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Abstract:

Red deer Cervus elaphysand Roe deerQapreolus capreolysare two ungulate
species cohabite the same area in the Naturald®advlontesinho, this work aims to manage
the study spring diet of both deer with explorihg importance of secondary metabolites on
feeding selection by analysis phytochemical of éhrfglediterranean specieQuercus
rotundifolia, Pterospartum tridentatunrCistus ladanifer The collection of data was achieve
during flowering period, from fives sites in therka

Phytochemical analysis based on extraction of sghar by methanol-aqueous (80,20)
reagent using DNS method, and the extraction al tBhenolic compounds TPC by hot
methanol and folin-ciocalteu reagent and using tspelcotometer to read the absorbance of
each sample. The quantification of sugar was usecadibration curve the “glucose”, and for
phenol we have used “acid Gallic”.

The statistical analysis (Anova test, Tukey HSDpabfresults obtained from the both
extraction showed significative differences betwg@émt species and between months and
were used to compare between the choice of deerespen feeding during flowering period
(March, April, JuneQuercus rotundifoliashowed highest phenol and sugar contents and
seems to be avoided to consumption by deer. Inrastitterospartum tridentaturshowed an
increase of sugar concentration and maintain phenmntentsthat could explain the

consumption during this period.

Keywords: Capreolus capreolys Cervus elaphuys Cistus ladanifer Pterospartum

tridentatum, Quercus rotundifoligotal sugar, total phenol, diet composition






Resumo

O veado Cervus elaphyse o Corco Capreolus capreolyssdo duas espécies unguladas
gue coabitam a mesma area no parque natural deeMont, este trabalho tem como
objetivo gerenciar a dieta de primavera do estuelamibos os veados com a analise da
importancia dos metabolitos secundarios na seléed@imentacao Por andlise fitoquimica de
trés espécies mediterraneauercus rotundifolia "Pterospartum tridentatum "Cistus
ladanifer’. A coleta de dados foi alcancada durante o perttel floracdo, a partir de cinco
locais no parque.

Andlise fitoquimica baseada na extracdo de acatak por reagente metanol-aquoso
(80,20) usando o método DNS e extracdo de comptatoicos TPC por metanol quente e
reagente folin-ciocalteu e utilizando espectrofattm para ler a absorvancia de cada
amostra. A quantificacdo de acucar foi utilizadenoaurva de calibragéo, a "glicose", e para
fenol utilizamos "acido galo".

A andlise estatistica (teste Anova, Tukey HSD)at$ os resultados obtidos a partir
das duas extracdes mostrou diferencas significagnére as espécies vegetais e entre meses e
foram utilizadas para comparar a escolha dos @osgida alimentacdo, durante o periodo de
floracdo (marco, abril, junhoQuercus rotundifolisapresentou maior teor de fenol e aglcar e
parece ser evitado para o consumo por veado. Errasta) Pterospartum tridentatum
mostrou um aumento da concentracdo de acucar eveactwnteudo fendlico, o que poderia

explicar o consumo durante este periodo.

Palavras-chave: Capreolus capreolysCervus elaphysCistus ladanifer Pterospartum

tridentatum, Quercus rotundifoliacucares totais, fendis totais, dieta
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Résumé

Le cerf-élaphefervus elaphyset le chevreuilCapreolus capreolyssont deux especes
d'ongulés cohabitent dans la méme région du partcalade Montesinho, ce travail vise a
gérer I'étude du régime alimentaire des deux aarfexplorant I'importance des métabolites
secondaires lors de la sélection de l'alimenta®ananalyse phytochimique de trois especes

méditerranéenneg)uercus rotundifolig "Pterospartum tridentatum"Cistus ladanifet.

La collecte des données a été réalisée pendaeétilade de floraison, a partir des cing
sites du parc. Analyse phytochimique basée sutrdetion du sucre total par le réacteur
méthanol-aqueux (80,20) utilisant la méthode DN&e&traction des composés phénoliques
totaux TPC par le réacteur chaud au méthanol efohln-ciocalteu et en utilisant un
spectrophotometre pour lire I'absorbance de chéghantillon. La quantification du sucre a
éte utilisée comme courbe d'étalonnage du «glucagepour le phénol, nous avons utilisé
«acide gallique». L'analyse statistique (test Andugkey HSD) de tous les résultats obtenus
a partir des deux extractions a montré des difffgemsignificatives entre les espéces végétales
et entre les mois et ont été utilisées pour compbrechoix des especes de cerf sur
l'alimentation pendant la période de floraison @naavril et juin).Quercus rotundifoliaa
affiché des teneurs en phénol et en sucre les ¢llexées et semble étre évité par la
consommation chez les cerfs. En revancRé&rospartum tridentatuma montré une
augmentation de la concentration de sucre et detemai un contenu phénolique qui pourrait

expliquer la consommation pendant cette période.

