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A segregacado sexual € um fenbmeno muito comum em vertebrados, em paréoukanimais

com dimorfismo sexual, e pode ter implica¢cdes na sua gestao. Em terme$imieéadb, é ainda

dificil encontrar consenso sobre 0 que é a segregacao sexual, pelo que existenguestass

ainda sem resposta. A segregacdo sexual pode ser explicada através de dois componentes 1)
segregacao de habitat ou 2) segregacéo social. Na tentativa de tentar entender quais sao os
fatores envolvidos neste fendmeno, ambos os componentes devem ser avaliadgosabatho

tem como objetivo avaliar o componente do habitat, avaliando umatdpéteses que foi
proposta para explica-lo, a hipétese da seletividade alimentar (FSH). Anusstezzes de veado

foram recolhidas por 1) observagédo direta na area de estudo Serra da Lo@&mwanimais
abatidos em montarias. As amostras de fezes foram analisadas usando a técnica
microhistologica. Esta técnica baseia-se na identificagdo dos fragmentos tlesptaesentes

nas fezes, e é constituida por duas fases 1) elaboracéo da colecdo de referéncia de epidermes e
2) identificagdo dos fragmentos de plantas presentes nas fezes. A colecdo de referéncia das
epidermes, juntamente com a chave dicotomica de identificagdo com base em caracteristicas
micro-histolégicas, provou ser uma ferramenta Util neste tipo de analise o técnica
micro-histoldgica tenha bastantes vantagens, tem também a desvantagem do texpperido

para identificar os fragmentos. De forma a colmatar esta desvantagduicral determinaio

esforco de amostragem adequado aos objetivos especificos de cada trabalho, de forma a
otimizar o tempo. Os resultados mostraram que um total de 200 fragmentos constitbbm

compromisso entre precisao e custo, permitindo contabilizar 95% da riqueza especifica.

O principal objetivo desta tese foi avaliar o comportamento alimentar deogadavaliar se as
diferencas entre os sexos sdo suficientes para supariE®8H A dieta veado foi analisada em
termos de composicao, diversidade e qualidade. Os resultados obtidosui@mtam na
totalidade os pressupostos da FSH, principalmente os relacionados com adgalitnentar
Machos e fémeas tém diferentes necessidades nutricionais, contudo, os nossos resuiados
permitem concluir que os machos consomem mais quantidade e menor qualidacar, e

que as fémeas selecionam habitats de alta qualidade e/ou maior qualidade cdesos
alimentares. Os resultados deste estudo ndo provaram a existéncia de diferengcas entre
qualidade da dieta de ambos os sexos, avaliada por analises de pignfetassintéticos
(carotenoides e as clorofilas) presentes nas fezes. Concluindo, existem outros, fakémeslo

comportamento alimentar, que poderdo estar na origem da segregacéo sexual.



Palavras chave:Cervus elaphussegregacdo sexual, hipotese da seletividade alimentar,

comportamento alimentar



Sexual segregation is a widespreaddacommon phenomenon among vertebrates and
dimorphic animals having implications in their management. No completebeagnt on the
definition of this phenomenon has been achieved, and there are yet numenoasswered
guestions. However, it is known that sexual segregation can be eggdldip either two
components 1) habitat/spatial segregation or 2) social segregation. To try &rstadd which

are the factors behind this phenomenon, it is essential to evaluate both componentstu@iyr

aims to evaluate the component of habitat segregation by testing one of thethgpes that

have been postulated to explain it, the forage selection hypotheses (FSkhlM&ted samples

of faeces from red deer by 1) direct observations in the study area Louséatailowr 2) by
hunted animals. We analysed those faecal samples by applying the miclogistd technique.

This technique is based on identification of plant fragments present in the faeces and is divided
in two phases 1) construction of a reference collection of epidermis amt&jification of plant
fragments present in the faeces. The reference collection of epidermis together with the
dichotomous key of identification based on microhistological features,qarée be a useful tool

in microhistologic analyses. Although microhistological techniquesbage advantages, it has
also the disadvantage of the time needed to analyse the fragments. To overcome this
shortcoming, assess the optimal sampling effort, adequate to the objectives of each stud
proved to be essential and time saving. Our analyses of sampling effort showed thatetdah a

of 200 analysed fragments, a good relation between precision and cost is obtailo@dnglto

achieve 95% of species richness.

The major aim of this thesis was to assess the feeding behaviour of red deenalndte if the
differences between sexes are enough to support FSH. Red deer diet was analysed in terms of
composition, diversity and quality. Our results do not fully support the predistdf-SH, mainly

the prediction related with quality of forage. Males and females have different nutatioeeds,
however our results do not conclude that males consume more quantityamer Iquality food

items, while females select high quality habitats and higher food quality. The restiits study

do not found significant differences between quality of diet of both sexes, assessed by analyses
of photosynthetic pigments (carotenoids and chlorophylls) present in the faeces. Vblarto

conclude that other factors besides foraging ecology could be behind this sexual segregation.



Key words:Cervus elaphysexual segregation, forage selection hypothesis, feeding behaviour
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1.1) Sexual segregation

Sexual segregation is the term that describes social or habitat segregation between males and
females. Actually, sexual segregation is the separation between males and females either by
social, habitat or spatial factors outside the breeding season. It is very conamammg
vertebrates and other dimorphic animals (Mysterud 2000; Bowyer 2004)gbegpecially
pronounced among the Cervidae family (Bowyer et al. 2002). Howéemn ialso happen in
non-dimorphic species such as whales, seals, monkeys, elephants, fish and birds (Ruckstuhl &
Neuhaus 2000).

Sexual segregation can be described by habitat/spatial or social segregation betweeamdales
females,i.e.the sexes are separated either by different habitat use (Kie & Bowyer 1999) or into
different groups (Conradt 1998). These components may influence sexual segregation
independently (Conradt & Roper 20G%)together. It is essential to evaluate how much habitat
and spae or social factors may influence sexual segregation, to understand the patterns of this
phenomenon (Alves et al. 2013). Many factors could be involved in sexuafjatgnebecause
males and females have differences in energetic requirements, reproductive strategies, anti-
predator avoidance strategies, social affinities and activity budgets (Ruckstuhligats 2005;
Clutton-Brock et al. 1982J0 explain sexual segregation, many hypotheses are put forward to
elucidate both components: habitat/spatial and social (Ruckstuhl & Neuhaus 2000; Ruckstuhl &
Neuhaus 2002; Bowyer 2004; Conradt et al. 2001; Bonenfant et al. RO@4stuhl & Neuhaus
2005)

Habitat segregation, sometimes also known as ecological segregation (Mysterud 2000;
Ruckstuhl & Neuhaus 2005), suggests differences between animal classes in their spatial
distribution, enabling them to use different physical environments (Conra@8)l #ccording to
Conradt et al. (1999) and Ruckstuhl & Neuhaus (2005), habitat segregatiod Seoalways
studied with spatial and social segregation. To enlighten the habitat/spatial commpotwo

main hypotheses have been postulated, the forage selection hypothesis (@Stknown as
sexual dimorphism body size, gastrocentric or nutritional need hypothesis) amdpheductive
strategy hypothesis (RSH) (also known as predation-risk hypothesis) (Ruckstuhl & Neuhaus
2005). These two hypotheses are based on the sexual body-size dimor{fRisrkstuhl &
Neuhaus 2000; Ruckstuhl & Neuhaus 2002)

The FSH predicts that sexual body-size dimorphism causes differences in sex-sgatiditahu

requirements that are related to food selection and subsequently habitat segregation (Ruckstuhl



& Neuhaus 2000). However, in accordance with this hypothesis, in non-din@dties, males

and females (except lactating females) might select the same food qurilick$tuhl & Neuhaus
2002), which based on FSH lead them without reason to segregate. This hypothesis was initially
supported by the Jarman-Bell principle (Jarman 1974) that predicts that larger bdaiydres
(males), will consume more ubiquitous and fibrous plants than the smaller onealé&mThis
principle is related to the gut capacity that increases proportionately with lodygs, whereas
metabolic requirements increases allometrically with body mass (Demment & Van S88%t 19
Indeed, Barboza & Bowyer (2000), suggested a gastrocentric hypothesis in higtiefibre
forages will be consumed by males because their ruminal capacity prolongs retent@ningl|

a greater use of fibres for energy. As a result of this adaptation, males might paddicaits with

lower quality forage but higher forage biomass, because they are capable of niighete food
resources due to their larger rumen and slow passage rate of food. Whilst, femigletscmoose
habitats with lower quantity but high-quality forage (high nitrogen an fibre levels) because

they are less efficient at digesting fibrous plants owing to a small stomach sizeargut
capacity (Bowyer 2004Even within females, non-lactating females might segregate from
lactating females because of their different nutritional needs (Bowyer 1984; Ahsds2013)
Nevertheless, forage selection hypothesis is controversial (Ruckstuhl & Neuhaus 2000) because
it assumes that males will select abundant low-quality forage even if high-gqdafdge is
available (Main et al. 1996)

The RSH is based on the different reproductive strategies of males and females, which are
influenced by different selective pressures (Bowyer 2004; Alves et al. 2013; Ruékhletthaus

2005). This hypothesis takes into account that females with young are more suseeptibl
vulnerable to predators than adult males (Ruckstuhl & Neuhaus 2000; Ruckstibduigaus

2002; Ruckstuhl & Neuhaus 2005). This difference in predation pressure eadltblhabitat
segregation between the sexes, especially if one habitat provides more protdat@anthe

other (Ruckstuhl & Neuhaus 2000; Ruckstuhl & Neuhaus 2002; Ruckstuhl & Neuhaus 2005)
Because the reproductive success of females depends on the survival of calf, they will choose
safer places even independently of the quality of forage, at least whilst the offsptirog ddd
enough to self-protection (Main & Coblentz 1996). On the other hand,gpeductive success

of males depends on their physical condition, whighelated to the accumulation of energy
reserves for the mating season and also to compete with other males. Thus, males ar® likel

choose habitats with high quality of food (Ruckstuhl & Neuhaus 2005)

Sex differences in habitat use due to different nutritional requirements can causetanpo

differences in foraging, survival and performance of the sexes (Conradt ¥888rud 2000;

3



Clutton-Brock et al. 1982)herefore, it turns difficult for males and females to synchronize their

activities and live in the same groupading to sexual segregation (Ruckstuhl 1998).

Foraging activities (percentage of active deer feeding) may be related to sexual segregation
(Bowyer & Kie 2004However, sexual segregation may occur despite the differences in the diet
as proposed by Conradt (1998) and Ruckstuhl (1998), which have shown thedrdiéfs in
foraging behaviour between males and females may lead to social segregation. Thaugh, so
segregation can happen independently of habitat segregation (Conradt 1998; Ruckstuhl &
Neuhaus 2005)Regarding social segregation, one of the most accepted hypotheses is the

activity budget hypothesis proposed simultaneously by Conradt (1998) and Ruckstuhl (1998).

Conradt (1998) proposed that sexual segregation can result from a lack of synchemtiyiiy
between males and females, as well as Ruckstuhl (1998) that suggested that sexual segregation
would be due to differences in activity patterns. The ABH assumes that differencesvity acti
budgets between males and females can lead to social segregation (Ruckstuhl & Neu#us 20
One individual can compromise its own activity budget to synchronize wotitler graip
members. Since synchronization between males and females in their activities is endggetical
costly (Ruckstuhl & Neuhaus 2002), segregation seems to be the result of such cost
Heterogeneous groupse., groups with different age, size or sex classes will have arigist

of activity synchronization. This synchronization in their activity mighotwer when males and
females are together, than when they are separated (Alves et al. 2013). Indeed, the begfystrate
will be to form same sex or size groups where the costs of synchronizatiomame(Ruckstuhl

& Neuhaus 2002). Differences in energetic requirements, activities and digestiveesluiiti

lead to the absence of sexual synchronization, and then result into different forage betsavio
and consequently, to segregation (Alves et al. 2013; Ruckstuhl & Neuhaus Rfent
activity budgets occur between males and females with 20% or more of bodgiisiagohism
(Ruckstuhl 1998; Ruckstuhl & Neuhaus 20B8inales will select habitats with high-quality food

or spend more time foraging, while females with young might have differeintitgcbudgets

depending on their energetic requirements (Alves et al. 2013).

