected areas (Treatment 2). The third strategy was
composed by all previous interventions, and in addition, it included the mowing of
undergrazed areas (Treatment 3).

The key objective was to test whether we could facilitate the grazing process by
applying those sward manipulations. The document is divided in three chapters. In the
first one, | briefly present a literature review about aspects of ingestive behavior and
the new perspective on grazing management that we focus on. In the second chapter,
proposed as “Herbivores responses in foraging behavior to manipulations on sward
heterogeneity on continuous stocking”, | describe results in a paper format. The third
chapter brings the general conclusions and main findings of this dissertation.
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2. LITERATURE REVIEW

2.1. The complexity of the grazing process on pastoral ecosystems

The grazing process in pastoral ecosystems comprehends the act of searching,
manipulating, harvesting, chewing, and swallowing of the food, and can be perceived
on the lowest scale as a bite removal sequence. Some authors have recorded an
enormous number of 30.000 bites per day for grazing animals (Carvalho et al., 2008).
Different from livestock on feedlots, they can spend 10-12 hours, investing high
amounts of energy (Parker et al., 1996) to meet their nutritional requirements, the time
depending on the grazing environment and management. The rest of the day is
allocated to rumination, locomotion, watering, resting, reproduction, surveillance, etc.

Herbivores make trade-offs all the time, altering the criteria for selection in a
dynamic framework among different patches of vegetation, as to choose between dry
matter maximization intake rate, the balance of nutrients, avoiding toxins, and also
between foraging and non-foraging decisions, as to hide from predators or look for
shelter, water, and mates (Senft et al., 1987, Bhat et al., 2019). On the top of that, their
food (primarily grasses) is not uniformly distributed neither in quantity nor quality over
the area. Moreover, these variables, along with other ones that describe the condition
of pastoral ecosystems, are transitory in space and time, characterizing the pastoral
ecosystems as dynamically heterogeneous environments (Li & Reynolds, 1994).

This intrinsic heterogeneity can be considered as one of the factors that
influence the functional response of herbivores (Laca & Demment, 1991), as well as
plant and soil parameters (Dubeux et al., 2006; Bakker, 1998). At the same time, the
spatial heterogeneity interacts with the grazing management imposed and the
disturbance it causes (Adler et al., 2001; Bloor et al., 2020; Dumont et al., 2012; Nunes
et al., 2018; Onatibla & Aguiar, 2018; Tonn et al., 2019). Selective grazing (Prache et
al., 1998), trampling, and dung and urine deposition (Dubeux et al., 2006) enhance the
level of heterogeneity, further influencing patterns and processes related to grazing
(Laca & Ortega, 1996; Utsumi et al., 2009).
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2.2.Grazing scales

Grazing responses can be analyzed under an oriented approach for scale
issues (Bailey et al., 1996; Senft et al., 1987). The model of hierarchical levels for the
grazing process includes small spatial scales as bites, to larger spatial scales as
landscapes, varying the temporal scales of very short time (seconds) to broader ones
(years), as seen in Figure 1.

ANIMAL PRODUCTION

Grazing scales
: B )

Daily intake — Grazing time RECRatiNectepol o
| [ -
Intake per meal Meals number
< Feeding site/hours
p a Meals duration
r
i
Intake rate Patch/minutes
{ Bite rate Feeding station/seconds
i
Bite mass Bite/seconds
Bite volume Dry matter

Bite
area [ Bite depth
/

Sward structure

Figure 1 - Grazing spatial and temporal scales. Adapted from: Bailey et al., 1996.

The bite (seconds) is the smallest decision scale. It is the first unit of intake and
impact on the vegetation (Demment & Laca, 1993). It starts when the animal lowers its
head, chooses a plant or parts of plants, and removes a bite with the muzzle, jaw, and
sometimes (cattle) with tongue and head movements. After gathering, the herbage is
manipulated for chewing and swallowing. The second spatial scale is the feeding
station (seconds), a hypothetical semicircle with forage available to the animal without
moving its front feet. It is recognized as an arrangement of potential bites an animal

can reach just by moving its neck. A new feeding station is considered when the animal
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performs a step during grazing. It is followed by the patch (minutes), which is related
to the measured spatial heterogeneity, as an aggregate of feeding stations, or with the
functional response (relationship between forage intake and forage abundance), which
is called instantaneous intake rate. A new patch is characterized when the animal
modifies its behavior to go to another place or by a break in the grazing session (Jiang
& Hudson 1993; Bailey et al., 1996). The feeding site is a continuum space where
animals spend a complete meal and the habitat is where they live. Meals in the present
study are defined as periods during which the only activity is grazing, being interrupted
for calculations (length) every time the animal rests or ruminates, with 5 minutes
tolerance. Other animal behavior studies have used more complex time budgets, such
as considering intra meal intervals of one, two, or five minutes elapsed without feeding
(Bailey et al., 1996; Gillingham et al., 1997; Owen-Smith, 1993).

At each hierarchical level, herbivores face new dilemmas for decision-making,
from short-term tactical to longer-term strategic decisions, and so they can alter their
foraging approaches (Forbes & Gregorini, 2015; Ward & Saltz, 1994). In this work, we
centered the attention on the plant-dependent attributes (e.g., sward height and spatial
heterogeneity) that influence animal behavior and their criteria for selection. As the
spatial level increases from bite to landscape, animal, and abiotic factors such as
memory, gregarious organization, physiological conditions, distance to water,
predation, photoperiod and topography rather than plant characteristics play major
roles (Bailey et al., 1996).

2.3.Ingestive behavior

There exists a very extensive literature on the factors that influence herbivore’s
large-scale mechanisms (e.g., daily ingestive activities, time and patterns). For
example, Larson-Praplan et al. (2015) detected the spatial and temporal pattern of
cattle meals in California vary with environmental conditions and season changes. The
shortest meals occurred at midday, particularly in summer, and longer meals occurred
at sunrise and in the evening. Differences in meal duration were associated with
temperatures, quality, and forage abundance. Linnane et al. (2001) reported the same
with cows in Ireland. On the contrary, Low et al. (1981) did not find significant changes
in the length and number of meals of cows in central Australia along the year, even

though forage conditions varied.
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The season also influences the time dedicated to the daily activities of deer in
Uruguay (Aniano & Ungerfeld, 2020). This result differs from the one Linnane et al.
(2001), who reported that despite the adaptation in circadian meals pattern, the total
grazing time of cattle did not vary along the year.

On the one hand, Savian et al. (2020) have also recently reported the same
daily activities time for lambs under management strategies with entirely different
pasture conditions. On the other hand, Freitas-de-Melo & Ungerfeld (2020) found
distinct grazing and ruminating time of lambs according to sex; male lambs grazed and
ruminate more frequently when submitted to abrupt weaning than female lambs.

The small-scale mechanisms are dependent on the sward structure, as seen in
Figure 1. The sward structure is defined as the spatial arrangement of morphological
components of a plant, or how the aerial part of the plants is offered to the animals in
the plant community (Laca & Lemaire, 2000). It can be described by the sward height,
tiller density, pseudostem length, leaf/stem ratio, biomass, density, toughness, tensile
strength, species composition, dead material, etc. Early works have investigated plant
community attributes (e.g., biomass) affecting grazing patterns and animal
performance. Some connections with animal responses and productivity were
established (Penning et al., 1994), but the sward surface height was found to be the
main factor ruling grazing, through the bite mass (Black and Kenney, 1984; Laca et al.,
1994).

The strict relationship between bite mass with sward surface height is proven in
many experiments with domestic and wild herbivores (Penning et al., 1991; Laca et al.,
1992, Cangiano et al., 2002, Shipley et al., 1994). Bite mass is the product of the
volume of the bite (bite depth x area) and the density of the forage. It has been
demonstrated that bite depth (cm) has a linear and positive relationship with sward
height (Laca et al., 1992, Cangiano et al., 2002). The area (cm?) of the bite depends
on the mouth of the animal (lllius & Gordon, 1987) and the density is an intrinsic
characteristic of the dry matter content and height of the plant. Too short (lower sward
stratum) or too high (top sward stratum) sward high, either decreases or increases time
per bite. Consequently, the bite rate increases and decreases, respectively.
Simultaneously with the bite mass, the intake rate is affected.