Mots clés: Capreolus capreolys Cervus elaphus Cistus ladanifer Pterospartum

tridentatum, Quercus rotundifoligucres totaux, phénols totaux, régime alimentaire
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CHAPTER I: INTRODUCTION






Introduction:

All living beings-humans, birds, animals, insecte avorthy of consideration and
respect. Animals are not viewed as mere resounaegshindividuals and communities in their
own right, they are as a special part of God'stmeaso we need to treat them with
compassion and not to abuse their life as community

Several studies of large ungulate abundance hauwesdéd on animal abundance alone
without linking it to habitat characteristi¢gvhipple et al,; 1994 Mayle et al., 2000;Smart et
al.,, 2004). In addition, the relation between hesbes and plants has also been studied
around the world, not only for wildlifeHanley 1982, Holechekt al. 1982, Gordon e lason
1989, Bryantet al. 1992, Bugalhoet al. 2001, lllius et al. 2002) but also for domestic
ungulates (Bourbouze e Guessous 1979, Rodriguet, 188inchbauglet al. 2001).Habitat
use is related to the manner that an animal uses af resources to fulfill its requirements
(Block and Bernnan, 1993), namely food and cotfabitat selection can be defined as the
process involved in the choice of a resourdehfison, 1980)Besides the land cover units,
variables like ecotone proximity, vegetation prauudty, water altitude, aspect and slope are
identified as key factors influencing red deer amd deer habitat ugeg. San José
etal.,1997;Garin,2000;Licoppe and de Crombrugglf@32 There are different methods for
studying the resources available for deer diete@imethods is based on observation or
tracking of animals, and provides measurements atiitéit use/selection at individual or
population level, through the assessment of sgepdrameters of the individuals (e.g. sex,
age, productivity...). The indirect methods rely the detection and counting of signs of
animal presence, such as fecal pellets, or trackthat seems to be suitable for.

This document will present an analysis of habits¢ by Capreolus capreolusand
Cervus elaphusadopting indirect method and specially fecal peftegthod.Alves et al,
2014). In fact, studies about habitat use/seleatiay provide the information needed to the
management plans in several European countries Ifalg: Lovari et al., 2007; Norway:
Godvik et al.,, 2009; Poland: Borkowski, 2004; Bomski and Ukalska, 2008; Spain:
Carranza et al., 1991;Garin, 2000).

Animal preference for habitat characteristics aseuniform, and subsequently neither
are the benefits of habitat management practicesséime under all conditions (Pengelly

1972). Deer species may make considerable usparfan areas, and clear cuts where forage
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is better quality or more abundant but avoid suglasif human disturbance exceeds certain
threshold. In this document, we choose five siteshe natural park of “Montesinho” which
are more occupied by roe deer and red deer, nattaitding the fact that even these sites are
located on hunting areas, where we can find alsld aoa primary predator to deer. The
interaction among species modifies the ecosystamicplarly those interactions that control
flows of energy and materials among trophic levels.

Understanding why deer select some foods and awth@érs may enable us to
manipulate their choices. Knowing how to reducertimgerest in eating seedlings would
greatly enhance our ability to manage their negatwmpacts. In general, herbivore diet
selection is attributed to obtaining a balancedikat of nutrients (Westoby 1978) and
minimizing toxins or plant secondary metabolitese@fand and Janzen 1974) Proteins and
energy are essential for survival (Parker et @9)9Secondary metabolites can be deleterious
to an animal's health, limiting digestibility ofher nutrients, or at least requiring additional
resources to detoxify toxins (Cheeke and Shull 1986 animal's ability to cope with toxins
reflects not only the kind and amount of toxinst &uailable nutrients in all forages on offer
(Villalba et al. 2002a). Amingulate's choice to consume a tree seedling tivereiepends on
the type and concentration of secondary metabdditesthe animal's nutritional state. Deer
tend to prefer foods with low concentrations op&res (Scholl et al. 1977, Connolly et al.
1980, Duncan et al. 1994) and tannins (Radwin efil@r8, Almet al. 2002). Deer given
protein supplements, however, increase their intdkannin-containing sagebrush (Artemisia
spp.; Chris Peterson, Utah St. University, persnrco). Similarly, domestic ungulates fed
supplemental macro-nutrients increased their intdkleods that contain toxins as diverse as
lithium chloride (Wang and Provenza 1996), terpetianner et al. 2000, Villalba et al.
2002b), menthol (lllius and Jessop 1996), and teniVillalba et al. 2002~). Conversely,
animals ingesting low-sodium diets restrict theitake of toxins, and the sodium-depleting
effects of many toxins may deter herbivores froningaplants that are low in sodium
(Provenza et al. 2003). Thus, manipulating nutsieanailable to an animal may offer the
potential to increase their intake of plants habijuavoided or to decrease their intake of
plants habitually eaterf.his work study the variation of primary and secanydmetabolites
(with these parameters: total sugar and total phrapounds), the effect of this variation on
woody plants available for Roe deer and Red destifig in Montesinho Natural Park (NE
Portugal).