The complexity and differences found between the described hypotheses lead to the
assumption that there are many reasons and mechanisms involved in sexual segregation, and
the results of some studies do not seem to provide support for FSH (Bonenfar2@d4]. Alves

et al. 2013). Our study emerged following the study of Alves et al. (201&yevithwas not
possible to assume that males use lower quality habitats than females, bageth differential

use of habitat. A study based on forage ecology is needed to evaluate if there are differences in



the foraging selection between both sexes, and to understand if foragthgwour is capable

of fully explain the observed sexual segregation in this Mediterranean area

1.2) Sudy species t Red deer Gervus elaphus

1.2.1) Pediesdistribution

Cervus elaphué_innaeus 1758) is one of the most widely distributed mammaikenwvorld
(Salazar 2009). It is extensively distributed in Europe, but it is alsenpriesAsia, Africa, and
America (Fig.1). In Europe, many populations of cervids have increased over yleatagt. ovari
et al. 2008).

Fig 1: Distribution of red deer populations in Europe (adapted from Lovari et al..2008)

In Portugal, although red deer populations were close to extinction, nowadaysicaeasing in
both abundance and geographical range (Salazar 2009). This increase isdmaitdyhabitat

changes and reintroduction programs (Alves 2013)
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Fig 2: Red deer distribution in Portugal (adapted from Salazar, 2009)

Red deer populations in Portugal (Fig.2) are present in various areas such as the Montesinho
Natural Park, Lousa Mountain, International Tagus Natural Park , Moura, Barrancos, Tapada Real

de Vila Vigosa and Tapada Nacional de Mafra (Salazar 2009).



1.2.2) Morphology, ecology and behaviour

Cervus elaphugs a wild animal and one of the largest ungulate and ruminant mamaofals
Europe. It belongs to the family Cervidae. Males and females have secondary sexual
characteristics and sexual body-size dimorphism allowing individual recaognitiee main
observable differences between males and females, are 1) the presence of the antleigsn m

2) body shape and size, 3) coat colouration and 4) facial features t{@2b4; Clutton-Brock

et al. 1982). Females are significantly smaller than males, emphasizing the sexarahitm d

this species (Alves et al. 2013). In Mediterranean regions, the red deer male is approximately
175 to 250 cm long and weighs 130 to 180 kg, while the fema&0iso 210 cm long and weighs

80 to 120 kg.

Red deer males have, in their skulls, natural bone formations called antleishh are much

prized by human hunters (Peixoto 201%he antlers drop off every year after the breeding and
winter seasons, around March, and develop again in the same year, which takes 4 ntisnths
growth is determined by hormones and has a high energetic cost (Peixdth 2utton-Brock

et al. 1982)There may be a relationship between the age of the male and the number of antler
tips, but this estimation is inaccurate because growth of antler is also influenced by the
physiological state of the animal, food quality and genetic factors (Kruuk 20@2) On the

other hand, age can also be easily assessed by teeth eruption patterns, determining the age of
wild animals (Azorit et al. 2003h terms of age, red deer individuals may be grouped in three
age classed "C}UvP_ ~0 *+ §Z-v 1dE _E- BAypard in females and 1-3 years
JvuoeseU v » pnos_ ~ZJPZ & §Z vi C E- (}@RMeset@l.203) 1 C E=- (}

The red deer coat is usually thick, with seasonal variations in typedodrcThese variations
include brightness and tonality differences, wherein the hair appears reddish browrgdhegn
summer and dark brown during winter (Peixoto 2QI)e offspring with up to 2 months old

has dorsal white spots, which help camouflage in vegetation (Peixoto 2014).

Red deer is a polygamous species (Clutton-Brock et al. 1982) that presegtgla gtegarious
behaviour, characterized by the sexual segregation between males and femasidecihne
reproductive period (Alves 2013; Clutton-Brock et al. 1982). The reprodugtile is divided
into three main steps: 1) gestation from September to May, 2) lactation from ttuSeptember
and 3) rut from September to October (Alves et al. 2013). The cycle is highly synchraitized
birth and reproduction occurring in very determine periods (Alves.e2@l3; Clutton-Brock et
al. 1982).



Behavioural changes in the individual responses are observed along the life cycte.gfo
adult males become intolerant with each other (Alves 2013), and began to noovlee
reproductive areas to define their territory. They become more interested in fesnahd start
to aggregate with them, which correspond to the formation of harems. Clutton-Bebek.
(1982)defined harem as the group of females defended by a male during the rut. dreenh

can be formed by at least one female and one male (Bonenfant et al..2004)

Outside the rut season, red deer demonstrate a matriarchal society in which adult feliaales
aggregate with sub-adults females and young, but segregated from adultuérddsilt males
older than 3 years (Clutton-Brock et al. 1982).

Females in their second autumn can produce one, or very occasionallyatwes @er year.
Conception is followed by a gestation period of about 34 weeks, @262 days. The labour
lasts between 30-120 minutes, and the offspring weight is about 15 kg (&Bttuck et al.
1982) After birth, the mother encourages the calf to follow her, usually moving dvemy their
matrilineal group as a way of keeping the calves protected from possible pred&ring this
period, the mothers are intensively vigilant (Clutton-Brock et al. 198#. lactation period is
very important for both calves and mothers. Lactating females show reduced physidélao

than the barren females, due to the maternal investment (gestation and lactation) which is

energeticalyvEC }+SoCU & -<]vP Siatrasgd/Es (Elptton}Beock et al. 1982).

As well as females, males also have high energetic requirements, since they depend on their
physical condition (accumulation of energy reserves as body fat) for the gna¢iason and

competition with other males, as well as antler growth (Clutton-Brock et al. 1982).

Males and females have different reproductive strategies. The success of females is dependent
on the survival of their offspring, and thus they are more sedentary and passive, being
}ve] & « A }ve EA EIgtlon-BréEkPeCal. 1982 he reproductive success of
males depends on physical condition in the rutting season, when they are more exctoaring,
JvP §Zpue o0 <¢](] o N /E %o (Qlutt@h-Brock et &E 082; Ruckstuhl & Neuhaus
2005).

1.2.3) Feeding behaviour

In Mediterranean environments, red deer uses a high variety of habitats, whose setfhesit
resource requirements. This species shows a high plasticity which allows them to occupy a wid

variety of habitats, including open areas like shrublands and grasslands Z8h&)s However,
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they can also occupy forestall habitats where they find protection and refugee (ledvali
2008).

Red deeis considered as an intermediate feeder (Hofmann 1989), whereby they are able to be
grazers, consuming mainly grasses, but also brasyfeding on herbaceous and shrub foliage
and trees. This variety is mainly dependent on food availability (Hofman®).1R&d deer can
adapt to seasonal changes in the food quantity and quality by changing theosttian of their

diet (Dumont et al. 2005). In summer, most of the herbaceous species besmmascent, and

red deer faces poor quality and lower availability of food, requiring thelrowse on trees as

a supplementary diet (Bugalho et al. 2001; Bugalho et al. 2083Ylediterranean areas, the
summer is a limiting period, that may lead to nutritional restrictions duéryoand hot weather
(Alves 2013). When the first autumn rains arrive, the diversity of plants incréasesasing also

its availability and biomass.

In Lousd Mountain (Portugal), red deer feed mainly on sh(dbges 2013)namelyEricasp.,
Pterospartum tridentatumUlexsp., Rubussp.. However, they can also search for Gramineae
species and arboreous species, leercussp., Castanea sativandPinus pinaste(Alves 2013;
Oliveira 2013)Depending on the time of the year, these animals will eat different structures of
plants including roots, stems, leaves, flowers, fruits, sprouts and seeds, diamtenpon the

phenology and availability of plants.

Red deer males and females are sexually dimorphic, and due to thatdiffigeent forage
requirements as well as different energetic supplies. Those differences in body sizeamay |
males and females to search for and use different resources (Ruckstuhl & Newtd)s 7o
increase the foraging intake, males would typically choose grazing species andegsetiche
foraging than females (Ruckstuhl & Neuhaus 2005). To improve their performanaog thei
rut season, males develop and improve their overall condition during ther&rmand spring

months (Bonenfant et al. 2004)

Among the ungulates, partial migration including altitudinal movements is mnum
phenomenon (Qviller et al. 2013Reproduction and birth seasons are well temporally
established, so the nutritional requirements should change between seasons. Thus, red deer
migrates to different altitudes throughout the year according to food quadibd quantity
(Clutton-Brock et al. 1982). In summer, they migrate to higher altitudes where the¥ypéitter

food sources (Bonenfant et al. 2004; Quviller et al. 2013), partigularhreas with snow melt

This is an adaptive behaviour through which animals are able to choose places aoa way

minimizing energetic losses and maximize gains. Besides that, habitat use méydreced by



physiological and behavioural responses to interspecific competition, predatisk, ri

anthropogenic factors or environmental changes (Lovari et al. 2008).

1.2.4) Importance

Deer is one of the species with greaecological and economic importance in Europe, being
intensively studied over the last years (Clutton-Brock et al. 1982). Howheze is a lack of
adequate directives to its proper management in Mediterranean regions (Peixoto 2014). A
better understanding of the selectivity of red deer in terms ofdaand habitat is crucial to

manage populations and habitats (Dumont et al. 2005).

Red deer, like many other cervids, play an important role in plant dynamics thibsglective
intake of vegetation (Bugalho & Milne 2008)igh densities of deer populations can cause
serious problems in ecosystems, mainly in regeneration of younglantdgrowth especially as

a consequence of browsing (Szemethy et al. 2003; Coté et al. 2004). In addition to therffect
vegetation, there are also influences on soil biota and nutrients, as welaagwal communities
(Tolleson et al. 2005; Alves 2013). Deer faeces have a huge amount o€ ongdter, and largely
consist of bacteria, undigested food, water, minerals and gastric secretions. €mgyhluable

for soil enrichment and microbial activity (Tolleson et al. 2005).

In terms of conservationCervus elaphusis an essential element for maintaining stable
populations of some protected species, namely some threatened carnivorous species like

Iberian wolf Canis lupus signatysnd Iberian linxLynx pardinus(Cabral et al. 2005).

The economic income promoted by red deésextremely valuable because of their value as
game species due to their trophies (Peixoto 20T#ey are also hunted for meat and medicinal
products (Martinez et al. 2002; Milner et al. 2006)

1.2.5) Deer management

During the nineteenth and twentieth centuries, some activities such as over exploitation and the

agriculture activities led to a decline of the red deer population in Pattugpth in terms of
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number of individuals and distribution (Salazar 2009). After the 196@se was a re-
establishment of the natural habitats of the species due to high levels ofratiin, de-
population of rural and agricultural areas, deer reintroduction programmes, creatfon o

protected areas and regulation of the legal hunting activities (Salazar.2009)

Having been close to extinction, red deer populations in Portugal are noeasiog in both
abundance and geographical range (Salaza®0he Lousa Mountain was a target area of a
reintroduction process that occurred between 1995 and 1999 where ninety-six aninege
released (sixty-four females and thirty-two males) into the central area of the mountain (Salazar
2009; Alves 2013). Since the reintroduction programme, the populatsnitcreased in size

and distribution, and the total area of red deer population is approximat8gknt and with a
mean density estimated of 5.6 deer/Kbetween 2005 and 2009 (Alves et al. 2013).

As with other ungulates, the increase in both abundance and geographical range throughout
Europe begins to conflict with human activities. These can only be minimizpbpgr deer
management programmes. Indeed, high populations of deer may disturb agraduénds, with
consequent damage to crops and plants. The management of habitats is crucial td gresec
species (Burbaite & Csanyi 2009). Some essential aspects to consider in managemertt are foo
availability, favourable areas for breeding and availability of refuges foegtion of individuals

against predators or adverse conditions (Peixoto 2014).

Historically, deer populations would have been controlled by natural goesaHowever, these

natural predators became absent and deer populations became uncontrolled. &iys

became a non-natural predator preying mainly on young, sub-adults and adutdataer. In

order to control deer population, hunting activities also increased. In thesd Mountain,

hunting started in 2006/2007. Nowadays, this region includes twelve huatiegs, seven of

which include the hunting of Red deer being the processo  "u}vs E] X dZ ZuvsSJvP e«
occurs every year from October to February, outside the central part of the Lousd mountain

(Alves et al. 2013). Profit from deer hunting can only be achieved vpitbger management of

the populations.
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1.3) Sudy area

1.3.1) Lacation, climate and topography

The study area is the Lousa Mountain which is located in the central region of Portugal[(EQJ
8°ifi[te A]SZ Vv %% E}A]Ju & (ANEs etlyl. 20613)u The mountain altitude range

from 100 to 1205 m above sea level with deep valleys and pronounced hilltops uI¥8).