The intake response has been widely reported and extensively explored in the
literature. Therefore, it is arguable that managers should try offering plants that boost
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high rates of intake so the restricted consumption in conditions of time lacking is
avoided (de Faccio Carvalho, 2013).

2.4.Grazing management oriented by animal ingestive behavior responses —
the Rotatinuous concept

A management strategy based on grazing behavior was proposed by de Faccio
Carvalho (2013). This management, named “Rotatinuous” Stocking, is designed to
maximize dry matter and nutrients intake per unit of grazing time, by prioritizing plant
structures (sward surface height) that optimize short-term intake rate, aiding the
herbivores time minimization strategy (Bergman et al., 2001; Thornley et al., 1994).

First, it was verified in short-term trials that herbivores exhibit a type Il or type
IV functional response, increasing dry-matter intake rate until certain sward height, and
then stabilizing or decreasing it, respectively (Palhano et al., 2007, Mezzalira et al.,
2017). The point of highest intake rate has been established for different forage
species, such as native grassland (Gongalves et al., 2009), Sorghum bicolor (Fonseca
et al., 2012), Pennisetum glaucum (Mezzalira et al., 2013), Lolium multiflorum (Silva,
2013), Cenchrus clandestinus (Gémez, 2019), Schedonorus arundinaceus [Schreb.]
(Szymczak et al. (2020), Cynodon sp. and Avena strigosa (Mezzalira et al., 2014).
These are the pre-grazing sward heights when the Rotatinuous concept is managed
under rotational stocking method. The post-grazing sward height was determined by
the level of depletion. In order to maintain herbage intake rate at its maximum, the
defoliation intensity should not exceed 40% of the pre grazing sward height (Fonseca
et al., 2013).

Longer-term grazing trials under rotational stocking have shown “Rotatinuous
stocking” achieves great animal productivity as a result of higher daily dry matter intake
per animal and area (Savian et al., 2020), high forage production (Schons et al., 2021),
and mitigates enteric methane emissions (Savian et al., 2018).

When applied under continuous stocking method, the sward height target is
within the range of the target ones for rotational stocking. For instance, in rotational
stocking, the pre- and post-grazing ltalian ryegrass sward height are 18 and 12 cm,
respectively, which means that in continuous stocking the target sward height is 15
cm. However, despite its use in commercial farms (de Faccio Carvalho, 2013; de
Faccio Carvalho et al., 2021), scientific evidence on the performance and behavior of
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animals managed under Rotatinuous in continuous stocking are still lacking. Is the
adjustment of the stocking rate enough to keep the target sward height? Would the
intake rate maximizer structures be present or are more anthropogenic interventions
in the pasture needed? If we indeed can interfere in the frequency and spatial offer of
desired structures with manipulations, would these actions facilitate the grazing
process? The ingestive behavior of animals grazing paddocks under the Rotatinuous
concept and continuous stocking method is the focus of this work.

3. HYPOTHESIS

The strategic use of fences and mowing to offer plants that maximize intake rate
facilitates the grazing process of sheep in continuous stocking paddocks.

4. OBJECTIVES

To test if manipulations to control the spatial heterogeneity affect the foraging

process of sheep grazing Italian ryegrass under continuous stocking method oriented

by the Rotatinuous concept.
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ABSTRACT

The functional response and grazing behavior according to sward characteristics play an
important role in setting grazing management goals. We tested whether manipulations of the
sward heterogeneity of continuously stocking paddocks managed with the same average sward
height would affect the foraging process of grazing sheep. We controlled the sward height
distribution with three different forms, all including stocking rate adjustments. On Treatment
1, no other manipulation was used; Treatment 2 and treatment 3 had resting periods for
overgrazed areas; for undergrazed areas, Treatment 2 had focal grazing on it, and on treatment
3 we mowed the pasture till the target average sward height. We monitored animal behavior

through visual observations of daily activities and continuous bite monitoring technique. Our
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results did not indicate major changes in the ingestive behavior at the evaluated scales, showing
that herbivores adapt to changes in the spatial distribution of pasture when grazing in non-

limiting conditions.

Keywords: grazing systems, resource heterogeneity, Italian ryegrass, sheep behavior, stocking

rate adjust, sward structure

1. Introduction

The world grassland area accounts for 40.5% of the total ice-free global land (White et al.
2000). These environments provide natural resources that culturally and economically support
numerous people, and deliver key ecosystem services enhanced when dwelled by herbivores
(Zhao et al., 2020; Modernel et al., 2016; Bengtsson et al., 2019). However, a large proportion
of these ecosystems is threatened, because depending on the management imposed, the effect
of grazing can be negative (overgrazing) (Asner et al., 2004; Sanderman et al., 2017).

The design of management practices of the grassland environments should consider animal
behavior and proper grazing intensities, so domestic and wild livestock systems would evolve
in a climate-smart and profitable manner. Therefore, how herbivores interact with the resources
is of particular concern and has been investigated by various studies (e.g., Boval & Sauvant,
2019). Nonetheless, most of the recommendations of grazing management are still plant-
production oriented, based on sward growth and utilization. These practices disregard the
animal perspective, although several results indicate that grazing management is more
environment-friendly and economically viable when animal intake and performance are high
(Cezimbra et al., 2021; Sollenberger et al., 2012).

It was verified in some fine-scale studies that herbivores exhibit a type IV functional

response over a short-term, increasing intake until a certain sward height, and decreasing after



24

that (Mezzalira et al., 2017; Szymczak et al., 2020). Thereafter, it was ascertained that 40% of
depletion maintains the intake rate at its maximum when grazing starts at the point of the highest
intake rate (Fonseca et al., 2013). Hence, de Faccio Carvalho (2013) proposed a management
strategy, named Rotatinuous, which recommends as pre- and post- grazing sward height target
the ones that enable maximum intake rate. Larger spatial-temporal scales studies have
confirmed great productive and sustainable results of this concept managed under rotational
stocking method (Savian et al., 2018; Savian et al., 2021; Schons et al., 2021).

Despite its use in commercial farms (de Faccio Carvalho, 2013; de Faccio Carvalho et al.,
2021), experimental evidence of the Rotatinuous concept under the continuous stocking method
are still lacking. When the concept is applied in such conditions, the pasture is managed with
sward height between the targets for rotational stocking. However, pastures under continuous
stocking are much more heterogeneous than pastures in rotational stocking (Teague &
Dowhower, 2003). Sward height frequency distributions can be distinct for the same average
height, according to overgrazed and undergrazed areas of the paddock. Moreover, even though
the average target height at paddock level is a useful and practical management variable,
herbivores respond to sward structure at the plant level (Pontes-Prates et al., 2020).

Thus, the main purpose of our investigation was to test if the animal ingestive behavior is
influenced by manipulations of the heterogeneity oriented to offer structures favorable to the
maximization of the short-term intake rate. We exposed sheep to continuous grazing with
average sward height at paddock level based on the Rotatinuous concept, then we controlled
the spatial heterogeneity through grazing, resting, mowing, and fencing, and evaluated the
foraging process of sheep through visual assessments of daily activities and continuous bite

monitoring.
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2. Material and methods
Animal procedures performed were approved by the Institutional Animal Care and Use
Committee of Federal University of Rio Grande do Sul (number 35741) and were conducted

following the Guide for the Care and Use of Agricultural Animals in Agricultural Research and

Teaching (FASS, 2010).

2.1. Study area

The grazing trial was conducted at the Agronomic Experimental Station of the Federal
University of Rio Grande do Sul (UFRGS), at the Rio Grande do Sul state in the southern
subtropical region of Brazil (30°05' S, 51°39' W).

The experimental period commenced on 23 Jul 2019 and lasted for 95 days, during winter
and early springtime in Brazil. Total rainfall in that period was 331 mm, and mean (+standard
deviation) minimum and maximum ambient temperature were 11.4°C (£4.3) and 22.5°C (£5.3),
respectively.

The total area of the experiment was 2.25 ha, with nine square-shaped paddocks
(experimental units) of 0.25 ha each, delimited with wire electro-plastic fencing. Italian
ryegrass (Lolium multiflorum Lam.) was sown in May 2019 at a density of 35 kg of seed/ha
after soil tillage and received an application of urea fertilizer at 75 kg of N per ha when plants
reach approximately 5 cm of height and more 75 kg of N per ha at the beginning of the stocking

s€ason.