2. Research aims:

This work aims to contribute to manage the hahits of “red deer and roe deer” as
two species of deer on the natural park of Montesirand also to select feeding strategy of
this ungulate specie.

It includes these objectives:

 Explore the importance of Primary and secondarabwdites on feeding selection :

- quantify total sugar, total phenols content orodyplant collected at flowering period
from different sites in natural park of Montesinho.

-Relate these results to changes in Deer diet mhNeastern Portugal, and explain the

food choice’s by deer species.

3. Thesis outline:

This thesis was structured in five chapters thaecthe research aims stated above:

Chapter 1: firstly we start by an introductionvitnich we will explain briefly the
state of the topic and objectives that we hopeaah.

Chapter 2: Secondly we will give an overview of ttedy area; describing the
different sites and factors affecting the prefeeeatsites by deer and also influencing the
feeding types and then the ecosystem process.

Chapter 3: in this chapter, we will describe aithods and materials used to reach
thesis aims, analysis of sugar and phenol component

Chapter4: from the results obtained, we will discositcomes/outputs and give a
comparison between what we get and other experatienton the same topic. Also, we
discuss the relation between secondary metabdditels the change of habitat use by
ungulate species and their change on feeding.

Chapter 5: finally, small conclusions where we @teme significantly result with

real information about this work.






CHAPTER II: OVERVIEW OF
THE STUDY AREA






1-Ecology of Roe and Red deer:

1.1: Roe Deer (Capreolus capreolus):

The roe deerGapreolus capreolysis a unique and important animal: unique,
because it is the only artiodactyls known to exhithe phenomenon of delayed
implantation, and important because by studying pinocess one can gain insight into the
way in which the uterus is able to control the gitowf the embryo.

i e SR

Figurel: Picture of capreolus capreolus from “Pixabay”

1-1-1.Taxonomy:

Tablel : Roe deer taxonomy (Linnaeus, 1758)

Kingdom Animally

Phylum Chordate

Class Mammalian

Order Cetartiodactyla
Family Cervidae

Scientific Name Capreolus capreolus

1-1-2: Physical appearance:

The roe deer is a relatively small deer, with aybthgth of 95-135 cm, a shoulder
height of 65-75 cm and a weight of 15-35 kg. It fetker short, erect antlers and a reddish
body with a grey face. Its hide is golden red imswer, darkening to brown or even black in
winter, with lighter undersides and a white rumpcpathe tail is very short (2—-3 cm or 0.8—



1.2 in), and barely visible. Only the males haviess. The first and second set of antlers are
unbranched and short (5-12 cm or 2.0-4.7 in), wtider bucks in good conditions develop
antlers up to 20-25 cm (8-10 in) long with two lorek, rarely even four points. When the
male's antlers begin to re-grow, they are covered ithin layer of velvet-like fur which
disappears later on after the hair's blood supplipst. Males may speed up the process by
rubbing their antlers on trees, so that their astige hard and stiff for the duels during the
mating season.( Wilson and Reeder 2005).

1-1-3: Range description:

The Roe Deer has a large range in the Paleardiorrelt is found through most of
Europe (with the exception of Ireland, Cyprus, @m@sSardinia, and most of the smaller
islands), including western Russia (Stubbe 1999)tsi@e Europe, it occurs in Turkey,
northern Syria, northern Iraq, northern Iran, ahd €Caucasus (Wilson and Reeder 2005).
Along the Black Sea coast and in the northern Aegegion of Turkey, the Mediterranean

sub-populations are close to extinction.

Figure2: Map of roe deer distribution by” IUCN (International Union for Conservation of Nature)

2016.Capreolus capreolus. The IUCN Red List of Threatened Species. Version 2017-1”

1-1-4: General Ecology:

Roe deer exist in solitary or in small groups, wislnger groups typically feeding
together during the winter. At exceptionally higbngities, herds of 15 or more roe deer can
be seen in open fields during the spring and sumiies reproductive cycle of the roe deer is
summarized in fig. 3. The entire gestation periastd about 10 months, beginning with the
rut in late July or early August. Delayed implaimator embryonic diapause (Short & Hay,
1966) starts when the blastocyst has lost its zmflacida, a few days after ovulation, and

10



continues for 5 months until the end of Decembether beginning of January. During this
period the blastocyst only increases in diametnfi to 5 mm, but during the first 2 weeks
of January a normal rate of embryonic growth isdeundly resumed and the blastocyst rapidly
elongates. Embryonic elongation is followed by plaal attachment and a further 5 months
of normal gestation. Finally, one, two, or occasibnthree, young are born in May. Their
diet is varied and includes buds and leaves ofddecis trees and shrubs, bramble, rose, ivy,
herbs, conifers, ferns, heather and grasses.