The mountain is characterized by a Mediterranean climate with hot and dry summers and rainy
winters (Archibold 1995). Temperature and precipitation patterns vary due to thentamous
topography as a consequence of slope, altitude and landscape which create cliiffietendes
(Alves 2013). The annual mean temperature is 12°C, varying betweé@ dntl 35.9°C. The
mountain has a dense hydrologic network belonging to the drainage badims bfondego and

Tejo rivers.

Lousa mountain has a vast road network with more than 500 km, with lowctiaffels. The
area is more disturbed in the beginning and the end of the day, which are the periods v hig

traffic.

1.3.2) Land cover and flora

Concerning land cover, the Lousd mountain is characterized by mixed habitats ssmipp
coniferous and broadleaf tree plantations and also large areas of shrubland. Tleraasi
forests consist on species of pine tredainus pinasterPinus sylvestriand Pinus nigra
Pseudotsuga menziesind also Mexican cypresSuypressus lusitanitalhe broadleaf trees are
less common and constituted b®uercussp., Castanea sativa, Prunus lusitaniaad llex
aquifolium.In the shrubland areas we can filgticaspp.,Calluna vulgaris, Ulex minor, Rubus
ulmifolius and Pterospartum tridentatumas the dominant and most frequent species. Other
plant species that can also fil&knista triacanthos, Halimium umbellatum, Lavandula stoechas
and Lithospermum diffusunRiparian zones are also present near the water coursesAiiiths

glutinosa Betulaspp. andSalixspp..

At the lowest elevations, the most frequent species are plantations of eucalyptus trees
(Eucalyptus globulysalone or mixed withPinus pinasterThese plantations are dominant
outside the mountainous regiouring recent yearsAcacia melanoxyloe Acacia dealbata

(exotic species) abundance has increased (Alves 2013).
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Gramineae species are also very important in red deer diet and they are preséarigen
quantities. In Lousa mountain we also have forb species, that althougabuoidant are very
diverse (Alves 2013). Some examples of thoséaeerhinum bellidifolium, Carduus tenuiflorus,
Crepis vesicaria, Digitalis purpurea, Juncus effusus, Lepidophorum repandum, Lepidophorum

officinale, Tuberaria lignosand Genista triacanthos.

1.4) Ams

The main goal of this study is to evaluate if the differences in theadiseéxes are enough to
explain the sexual segregation. To achieve the goal, it is important to evaluatertiysition,
diversity and quality of the diet of males and females of red deer in the Lousa Mountain.

More specifically, it is intended to study which factors lead males and females toechoes
habitat/space to feed rather than another and why they are segregated all year except the rut
season. It will be crucial to understand if the different nutritional requieats between the

sexes are behind the segregation among males and females. There are many hypotheses
attempting to explain this phenomenon, however, the focus of this workbailon the Forage

Selection hypothesis, to address how far this hypothesis can explain the sexual segregation.

1.5) Thesisframework

This thesis is divided into five chapters. The first, and the present chapter present a general
introduction on the subject sexual segregation. An introduction to sexual segregatiocellasw

to the different hypotheses that might explain it are tackled. Red deer in terimtheir
population and distribution, morphology, ecology, behaviour, foragitwogy, importance and

deer management are also addressed. In addition, this chapter includes a descriptlon o

study area, the Lousa Mountain (Portugal).

Chapter Il is a methodological chapter which includes the aisalithe required sampling effort
when using the microhistological technique. The main goal of this chapter isgodee which

would be the optimum number of fragments to study the forage composition of red deer.
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« PE P S]}v ]v EoncernsbomMfeeding ecology of red deer and attempts to approach
the main goal. Diet in terms of composition, diversity and qualigsgessed. In this chapter, a
relation between the sexual segregation and the forage ecology, including differetttamal
requirements is found. A discussion on the ability of the Forage selection hypothesgdain ex

sexual segregation is presented.

Chapter IV includes the main conclusions of the work concerning red deer fessdilagy and
also sampling effort, as well as guidelines for future works regarding sexual segmegyatihe

last chapter, V, are comprised all the references.
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2.1) Introduction

Composition, characteristics and habitat of feeding of mammals are very interefsting
biologists and ecologists (Matrai et al. 1998). Analysis of the botaroogbosition of the diet

of herbivores can be done by variety of methods (Holechek et al. 1982chéid 1982; Sanders

et al. 1980). Microhistological technique was initially developedBaymgartner & Martin
(1939) and latter refined by Sparks & Malechek (1968), and became the most ciynmsed
indirect method for determining herbivore diet (Holechek & Vavra 1981; Heleet al. 1982)
Microscopic examination of faecal material is inexpensive, requires low equipradat,
training is accurate, and produces good overall results, allowing the identificattieach plant
species consumed (Holechek 1982; Sanders et al. 1980). Also, it doegerferénwith the
normal habitat of the animals, and can be used to compare diets of more thamdivédual
(Holechek & Vavra 1981; Holechek et al. 1982; Maia et al. 200i8)technique is based on the
identification of plant fragments, by comparison with a reference collection afegpiis, like

the one presented in Annex 1 (Sanders et al. 1980; Holechek et al. 198&tByzet al. 2003).
Although the usefulness of the reference collection in identifying the plant fragminitsa
disadvantage of this technique because it is a very time consuming procedure (Ahmed et al.
2015). Therefore, using a dichotomous key (see Annex 2) based on isticlmgical features of
each individual structure of plant species is a good strategy to minimize the time spent i
identifications (Carriére 2002; Ahmed et al. 20XBther disadvantage of the microhistological
technique is the time required to identify the plant fragments (Holechek & Vavra; 188echek

et al. 1982; Carriere 2002; Maia et al. 2003; Ahmed et al. 201 Bioal. 1995) that may be

minimized by using the appropriated number of fragments and samples.

In order to overcome this shortcomings, assess a minimum sampling effort, meaning the
minimum number of fragments needed to assess a given precision, determined bagdkd o
objectives of each study, must be determined in order to save time and mordsednsample

size could affect the estimate of several sampling phases of microhistologibaldae such as

1) animals, 2) pellets and 3) epidermis fragments (Katona & Altbécker.2002)

The required minimum sample size increases with the increase of diversity of diettarttievi
heterogeneity of the individuals (Kovacs & Toérok 1997). It could algofreemn study to study
depending on size and characteristics of the study area, as well as with study species (Anthony
& Smith 1974). Determination of the sample size required to effective assasdiposition
analyses is difficult and there is no agreement about the minimum samp¢ needed (Katona

& Altbacker 2002). Indeed, different number of fragments needed are proposed by differen
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authors. Katona & Altbacker (2002)ggested the analyses of 100 fragments as an optimum for
estimating forage classes. On the other hand, Maia et al. (2003) suggested tresaobdyfaecal

pellets, using 100 plant fragments.

The main goal of this methodological chapter is to determine the optirnatber of plant
fragments needed to access the red deer diet by the microhistological technique. We

hypothesize that sampling effort is positively related to species richness.

2.2) Material and methods

A total of 141 faecal samples and 200 fragments per each sample were analystdtiier

sampling details see the procedures explained in detail in thD § (E] o v u §Z} «_ }(

chapter Ill). The faecal samples are considered in this analyses as replicates, and in elgh samp

the 200 fragments were dividedtm groups of 10 (one microscopic slide).

The data analysiwas divided into the following phases: 1) species accumulation curves, 2)
rarefaction curves, 3) predictive models and 4) determination of sampling effdrtse
procedureswere }v. ue]vP §Z (uv S]}v " %o Hu_]Jv 8Z ~s P v_ %o

(Gotelli & Colwell 2011; Kindt et al. 2006)

There are a variety of methods to calculate the values of expected richness (&dBallivell
2011) Based on model fitting, a negative exponential model was chosen, given the cagacity
reaching an asymptote and low number of parameters (Shiu & Lee 2004|i&dColwell 2011;

Moreno & Halffter 2001). The negative exponential model is represented by:

5P L—;>s F1&F>P?

where 5: P is the number of species daccumulated fragmentszand >parameters regulating
the shape of the curve and >the asymptote of a given sampliee. maximum predicted
number of species (adapted from Moreno & Halffter 2001; Shiu & Lee 28863oo0n as this
asymptote is reached, the species accumulation curve is flat and the analyses of more fragments
will not profit any additional species (Gotelli & Colwell 2011). Indeed, it means thatesainel

is large enough and no more fragments are needed (Kovacs & Térok 1997).

To achieve the sampling effoite. the number of fragments require for a given percentage of

total richness, was applied a variation of the negative exponential model, represented by:
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where Mis a value between 0 and 1 (a proportion of the asymptote) &ithe number of
fragments needed to sample a g fraction of the total richness (adapted from Moreno & Halffter
(2001); Shiu & Lee (2003)). We calculated sampling effort needed%er 8%, 80%, 90%, 95%

and 99% of the species richness

The measurements were performed in R. The results are presented as mean + standard error

unless otherwise stated.

2.3) Reaults

2.3.1) Accumulation curves

Accumulation curves represents the number of species recorded by the number of fragments

analysed (Gotelli & Colwell 2011; Kovacs & T6rok 1997; Moreno & Half@ig). 20

a)

15 20 25 30
] |

Number of species
10

| | | |
5 10 15 20

Number of fragments
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Fig 3: Example of two accumulation curves of two different samp)eAccumulatio
curve for the sample with the highest number of different speaiesorded (2
species). b) Accumulation curve for the sample with the lowestlrer of differen
species recorded (8 species).

From our results it is possible to assume that the number of species recorded isaaple is
very heterogeneous (individual) (Fig. 3). As we can observe from the aatiomuwurvesthe

number of species can vary from 8 up to 27 species (Fig. 3, b) and a) respectively).

2.3.2) Rarefadtion curves

Accumulation diversity of species was calculated from block&Oofragments, randomly
analysing the variability inter and intra samples. To measure this variability, rarefaciioes

were performed (Fig.4).
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Fig 4 Sample based rarefaction curve of the mean of all 141 samples. Empty circles
represent the mean and solid lines represent mean + the standard deviation.

In this rarefaction curve, we can see the average of accumulated diversity in the edserv
number of species within 200 fragments for all 141 samples. Our results showed that with the
total number of 200 analysed fragments per sample it was detectalyps G y&pecies for

all the samples. It is expected that the number of species richness increases with the increase of
fragments analysed. However, from about 160 fragments, the species richness recorded begins

to stabilize.

3.3.2) Sampling effort

The rarefaction curves give us results based on our data, the predicted species richness and the
sampling effort may be calculated. The total number of species sampled, the asympto¥e, the

of asymptote and the4?b, fitted by the Negative exponential model, were calculated.

The parameters=and >needed for this model were estimated and the asymptote was then
calculated : = >;The value of the predictive asymptote wasxdvv G xé Indeed, the

predictive asymptotic values were similar to the total number of species obsersgd sG
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wéy, The results o#®are considerably highr &w, consequently this model is adequate for

our data.

Our results predicted, on average, thatvr sviiw Guyav r, fragments would be sufficient
to represent 95% of the species richness of the samplestangt svkt Gw ¥y, fragments

would be necessary to represent 99% of the species richness of the samples (Fig.5).

240

2207
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180+

1607

140

120

100+

50

Number of fragments

60

40

20

o

T T T T I T
60% T0% 0% 0% 95% 99%

Percentage of species richness

Fig 5: Average of sampling effort needed to reach 60%, 70%, 80%, 90%, 95% and 99% of thdittitze pre
richness. Dashed lines represent the confidence intervals.

The sampling effort was also assessed for the different seasons (Fig.6). Our results demonstrat
that to reach 99% of the total predictive richness, more fragments would be needttkin
winter season followed by the rut and autumn seasons. On the other hand, with the 200
analysed fragments in the spring season, it is possible to achieve the 99% of the totalyeredic
richness. In all seasons, for at least 95% of the species richness, the 208dfralysients were

enough.
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Fig 6: Average of sampling effort needed to estimate 60% (horizbatablass), 70% (rectangles), ¢
(triangles), 90% (circles), 95% (diamonds) and 99% (squares) titdheoredictive richness per ea
season. Solid lines represent the confidence interval.

2.3.4) Tme effort

In each microscopic slide 10 fragments were photographed. A total of 20 miciostidps per
sample were made, making the total of 200 fragments analysed. Time consumed for each
microscopic slide was calculated. There are a total of 31 samples represetitedigure 7 that
were randomly chosen, following the Central Limit Theorem (Gongalves et a). FoOM these

31 samples, 14 are females, 11 males and 6 calves.