2.2. Experimental design and treatments
The experimental design was a randomized complete block with three treatments and three

paddock replicates (n = 9), which were blocked based on the slope of the area. The paddocks
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were virtually divided into eight quadrants of 312 m? to receive the treatments. Each paddock
had three test-sheep (permanent animals over the whole stocking season), plus put-and-take
sheep (Mott and Lucas, 1952). The experimental animals were Texel and Corriedale breed
growing lambs with an average initial live weight of 29 + 2 kg and approximately 10 months
old at the beginning of the experimental period.

The grazing management practice that oriented the manipulations of the treatments was the
“Rotatinuous” stocking strategy, that aims to minimize eating time by offering structures that
allow great bite masses, consequently optimizing animal intake per unit of time (de Faccio
Carvalho, 2013). In rotational stocking, the concept targets pre-grazing height that maximizes
short-term herbage intake rate (Mezzalira et al., 2014) and post-grazing height that allows
animals to graze only the top 40% of the sward, which maintains short-term intake rate at its
maximum (Fonseca et al., 2013). For Italian ryegrass, it is 18 cm (Silva, 2013) and 40% less of
this optimal pre-grazing sward height (~11 cm), respectively. Under continuous stocking
method, the Rotatinuous’s target for paddock sward height is the average between the optimal
ones for pre-and post-grazing. In this way, our goal was to manage the Italian ryegrass swards
under continuous stocking targeting 15 cm in all treatments, which is in between the sward
height of 18 and 11 cm (pre- and post-grazing, respectively) proposed for rotational stocking.

Treatments consisted of three manipulation forms of the heterogeneity of sward surface
height under the continuous stocking method. The treatments were: T1) Put-and-take, whereby
the target sward height of 15 cm was kept just with weekly stocking rate adjustment with a
variable number of sheep, T2) Put-and-take + fence, in which despite the weekly sheep stocking
rate adjustment, animals (including test-sheep) were concentrated in the quadrants where the
average sward height exceeds 18 cm, and grazing deferment was promoted by isolating
quadrants where sward height was below 12 cm; both of them for short periods until pasture

reaches 15 cm, and T3) Put-and-take + fence + mowing, in which pasture of quadrants was cut
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with a mowing machine (cutting height 15 cm) when it exceeds 18 cm and quadrants were also
isolated to grazing deferment when sward height was below 12 cm if the sheep stocking rate
adjustment did not achieve target sward height. The watering point was placed in the middle of
the paddocks. Put-and-take sheep were similar in live weight, breed, and age, and were

maintained on adjacent paddocks of Italian ryegrass when not in treatment paddocks.

2.3. Sward measurements

The sward height was monitored every week with a sward stick (Barthram, 1985). To apply
the treatments, it was necessary to have the spatial distribution, so every 15 days the
measurements were georeferenced, using the sward stick coupled to an RTK-GPS (Emlid
Reach Rs Gnss Rtk). Records were made in a systematic distribution, equally spaced along the
paddock. An example of georeferenced records is in Appendix A.

The latest sward measurements made before animal behavior measurements were not
georeferenced. This paper presents the average sward height, the frequency distribution of
sward height, made with the ggplot function from R, and the coefficient of variation as a proxy

of heterogeneity.

2.4. Treatments manipulations during animal behavior measurements

Initially, average sward height was maintained between the target ones just with animal
number adjustment (until August 6). After that, it was necessary to isolate overgrazed areas
(<12 cm of sward height) in both Treatment 2 and Treatment 3 treatments. These manipulations
lasted from 4 to 20 days. When the first animal measurements were proceeded, Treatment 2
had two quadrants isolated in one block and Treatment 3 treatment had quadrants isolated in all

three blocks (seven in total).
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After August 30, manipulations to deplete the sward of undergrazed quadrants were
proceeded in paddocks of Treatment 2 and Treatment 3. Ten quadrants of Treatment 3 treatment
were cut to 15 cm one week before the second animal assessment. On the same day, the grazing
pressure on nine quadrants of Treatment 2 treatment was increased with the addition of put-
and-take sheep. Manipulations lasted from 3 to 20 days. When the second animal measurements
were made, Treatment 2 had two quadrants isolated in one block, animal concentration in four
quadrants of another block, and animal concentration in three quadrants in the paddock of the
third block. Treatment 3 had manipulations applied in one block (two quadrants isolated). The

treatment manipulations made before the second animal behavior measurements are shown in

Figure 1.
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Figure 1 - Treatment manipulations made before sheep behavioral assessments. All treatments
had stocking rate adjustments. The put-and-take treatment (T1) had no other manipulation for
regulating average sward height; the put-and-take + fence treatment (T2) paddocks had
deferment of overgrazed areas (<12cm) illustrated by the red X and concentration of animals
in areas undergrazed (>18cm) illustrated by the sheep; the put-and-take + fence + mowing
treatment (T3) paddocks had areas deferred when overgrazed (<12 cm) illustrated by the red X

and undergrazed areas cut with a mowing machine (>18 cm) identified by the grey color.
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On the third animal measurements, the test sheep of one paddock of Treatment 2 were
concentrated to reduce the sward height in two quadrants, and two quadrants were isolated in
another block. Treatment manipulations occurred till the end of the stocking period (Oct 26,
2019); however, they did not impact the measurements described in this paper. The number of
quadrants under manipulations (Treatment 2 and Treatment 3) during animal measurements is

detailed in Table 1.

Table 1 - Manipulations applied in continuously stocking paddocks grazed by sheep during
animal behavior assessments. The Put-and-take + fence treatment (T2) paddocks had deferment
of overgrazed areas (<12cm) and concentration of animals in areas undergrazed (>18cm); in
Put-and-take + fence + mowing treatment (T3) paddocks, areas were isolated when overgrazed
(<12 cm) and were cut with a mowing machine when undergrazed (>18 cm). There were three

replicates (R) of each treatment

Quadrants with

Animal Treatments Differed quadrants anirnall Mowed quadrants
measurements concentration

Rt R2 R3 R1I R2 R3 Rl R2 R3

| T2 2 0 0 0 0 0 - - -

T3 4 1 2 - - - 0 0 0

) T2 2 0 0 0 4 3 - - -

T3 0 2 0 - - - 5 2 3

3 T2 2 0 0 0 2 0 - - -

T3 0 0 0 - - - 0 0 0

2.5. Sheep ingestive behavior measurements and calculations
The test-sheep of the paddocks were used for behavioral observations. The primary (daily)
and secondary (short-term) behaviors were measured three times during the grazing season (Sep

09, Sep 28, and Oct 12, 2019).

2.5.1. Primary behaviors
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The daily behavior activities (grazing, ruminating, and resting) were assessed visually and
recorded every 5 minutes for 24 hours by trained observers (Altmann, 1974). Thus, we
calculated grazing, ruminating, and resting time, and estimated the proportion of grazing events
per hour and the duration of meals (n = 81; 27 test-sheep x 3 measurements).

Total times of daily activities were calculated by multiplying the number of observations of
each activity during the 24 hours by 5 min. The proportion of grazing per hour was calculated
as the number of observations marked as grazing per hour divided by the total number of
observations per hour. The meal's length was determined by multiplying the number of

observations marked as grazing in sequence by 5 minutes initiated at each hour.

2.5.2. Secondary behaviors

One day before primary behavior measurements, three trained observers evaluated all test-
sheep with the continuous bite monitoring technique (Agreil & Meuret, 2004; Bonnet et al.,
2015). The technique permits the recording through direct observation and in real-time all
foraging behavior of a focal animal. Before data collection, a period of mutual familiarization
occurred between the observers and individuals. Meanwhile, the observers checked the height
of the plants commonly defoliated and created a bite code grid.

In the evaluation, bite codes and steps were registered on a digital recorder Sony ICD-
PX312. Over 10-min, each observer evaluated a block, during the time of day of more intense
grazing activity (i.e., early morning and late afternoon, Orr et al., 1997). Continuous bite
monitoring lasted 180 min per treatment. After that, the audio files were transcribed using
JWatcher® software.

The hand-plucking method was used to estimate the mass of the observed bite (Bonnet et
al., 2011). For each observed bite code and separately for animals, twenty hand-plucked

subsamples were taken. Samples were then dried at 55° C for 72 hours and weighed on a
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precision scale to obtain the estimated dry matter intake per bite code. For the purpose of this
paper, bite masses were first predicted by a mixed linear model (Ime4 package of R) considering
bite code, treatment, period, and shift as fixed effects, and then averaged by observation.