» The breeding season, known as the rut, is fromJuig-to the end of August. During
this time males become very aggressive in defenttieq territories. They fight other males
by locking antlers and pushing and twisting. Fightmay cause injuries and occasionally one
or both may die.

-Slow growth
of intrauterine

Birth = blastocyst

Second
‘rut ?

True «

gestation ZRapid elongation

oty
Jin:, of embryo
“~implantation

Figure3: The reproductive cycle of the roe deerGapreolus capreolus)

1.2 :Red deer: Cervus elaphus. L

The Red deer has a long history in Britain, is ohenly two native deer species in the
UK, it's a beast highly prized by hunters, natwgtlj artists, poets and photographers alike.
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Figure4: Picture of Cervus elaphus From the British deer society “bds.org.uk”

1-2-1: Taxonomy:

Table2 : Red deer taxonomy (Linnaeus, 1758)

Kingdom Animally
Phylum Chordate

Class Mammalian
Order Cetartiodactyla
Family Cervidae
Scientific Name Cervus elaphus

1-2-2: Physical appearance:

Red deer male (stag) is typically 175 to 250 cnglamd weighs 160 to 240 kg; the
female (hind) is 160 to 210 cm long and weighs @070 kg. The tail adds another 12 to
19 cm and shoulder height is about 95 to 130 cmt¢331 in). In Scotland, stags average
201 cm in head-and-body length and 122 cm higheashoulder and females average 180 cm
(71in) long and 114 cm (45 in) tall. Size variasdifferent subspecies with the largest, the
huge but small-antlered deer of the Carpathian Nenos (C. e. elaphus), and weighing up to
500 kg. At the other end of the scale, the Corsreaindeer (C. e. Corsicans) weighs about 80
to 100 kg (180 to 220 Ib), although red deer inrpbabitats can weigh as little as 53 to
112 kg (120 to 250 Ib). European red deer tendetoedldish-brown in their summer coats.
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The males of many subspecies also grow a short mesie during the autumn. Red deer
hinds (females) do not have neck manes. The Eunopshdeer is adapted to a Woodland

environment.

1-2-3: Range description:

The Red Deer has a distribution extending from Reremto North Africa and the
Middle East. It is widely but somewhat patchily tdisuted throughout most of continental
Europe, although it is absent from northern Fenaindia and largely from European Russia.
It is present on a number of islands, includingBniésh Isles and Sardinia. Whether the Red
Deer is native to Ireland or introduced is stilden debate (Carden etz011).

Red deer in Europe generally spend their winterwer altitudes in more wooded
terrain. During the summer, they migrate to higklewations where food supplies are greater

and better for the calving season.
0

Biogeographical regions
Alpine
Al

Figure 5: Current distribution of red deer (Cervus elaphus) in the Iberian Peninsula (depicted in
grey), from Carranza (2007) and Salazar (2009). Bgeography regions are also shown (from

European Environment Agency, 2011).

1-2-4: General Ecology:

Red deer inhabits open deciduous woodland, mixedldeus-coniferous and coniferous
woodland, upland moors and open mountainous aszasefimes above the tree line),
Mediterranean maquis scrub, natural grasslandgungeasand meadows (Koubek and
Zima 1999). It prefers broadleaved woodland interspd by large meadows. In
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woodland, its diet consists mainly of shrub ane ts@oots, but in other habitats it also
consumes grasses, sedges and shrubs. Fruit arsdageedhportant in autumn.

* Females are sexually and socially mature at 1.5/2a%s. Males attain sexual maturity as
yearlings but they continue growing until at le@sgears of age and cannot compete for

females with other males until then, by which tithey reach social maturity.

2-Roe/ Red deer population:

2-1- In Europe:

During the past century, cervid populations thraughmuch of Europe have undergone
substantial change. In Western Europe, native epestich as red deeZdrvus elaphys roe
deer (Capreolus capreolys moose Alces alces and reindeer Rangifer tarandus
experienced dramatic increases in numbers and egpanded their ranges as plantation
forestry has increased and hunting has declined.rdé deerGapreolus capreolyshas been
particularly successful in utilizing lowland woodlds and agricultural habitat, and is today
expanding throughout much of its range. It has letped areas from which it became
extinct in recent historical times (e.g. Norwayddingland and Wales). The red deer too has
expanded its range considerably throughout mosYestern Europe, particularly in the Alps
and in parts of Scandinavia. Since the post-warogerboth moose and reindeer have
expanded their ranges and increased in numbensgihoot much of Scandinavia. Declines in
Western Europe have been few with only one subepecf red deer (C. e. Corsicans)
considered Endangered. The situation is far froearcin Central and Eastern Europe. In
Central Europe, for example, the roe deer has begamely successful, expanding its range
and numbers by utilizing open agricultural field$ere is a paucity of information on the
deer fauna in the former USSR, although severaatened species are reported. (IUCN,
1998)

2-2- In Portugal:

In Portugal, the species was extinct - in opezasr- during the first 3/4 of the 20th
century. The few rare observations of deer on fyemund (so-called until very recently)
occurred in areas bordering Spain (Braganca, @aBielnco and Barrancos), while in some
walled areas the existing and previously preselsf@etimens were depleted Management,
food quality and over density. However, in neighbgrSpain, the species was always present
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and the deer was the main catch of the largest garmeaghout the last century, whether it
was in hunting or approaching or possibly waiting.