Our results establish, as expected, that the time needed to identify the first microscopic slides
is higher compared to the last slides. In the beginning of the identification, winea different
species appear, more time is spent consulting the reference collection and theatioinas key
to identify the fragments that appeared in the faeces. As more fragments are identified, the

number of new species began to decrease and less time is spent (Fig. 7)
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Fig 7: Representation of time spent identifying each microscopic slide from 31maswloples of females, males
and calves.

2.4) Discussion

From the 141 samples analysed is possible to conclude that the number of gpacies
consumed by red deer is quite heterogeneous. The values of standard deviatioinsten
rarefaction curve can be explained by this heterogeneity in the number of speciesieec
between the samples. It is known that higher heterogeneity of samples will requiaeger
number, in this case of fragments, to achieve the same relative number of precisipadies
richness (Gotelli & Colwell 201Eurthermore, according to Flather (1996), fewer species would
represent that a higher proportion of the total plant species would be found sitieee. Indeed,

some authors, in studies with other herbivores (Chapuis 1980) have suggested that the pressure
on the vegetation byagiven herbivore is the reason for these differences, rather than the actual

food choice of the individuals.

We applied one predictive model that fitted this variability and at the same time capthed
asymptotic behaviour showed in the rarefaction curve. There has been much discussion abou

the right model that should be applied to each data set (Soberén & Llorente 1993; Ugland et al.
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2003; Gotelli & Colwell 2011). Some authors have suggested the size tfidiyeasea as the
criteria for choosing the model. For example, Palmer (2@h2)ysed plant species in a forest

v }v op §Z 8§ "v }o}P]*§S JvS E S ]Jv }u% E]JVP <% ] e E]
estimator except the loge}P u} o_X ,¥erds @D01pnalysed species richness and

}v op §Z § "§Z A% }v vS8] o u} 0 ]* }voC %% @B} BIZE]OFP(}&H cu o
model is the best for large- 0 v  %}A & u} o (}JE ]Jvd Eu ] 3 =« u%o]Vli
Nevertheless, there is no correct model that should be applied, as it depends on the fit of the
models to each dataset. Two or more functions may hedito a specific dataset equally well,
but can differ drastically in the estimation of asymptotic richness (Sobé&r&iorente 1993;
Chao et al. 2005)n our analysis, it was applied the negative exponential model, that was chosen

U}VP 8Z }83Z Ee (JE $3Z E +}ve % E Al}pueoC A %}e v 3 + 35]}v '
this chapter.

Microscopic examination of faecal material has become the most commonlymsttbd for
determining herbivore diet (Sanders et al. 1980; Holechek 1982). However, it hasitagdim
of time needed to analyse and to identify all the fragments. Furthermore, many authoressugg

different number of fragments needed (Katona & Altbacker 2002; Maia et al. 2003)

Katona & Altbacker (2002) suggested the collection of 10 independent drappihg
pellet/individual and the analyses of 100 fragments as an optimum for estimf@tiage classes.
On the other hand, Maia et al. (2003) performed various analyses to access optinudinga
schemes for the estimation of red deer diet and suggested that the analysis of 4 faeetd pell
using 100 plant fragments would offer a good compromise between precaidncost. Also,
their results showed that using a total of 6 pellets groups, the same precision could benwutai

analysing only 30 plant fragments.

The composition and level of heterogeneity, size and characteristics of the study area as well as
study species (Anthony & Smith 1974) and available types of plants could be the factors behind
those differences between the numbers of fragments suggested. The study area of Katona &
Altbacker (2002js in Hungary, a protected area composed by shrubland vegetation. In the case
of Maia et al. (2003), the study area is in Vila Vigosa (south Portugal), a cbgi@ctterized by

large and flat landscapes covered mostly by holm oak, cork oak and thivees.case, the study

area is composed of a large variety of species ranging from arboreous tochetsaspecies

with a high variety of shrubs. Since the required minimum sample sizeages with the diet
diversity (Kovacs & Torok 1997), the sampling effort for study red deer diefristody area

may be higher due to plant diversity available. Indeed, the higher numbdragments
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necessary to reach 95% of the total predictive richness of species in winter and acowhdn

be related with plant availability.

Analysing this amount of fragments is time-consuming (Holechek 1982) anihdefithreshold
between costt precision is necessary. In fact, a total of 5hidbmias needed pereach faeal
sample. Such time was divided in four main phases: 1) the preparation cathele in the
electric blender consumed a mean of 5min per sample; 2) the exammatid photographing

of all 200 plant fragments in the microscope took approximately 3h; 3)detification of all

plant fragments present lasted 1h30m and 4) the introduction of all data in the excel matrix
for further analysis was carried out for about 30min for each sample. The diet was assessed i
141 samples. Multiplying the time consumed in each sample by the total sanaptet@l of
722.15h were spent analysing samples. Considering that a day of work had aBOutiarand
assuming that each month has 22 days of work, it took approximately 3 manth8 days to
analyse all the samples. Besides these 3 months, there was an initial training period of

approximately 1 month.

To overcome this problem, we measured the sampling effort to reach 80%, 908@ra599%

of the total richness consumed by red deer in the Lous&d Mountain. Our resultstehbwur
sampling scheme was adequate, and the 200 fragments analysed is a proper etfoet sardy
aims, because it providesgood representation of the plant species consumed. Thus, to analyse
200 fragments seem to be a good compromise between precision and costy hagause an

effort of 200 fragments does not imply the double of time that 100 fragmermsid require.

However, is important to understand that the optimum number of sample sizedefiend on

the aims of a particular studyf. the objective is to study the diet of an herbivorous species at a
general level, lower number of fragments can be analyBedertheless, if the aim is to analyse
the diet composition on a species level and diversity, a higher number ohértg would be

necessary.

Since time and costs are the major limitation in research programs, assess thingaetffort
schemes could be a very useful tool to optimise the analyses, defining acgoggromise

between precision and cost.
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3.1) Introduction

Forage selection hypothesis (FSH) described by Bowyer (1984), predictsxihat sedy-size
dimorphism causes differences in sex-specific nutritional requirements that are relafeddo
selection and subsequently led to habitat segregation (Ruckstuhl & Neuhaus 2000;eB&rboz
Bowyer 2000). Gut capacity increases proportionately with body mass, whereas netabo
requirements decrease with the increase of body mass (Demment & Van Soest 1985). Males
might prefer habitats with lower quality forage but with higher biomassie ubiquitous and
fibrous plants) because they are good at digesting fibres due to a largenrand slower
passage rate of food. On the other hand, females might choose habitats with lower quarttity
higher quality of forage (high nitrogen and low fibre levels) because theyearedfficient at

digesting owing to a small stomach size anddogut capacity (Bowyer 2004).

Assuming that this is truth, the females would need to compensate this inferiority of the
digestive system by either two ways, 1) selecting higher-quality forage than tiugstied by
males, or 2) increasing foraging efficiency (Bailey et al. 1996). Mordoaesfer of nutrients

and energy costs of lactating females led them to select food sources with high lesetiurh,
calcium or nitrogen (Clutton-Brock et al. 198¢lpreover, sexually active females have higher
energetic requirements due to gestation and lactation than males or barren females. They
should, then, opby higher-quality food, which may result in their segregation from non:aky
active females and maleslue to the selection of different plant species or habitats with

different availability of nutrients (Clutton-Brock et al. 1982)

Different assumptions need to be made for assuming this hypothesis as true: 1) segrdyati
space, 2) difference in plant selection in the same habitat or 3) low overlap of thathab
(Ruckstuhl & Neuhaus 2000)oreover, differences in foraging behaviour of the sexes should

increase with the increase of sexual body-size dimorphism (Ruckstuhl & Neuhaus 2000).

Nevertheless, forage selection hypothesis is controversial (Ruckstuhl & Neuhaus2@6ahe

last decades, several studies regarding sexual segregation in ungulates have been made, som
corroborated the assumptions of FSH, in which females will select higher quatithabitats

than males (Mysterud 2000; Pérez-Barberia et al. 1997), but others verified thesitgppo
rejecting FSH (Miquelle et al. 1992; Clutton-Brock et al. 1982; M&iob$entz 1996Ruckstuhl

1998; Bonenfant et al. 2004%everal authors are questioning the capacity of &€Sékplaining

all the patterns of sexual segregation observed in ungulates by itself, inditatinthere are

various reasons and mechanisms involved in this phenomenon, includam $actors and
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other habitat requirements, other than feeding behaviour (Bonenfant et al. 280s et al.
2013)

Red deer are considered as an intermediate feeder (Hofmann 1989), whereby thallate
be a grazers, consuming manly grasses and sedges, but also to be a browsers feéalibhg o
and shrubs foliage and trees, depending on food availability (Bugalho 20Gil; Gebert &
Verheyden-Tixier 2001; Bugalho & Milne 2003; Szemethy et al; Ra@Bstuhl & Neuhaus 2005;
Dumont et al. 2005).

Red deer males and females have differences in energetic requirements causedtelmndi

body sizs, that may lead males and females to seek and use different resources (Mystierud

al. 2004; Ruckstuhl & Neuhaus 2005). In Mediterranean environments, the lgokldf food

during early summer may affect the reproductive success of males during stems prodaratio
recover the fat reserves lost during the rut season, as well as females, especially if they are
lactating(Bugalho & Milne 2003; Szemethy et al. 2003; Putman & Staines 2004).

Morphology and chemical composition of plants are also reasonsfferafit diet compositions

and for the consumption of a wide range of plant species (Chevallier-Redor 20Gi).
Differences in availability of food can promote movements and alteration atiitéit use
(Szemethy et al. 2003; Ceacero et al. 20R®d deer may adapt to seasonal changes in terms
of both quantity and quality of food, and environmental conditiogschanging the composition

of their diet (Hofmann 1989; Bugalho et al. 2001; Bugalho & Miln&;2DOmont et al. 2005)
Depending on whether the resources are consumed in similar proportions to those that occur
in the habitats or not, its presence in the diet of red deer could be atrefalselective procss

or just a reflection of their abundance (Bugalho & Milne 2003)

Red deer migrates throughout the year to different altitudinal levels, as a regpmnchanges

in the quality and quantity of food (Clutton-Brock et al. 1982)s¥pecies shows a high
plasticity, which allows them to occupy a wide variety of habitats, includiren @peas like
shrublands and grasslands (Szemethy et al. 2003; Alves 2013). In earigrsued deer move

to higher altitudes where they find better food supplies, after snow melts (Bonergtat.
2004) In this season, most of the herbaceous species become senescent, and red deer faces
period of poor quality and lower availability of food, requirthgm to browse other vegetation
resources (Bugalho et al. 2001; Bugalho & Milne 2@&)alho et al. (2001), predicted that the
individuals with a larger body size (males) will have higher physidi&} &breach the trees, and

to profit from browsing on arboreous species in more limiting seasonsstyvhilsmatr body
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size may be beneficial when grazing. This is an adaptive behaviour wherebysaanienable to

choose the places as a way of minimizing energetic loses and maximise gains

The selection of food items by the animals is closely linked to the pbgynaif plants but also
to their nutritional and energetic requirements (Chevallier-Redor et al. 200deed, the
nutrient status of herbivores are related with the nutritive value of plants, the intakthe
animal and the botanical composition of the diet consumed (Dove ét985). Photosynthetic
pigments, meaning chlorophylls and carotenoids, are used to quantify photioetic capacity

of the plants present on faeces and then assess food quality (Christianson & Creel 2015)

The main aim of this study was to evaluate the feeding behaviour of males and ferhadels o
deer in the Lousa Mountain, and to infer if there are enough differences ididt€omposition,
diversity and quality between the sexes capable of explaining sexual segredzdised on the
microhistologic technique for the analysis of faecal samples, we exgmedtentify the
differences in the diet composition and diversity of males and females, and to arifatliese
differences are related with the patterns of sexual segregation observed for the studied
population (Alves et al., 2013). If the feeding behaviour patterns shoglasion with sexual
segregation patterns, this study will provide support to FSH. Furthermore, using analysis of
chlorophyll and carotenes, we expect to verify the existence of differences in thigyquiathe

plants consumed by both sexes, which may also indicate a support to FSH.

3.2) Materials and methods

3.2.1) Sudy area and collection of plants and faeces

The study area of this work is the Lousd mountain which is located in the centrah i@gio
WIESUP o ~3aiE£7 M ad &dpidtimate area of 170KnfAlves et al. 2013). The study

area is characterised by a Mediterranean climate (Archibold 1995).