In total, 143 valid animal transcriptions were obtained. For each one, we calculated the
variables as follows: bite mass (g DM/bite) as the sum of bite masses divided by the number of
bites from each recording; bite rate (bites/min) as the number of bites from each recording
divided by the total recording time; intake rate (g DM/min) as the product of the number of
bites and mean bite mass divided by the total recording time; step rate (steps/min) as the number
of steps from each record divided by the total recording time; feeding station rate (per min) as
the sum of feeding stations divided by the total time of recording; number of bites per feeding
station as the sum of bites of each feeding station; intake per feeding station (g DM/feeding
station) as the sum of bite masses of each feeding station; steps per feeding station as the number
of steps taken between feeding stations; time per feeding station as the total time of recording
divided by the number of feeding stations in that record. All variables are summarized as the

average throughout the recording.

2.6. Statistical Analysis

All calculations and statistical analyses were carried out in RStudio version 1.2.1335
(Venables & Smith, 2003).

Average sward height, daily activities time, and secondary behaviors (short-term response)
variables were submitted to analysis of variance using linear mixed-effects models (/mer
function from the Ime4 R library) with the treatment as the unique fixed effect. The meal's
length was analyzed using a linear mixed-effects model with treatment and hour as fixed effects.
We included paddocks nested each period as random effects to account for a potential lack of

independence among repeated observations on the same paddocks over the periods. The means
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were compared based on Tukey’s test for significant difference (P < 0.05), using the
multicompview and emmeans package from R. Before ANOVA, residuals plots of the analyses
were used to check normality, homogeneity of variance, and residual independence using the
gplot function. When necessary, data were logjo transformed.

We used a generalized additive model with the gam function from the mgcv package to
analyze the proportion of grazing in each hour. Treatment was considered as a fixed parametric

effect and hour as a smoothing fixed effect.

3. Results

3.1. Sward characteristics

There was no statistical difference (P = 0.80) in Italian ryegrass average sward height (with
standard deviation within parenthesis) between Treatment 1 (14.5 +3.06 cm), Treatment 2 (14.9
+ 2.64 cm), and Treatment 3 (14.6 + 2.67 cm) over the entire grazing season. The coefficients
of variation were 51.4, 43.1, and 45.3 for Treatment 1, Treatment 2, and Treatment 3,
respectively. As expected, the Treatment 1 had the highest heterogeneity likely due to the
absence of fencing and mowing practices. The frequency distributions of sward height before
sheep behavior measurements are presented in Figure 2, with the mean values and coefficient

of variation of each treatment.
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Figure 2 - Sward height frequency distribution of continuous stocking paddocks grazed by
sheep under different manipulations of heterogeneity in periods 1, 2, and 3 of the experiment,
right before animal measurements. The put-and-take treatment (blue) uses just animals for
regulating average sward height; the put-and-take + fence treatment (green) paddocks had
deferment of overgrazed areas (<12cm) and concentration of animals in areas undergrazed
(>18cm); in the put-and-take + fence + mowing treatment (orange) paddocks, areas were also
isolated when overgrazed (<12 cm) and were cut with a mowing machine when undergrazed

(>18 cm). Means sward height and coefficient of variation in each treatment are plotted

3.2. Animal behavior

Figure 3 compares the daily behavioral activity times of sheep in each treatment. No
difference between treatments was observed for total time spent grazing, ruminating, and
resting, with an average of 526 min (P = 0.801), 341 min (P = 0.083), and 577 min (P = 0.378)

per day, respectively.
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Figure 3 - Average daily grazing, ruminating, and resting time of sheep in continuous stocking
paddocks under different manipulations of heterogeneity. The put-and-take treatment (blue)
uses just animals for regulating average sward height; the put-and-take + fence (green)
treatment (green) paddocks had deferment of overgrazed areas (<12cm) and concentration of
animals in areas undergrazed (>18cm); in put-and-take + fence + mowing treatment (orange)
paddocks, areas were also isolated when overgrazed (<12 cm) and were cut with a mowing

machine when undergrazed (>18 cm). The black bars represent the means standard deviation.

The pattern of grazing distribution over time is shown in Figure 4 (P = 0.846). Sheep had a
similar grazing pattern between treatments, with three main grazing events over the day. One
punctuated and rapidly initiated grazing peak occurred around sunrise. This event was slightly
different between treatments. Treatment 3 had a little decline in the proportion of grazing at
09:00 h. One grazing event markedly peaked before sunset (17:00 h) in all treatments (around
60% of observations as grazing over 3 hours). This dusk grazing event abruptly terminated at
20:00 h, after which grazing probability lowered to 40%. Another peak period occurred at night,
between 23:00 h and 2:00 h in all treatments. The period with less probability of grazing occurs

just before the first grazing event of the day (less than 30% of grazing observations at 03:00 h).
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Figure 4 - Circadian grazing pattern (average grazing proportion +- standard error) of 27
animals by types of manipulation of continuous stocking methods (treatments). The put-and-
take treatment (blue) uses just animals for regulating average sward height; the Put-and-take +
fence treatment (green) paddocks had deferment of overgrazed areas (<I2cm) and
concentration of animals in areas undergrazed (>18cm); in Put-and-take + fence + mowing
treatment (orange) paddocks, areas were also isolated when overgrazed (<12 cm) and were cut

with a mowing machine when undergrazed (>18 cm).

The duration of meals started in each hour of the day is presented in Figure 5 (P = 0.8106).
Overall, during daylight, the pattern of meal length goes along with the probability of grazing
(Figure 3). The grazing events with the highest probability of occurrence happened at the same
time of day of the longest meals (sunset and sunrise). On Treatment 3, meal durations tended
to be more constant from 05:00 h to 18:00 h than the other treatments, with an average of 60
minutes per hour. Sheep had the shortest meals per hour between 01:00 h and 04:00 h, the same

time as the lower probability of grazing.
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Figure 5 - Meal length of sheep grazing continuous stocking paddocks under different
manipulations of heterogeneity. The line represents the median meal length grouped by
replicated animals, blocks, and periods. The put-and-take treatment (blue) uses just animals for
regulating average sward height; the put-and-take + fence treatment (green) paddocks had
deferment of overgrazed areas (<12cm) and concentration of animals in areas undergrazed
(>18cm); in put-and-take + fence + mowing treatment (orange) paddocks, areas were also
isolated when overgrazed (<12 cm) and were cut with a mowing machine when undergrazed

(>18 cm).

Secondary behavioral variables showed a similar pattern between treatments, as shown in
Table 2. Bite mass averaged 0.1 g DM. Bite rate, intake rate, step rate, and feeding station rate
averaged 33.13 bites/min, 2.22 g DM/min, 11.7 steps/min, and 4.16 feeding stations/min. Bites
per feeding station, intake per feeding station, number of steps between feeding stations, and
time per feeding station values averaged 11.7 bites, 1.17 g DM, 6.55 steps, and 20.7 s,

respectively.

Table 2 - Grazing behavior variables of sheep grazing on continuously stocking paddocks with

different manipulations in sward heterogeneity. The Put-and-take treatment uses just animals



37

for regulating average sward height; the Put-and-take + fence treatment paddocks had
deferment of overgrazed areas (<12cm) and concentration of animals in areas undergrazed
(>18cm); in Put-and-take + fence + mowing treatment paddocks, areas were also isolated when
overgrazed (<12 cm) and were cut with a mowing machine when undergrazed (>18 cm). FS =

feeding station; sd = standard deviation.