Likewise in Portugal all populations result fromnteoduction or natural expansion
from trans-border Spanish populations which in twere reintroduced. It occurs from sea
level to above the tree line.2,500 m) in the Alps. The distribution is much e@atchy and
fragmented than the apparent continuity suggestetebdistribution map.

It is a widespread and abundant species across afutshcurrent range, although there
is increasing fragmentation of populations in nerth Africa and central Europe, and the
species has been lost from some areas. In all Ewrguding Russia, the species numbered
1.25 million individuals in 1985 and 2.4 million iB005. Densities are typically 1-5
individuals per km2, sometimes up to 15 individyads km? (Wilson and Mittermeier 2011).

3: Conservation status:

3-1- Roe deer:

Roe deer have been hunted from prehistoric timbagyTbecame extinct in England,
Wales and southern Scotland during the 18th cerdgndypopulations were re-introduced to
southern England (Dorset) and East Anglia in thiéh T@ntury. As they have become more
abundant, they have been treated as "vermin" beaafudamage to forestry, agriculture and
horticulture, and consequently numbers are coetlolRoe deer may now number as many as
500,000, and are increasing. Since the 1970s thase been an increased interest in
exploitation of roe as a game species and for n¥esata result they are now covered by
various Acts of Parliament which impose close seagovhen deer may not be hunted),

firearms restrictions and controls on poaching.

3-2-Red deer:

Red Deer in Europe have been affected to a lar¢geneby translocations not only
between far distant populations and different sabigs within the continent, but also by
translocations of deer within the same regions waittmixture of different '‘park deer' of
various mixed stock with wild ranging deer of 'gwstock, and also by imported conspecifics
from Central Asia and ofC. canadensisfrom North America, and introduced Sika
(Niedzialkowskeet al.2011, Smitket al.2014, McDevittet al.2009, McDevitt and Zachos
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2014, Zachos and Hartl 2011). As a result, moghefpresent deer populations of Europe
areeither known hybrids on a subspecific or evesti§ip level or their breeding background
is insufficiently known for excluding such a poskip. Systematic investigation into the
history and the genetics of all European Red Depulations is therefore needed as a base
for establishing a European Red Deer Managememt. Fart of this plan should be the
identification of unpolluted autochthonous popuwat of this species and protection of their
genetic integrity, thus preserving as much as ptssf what is left of its natural variation.
The development of stable meta-population netwdrksdeveloping corridors and habitat
connectivity will be important to ensure the vidlyilof populations of Red Deer in the future
(Zachos and Hartl 2011).

3-3- Alternatives to feeding:

Is a better way to help and to improve the wild watgs, they benefit when we
preserve and restore natural habitats and reducerngaused disturbances, leaving them
alone to conserve their energy to survive sevengewiconditions.

The best way to help wild ungulates survive in sewseather is to maintain high-quality
habitat year-round. If animals enter the wintegaod condition, most survive persistent deep
snow and cold temperatures. Even in well-functignimatural ecosystems, however, some
animals succumb during winter months. This is rafwinter mortality helps keep ungulates

populations in balance with the available habitat.

Another way to help wild ungulates in winter is @goid disturbing them. Animals must
conserve their energy to survive in winter condiioHuman-related causes of disturbance
such as from recreation (e.g. snowmobile activaryl chasing by domestic dogs can result in

wild ungulates expending valuable energy.

4- Study Area:

4-1- Natural park of Montesinho:

4-1-1- Physical environment

The study area is located in the northeastern gdaPortugal, included in the Natural
Park of Montesinho (PNM, Parque Natural de Montasjn This park is a protected area
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located in the municipalities of Vinhais and Braganin the administrative NUT Alto Tras-
0s-Montes, the mountainous region of northeastugalt It was created in 1979 and consists
of 748 km2 of natural wooded landscape and tratalionountain agricultural landscape, with
highly variable gradients. PNM lies in the vast theast Tras-os-Montes plateau, with
average altitude around 750- 900m, which is parthef Iberian Meseta northern block
(Medeiros. 1987; Ribeiro etal., 1987).However, biMPelevation ranges more than 1,000 m,
from the lowest point in the River Mente (436 mi).id western border, to the top of
Montesinho, at 1,487 m. The main altitudinal beltsrespond also to the main landforms
found in the area.Most of the rivers in the area lbelow 700 m, and their valleys are the
dominant landform in this area. Deep, with narrosttdm and steep slopes, (i.e. V-shaped,
Tributaries of Sabor river in PNM: left) Onor cross Rio de Onor.