The plant species were collected in the Lousa Mountain between 2014 andd@llthe focus
was to collect the maximum number of species that may be part of the red deerTdiet.
different plants were cut and placed into different plastics bags, to prevent any mitodvel
easier to transport to the laboratory. The woodiest plants were collected with the helglodrp

object.
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The collected plant species were divided into three groups: arboreous species,sg@tibs

and herbaceous species. The herbaceous species were differentiated into dicotyledons and
monocotyledons. The arboreous species are woody plants usually greater than fives mete
height. The shrub species are woody plants with less than five migterght without a main

stem and with branching off from the base. Herbaceous species are usually smiglvgtase

stem has little or no lignification.

The faeal samples were collected between 2014 and 2016. The collection of faeces was carried
out at different sampling points in the Lousa mountain (Fig.8). Thafaamples were collected
through direct observation of the animals defecating (wherein a total of 37 ssmpEre
collected, being 24 from spring, 10 from autumn and 3 from rut) frach hunted animals in

Aulv s Ehunting events, typical of the Iberian Peninsula).
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Fig 8 Map of the study area and sampling points.

Direct observations were made to identify the sex and age of each individwahitth the
samples belong. When one individual was observed, the register of its characteriséossn
of sex and age classes was made, and the observation of the animals was made witp tife hel

binoculars and telescope until defecation. After the defecation of the iddalj geographic

31



reference points, distance and bearing relatively to the observation peere recorded to
enable the collection of the faeces. After being identified by sex and age, the faeces samples

were placed into plastic bottles, properly identified and frozen in the laboratorGcC-

The faeal * U% o0 « } § v (Elu & E Zpuvdvere]eoolléatgds & &y
different hunting areas: ZCM of Lous&, ZCM of Vila Nova and ZCM of Mima@davo and ZCM

of Cumieira, located in the Lous&d mountain area (Fig. 8). A total of 104 &seoples were
collected between October and February in 6 hunting events (36 samplesamaer, 34 from

rut and 34 from autumn). The faaksamples were collectad-situ directly from each individual.
This method allowed us to easily identify the sex and age of each individted. b&ing
identified by sex and age, the fadsamples were placed into plastic bottles, properly identified

and frozen in the laboratory aR6°C.

A total of 141 faeces samples were collected from different individuals, beisgrafiles from

males, 64 from females and 26 from calves.

3.2.2) Reference collection of epidermis and dichotomous key

For applying the microhistological technique in the analyses of faeces, a referdiecti@o and

dichotomous key were done (for more details see Annex 1 and 2, respectively).

The plants collected were identified to the species and all the different planttsnes (stems,
leaves, flowers and sprouts) were cut and placed separately in properly labelled botties, i
solution of sodium hypochlorite. The structures remained in the solution for betwle and 48
hours, depending on the physiology of the species (Maia et al. 2008)pruedure is done to
make the observation and identification of all epidermal characteristics easier and itafacil

the detachment of the epidermis of the adjacent tissue. The process is complete when almos
all the fragments are white. After this period, the solution of sodium hypochloriterermsved,

and the plant fragments were washed. All the plant material was, then, placed into individual
bottles with water for storage, the sodium hypochlorite that remains in the &sadk as a

preservative.

To prepare the epidermis, and before mount them in the slide, the mechanical detachment of
the plant epidermis was performed. The pieces of the structures were placed in diBletrith
water and the epidermises were separated from all the adjacent tissuggparenchyma). This

was performed with tweezers and scalpel with the help of a magnifying glass (Bauer ebal. 200
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The epidermis tissue was mounted as a pre-definitive microscopic slide with gly@ehiod

helps whiten the epidermis), covered with a cover slip and sealed with varnish éM&li2003;

Butet 1985). All pre-definitive slides were observed and photographdutright-field (BF) and
phase contrast (CF) microscope with a standard magnification of 200x and 400x with the
% E}PE uu "> ] %0 % 0] S]}v ep]S soXo_X

The use of the reference collection and the dichotomous key allows the identificatithe
fragments through the use of individual characteristics and morphological features. The
epidermis can vary greatly in form, size and organization between the differewtstes of the
plant, namely in the organization and size of epidermal cells, thesiociwf crystals, sharpness

of leaf marge and venatio(Holechek & Gross 1982; Adulyanukosol & Poovachiranon 2003;
Bauer et al. 2005; Barclay et al. 2007; Ahmed et al. 2015). There are edsalizpd epidermal
cells such as stomata and trichomes that vary in size, shape or presenpesitiwh (Barclay et

al. 2007; Toral et al. 2010yhere are six different types of stomata: anomocytic, anisocytic,
diacytic, paracytic, tetracytic and ciclocytic (Cotthem 1970). Different types obinies were

also considered to construct the dichotomous key namely tector, secretory, stamgjnsgti
scaly and glandular trichomes (Zapater et al. 2009). Those features are essential for the

identification of fragments.

3.2.3) Diet composition

For the analyses of the diet composition the microhistological technique waiedgdpllowing

the methods described by Sparks and Malechek (1968). Individuaalfsamples were
defrosted and five randomly individual pellets were mixed in 400ml of wateani electric
blender for 10 seconds pulses, during 30 seconds (Sanders et al. 198thdHo& Vavra 1981;
Szemethy et al. 2003; Maia et al. 2008)utomatic maceration is more advantageous since it
makes the fragments more homogeneous in terms of size and distribution, and tern th
separation of the epidermis from the adjacent tissues easier (Maia et al. Z0@8)nixture was
washed through a 0.075 mm sieve to remove any dirt and fragments too small (Sparks
Malechek 1968)A minimum dimension of 1 mhof the epidermis should be guarantee to be
identifiable (Maia et al. 2003). The materialasvmoved into a Petri dish with sodium
hypochlorite solution which helps whiten the material (Maia et al. 2@3get 1985). To get
random microscopic slides, the Petri dish was placed on top of a properipered matrix, and

a random algorithm to choose the numbers of the matrix to be sampled was used
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From the five pellets, twenty microscopic slides were prepared and ten fragments identified
each slidein a total of 200 plant fragments for each individual. The identificatiorthef
fragments was made following systematic and alternate transects across the slide tdleesoid
duplication of fragments (Maia et al. 2003). All the fragments were examineg@lotdgraphed

at a magnification of 100x and 400x (the same magnification of the photograghiddrmise

of the reference collection). The identification of epidermal fragments present in the fages
done by comparison with the photographs, with individual description nfadeach epidermal

plant species and through the use of the dichotomous key.

Only fragments with four or more cells were used. Therefore, the unidentified fragments were
fragments that do not have enough distinctive characteristics or that the species they lelong

are not present in the reference collection of the epidermis (Bauer et al. 2005).

3.2.4) Diet quality

Nutritional analysis was access by the analyses of the concentration of carotenoids and
chlorophylls using absorption spectrophotometry techniques as described isti@hson &

Creel (2009). Firstye started by drying the samples of faeces in an evaporator for 24h. Each
0.2g subsample of faeces were boiled in 95% ethanol for 15min. The pignpenhatant was
centrifuged, and then separated by decanting. This extract was evaporated (approximately
2days), and reconstituted in 1ml of 100% methanol, following a dilutibrd:81 in 100%
methanol (Christianson & Creel 2009).

We performed full-spectrum scans in tieenesys 10s WVis spectrophotometer on pure
extracts of ethanol and on extracts from faecal samples, measuring optimal deneitylaum

from 190nm to 1100nm, focusing on optimal density at 470nm (peakrpbsa of carotenoids),
666nm (peak absorption of chlorophyll) and at 750nm (correction for turid@ristianson &
Creel 2009; Christianson & Creel 2015).

3.2.5) Qatistical analyses

The diet composition is expressed in terms of absolute frequency of occurret¢e and
relative frequency of occurrence4 (; of each plant species consumed of arboreous species,

shrub species and herbaceous species. These frequencies are calculated by:
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where Jgs the number of plant fragments of the spedi0yis the total number of fragments
in the sample,Jg is the number of faeces with plant fragments of the speBsad Oghis the
total number of faeces. A high number of different species had AF lower $hiaras so we
] §} PSZ E SZ ¢ % ]+ ]v PE}u% v u "K3B GE %o
occurrence (AF and RF) were calculated for the different classes (males, females andidlves)

for the different seasons (rut, autumn, winter and spring).

Multivariate analyses were performed in order to evaluate differences in thecdigiposition
between the sexes and also other possible relevant factors such as season avidltigariate
techniques are used because they detect and represent the underlying structure of the data and
have the capability to discriminate different groups. These analyses consisted ofdination
method, more specifically principal component analyses (PCA) and also a péomutat
multivariate analysis of variance (PERMANOVA). These statistical analyses were perfargned usi
Canoco 5 and Primer 6+PERMANOVA software.

The species diversity of the diet was evaluated using different diversity indexes, rhroalyh

the calculation of species richnes$,; Shannon-Weavdre A & «] ¥Spdllerbey & Fedor
2003; Shannon 2001)v - W] o}u[s A v\Piclol\196A. Spasrichness represents the
number of different species present in the sample. The Shannon-Wg¢avéy /A %iie ]| S
diversity of the sample, is a measure of the number of common species (Brewer & Witliamso

1994) and is represented by:

*ALFEIL gH. L

where, Ly L Oy, being Jighe number of plant fragments from specie0gthe total number

}( (E Pu v8e Jv 8Z + u%o0 X dZ W] o}pu[s A vv ee Jv S EZ% E * v

and it is calculated by:

n * 1 * I
L B 3be
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where, *h v L HIS;

According to Jost (2006), food amplitudé: can be interpreted through a transformation on
§Z ~Z vv}v]v £ ~,[+ }JVAES Jv}E E 8} E % E + vs §Z SU 0 V|

Differences between males and females in terms of diversityi,, specific richness. 5,;
evenness: , T and food amplitude (dependent variab)jethroughout seasons were analysed

using general linear models. Pairwise comparisons were performed using Boferroni carrectio

Schoener index (Schoener 1974) was also performed in order to assess food overia and

represented by:

lypl s F o i 49 F lop

1y gepresents the overlapping food between the cld@nd G Ly is the proportion of specie
in the classFand Ly gepresents the proportion of specid&in the classG This index varies

between 0 (no food overlap) and 1 (completely food overlap).

Regarding diet quality (carotenoids and chloropldgbendent variables), general linear models

were used to evaluate the differences betweenesand seasos(independent variables).

The statistical analyses were performed using IBM.SPSS, version 22. All statistical analyses were
considered significant whenL O rdv The results are presented as estimatddA=J G
OP=J@=N@'ANNKN

3.3) Results
3.3.1) Diet compasition

Globally, the shrub species were the most consumed grouwp w ;, followed by the
monocotyledons :tz&r”; arboreous g&x”) and dicotyledons species:t&w".
Pterospartum tridentaturms the most consumed shrub species{ & z" ;, and together with
the Ulex minor: zi&s " ; are responsible for the high percentage of shrub species found. The

most representative arboreous species wasacia melanoxylon usty “; The herbaceous
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group stood out:u s tw with monocots with a higher representativeness than dicots, as
showed by the species with highvalues, theHordeum murinum: s véiv s ; and he Athyrium
felix-femina: s@s ", respectively. Besides thakt 8% ] « E/_ PE}u% Z A EC o}A

frequency of occurrencer &x ~ ; which indicate a high rate of identification of the fragments.

The absolute and relative frequencies of occurrence were calculated for the different sexes
(Table 1) and the rank of the most consumed groups were similar to dbalgliet of the red
deer. However, males consumed more arboreous species than females and calves THig. 9

opposite patter was observedr shrub species (Fig. 9).

Table 1Diet composition of malesQ L w) females: 0 L x Yy and calves@ L t X of red deer in terms of
absolute frequency of occurrencAR) and relative frequency of occurrence (RF).