Behavioral responses T1 T2 T3 sd P
Bite mass (g DM) 0.0940  0.0997  0.0975 0.02 0.249
Bite rate (bites/min) 33.6 31.9 339 8.36 0.656
Intake rate (g DM/min) 2.23 2.28 2.16 0.81 0.822
Step rate (steps/min) 11.6 11.1 12.5 6.02 0.850
Feeding station rate (FS/min) 4.16 3.90 4.42 1.46 0.702
Bites per feeding station (bites) 11.7 12.9 10.5 4.64 0.440
Intake per feeding station (g DM) 1.15 1.29 1.06 0.52 0.428
Steps per feeding station (steps) 5.74 6.82 7.10 6.34 0.608
Time per feeding station (s) 214 21.0 19.7 12.58 0.844

4. Discussion

We proposed controlling the spatial heterogeneity of the sward height through manipulating
the sward structure by changing the animal density, deferring overgrazed areas, and mowing or
applying targeted grazing on undergrazed areas. Overall, our results pointed that the
manipulations with fences and mowing did not alter the animals’ behavior in the observed
spatial-temporal scales (bite, feeding station, and daily levels), showing that herbivores adapt
themselves to the spatial distribution of pasture when grazing in non-limiting conditions (the
targeted sward height is considered optimal to grazing). The greater offer of structures favorable
to high ingestion rates created by anthropic actions along with the stocking rate adjustment did

not seem to be a more efficient management than the animals’ adaptative mechanisms.
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4.1. Effect of sward manipulations on animal behavior

Grazing is the main creator of resource heterogeneity, especially in continuous stocking
paddocks (Adler et al., 2001). Animals benefit from heterogeneity (Laca, 1993) since the
selected diet is of better quality than the average offered. In Treatment 1, for example, which
had the highest sward coefficient of variation, heterogeneity itself may have helped in the short-
term, allowing animals to adapt their behavior at the feeding station level and achieving the
same rates. This compensation margin was aided by the effects of the treatment, as the animals
may not have spent time looking for the maximizing stations because they had vast sub-optimal
options to modulate intake, since they had free access to low and high sward heights. Depending
on the supply and the spatial distribution of resources, the time of apprehension may overlap
the time of chewing; or the time to chew the previous bite overlaps the time for searching for
the next bite (Laca et al., 1994). It could be argued that the intake response through a sequence
of light bites may have been the same as that achieved by the ingestion of heavy bite masses
and the search time until the next bite, as the time allocated for chewing reduces the ingestion
rate. This result is in agreement with Wallis De Vries et al. (1998) who found no difference in
the intake rate between patches of different heights. As we presented the average bite mass, we
did not capture the difference or similarity of the height range and consequent bite masses in
the diet.

Some studies state that selection is facilitated when heterogeneity is on a large scale
(aggregated) over a fine-scale (Dumont et al., 2002; Wallis De Vries et al., 1999; Edwards et
al., 1994). We expected the animals’ cost in the dynamics of meeting the desired (maximizer)
structures to decrease with the implication of Treatment 2 and Treatment 3. On the contrary,
we observed a slightly lower number of steps per feeding station of animals in Treatment 1.
Does it mean they found the preferred structures more easily? Also, the time per feeding station

of animals in this treatment was a little longer. Three potential explanations are: offering the
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favorable plants dispersed in the paddock facilitates the encounter; or it supports the hypothesis
that they appreciated the heterogeneity of this treatment that allowed them to modulate the
intake in the feeding station; or because of the trade-off between shifting energy to find “better”
patches and staying at the same ones. Furthermore, Parsons et al. (1994) reported that selectivity
is only constrained when preferred plant species have an abundance of less than 20%. Even in
Treatment 1 that had higher spatial heterogeneity of sward heights, the optimal range of height
(12 to 18 cm) was very frequent (about 35%, Figure 2). Thus, it is unlikely that animals have
been jeopardized by the lack of further manipulations in this treatment.

Treatments could modify the mechanisms and patterns on larger scales if they had made
difference at the bite level. We expected the grazing time to decrease due to the higher selection
of dry matter maximizer structures when they were more abundant and aggregated. The grazing
time of animals in Treatment 2 could also be affected by competition because test-sheep of
some paddocks were in a smaller area in the second and third behavior measurements. However,
a recent spatial model has found the effects of heterogeneity to be compensated on large
temporal scales (Pontes-Prates et al., 2020).

We can verify the three principal grazing events of ruminants in our experiment by the peaks
of the proportion of grazing, as has been shown in the literature (Gregorini et al. 2008).
However, the grazing events merged during the day. These findings are in agreement with the
results previously reported by Larson-Praplan et al. (2015), which found a similar pattern
between meal length and proportion of grazing per hour. Also, there was a large proportion of
night grazing in all treatments. Our results corroborate with Linnane et al. (2001) and Somparn
et al. (2005) who found 18 to 50% of grazing time occurring at night.

The results can give rise to the assumption that in continuous stocking sheep did not act as
time minimizers and did not prioritize structures favorable to the highest dry matter intake rate

all the time, having enough time to maximize other functions as neither time nor pasture was



40

limiting. Whereas we expected to observe lambs grazing plants within the range of optimal
heights (12-18), they exhibited a more diverse pattern of bites. Naujeck et al. (2005) also
observed this with horses. Animals in their experiment stayed longer in areas of higher sward
heights, but also visited and grazed from other patches. They concluded that in addition to the
height of the pasture, the quality of the youngest plants influenced the selection of the horses'
diet. What could have happened if conditions were limiting? If the experiment was extended to
more demanding categories, such as time-restricted lactating dairy cows, perhaps the foraging
pattern would differ more abruptly between treatments and the animals under interventions
would have the foraging assisted by the great offer of maximizer structures.

Another point is that the heterogeneity perceived by the manager is different from the
animal's perception. Although we perceive the spatial differences created by the treatment’s
manipulations (Appendix A), animals have a different matter of the scale of detection, so we
cannot assume they saw the aggregated structures. Thus, the animals could not walk directly to
the areas where the structures that reduce the grazing time were closer.

The plasticity and adaptation to the imposed management, causing the animals to reach the
same levels of diet quality and performance have already been registered in horses (Fleurance

et al., 2016) and sheep (Iason et al., 1999; Garcia et al., 2013).

4.2. Performance of Rotatinuous under continuous stocking

First, we entrust animals the sward maintenance in a continuous stocking paddock, just
adjusting the stocking rate when necessary. Then, we restricted their total displacement, by
fencing overgrazed areas. In previously neglected areas, we either cut the pasture or forced
animals to lower sward height themselves. From the viewpoint of offering plants with similar
heights that optimize grazing when harvested, paddocks with manipulations with fences and

mowing were structurally benefitted. This is supported by the lower coefficient of variation of
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sward height and greater proximity to the desired range of Treatment 2 and Treatment 3, in
addition to the controlled access to areas with average sward height in the first extremity of the
distributions.

Although we recognize the multiple positive effects of resource heterogeneity such as on
herbage production and stability (Duchini et al., 2018), and consequently livestock production
stability (Allred et al., 2014), most grazing managers have been disregarded these benefits. Yet,
one of the explanations for managers to use rotational stocking is the reduction of the spatial
heterogeneity within-paddock, aiming to avoid animal selectivity. It should be noted that our
interventions were not to impose constraints on the natural eating process. On the contrary, the
spontaneous decisions and the implication of their choices in terms of short-term intake rate
over different height options were first observed (Amaral et al., 2012; Mezzalira et al., 2014).
Manipulations were also not intended to penalize selection. The maintenance of the sward
height between 12 and 18 cm already provides a functional range for the animal and pasture
perspective (Planisich et al., 2020). Thus, the sward manipulations used in our study respected
the structural guidelines of the Rotatinuous concept and tried to offer more plants in the
structural range that maximize intake rate and so could be desired by the animal.

Treatments’ animals had different availability of resources in space and time, but never
limited, and so, they managed to express their natural behavior. The same behavior, intake, and
productive responses (Freitas et al., unpublished result.) between animals managed in
continuous or rotational stocking method (Savian et al., 2020) guided by the Rotatinuous
concept support the idea that when pastures are maintained under proper management,
discussions on manipulations or stocking method are pointless (Briske et al., 2008, Sollenberger
et al., 2012). Moreover, Farias et al. (2020) have evaluated an integrated crop-livestock system
and conclude that the impact of the grazing pressure stipulated by the Rotatinuous concept on

the pasture phase enhances energy and system productivity.
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In limited resource conditions, such as beef cattle managed under a higher stocking density,
the manipulations can be an interesting alternative to better control livestock distribution.
Likewise, with the interventions support, should be easier to control the sward structure at larger
paddocks, considering their respond differently according to the size and level of heterogeneity
(Barnes et al., 2008; Dumont et al., 2020).

Our results can be used to generate new hypothesis about the animal and sward heterogeneity
interface, and to assist in the design of livestock systems, since the management concept that
guided the treatments is effective in animal and pasture production, (Savian et al., 2018, Savian
et al., 2019, Schons et al., 2021), in the reduction of environmental impacts (Savian et al, 2021)
and it is already applied beyond experimentation (de Faccio Carvalho, 2013; de Faccio

Carvalho et al., 2021).