* In the mountains, above 1,000 m elevation, humammation is almost nonexistent
and hence cultivated land almost disappears, givingy to highland pastures
(Agroconsultores e Coba, 1991). This contour bouthdsmountain domains and surrounds
the three highest peaks of the area, the southdgeseof the Spanish Galician-Leonese
mountains (Pereira et al., 2003),Coraa (1,272 rmoygudira (1,318 m, in fact outside but close
to the southern border of PNM) and Montesinho (7 4.

» Hypsometry and hydrography have thus been couplédriming the land, on which
plant communities have installed themselves, dwlge deepened, humans have settled and
which is finally opening to tourism and the intdresentrepreneurs. Streams drain the whole
area to the Douro River, more than 100 km to théhsolhe Douro is the Portuguese river
with the largest drainage basin (though 4/5 of ihi Spanish territory), and it ranks second in
total length (after the Tagus). The Douro drainhgsin accounts for 1/3 of the Portuguese
surface water resources and half of the energyrgtate in hydropower plants (Ferreira,
2005).

* Climate in Montesinho area is Mediterranean, altjfioather influences, derived from
the geographic position and the relief of this ar@fect the general pattern (Gongalves,
1985). Continental effects come from the inner ilrerPeninsula, as Atlantic influence is
hampered by impressive mountain ranges (more tf&0In elevation in the west and more
than 2.000 m in the north, in Sanabria, Spain,ectosthe border). They bring an increase in

seasonal contrast (annual range is 1S-20°C), imeky, and in inter-annual variability
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(Gongalves, 1985). Continental effects are relevarthe eastern tract of PNM but they are
drowned out to the centre and west and where thentam effects take their place. Altitude

is in fact the factor that best explains spatiaiateons in temperature (most of the area is
below 12°C) and precipitation (mostly over 800 n{@pncalves,1985;Figueiredo,1990).

ESPANHA

1 Serra da Coroa e Moimenta
2 Dine
3 Lameiros da Ribeira das Covas

4 Rio Sabor e Franca
5 Serra e aldeia de Montesinho

Asfaro

Terra batida

Uinha de dgua

PN. de Montesinho

Figure6: Map of Natural park of Montesinho, published by natural.pt

4-1-2-Man and land use:

The PNM includes 92 small villages inhabited by slethan 8,000 people.
Demographically the western part of PNM, althouggs|populated, has many villages, most
of them with less than 200 inhabitants; the eagterhvillages are fewer in number but more
populated, frequently over 300 inhabitants. Ecomafty the PNM still produces grains,
chestnutsCastanea sativaand livestock, especially cattle and sheep. Inemecyears
agriculture has declined, abandonment of the \@llagersists and the population is ageing.
Most of the villages have too few children to kel rural schools open. But it has been the
traditional family livelihood of PNM inhabitants.his is based on small fanning and sheep
herding that contributed definitely to the consénvaof biodiversity in the region.( Castro.,
et all,.2009)

* The western part of the Montesinho Natural Park irethe northern half of
Vinhais municipality, where good examples of rued agricultural lifestyles
combined with wildlife preservation are found. Aepent, sweet chestnut plantations
are the main driver or economic activity in Vinhaattle husbandry of the local

breed Mirandesa is also economically important tfortunately it is declining.
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Upland meadows, marked by a good network of hedgeidominated byraxinus
angustifolig Ulmus proceraAlnus glutinosaand poplard?opulussp., together with
heath lands and cropland, compose a very greersdapd, typically associated with
Mirandesa husbandry.( Castro., et all,.2009)

* The eastern part of the Montesinho Natural Parkesponds to the northern
part Braganca municipality. Here, forestry, sheegrdimg and agriculture also
combine with wildlife preservation. The Natural Pdook its name from the most
northern mountain of Bragan¢ca municipality thatchess an altitude of 1,487 m. The
vegetation is composed of scrubsErica spp., Genistaspp.,Pterospartumsp. and
Salix spp. Montesinho is the only village at such hesglagricultural activity has
decayed over approximately 20 years but tourism udeational activities have
became more and more significant. For most of thar yhere are only about 200
sheep grazing(Castro., et all,.2009); however,iggazan be very intense from May to
August when about 5,000 sheep are transported th@msurrounding lowlands to

graze in the highlands during summer months.

4-1-3-Major natural values:

The main native forest cover was oaRuércus pyrenaiga and chestnut trees
(Castanea sativa After centuries of destruction, wildlife poputats are now recovering in
the region in response to lessening of human pressaupled with the expansion of scrub
areas, better protection laws, the positive aabiotne Park management authority and a slow
change in the attitude of individuals towards witll Biodiversity is currently high but the
densities of wild populations are lower than in tpast (some, such as Brown-bear
(Ursusarcto3 and Iberean-lynxLiynx parding, reduced to extinction), mainly because man
has destroyed most of the native forests. At thggnméng of the twentieth Century, deer were
exterminated, but by 1989, they came back via @djmuls in Spain (Alves, 2004).