Males Females Calves

AF (%) RF(% AF(%, RF(% AF(%) RF(%

Arboreous species 1244 98.04 6.34 9531 4.79 100
Acacia melanoxylon 572 5882 226 4531 042 23.08
Castanea sativa 208 5294 0.62 2344 0.69 26.92
Chamaecyparis lawsoniar 1.3 64.71 133 8125 1.63 9231
Fraxinus sp. 147 3529 0.77 2031 1.23 23.08
Laurus nobilis 187 4706 137 2344 081 26.92
Herbaceous species 3025 100 3252 100 30.08 100
-Dicots 269 6863 248 7500 1.9 6154
Athyrium filix-femina 125 6667 145 6094 1.1 6154
Omphalodes nitida 144 4706 103 67.19 0.81 57.69
-Monocots 31.59 100 29.07 100 25.13 100
Agrostis castellana 348 7451 193 7344 1.04 5385
Dactylis glomerata 741 9375 827 100 4.71 8431
GramineaeN| 355 9219 4.04 8846 5.58 80.39
Hordeum murinum 17.15 9375 14.83 9231 138 94.12
Shrub species 50.62 100 5579 100 59.75 100
Cytisus striatus 8.93 86.27 548 89.06 5.29 76.92
Erica arborea 182 7255 297 8125 2.88 8846
Erica australis 2.5 7647 296 8594 346 88.46
Erica umbellata 144 6471 273 6719 2.19 69.23
Genista triacanthos 161 7059 159 50 1.9 50
Pterospartum tridentatum 21.75 9216 3262 100 3746 100
Rubus ulmifolius 183 451 0.78 4531 0.62 34.62
Ulex minor 10.74 90.2 6.67 8438 594 76.92
Other Species 641 100 5.04 9531 5.31 9615
Species NI 027 451 032 4375 0.08 15.38
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Fig 9 Mean absolute frequency of occurrence of the different groups of plant spgriesent on
the diet of red deer males@ L w) females: 0 L x yand calves@ L tX.

Analysing the mean absolute frequency of occurrence of the three main plant gafugach

sex in each season (Table 2), our results show that males eaten more arboreous ispalties
seasons. Shrub species were more consumed by females in all seasons, except for spring. In the
spring season, the bigger difference between males and females occur in the herbaceous

species, where females eat approximately the double comparing with males (Table 2).
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Table 2 Mean absolute frequency of occurrence of the three main plant groups consumedi logales 0 L wk

females: 0 L x Yy and calves@ L tX in the different seasons.

Males Females Cales
Rut Arboreous species 21.2+51 166+34 11.9+53
Shrub species 31.9+4.2 395+£51 47.1+46
Herbaceous species 46.5 + 3.6 43.3+49 40979
Autumn  Arboreous species 16.1+£25 6.9+15 48+1.0
Shrub species 56.8+5.1 63.7+£34 685%6.9
Herbaceous species 26.9 £ 4.6 29.0£3.2 266+7.0
Winter  Arboreous species 126+2.8 43+0.8 76+22
Shrub species 67.4+45 741+34 74533
Herbaceous species 19.9+392 215+34 17.8+3.1
Spring  Arboreous species 85+14 75+£27 9.6+26
Shrub species 53.9+6.2 386+4.1 35657
Herbaceous species 37.3+5.8 53.7+42 547+56

Our results showed significant differences between sekeOAQ @ K541l usiyvda L L
r & r san terms of diet composition. In terms of differences between the sexescdmposition

of males was significantly different from female$ L t& zA L Lrrd and calves: P L
ta{sada L Lrmd; On the other hand, females and calves are not statistically differéhtL

rgyd L Lxwvy

Regarding age classes, no differences were detected due to this fRICtOrA Q @ K sf5 &(d-
sfstd L Lr{&oAlso in the relation between age and the other factors (sex and season) was

observed that there were not statistically significant differences.

Our results demonstrate significantly differences in the seasdhsO A Q @ K4k 4
sryrz L Lrr&oIndeed, when we tested the comparisons between seasons, results show

that significant differences were obtained in all pairwise comparisons

When analysing the influence of the seasons in the diet of both sexes,csignifiifferences
were found In the rut season, was not verified significant differences between males and
females:P L s§w& L Ltitéa; butis possible to observe the relative importanceAchcia
melanoxylonandHordeum murinumin males and females, respectively (Fig. 10 a). In Autumn,
it is notice a statistically significant difference between males and femakesL t&za L L

r &r u; with males consuming comparatively maeercus robyrCastanea sativandCytisus
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striatusthan females, while females consume mé&terospartum tridentatunthan males (Fig.
10 b) In the winter season, the diet composition was almost overlapped between the séxds
rawe L Lwa{ with males eating a little mor&ucalyptus globuluand Ulex minorthan
females and females mor@terospartum tridentatumthan males (Fig. 10 .cpignificantly
differences betweenthe sexesP? L §& & L Lrrrd;are also showed in spring season, where
Genista triacanthogandUlex minorfor males, andEricagenus and Gramineae for females, are

the species that contribute more to differentiate the sexes (Fig. 10 d)

a)

Axis 1 (34.%)

AXis 2 (22.9%)
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b)

Axis 1 59.6%)

Axis 2 17.6%)
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Axis 2 (24.%)

Axis 1 (51.%)



d)

Axis 1 (40.6%)

Axis 2 15.6%)

Fig10: PCA biplot for a) rut, b) autumn, c) winter and d) spring seasons, shtvemtifferences
between sexes. Red circles represent the femal@sL x ¥ and blue squares the male® (L wk
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3.3.2) Diet diversity

In terms of diet diversity analysed by the Shannon-Weaver indek;(Fig. 11), our results
demonstrate significantly differences between seasons O rés; When analysing the
pairwise comparisons, significant differences were found between winteéir G riéx {; and
autumn :té&r G réxs,orrut :t& uG réxv,orspring:tév G riéz v, with L O mé sfor all.
Considering sex, there were differences between diet diversity of both selxels rréu z. From

our results it is possible to observe that matesis G riéw tand females: sAayG r#@v x differ

in their diet diversity. When analysing the sexes within the seasons, those values were not

significant different: L L nély z

Figll: Mean Shannon-Weaver diversity index by season between males (sq@aresy sand female
(black circlesO L x .

In terms of spee@is richness (Fig. 12), our results demonstrate that the number of species
consumed vary significantly between seasohsL riérs; From pairwise comparisons,
differences between winter and autumrL L riéry; and winter and rut: L L rr& v; were

found. These differences are also showed by the lower values ofespediness obtained in
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winter :svivviG raw ywhen compared with autumns z& sG ré z forrut :s z&v {G rar{;
There were not significant differences between males and femaled. rsix z, neither when

analysing the diet diversity of each sex within the seasdnsL né x|

Figl2: Mean Sped@srichness by season between males (squafed, w)and females (black circles
0 LxV.

In terms of diet homogeneity analysed by the Pielou index (Ep.significant differences
between seasonsL L rr& r;were found, in which the winter shows lower values of evenness
riv{ G ré&z compared with the other seasons (autumnr& {G r@sx rut L rauG
rdsyand springL ryuG ritt; These values are corroborated by the results of pairwise
comparison whereL O méd s for comparisons between winter and all the other seasons.
Considering sex, there were also significant differences between the séxés rrév s, Indeed,
males had a higher valuer §r G riés v, than females: r & xG ri&st; in terms of evenness.

Regarding the analyses of sex within each season, significant differences were not found

r&{s.
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Figl3: Mean Pielou evenness index by season between males (squarksw sand females (black circle® L

XV.

The food amplitude (Figl4) between males and females showed significant differences
between the seasonsL O ri&s;. The winter is the season with l@vvalues: wtavG ré rt
comparatively with autumn: z&t G révyv, rut :zewG réxy or spring : yAwWG rass
Significantly difference : L O ré&s; between winter and autumn or rut, and also spring
(p=0.006) were observed in the pairwise comparison. Moreover, there were ndicaghi

differences between males and female& L rré&x s or for them in each seasonL L néuy
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Figl4: Mean food amplitude index by season between males (squdiek, wsand females (black circle§, L

X V.

Analysing the Schoener index, therasmo completely overlap between the sexes. Our results
showed that in rut and winter the food overlap between males and femalegyl®r. On the

other hand, in spring and autumn food overlap between the sexes decreases.

Table 3: Schoener index representing food overlap between males and females

Schoener index Clzr;;igg?lce
Rut 0.810 0.764 - 0.897
Autumn 0.687 0.633-0.795
Winter 0.883 0.713 - 0.947
Spring 0.661 0.468 - 0.820

Icalculated using bootstrap

At a general level, from our results, regarding diversity, species richness, evenness and food

amplitude there were always significant differences between the seasons. Significant
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3.3.3) Diet quality

According to Christianson & Creel (2015), concentrations of photosynthgtitepits, meaning
carotenoids and chlorophylls, are related with forage quality. Regarding carotenodls an
chlorophylls (Fig. 15), in both cases there were significant differences between seasdans (
rérr for both pigments). The rut season showed lower values for both carotenoids and
chlorophylls @z G réw @and r & { G ri&u yrespectively) compared with the other seasons.
Spring presented with higher values of carotenoids and chlorophyfisSG réx tand r & uG
rdvs respectively). Concerning the comparison of males and females, no significant
differences between the sexed (L ra{{and L L r#&y sfor carotenoids and chlorophylls

respectively) were found.

Carotenoids (Absorbance)
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b)

Chlorophylls (Absorbance)

Fig15: Concentration of photosynthetic pigments, a) carotenoidsti(oal density atvy ©J 1) and b) chlorophy
(optimal density atx x ¥ 1), in red deer faeces of males and females in each season. Squareserg males: 0 L
w sand black circles the female L x v,

3.4) Discussion

3.4.1) Feeding behaviour

Red deer diet is mainly constituted by shrub species, as also descrikigtilby et al. 1978;
Suter et al. 2004; Ramirez et al. 1996). Our results exhibited, in this granp, a higher
consumption ofPterospartum tridentatum followed by Ulex minor explain by their high
availability in the whole study areaAnother important group for red deer is the
monocotyledons, with a highr percentage of Gramirae being consumed, more specifically
Hordeum murinumas also shown by Holechek (1981); Dumont et al. (2005); Sanders et al.
(1980) and Cortez (201®Ithough dicotyledons were in general not very consumed by red deer
(Bugalho et al. 2001; Suter et al. 2004; Merril et al. 1995), the diyaskipecies of this group
that was detected was considerably high, probably because of the florist diversitg sfudy
area. This result may be related with accidental ingestion, and not a real selectibasef
species. The group with the lowest representability in the diet was the arboreous spzsies,

the Acacia melanoxylothe most consumed species.
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Red deeris considered as an intermediate feeder (Hofmann 1989), and its classifigation
supported by our resultdn the Lousd Mountain, red deer behaves ~P@& | GE_U }vepu]vP
grasses,andajs « "~ E}Ae E_U ( dndrrhareodsEnecies (Gebert & Verheyden-

Tixier 2001; Bugalho et al. 2001; Szemethy et al. 2003; BugaMdn& 2003; Ruckstuhl &

Neuhaus 2005; Dumont et al. 2005; Alves 2013).

Regarding the temporal patterns on diet composition, our results showed signifitéerences

Jv $Z (}} ]S ue %&E « vS Jv SZ ( X dZ - J((EvVv [ E u]voC
phenology, but can also reflect the availability of prefer species. In seasons whenattability

of resources is higher in the Mediterranean regioa.Spring), the diversity of species eaten is

lower, indicating that animals are feeding on their preferred items. In limisegsons, like

Summer and Rut, red deer makes use of a larger variety of food items to acsiealpits

energetic requirements.

Regarding methodologic options, to determine the diet of red deer, the ristological
technique was used. This technique assumes that plant epidermises are resistant to the
digestive processes, with the maintenance of the anatomy when excreted, and also that the
excreted amount of each plant epidermis is proportional to that ingested (Btaah 2003) This
technique is widely used, providing good overall results. However, it hasraitditins like the

time to perform the analysis (Holechek & Vavra 1981; Holechek et al. 1982&r€2002; Maia

et al. 2003; Ahmed et al. 2015; Dove et al. 1995). However, the coairern is the possible
overestimation of fibrous plants and underestimation of highly digpbstherbaceous species
(Holechek et al. 1982; Ramirez et al. 1996; Dumont et al. 2808)e authors, consider that the
digestive process has influence on the recognition and identification of the fragnmatause

the epidermises can suffer differentiated digestion of tissues according to the anatordic
chemical characteristics of the plants (Sparks & Malechek 1968; Sanders et alHb8RMhek

et al. 1982; Butet 1985; Dove et al. 1995). However, Bauer e2@5]concluded that the
differential digestion happens only in a small percentage of samples andftbcts are only
minor, not affecting significantly and not compromising the results (Deardeh 4975; Bauer

et al. 2005) Moreover, if the number of the unidentifiable fragments was higher than 10%, it
would mean that the reference collection did not have the necessary species to ehable
correct identification of the fragments, being necessary to reinforce it with more plant species
Since the percentage of not identified species is lower than 1%, we can conclude the suitability
of the reference collection and dichotomous key elaborated in the first phasteeqdroject, and

the suitability of this method to evaluate the diet composition of red deerthe Lousa

Mountain. Regarding the quantification of the pigments of plant material found indagthe

49



method has three main advantages 1) pigments are indigestible, 2) are not colefdwvith
metabolic by-products in faeces and 3) are easily extracted from faeces (Reid1&44l.
Christianson & Creel 2015Christianson & Creel (2015) compared the analyses of faecal
nitrogen with faecal chlorophyll and concluded that faecal chlorophyll hbdtter fit to their
model than faecal nitrogen (analysed at an independent laboratory). Accordihgitorésults,
concentrations of photosynthetic pigments were correlated with forage qualitg, (

digestibility, energy content, neutral detergent fibre and nitrogen content).