Declaration of interest

The authors declare no conflict of interest.

References

Adler, P., Raff, D., & Lauenroth, W. (2001). The effect of grazing on the spatial heterogeneity
of vegetation. Oecologia, 128(4), 465-479.

Agreil, C., & Meuret, M. (2004). An improved method for quantifying intake rate and
ingestive behaviour of ruminants in diverse and variable habitats using direct observation.
Small Ruminant Research, 54(1-2), 99-113.

Allred, B. W., Scasta, J. D., Hovick, T. J., Fuhlendorf, S. D., & Hamilton, R. G. (2014).
Spatial heterogeneity stabilizes livestock productivity in a changing climate. Agriculture,
ecosystems & environment, 193, 37-41.

Altmann, J. (1974). Observational study of behavior: sampling methods. Behaviour, 49(3-4),
227-266.

Amaral, M. F., Mezzalira, J. C., Bremm, C., Da Trindade, J. K., Gibb, M. J., Suiie, R. W. M.,
& de F. Carvalho, P. C. (2013). Sward structure management for a maximum short-term
intake rate in annual ryegrass. Grass and Forage Science, 68(2), 271-277.



43

Asner, G. P., Elmore, A. J., Olander, L. P., Martin, R. E., & Harris, A. T. (2004). Grazing
systems, ecosystem responses, and global change. Annu. Rev. Environ. Resour., 29, 261-299.

Barnes, M. K., Norton, B. E., Maeno, M., & Malechek, J. C. (2008). Paddock size and
stocking density affect spatial heterogeneity of grazing. Rangeland ecology & management,
61(4), 380-388.

Barthram G.T. (1985) Experimental techniques: the HFRO sward stick. HFRO Biennial
Report 1984-85, pp. 29-30.

Bengtsson, J., Bullock, J. M., Egoh, B., Everson, C., Everson, T., O’Connor, T, ... &
Lindborg, R. (2019). Grasslands—more important for ecosystem services than you might
think. Ecosphere, 10(2), €02582.

Bonnet, O. J., Meuret, M., Tischler, M. R., Cezimbra, I. M., Azambuja, J. C., & Carvalho, P.
C. (2015). Continuous bite monitoring: a method to assess the foraging dynamics of
herbivores in natural grazing conditions. Animal Production Science, 55(3), 339-349.

Bonnet, O., Hagenah, N., Hebbelmann, L., Meuret, M., & Shrader, A. M. (2011). Is hand
plucking an accurate method of estimating bite mass and instantaneous intake of grazing
herbivores?. Rangeland Ecology & Management, 64(4), 366-374.

Boval, M., & Sauvant, D. (2019). Ingestive 43ehavior of grazing ruminants: Meta-analysis of
the components of bite mass. Animal Feed Science and Technology, 251, 96-111.

Briske, D. D., Derner, J. D., Brown, J. R., Fuhlendorf, S. D., Teague, W. R., Havstad, K. M.,
... & Willms, W. D. (2008). Rotational grazing on rangelands: reconciliation of perception
and experimental evidence. Rangeland Ecology & Management, 61(1), 3-17.

Cezimbra, [. M., de Albuquerque Nunes, P. A., de Souza Filho, W., Tischler, M. R., Genro, T.
C. M., Bayer, C,, ... & de Faccio Carvalho, P. C. (2021). Potential of grazing management to
improve beef cattle production and mitigate methane emissions in native grasslands of the
Pampa biome. Science of The Total Environment, 146582.

Da Silva, D. F. F. (2013). 4 altura que maximiza a taxa de ingestdo em pastos de azevém
anual (Lolium multiflorum Lam.) é afetada pela existéncia de palhada quando o método de
estabelecimento ¢ em semeadura direta (Doctoral dissertation, Dissertagao (MSc)
PosGraduacao em Agronomia. Departamento de Fitotecnia e Fitossanitarismo, Setor de
Ciéncias Agrarias, Universidade Federal do Parana).

de Faccio Carvalho, P. C. (2013). Harry Stobbs Memorial Lecture: Can grazing behavior
support innovations in grassland management?. Tropical Grasslands-Forrajes Tropicales,
1(2), 137-155.

de Faccio Carvalho, P. C., Savian, J. V., Della Chiesa T., et al. (2021). Land-use
intensification trends in the rio de la plata region of south america: toward specialization or
recoupling crop and livestock production. Front. Agr. Sci. Eng., 2021, 8(1): 97-110.



44

Duchini, P. G., Guzatti, G. C., Echeverria, J. R., Américo, L. F., & Sbrissia, A. F. (2019). Can
a Mixture of Perennial Grasses with Contrasting Growth Strategies Compose Productive and
Stable Swards?. Agronomy Journal, 111(1), 224-232.

Dumont, B., Carrere, P., & D'Hour, P. (2002). Foraging in patchy grasslands: diet selection by
sheep and cattle is affected by the abundance and spatial distribution of preferred species.
Animal Research, 51(05), 367-381.

Dumont, B., Rossignol, N., Decugq, F., Note, P., & Farruggia, A. (2020). How does pasture
size alter plant-herbivore interactions among grazing cattle?. Grass and Forage Science,
75(4), 438-446.

Edwards, G. R., Newman, J. A., Parsons, A. J., & Krebs, J. R. (1994). Effects of the scale and
spatial distribution of the food resource and animal state on diet selection: an example with
sheep. Journal of Animal Ecology, 816-826.

Farias, G. D., Dubeux, J. C. B., Savian, J. V., Duarte, L. P., Martins, A. P., Tiecher, T., ... &
Bremm, C. (2020). Integrated crop-livestock system with system fertilization approach
improves food production and resource-use efficiency in agricultural lands. Agronomy for
Sustainable Development, 40(6), 1-9.

Fleurance, G., Farruggia, A., Lanore, L., & Dumont, B. (2016). How does stocking rate
influence horse behaviour, performances and pasture biodiversity in mesophile grasslands?.
Agriculture, Ecosystems & Environment, 231, 255-263.

Fonseca, L., Carvalho, P. D. F., Mezzalira, J. C., Bremm, C., Galli, J. R., & Gregorini, P.
(2013). Effect of sward surface height and level of herbage depletion on bite features of cattle
grazing Sorghum bicolor swards. Journal of animal Science, 91(9), 4357-4365.

Garcia, F., Carrere, P., Soussana, J. F., & Baumont, R. (2003). The ability of sheep at
different stocking rates to maintain the quality and quantity of their diet during the grazing
season. The Journal of Agricultural Science, 140(1), 113.

Gregorini, P., Gunter, S. A., Beck, P. A., Soder, K. J., & Tamminga, S. (2008). The
interaction of diurnal grazing pattern, ruminal metabolism, nutrient supply, and management
in cattle. The Professional Animal Scientist, 24(4), 308-318.

Iason, G. R., Mantecon, A. R., Sim, D. A., Gonzalez, J., Foreman, E., Bermudez, F. F., &
Elston, D. A. (1999). Can grazing sheep compensate for a daily foraging time constraint?.
Journal of Animal Ecology, 68(1), 87-93.

Laca, E. A. (1993). Field test of optimal foraging with cattle: the marginal value theorem
successfully predicts patch selection and utilisation. Proc. XVII Int. Grassl. Congr., 1993.

Laca, E. A., Ungar, E. D., & Demment, M. W. (1994). Mechanisms of handling time and
intake rate of a large mammalian grazer. Applied Animal Behaviour Science, 39(1), 3-19.

Larson-Praplan, S., George, M. R., Buckhouse, J. C., & Laca, E. A. (2015). Spatial and
temporal domains of scale of grazing cattle. Animal Production Science, 55(3), 284-297.



45

Linnane, M. 1., Brereton, A. J., & Giller, P. S. (2001). Seasonal changes in circadian grazing
patterns of Kerry cows (Bos taurus) in semi-feral conditions in Killarney National Park, Co.
Kerry, Ireland. Applied Animal Behaviour Science, 71(4), 277-292.

Mezzalira, J. C., Bonnet, O. J., Carvalho, P. C. D. F., Fonseca, L., Bremm, C., Mezzalira, C.
C., & Laca, E. A. (2017). Mechanisms and implications of a type IV functional response for
short-term intake rate of dry matter in large mammalian herbivores. Journal of Animal
Ecology, 86(5), 1159-1168.