This Park has a high flora and fauna diversity tedlatter expressively contributes to
its emblematic biodiversity. All of the trophic lef¢ are present and large carnivores and wild
and domestic herbivores coexist in the region. pypation or about 30 Iberian wolveSgnis
lupus signatuslives in the Park and it is linked to a largerpBlation of more than 120
wolves in neighboring regions in Portugal and Sp@ither carnivores include common genet

(Genetta genetjaand red fox Yulpes vulpes Wild boar(Suss crofg roe deer Capreolus
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capreolu3, deer Cervus elaphysand, as mentioned above, domestic herbivores asch
cattle, goat and sheep regional breeds, all inhthkitNatural Park. Main aquatic mammal
species is the European ottkufra lutra) (IPB/ICN, 2006).

4-2- Sites selected:

The area selected was the whole Natural park of tééomho, as we know that it
occupied 74 229ha (ICNF.pt, classificacao) and dlbas a big diversity on fauna and Flora
communities. For this study, we have chosen fitessiith an importance deer population.
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5- Primary and secondary metabolites:

Plant constituents comprise a wide variety of oirganbstances that are formed and

accumulated by plants, they include:

5-1-Primary metabolites:

Primary metabolites are involved in growth, devebent, and reproduction of the
organism. These compounds are a key component imtaimang normal physiological
processes; thus, it is often referred to as a aentetabolite. They are typically formed
during the growth phase as a result of energy noétah, and are deemed essential for
proper growth. Examples of primary metabolitesudel carbohydrates, proteins, fats, and

nucleic acids.

5-2-Secondary metabolites:

This kind of metabolites is typically organic conmyools produced through the
modification of primary metabolites by synthasesc@dary metabolites do not play a role in
growth, development, and reproduction like primamgtabolites do, and are typically formed
during the end or near the stationary phase of tiroMany of the identified secondary
metabolites have a role in ecological functionjudeng defense mechanism(s), by serving as
antibiotics and by producing pigments. Examplesexfondary metabolites include: Phenolic
compounds, terpenoids, organic acids, lipids, N#&m containing compounds,

macromolecules.

5-3- the Role of primary and secondary metabolites on ungulate feeding:

Plant secondary metabolites (PMS) have many eambfinctions, but have long been
considered as defences against pathogens or hexbjwreducing the likelihood and extent of
attack. However, mammalian herbivores ingest mamdd$ containing PSM and use both
behavioural methods and physiological strategieslirtot their negative effects. Most
physiological counter-adaptations are induciblerésponse to ingested PSM, providing
efficient protection against toxic effects. Possipbsitive effects of PSM include antioxidant
and anthelminthic properties and complex formabetween protein and condensed tannins

that protects dietary protein from degradation hg symbiotic micro flora of foregut

22



fermenters, increasing its utilization by the arimbhis protein effect is probably only
beneficial to animals under a narrow range of patrrich conditions found mainly in
agricultural systems. There are many examples & B&using food avoidance or reducing
food intake, but there is yet relatively little dence for positive selection of them by
herbivores. Although the feedback mechanisms nglatine post-ingestive consequences of
PSM to subsequent foraging behaviour are begintonge understood, knowledge of the
integration of behavioral and physiological straegfor regulating the effects of PSM is
relatively poor. The opportunities for learned a@arice of PSM may be restricted in animals
with complex diets that cannot associate a padicidedback signal with a given food type.
(lason et al. 2007)

6- Plant Species monograph.

Plant species were chosen by its abundance in e @nd for deer diet. As an
exploratory work, it was preferable to start thisdy with few species, instead of all plant
species know to be eated by deer. Thus, for thik uercus rotundifolia Pterospartum

tridentatum Cistus ladanifemwere selected.

6.1. Quercus rotundifolia Lam.

6.1.1. Geographical distribution and Habitat:

Holm oak Quercus rotundifolia)is an evergreen oak in the Fagaceae family
approximately 20-25 m in height. This tree is addptio the Mediterranean climate, with a
large population in the Iberian Peninsula. Howevergcan be found in any part of the
Mediterranean region. Holm oak forests are domimgmd of vegetation in a transition zone
between temperate forests and scrublands. Inrdmsition zone, plants have to cope with a
selective pressure that result from double stresster cold and summer drought, which
determine their morphological and eco-physiologieablutive response (Terradas, 1999).
Holm oak can grow in heavy clay and acid, neutrddasic soils and it tolerates a wide range
of soil textures.

The species has once been dominant in many lanelscafpthe Northeastern region of

Portugal but it is today confined to steep sloped anproductive soils where agriculture
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could not expand to (Azevedo et al.,, 2013). Thecigge has also suffered from
overexploitation for fuelwood. Holm oak woodland® doday in the region mainly facing
East, West and North-West, and most of them argapes steeper than 6° and slopes steeper
than 12° (Dias and Azevedo, 2008).