3.4.2 Bvaluating forage sdection hypothesis

According to the FSH, the sexes should have differences in their foraging behshalmsrwould
ingest higler biomass but lowr quality forage, choosing for fibrous plants, because they are
good at digesting them due to the large rumen. On the other hand, females would ingest |
qguantity of food, and choose habitats with highforage quality, selecting species with high

nitrogen contents because of their lower efficiency in digesting (Bowyer 2004).

Our results demonstrate that those differences between the sexes occurred in termstof di
composition and proportions, and also in terms of diversity (ShatWeaver andevenness
indexes), where red deer males and females showed statistically significant differertheg i

diet spectrums. This fact could be related with body size dimorphism and diffguécapacity,
leading to different nutritional requirements between the sexes (lllius & Gordon;1R8gkstuhl

& Neuhaus 2000; Bugalho et al. 2001). Those differences could leéftetert food selection

and then habitat segregation (Ruckstuhl & Neuhaus 2000; Barboza & Bowyer 2000). Different
body size dimorphism could explain those differences in diet coriposisince males and
females show different strategiese. males seem to be more adapted to browsing (because
they are bigger) and females for grazing (Bugalho et al. 2001). In fact, thertwapof
arboreous species consumed was higher for males than females, supporting the adaptation

previously mentioned.

Concerning the food overlap between the sexes, our results showed that in the ruh, tivbe
sexes are aggregated, the food overlap index between males and femalelsds tibich is in
agreement with the expected results spring, food overlap decreases, and this may be related
with the sexual segregation observed in this season (Alves et al..20B8)fumn season, when
sexes are randomly associated our results demonstrate an intermediate foodpva winter,

there was a high value of food overlap between males and females, glthintderms of sexual
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segregation patterns, this was an unexpected result. This may be the result of a laner pl
diversity but more probably due to the high abundance of preferred specietdi&thers and

other shrubs.

Seasonal differences were alsoosim in our results. Spring and autumn were the seasons in
which higher differences between males and females regarding the composition aétivestle
detected. This fact may be related with the different requirements of both sexes in thes#isp
times of the year. Autumis right after rut season, and the sexes have to recover weight and fat
reserves, while spring and early summer it is a delicate season for females because thiey are
the end of gestation or beginning of lactation (Main et al. 1996; Bugalho & Milb&).ZDn the
other hand, considering diversity, winter season was the most different season dhothe
others where the diversity of diet consumed was lower. Although the consumenals® ofa
specific plant increases in this season, these result could be related with low plant gliversit
available. Similar differences were also found in other studies (Dumont €C0).2At a general
level, our results suggest that feeding ecology is influenced by seasonal chiaatgies] with

plant availability and phenology (Garciavl o 1 = p ES » 666V WE} “}A TiidVv
al. 2005).

In herbivorep communities, the higher consumption of one plant species rather than the other
has nutritional effects on the animal (Dove et al. 1995). Regarding those edfettonsidering

FSH, it was expected that males and females had differences in quality of the diet. We analysed
the photosynthetic pigments (carotenoids and chlorophylls) present in the faagbhigh
according to Christianson & Creel (2015) are related with the food qualitysted. Faecal
carotenoids and chlorophyll could represent how the animal concentrates thesesptgnn

their faeces, which can be measured because they are resistant to digestion and sensitive to
light absorption (Christianson & Creel 2009). However, contrarily to ourgiieas the results
showed that there were no significant differences between the sexes, either for carotenoids or
chlorophyll excreted in faeces. Those results could be related with differences in the forage
absorption and excretion between males and females because they have diffegastide
systems and gut capacities. Besides that, forage quality varied significantly between thresseas
and as expected spring arises as the season with higher-quality food (ashalsed by
Christianson & Creel (2015)). Photosynthetic pigments in faeces could represeatitiien in
productivity and quality (Christianson & Creel 20Eg),0ur results are in agreement with our

expectations in terms of seasonal patterns.
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Our results also demonstrate that between females and calves, there were no sighifican
differences in terms of diet composition, which was expected because of the s@aalzation

of this speciesi.e. matriarchal groups (Alves 2013). Indeed, considering feeding efficiency, it is
predictable that females and calves to remain in the same feeding areas dulingaa)
exhibiting both similar patterns in diet composition and species abundance (Rucl&tuhl
Neuhaus 2005)The motivations that lead females to remain with other females, and sub-adult
males to leave their natal groups may be related to the nutritional benefits mfanging or
leaving. So, one major question in sexual segregation is why young males stagrégate
themselves from females (Ruckstuhl & Neuhaus 2005). Based in our results, this remains a
guestion without a conclusive answer. Energetic requirements may help to explain sexual
segregation, but the observed results did not show enough differences between foraging
behaviour of males and females to fully support the assumptions of FSHsfaleed by
Miquelle et al. (1992); Bonenfant et al. (2004)). As so, and noti&itkling the importance of
habitat segregation and foraging behaviour to sexual segregation, it is impokeep

researching to understand which other factors may be behind this phenomenon

According to the results of Alves et al. (2013), sexual segregation in red dearastetized by

the differential use of space by adult males and sexually active females resultindifferant
strategies all year except in the rutting season, when the sexes are aggregated. As showed by
the resultsof Alves et al. (2013kexual segregation could not be explained by one single
hypotheses. Their results demonstrate that explaining sexual segregation based only in
differential use of habitat by males or females was not possible, becausetidy not assume

that males use lower quality habitats then females. With the conclusions of our studthijch

there were not found statistically differences in forage quality between males and females, it is
possible to assume that sexual segregation is not only due to differences in thathede or

forage ecology.

AU veA EJVP 8Z «<p ¢8]}v A" Ep o ¢« PE P 3]}v M @ O0SZEWZ < -
males and females present different functionality categories as consumers (RucEstuhl

Neuhaus 2005), from our results, these differences are not sufficient to explaatedtns of

sexual segregation exhibit by this population, and more factors should ahiobede to this

phenomenon.
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Microhistological technique became the most used indirect method to assess botemnteht

of diet of herbivores. This technique is highlighted from the others because it is inexpetsi

not require the killing of the animal and allow the identification of ealempspecies consumed
(Sanders et al. 1980; Holechek 1982). This technique is based on the identifidativa o
fragments of plants present in the faeces. To make identification of those fragments, a
previously reference collection of epidermis (Annex 1) is essential (Sander$38@&IHolechek

1982; Szemethy et al. 2003). Aiming to turn this technique more accurdteedinble, besides

the reference collection, a dichotomous key (Annex 2) proved to be a usefytbmed et al.

2015), in combination with the reference collection of epidermis, it facilitates thdiiitation
process. Those two approaches are essential for future works, because they can save time

allowing an easier identification of the epidermis.

Identifying the plant fragments present in faeces of red deer showed to be a timauming
procedure. In order to overcome this disadvantage of the microhistological tashnégcurate
analyses of sampling effort according to the objectives of each study are essemtialinga
effort defines the number of fragments needed to represent a determinate percentage of the
sample (Shiu & Lee 2003; Gotelli & Colwell 2011). Our results demonstratgithat total of

200 fragments for each faecal sample, it is possible to obtain a goodromige between
precision and cost, providing 95% of the total species richness. Therefore, assessettut typ
analyses before applying the microhistological technique could be a goodggirtatesave time

and effort.

The analysis of the diet of red deer is important to assess differences in forage eabingles

and females and link them to sexual segregation. Sexual segregation is a complex phenomenon
for which there are many answering questions and lack of consistent results (Barboza & Bowy
2000) This phenomenon can be influencing by different factors and is explained by two
components: habitat segregation and social segregation. To explain each cempdifferent
hypotheses were postulated by different authors, and this study the main focus was totevalua
the assumptions of one of these hypotheses, the forage selection hypotheses. Our résults o
foraging behaviour of red de&ervus elaphushowed that there the differences obtained were

not enough to explain the patterns of sexual segregation of this wild population.

These facts lead us to assume that there are several factors promoting sexual segregation
patterns (Bonenfant et al. 2004; Alves et al. 2013), and that feeding preferende®raging

behavior and only two more factors to consider when studying this phenomenon. Baskd on
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previous study (Alves et al. 2013) and in the present study, future works shodideloged to
the social component of sexual segregation, evaluating the activity budget rsgstand the

dispersing tactics employed by sub-adult males and females just after reaching adulthood.
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List of species from Lousa Mountain present in the reference collection

Arboreous species

Shrub species

Herbaceous species

Acacia dealbata
Acacia melanoxylon
Betula alba
Castanea sativa
Chamaecyparis
lawsoniana
Cratageus
monogyna
Cupressus lusitanici
Eucalyptus globulus
Fraxinussp.

Laurus nobilis
Pinus nigra

Pinus pinaster
Pseudotsuga
menziesii

Quercus pyrenaica
Quercus robur

Salix atrocinerea

Cistus monspeliens
Cytisus striatus
Erica arborea

Erica australis
Erica umbellata
Genista triacanthos
Halimium
umbellatum

llex aquifolium
Lavandula stoechas
Lithospermum
diffusum
Pterospartum
tridentatum

Rubus ulmifolius
Ulex minor

Dicotyledons Monocotyledons
Anarrhinum Agrostis
bellidifolium castellana
Athyrium felix- Arrhenatherum
femina elatius
Carduus Dactylis
tenuiflorus glomerata
Crepis vesicaria Hordeum
Digitalis purpurea  murinum

Juncus effusus
Lepidophorum
repandum
Narcissus
triandrus
Omphalodes nitide
Plantago
coronopus
Plantago
lanceolata
Potentilla erecta
Pteridium
aquilinum
Sanguisorba mino
Taraxacum
officinale
Trifoliumsp.
Tuberaria lignosa
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Arboreous species

Blank field 400x Phase contrast 400x

Acacia dealbata

- Bottom page
(Polygonal cells,

medium density,
medium size,
anomocytic stomata,
tector trichomes)

- Up page
(Polygonal cells,
médium density,
medium size,
anomocytic stomata,
tector trichomes)

Acacia melanoxylon

- Bottom page
(Polygonal cells with

veins, high density,
small size, anomocytic
stomata, tector
trichomes)

- Up page

(Polygonal cells with
veins, high density,
small size, anomocytic
stomata, tector
trichomes)
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- Stem

(Polygonal cells with
veins, high density,
small size, anomocytic
stomata, tector
trichomes)

Betula alba

- Bottom page
(Polygonal rounded

cells, medium density,
medium size,
anomocytic stomata)

- Up page

(Polygonal rounded
cells, medium density,
medium size,
anomocytic stomata)

- Stem

(Polygonal cells,
medium density, small
size)
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- Sprout

(Polygonal cells, high
density, small size,
tector trichomes)

Castanea sativa

- Bottom page
(Polygonal mildly cells,

big density, small size,
anomocytic stomata)

- Up page

(Polygonal cells with
veins, medium density,
medium size)

- Stem
(Polygonal cells, high
density, small size)
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- Sprout

(Polygonal cells, high

density, small size)

Chamaecyparis
lawsoniana

- Bottom page
(Rectangular cells,

medium density,
medium size)

- Up page
(Rectangular cells,
medium density,
medium size)

- Stem
(Rectangular cells,
medium density,
medium size)
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Crataegus monogyna

- Bottom page
(Polygonal largely cells,

medium density,
médium size,
anomocytic stomata)

- Up page

(Polygonal largely cells,
medium density,
medium size)

- Stem

(Rectangular cells, low
density, big size,
anomocytic stomata)

Cupressus lusitanica

- Up page
(Polygonal cells, low
density, large size,
anomocytic stomata)
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Eucalyptus globulus

- Bottom page
(Polygonal cells,

medium density,
medium size, paracytic
stomata)

- Up page

(Polygonal cells,
medium density,
medium size, paracytic
stomata)

- Stem
(Polygonal cells,
medium density,
medium size)