Mezzalira, J. C., Carvalho, P. C. D. F., Fonseca, L., Bremm, C., Cangiano, C., Gonda, H. L.,
& Laca, E. A. (2014). Behavioural mechanisms of intake rate by heifers grazing swards of
contrasting structures. Applied Animal Behaviour Science, 153, 1-9.

Modernel, P., Rossing, W. A., 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

Mott, G. O., & Lucas, H. L. (1952). The design, conduct and interpretation of grazing trials on
cultivated and improved pastures. In International grassland congress (Vol. 6, No. 1952, pp.
1380-1395).

Naujeck, A., Hill, J., & Gibb, M. J. (2005). Influence of sward height on diet selection by
horses. Applied Animal Behaviour Science, 90(1), 49-63.

Ofiatibia, G. R., & Aguiar, M. R. (2018). Paddock size mediates the heterogeneity of grazing
impacts on vegetation. Rangeland Ecology & Management, 71(4), 470-480.

Orr, R. J., Penning, P. D., Harvey, A., & Champion, R. A. (1997). Diurnal patterns of intake
rate by sheep grazing monocultures of ryegrass or white clover. Applied Animal Behaviour
Science, 52(1-2), 65-77.

Parsons, A. J., Newman, J. A., Penning, P. D., Harvey, A., & Orr, R. J. (1994). Diet
preference of sheep: effects of recent diet, physiological state and species abundance. Journal
of animal ecology, 465-478.

Planisich, A., Utsumi, S. A., Larripa, M., & Galli, J. R. (2020). Grazing of cover crops in
integrated crop-livestock systems. Animal, 15(1), 100054.

Pontes-Prates, A., de Faccio Carvalho, P. C., & Laca, E. A. (2020). Mechanisms of Grazing
Management in Heterogeneous Swards. Sustainability, 12(20), 8676.

Sanderman, J., Hengl, T., & Fiske, G. J. (2017). Soil carbon debt of 12,000 years of human
land use. Proceedings of the National Academy of Sciences, 114(36), 9575-9580.

Savian, J. V., Schons, R. M. T., de Souza Filho, W., Zubieta, A. S., Kindlein, L., Bindelle, J.,
... & de Faccio Carvalho, P. C. (2021). ‘Rotatinuous’ stocking as a climate-smart grazing
management strategy for sheep production. Science of The Total Environment, 753, 141790.

Savian, J. V., Schons, R. M. T., Marchi, D. E., de Freitas, T. S., da Silva Neto, G. F.,
Mezzalira, J. C., ... & de Faccio Carvalho, P. C. (2018). Rotatinuous stocking: A grazing



46

management innovation that has high potential to mitigate methane emissions by sheep.
Journal of cleaner production, 186, 602-608.

Sollenberger, L. E., Agouridis, C. T., Vanzant, E. S., Franzluebbers, A. J., & Owens, L. B.
(2012). Prescribed grazing on pasturelands.

Somparn, P., Gibb, M. J., Markvichitr, K., Chaiyabutr, N., Thummabood, S., & Vajrabukka,
C. Effect of moonlight and time of year on grazing behaviour by swamp buffalo (Bubalus
bubalis) heifers.

Szymczak, L. S., de Moraes, A., Sulc, R. M., Monteiro, A. L. G., Lang, C. R., Moraes, R. F.,
... & de Faccio Carvalho, P. C. (2020). Tall fescue sward structure affects the grazing process
of sheep. Scientific Reports, 10(1), 1-10.

Teague, W. R., & Dowhower, S. L. (2003). Patch dynamics under rotational and continuous
grazing management in large, heterogeneous paddocks. Journal of Arid Environments, 53(2),
211-229.

Venables, W. N., & Smith, D. M. (2003). The R development core team. An Introduction to
R, Version, 1(0).

WallisDeVries, M. F., Laca, E. A., & Demment, M. W. (1998). From feeding station to patch:
scaling up food intake measurements in grazing cattle. Applied Animal Behaviour Science,
60(4), 301-315.

WallisDeVries, M. F., Laca, E. A., & Demment, M. W. (1999). The importance of scale of
patchiness for selectivity in grazing herbivores. Oecologia, 121(3), 355-363.

White, R. P., Murray, S., Rohweder, M., Prince, S. D., & Thompson, K. M.
(2000). Grassland ecosystems (p. 81). Washington, DC, USA: World Resources Institute.

Zhao, Y., Liu, Z., & Wu, J. (2020). Grassland ecosystem services: a systematic review of
research advances and future directions. Landscape Ecology, 1-22



CHAPTER IlI

47



48

FINAL CONSIDERATIONS

A manutencdo de sistemas pastoris orientados sob o conceito de manejo
Rotatinuo se mostrou mais uma vez como alternativa de intensificagao sustentavel na
producdo de alimentos. Este novo conceito de manejo preconiza intensidades de
pastejo moderadas, para que “sobre” pasto e o animal seja capaz de expressar sua
seletividade natural, atingindo elevado consumo de matéria seca e consequentemente
altos niveis de producgao.

As intervengbdes no pasto feitas no protocolo experimental sdo comumente
realizadas por produtores por esperarem um rebrote de maior qualidade, e também
com o objetivo de homogeneizagao da estrutura do dossel, dando a impress&o que os
animais comeram “tudo”. Quando acompanhadas da manuteng¢ao do pasto em alturas
muito baixas, essas ac¢des limitam as oportunidades de sele¢gao do animal diminuindo
o potencial produtivo da area. Contudo, quando aplicadas de forma estratégica,
auxiliam no aproveitamento espacial e no processo de ingestdo dos animais. As
manipulagdes dos tratamentos contribuiram para uma menor distribuicdo de alturas,
mas eram impostas de forma a manter uma faixa de altura 6tima, controlando abaixo
e acima disto. Além do uso de cercas para direcionar o pastejo, pode-se fazer o uso
de atrativos como cochos de suplementacao e agua.

Sobre o tema de estudo desta dissertacdo, comportamento ingestivo,
esperavamos encontrar sinais diferentes referentes a qualidade dos ambientes que,
embora manejados sob uma mesma altura média, foram criados de formas distintas.
Sabemos que os herbivoros reagem ao manejo imposto e que as metodologias
utilizadas sao eficientes para mensuragao dos parametros avaliados. Porém, as
condicbes ambientais criadas pelos tratamentos n&o foram suficientemente
contrastantes para que encontrassemos grandes diferengas nos parametros
comportamentais dos animais em cada condig&o.

Apesar disso, evidenciamos que o emprego da meta de manejo para altura
meédia de pastagem de azevém em 15 cm apenas com ajuste na taxa de lotagao
resulta em alta oferta de plantas com alturas que maximizam a taxa de ingestdo. A
menor heterogeneidade espacial criada com as intervengdes ndo beneficiou o
processo de forrageamento dos animais.

Pode-se concluir que os animais modularam e transitaram sobre a

heterogeneidade que pastos sob método de pastoreio continuo manejados em
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condigbes nao limitantes oferecem, alcangando as mesmas taxas de ingestéo,
padroes de consumo e alto desempenho, independente das intervengdes antrdpicas

realizadas nos potreiros.
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GUIDE FOR AUTHORS

INTRODUCTION

Types of paper

1. Original Research Papers (Regular Papers)
2. Review Articles

3. Letters to the Editor

Original Research Papers should report the results of original research on topics that are within the
scope of the journal (https://www.elsevier.com/locate/applanim). The material should not have been
previously published elsewhere, except in a preliminary form.

Review Articles Review Articles should cover subjects falling within the scope of the journal which are
of active current interest. They may be spontaneously submitted or invited. Review articles do not
have to be systematic reviews but must provide a complete insight into the selection of articles, with
the literature search, sources and selection process described in a Methods section. .

Letters to the Editor offering comment or useful critique on material published in the journal are
welcomed. The decision to publish submitted letters rests purely with the Editors-in-Chief. It is hoped
that the publication of such letters will permit an exchange of views which will be of benefit to both
the journal and its readers. .

Case Reports will not be considered for publication.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more detalls.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords (maximum of six)

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Maximum of seven figures and/or tables

* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

+The Abstract should not exceed 400 words, the Introduction should not normally exceed 750 words,
and the limit for the Discussion is 1500 words

Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Highlights should consist of three to five bullet points of up to 85 characters (including spaces) per
point.

Further considerations

* Manuscript has been "spell checked' and ‘grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

« Journal policies detailed in this guide have been reviewed
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* Referee suggestions and contact detalls provided, based on journal requirements
* Continuous line numbering Is required throughout manuscript

For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Policy and ethics

Animal Experimentation

Circumstances relating to animal experimentation must meet the International Guiding Principles for
Biomedical Research Involving Animals as issued by the Council for the International Organizations
of Medical Sciences. They are obtainable from: Executive Secretary C.1.O.M.S., ¢/o WHO, Via Appia,
CH-1211 Geneva 27, Switzerland, or at the following URL:
http://grants.nih.gov/grants/olaw/Guiding_Principles_2012.pdf

Authors may also wish to refer to the ethical guidelines published on the website of the International
Society for Applied Ethology http://www.applied-ethology.org/ethicalguidelines.htm, or read the
following article: Sherwin, C.M., Christiansen, S.B., Duncan, 1.)., Erhard, H., Lay, D., Mench, J.,
O'Connor, C., and Petherick, C. (2003), 'Guidelines for the ethical use of animals in applied animal
behaviour research', Applied Animal Behaviour Science, 81: 291-305.

Unnecessary cruelty in animal experimentation is not acceptable.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
‘Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in both places
and that the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication Is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she,” or "he/she.” We recommend avoiding the use of descriptors that refer to
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personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’' (see
more information on this). An e-mall will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
‘License Agreement’ (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), If any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.
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In addition, the International Society for Applied Ethology can help members with the preparation
of manuscripts for publication in Applied Animal Behaviour Science (and other English-language
journals). Non-members of this Society will first need to join to gain access to this service: contact
the Membership Secretary, Dr. Gemma Charlton, e-mail: isaemembership@hotmail.co.uk. Members
should send requests for assistance to Dr. Dana Campbell, E-mail: dana.campbell@csiro.au. Include
the paper title, authors, contact address, key words and the journal to which the paper will be
submitted. Do not send the manuscript. The helper should be acknowledged in your paper, but will
not expect to be included as an author.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, Is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/APPLAN/default.aspx

PREPARATION

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

The use of English, punctuation and grammar should be of a sufficient high standard to allow the
article to be easily read and understood. Do not quote decimals with naked points (e.g. use 0.08,
not .08). Times of day should be in the format 10:00 h. Numbers less than 10 should be text, unless
they are followed by a unit of measurement or are used as designators e.g. seven pigs from Group
3 were each trained for 7 days, with three sessions each lasting 3 min. Numbers greater than nine
should be written as numerals.

Article Structure

Manuscripts in general should be organized In the following order:

«Title (should be clear, descriptive and not too long)

eName(s) of author(s) - we would like to publish full first names rather than initials, and would
appreciate it If you would provide this information

«Complete postal address(es) of affiliations

Full telephone number and e-mail address of the corresponding author

Present address(es) of author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should be sent
eAbstract

«Keywords (indexing terms), maximum 6 items

eIntroduction

+Material studied, area descriptions, methods, techniques and ethical approval
*Results

eDiscussion

+Conclusion

«Acknowledgment and any additional information concerning research grants, etc.
*References

*Tables

*Figure captions

*Tables (separate file(s))

*Figures (separate file(s)).
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Manuscripts should have numbered lines, with wide margins and double spacing throughout, i.e.
also for abstracts, footnotes and references. Every page of the manuscript, including the title page,
references, tables, etc., should be numbered. However, in the text no reference should be made to
page numbers; If necessary one may refer to sections. Avoid excessive usage of italics to emphasize
part of the text. Articles should not normally exceed 25 pages of text (11-point font, aligned left and
double spaced) and contain a maximum of seven Tables and Figures in total.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to ‘the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

The introduction "sets the scene" for your work. Do not over-reference statements; two or three key
references should suffice unless each adds something specific. The introduction should not normally
be more than 750 words (approximately three pages).

Material and methods

Provide sufficient detalls to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published methed, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

When locations are given, it should be remembered that this is an international journal and provide
the state/county and country, or longitude and longitude for lesser-known locations. Full details of
commercial products and technical equipment should be provided, as necessary, including name of the
model, manufacturer and location of manufacture, and any Trademarks. As appropriate, a statement
should be made that the work has received ethical approval or that the authors have read the policy
relating to animal ethics and confirm that their study complies. Data collection and collation: units
of all measures need to be specified; the experimental design should be explained together with an
explanation of the experimental unit; the ways in which data are derived must be specified (e.g.
individual scores were summed for the four, 12-h periods and the mean used for the analysis);
the methods used for determining the normality of distribution of the residuals and homogeneity of
variances need to be specified; any transformations of data need to be described; statistical analyses
need to be reported in full.

Results

This section should include only results that are relevant to the hypotheses outlined in the Introduction
and considered in the Discussion. Present results in tabular or graphical form (see following sections)
wherever possible. Text should explain why the experiment was carried out, and elaborate on the
tabular or graphical data. Sufficient data should be presented so that the reader can interpret the
results independently. If data require transformation to be suitable for parametric analyses, then
due consideration needs to be given as to which and how data are presented in the manuscript. For
example, putting error bars on graphs of the raw or back-transformed data is meaningless if analysis
was performed on transformed data. To assist with interpretation of biolegical meaning, however,
back-transformed means (but not errors) could be presented instead of/in addition to transformed
data. In particular, statistical analyses should be complete and appropriate, and full details should
be given either in the text, or in the Figures or Tables legends. Include the type of test, the precise
data to which it was applied, the value of the relevant statistic, the sample size and/or degrees of
freedom, and the probability level. Any assumptions that have been made should be stated. If in
doubt, a statistical expert should be consulted.

Discussion

The discussion should interpret the results, and set them in the context of what is already known in
the appropriate field. This section should normally start with a brief summary of the main findings.
The discussion should be focused and limited to the actual results presented, and should normally
not exceed about 1500 words. All results presented in the Results section should be discussed (if
they do not warrant discussion, they do not warrant inclusion) and there should be no presentation
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and discussion of results that have not been presented in the Results section (i.e. no new data
presented in the Discussion). Any necessary extensive discussion of the literature should be placed
in the Discussion, and not in the Introduction.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

It should provide a brief "take home" message and briefly outline the application/implications of the
study's findings.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, alse post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

As this is the most-read part of a paper, it is useful to provide some data and significance levels in
the description of the main results. The Abstract should not be longer than 400 words.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and Units

1. Authors and Editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature. 2.
All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific
names when the English term is first used, with the exception of common domestic animals. 3.
All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified. 4. For chemical
nomenclature, the conventions of the International Union of Pure and Applied Chemistry and the
official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature
should be followed. Units and abbreviations should conform to the Systeme International d'Unites.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.qg., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

In chemical formulae, valence of ions should be given as, e.g. Ca2+, not as Ca™~. Isotope numbers

should precede the symbols e.qg. 180, The repeated use of chemical formulae in the text is to be
avoided where reasonably possible; instead, the name of the compound should be given in full.
Exceptions may be made in the case of a very long name occurring very frequently or in the case
of a compound being described as the end product of a gravimetric determination (e.g. phosphate
as P;0s).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.
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* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork Iis available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork Is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork Is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.qg., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

» Figures and Tables to be uploaded as separate files while submitting manuscript.
« Tables to be sent as editable source files (.doc or .xIs) with heading on it.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure.
These should be included on a separate page at the end of the manuscript file. A caption should
comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations used.

Figure captions should be understandable without reference to the main text. Figures should not
duplicate results described elsewhere in the article.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Table captions should provide sufficient detail that the Table can be understood without reference to
the main text.

Limitations
Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

* Figures and Tables to be uploaded as separate files while submitting manuscript.
« Tables to be sent as editable source files (.doc or .xls) with heading on it.

References
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results’ or
'Personal communication’. Citation of a reference as 'in press’ implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1025/2001)B000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, If known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.qg., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue’ are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using ditation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/applied-animal-behaviour-science

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
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the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronolegically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters "a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/].5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, )., Hanraads, J.A.)., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://dol.org/10.17632/
Xwj98nb39r.1.

References to books
If a book or monograph is cited as a source of specific information, then please give the relevant

page(s).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills’ with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.
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Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
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Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can alsoc comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential intreduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It Is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

® Copyright 2018 Elsevier | https://www.elsevier.com
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