Pinus nigra

- Bottom page
(Rectangular cells, low

density, big size,
stomata in line)
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- Up page
(Rectangular cells, low
density, big size,
stomata in line)

Pinus pinaster

- Bottom page
(Rectangular cells, low

density, big size,
stomata in line)

- Up page
(Rectangular cells, low
density, big size,
stomata in line)

Pseudotsuga menziesii

- Bottom page
(Rectangular cells, low

density, big size,
stomata in queue)
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- Up page
(Rectangular cells, low
density, big size)

- Stem

(Rectangular cells. Low
density, big size, short
trichomes)

- Sprout
(Rectangular cells, low

density, big size)

Quercus Pyrenaica

- Bottom page
(Polygonal cells, high

density, small size, long
tector trichomes)
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- Up page
(Polygonal cells,
medium density,
medium size, tector
trichomes)

- Stem
(Polygonal cells,
medium density,
medium size)

Quercus rébur

- Bottom page
(Polygonal cells,

medium density,
medium size, tector
trichomes)

- Up page
(Polygonal cells,
medium density,
medium size, tector
trichomes)

- Stem

(Polygonal cells, high
density, small size, low
density of tector
trichomes)
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- Sprout
(Polygonal cells, high

density, small size, high

density of tector
trichomes)

Salix atrocinerea

- Bottom page
(Polygonal cells,

medium density,
medium size, tector
trichomes)

- Up page
(Polygonal cells,
medium density,
medium size, tector
trichomes)

- Stem

(Polygonal cells,
medium density,
medium size, tector
trichomes)
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- Sprout
(Polygonal cells,
medium density,
medium size, tector
trichomes)
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Shrub species

Cistus monspeliensis

- Bottom page
(Puzzle cells, high

density, big size,
anaomocytic stomata,
starry trichomes)

- Up page
(Polygonal cells,
medium density,
medium size,
anomocytic stomata,
starry trichomes)

- Stem

(Rectangular cells, high
density, small size,
anomocytic stomata
randomly distributed,
tector trichomes)

Cytisus striatus

- Bottom page
(Polygonal cells, low

density, big size,
anomocytic, ciclocitic
and tetracyclic stomata,
tector trichomes)

77



- Up page
(Rectangular cells, low
density, small size,
anomocytic and
ciclocytic stomata,
tector trichomes)

_Stem

(Rectangular cells, low
density, small size,
anomocytic and
ciclocytic stomata,
tector trichomes)

- Flower
(Polygonal cells,
medium density,
medium size)

Erica arborea

- Bottom page
(Polygonal cells, low

density, big size, tector
trichomes)
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- Up page

(Polygonal cells, low
density, big size, tector
trichomes)

- Stem
(Rectangular cells,
medium density,
medium size, tector
trichomes)

- Flower

(Polygonal pentagonal
cells, high density, smal
size)

Erica australis

- Bottom page
(Polygonal cells,
medium density,
medium size, tector
trichomes)
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- Up page
(Polygonal cells,
medium density,
medium size, tector
trichomes)

- Flower
(Polygonal cells, low
density, big size)

Erica umbellata

-Bottom page
(Rectangular cells,

medium density,
medium size, tector
trichomes)

- Up page
(Rectangular cells,
medium density,
medium size, tector
trichomes)
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- Stem
(Rectangular cells,
medium density,
medium size, tector
trichomes)

- Flower
(Polygonal cells,
medium density,
medium size)

Genista triacanthos

- Bottom page
(Polygonal cells,

medium density,
medium size, anisocytic
tetracyclic and ciclocytic
stomata, tector
trichomes)

- Up page

(Polygonal cells,
medium density,
medium size, anisocytic
tetracyclic and ciclocytic
stomata, tector
trichomes)
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- Stem

(Polygonal cells,
medium density,
medium size, anisocytic
tetracyclic and ciclocytic
stomata, tector
trichomes)

- Flower
(Polygonal cells, low
density, big size)

Halimium umbellatum

- Bottom page
(Polygonal cells,

medium density,
medium size,
anomocytic stomata,
starry trichomes)

- Up page
(Polygonal cells,
medium density,
medium size,
anomocytic stomata,
starry trichomes)
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- Stem

(Polygonal cells, high
density, small size,
anomocytic stomata,
starry trichomes)

llex aquifolium

- Bottom page
(Puzzle cells, high

density, big size,
ciclocytic stomata)

- Up page
(Puzzle cells, high
density, low size)

- Stem
(Polygonal cells, high
density, small size)
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Lavandula stoechas

- Bottom page
(Polygonal cells,

medium density,
medium size, starry
trichomes)

- Up page
(Polygonal cells,
medium density,
medium size, starry
trichomes)

Lithospermum diffusum

- Bottom page
(Polygonal largely cells,

low density, big size,
anomocytic stomata,
tector trichomes)

- Up page

(Polygonal largely cells,
low density, big size,
anomocytic stomata,
tector trichomes)




- Stem

(Polygonal cells,
medium density,
medium size, short
tector trichomes)

Pterospartum
tridentatum

- Bottom page
(Polygonal cells,

medium density,
medium size,
anomocytic, cicliocytic
and tetracyclic stomata,
tector trichomes)

- Up page

(Polygonal cells,
medium density,
medium size,
anomocytic, cicliocytic
and tetracyclic stomata,
tector trichomes)

- Stem

(Polygonal cells,
medium density,
medium size,
anomocytic, cicliocytic
and tetracyclic stomata,
tector trichomes)
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Rubus ulmifolius

- Bottom page
(Polygonal cells in

rosettes, medium
density, medium size)

- Up page

(Polygonal cells in
rosettes, medium
density, medium size)

- Stem
(Polygonal cells, high
density, small size)

- Flower
(Polygonal cells,
medium density,
medium size)
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Ulex minor

- Bottom page
(Rectangular cells,

medium density,
medium size,
anomocytic stomata)

- Up page
(Rectangular cells,
medium density,
medium size,
anomocytic stomata)

- Stem

(Rectangular cells,
medium density,
medium size,
anomocytic stomata,
tector trichomes)

- Flower
(Rectangular cells,
medium density,
medium size,
anomocytic stomata,
tector trichomes)
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Herbaceous dicotiledons

Anarrhinum
bellidifolium

- Bottom page
(Puzzle cells, low

density, big size,
anomocytic stomata)

- Up page

(Puzzle cells, low
density, big size,
anomocytic stomata)

- Stem

(Rectangular cells, low
density, big size,
anomocytic stomata)

Athyrium filix-femina

- Bottom page
(Puzzle cells, low

density, big size,
anomocytic stomata)
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- Up page
(Puzzle cells, low
density, big size)

- Stem
(Rectangular cells, low
density, big size)

Carduus tenuiflorus

- Bottom page
(Puzzle cells, medium

density, medium size,
anomocytic stomata,
stinging trichomes)

- Up page
(Polygonal cells, low
density, big size,
anomocytic stomata,
stinging trichomes)
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Crepis vesicaria

- Bottom page
(Puzzle cells, medium

density, medium size,
anomocytic stomata,
secretor trichomes)

- Up page

(Puzzle cells, high
density, small size,
anomocytic stomata)

- Stem

(Rectangular cells, low
density, big size,
anomocytic stomata)

Digitalis purpurea

- Bottom page
(Puzzle cells, medium

density, medium size,
anomocytic stomata,
tector trichomes)
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- Up page
(Polygonal cells, low
density, big size,
anomocytic stomata,
tector trichomes)

- Stem

(Polygonal cells, low
density, big size,
anomocytic stomata,
tector trichomes)

- Flower

(Polygonal cells, high
density, small size,
anomocytic stomata)

Juncus effusus

- Stem

(Rectangular cells, high
density, small size,
paracytic stomata
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- Flower
(Rectangular cells, high
density, small size)

Lepidophorum
repandum

- Bottom page
(Puzzle cells, high

density, small size,
anomocytic stomata)

- Up page

(Polygonal sharply cells
medium density,
medium size,
anomocytic stomata)

Narcissus triandrus

- Bottom page
(Rectangular cells, low

density, big size,
paracytic stomata)
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- Up page
(Rectangular cells, low
density, big size,
paracytic stomata)

Omphalodes nitida

- Bottom page
(Puzzle cells, high

density, small size,
anomocytic stomata,
tector trichomes)

- Up page
(Puzzle cells, high
density, small size)

- Stem
(Rectangular cells,
medium density,
medium size,
anomocytic stomata
distributed in rows,
tector trichomes)
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Plantago coronopus

- Bottom page
(Squared cells, medium

density, medium size,
diacytic stomata)

- Up page

(Squared cells, medium
density, medium size,
diacytic stomata)

Plantago lanceolata

- Bottom page
(Polygonal cells, low

density, big size,
anomocytic stomata,
tector trichomes)

- Up page
(Polygonal cells, low
density, big size,
anomocytic stomata,
ttichomes)
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Potentilla erecta

- Bottom page
(Puzzle cells, low

density, big size,
anomocytic stomata,
tector trichomes)

- Up page

(Polygonal sharply cells
low density, big size,
anomocytic stomata,
tector trichomes)

- Stem

(Rectangular cells,
medium density,
medium size,
anomocytic stomata)

Sanguisorba minor

- Bottom page
(Polygonal mildly cells,

low density, big size,
anomocytic stomata)

95



- Up page
(Polygonal cells, low
density, big size)

- Stem

(Rectangular cells, low
density, big size,
anomocytic stomata)

Taraxacum officinale

- Bottom page
(Puzzle cells, medium

density, medium size,
anomocytic stomata)

- Up page
(Rectangular cells, low
density, big size,
anomocytic stomata)

96



- Stem

(Rectangular cells, low
density, big size,
anomocytic stomata)

Trifolium sp.

- Bottom page
(Polygonal largely cells,

low density, big size,
anomocytic stomata)

- Up page

(Polygonal linear cells,
high density, small size,
rare anomocytic
stomata)

- Stem

(Rectangular cells, high
density, small size,
anomocytic stomata)
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- Flower
(Rectangular cells,
medium density,
medium size)

Tuberaria lignosa

- Bottom page
(Puzzle cells, high

density, big size,
anomocytic stomata,
starry trichomes)

- Up page
(Polygonal cells, big
density, low size,
anomocytic stomata,
starry trichomes)
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Herbaceous monocotiledons

Arrhenatherum elatius

- Leaf

(Rectangular cells, low
density, big size,
stomata in halter,
bristles)

- Stem

(Rectangular cells, low
density, big size,
stomata in halter,
bristles)

- Flower
(Rectangular cells,
medium density,
medium size)

Dactylis glomerata

- Bottom page
(Rectangular cells, low

density, big size,
stomata in halter,
bristles)
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- Up page
(Rectangular cells, low
density, big size,
stomata in halter,
bristles)

- Stem

(Rectangular cells, high
density, small size,
stomata in halter,
bristles)

- Flower

(Rectangular cells, high
density, small size,
stomata in halter,
bristles)

Hordeum murinum

- Bottom page
(Rectangular cells, low

density, big size,
stomata in halter,
bristles)

- Up page
(Rectangular cells, low
density, big size,
stomata in halter,
bristles)
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- Stem

(Rectangular sharply
cells, low density, big
size, stomata in halter,

bristles)

- Flower
(Rectangular sharply
cells, low density, big
size, bristles)
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Dichotomous key for plant species of the Lousa Mountain
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10) « 00 }pdo]v ]e8]v § v HoveeoEricdJumbelaba X
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11) A) StemBetula alba
B) StemQuercus pyrenaica

C)StemRubus ulmifolius
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Fig 1: 11. A) SteBetula alba B) StermQuercus pyrenaicaC) SteniRubus ulmifolius400x, phase contrast, Leica
application suite V4.6
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40) A) StemCastanea sativa
B) Stemllex aquifolium

C)StemEucalyptus globulus
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Fig 2:40A) Stem Castaneaativa, Btem llex aquifoliumC) StentEucalyptus globulygl00x, phase contrast, Le
application suite V4.6
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Fig 3: 69.A) Stenrépis vesicariaB) StenBanguissorba minpC) StenTaraxacum officinaleD) StenCatraegus
monogyna 400, phase contrast, Leica application suite V4.6
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A) B)

C) D)

D)

Fig 4: 77.A) Up padeseudotsuga menziesB) SprouPseudotsuga menziestt) StenfPteridium aquilinumbD) Stenr
Athyrium felix-feminaE) Stenfraxinussp., 400x, phase contrast, Leica application suite V4.6
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Fig 5: Cell wall and trichomes types used to compare the cells (adapted from Lstreghalr 1979)
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