Figure 8 : Photo of holm oak, detail of the tree, the leaves and the fruit

6.1.2. Botanical description:

An evergreen tree of large size, growing 10-40 {31 ft) tall, and the trunk is
sometimes over 6 m in girth. The young shoots bed with a close grey felt. The leaves
indoors, has a lower size and rounded shape ,lysirter and roundedas ovate-lanceolate,
4-8 cm long, 1.2-2.5 cm wide, with the back muchrergray due to the presence of much
more hairs. The petiole is 3—16 mm long. Fruits@oeluced one to three together on a short
downy stalk, ripening the first season; the acarsisally 12—-18 mm long in the UK, the cups
with appressed, downy scaleRoyal Botanic Garden (2008)).

6.1.3. Plant Chemistry:

¢ Phenolic compounds:

Various works have assigned to identify and quwgritie Phenolic compounds from
Quercusspecies and especialuercus ilexSub specieotundifolia. There was intra-annual
variability in these antioxidantg-tocopherol, total phenolics compounds (TPC), lipbp

and hydrophilic antioxidant activities (LAA, HAA)a¢orn and grass) and condensed and
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hydrolysable tannins (CT, HT) excepitocopherol, and inter-annual variability in allete
antioxidants except the protein precipitating céyddejerina, et al.,2011). Both, acorns and
grass, contain numerous substances with antioxiolamerties. In particular, the acorns are
rich in a- and c-tocopherol and tannins, and tlesgin a-tocopherol and phenolic compounds
(Cantos et al., 2003,.all, 2006).

% Nutritional compounds: Total Sugar.

Fermentable sugars production from three kind efrmstexploded oak wood was
optimized by response surface methodology (RSMingushe severity factorRp), the
pretreated total solids (TS%) and the enzyme lapdielL%) as variables of a central
composite design result that a Oak wood speciesheaay good feedstock for the production
of reducing sugars (Cotana et al., 2015).

6.2. Pterospartum Tridentatum:

6.2.1. Botanic description and habitats

Pterospartum tridentatunfL.)Willk. Is a species of the Fabaceae familyttgeows
spontaneously in Portugal under Mediterranean thkeganditions, it is endemic Portugal
species where it is known as carqueja or carq(€gavalho, 2010).

Pterospartum tridentatuns a perennial shrub, which can reach up to ontemia
height, with stems of woody and rigid consisteridye roots are straight and rather long. The
stems are woody, erect or prostrate with wingechdiras laterally, false dark green leaves,
trimmed and coriaceous in consistency or Sublendse branches thus have a flat shape with
two or three expansions in Wing shape, with artited appearance, ending with two or three
teeth. The leaves, Persistent, alternate, unitdko@nd triangular, appear to be tridentate, by
the leaflets are attached to the stipules. ThedtswFigure 1B, C and D) are a deep yellow
and are arranged in Corymbiform inflorescencesgrioups of 3 to 10, gathered in short
bouquets and Tight. They have indumenta in thelsapat cover them. The fruit is a pod
Oblong-linear with 10 to 12 mm in length (Pimer2a}l2).
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Figure 9: Pterospartum tridentatum (L.) Willk. (A, C and E) and flower detail (B and D)
(https://www.flickr.com 2014).

6.2.2. Phytochemistry.

Previous study identified as main constituentshef water extract, three derivatives of
genistein. One new isoflavone glycosides showirdjfi@rent oxygenated pattern was also
isolated from the water extract and identified Ipedroscopic methods. In addition, the
flavonol glycoside isoquercirin was identified ircromatographic fraction and in the water
extract by different HPLC systems (Rute et al.,0@ther study on Phenolic compounds
from Pterospartum tridentaturdetected twenty-one flavonoids (Roriz et al., 2014

Pterospartum tridentatunis medicinal plant that requires a more detailednuical
characterization, given the importance of their stonption as infusions. Therefore, the
individual profiles in tocopherols, free sugarsdamrganic acids were obtained by high
performance liquid chromatography (HPLC) coupleddifierent detectors (fluorescence,
refraction index, and photodiode array, resp.). Bhusly result thalPterospartum tridentatum

presented the highest fructose and total sugatembn
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6.3. Cistus ladanifer L.

Figure 10@uft and leaf of Cistusladanifer detailed

6.3.1. Geographical distribution and Habitat.

It is a Mediterranean shrub, widely distributed Rortugal, being one of the most
abundant species in the southern part of the cpuotcurring in large areas as pure dense
stands (Teixeira et al., 2007). The wide distrimtand morphological variation @@istus
ladanifer across northern Africa, the Iberian Peninsula, smathern France has resulted in

the recognition of three sub-species: subkppanifer, sulcatus andafricanus

6.3.2. Botanic description.

Cistus ladaniferL. is known as gum rockrose andbelongs to theaCeste family,
having white flowers and viscid stems and leavés.dt shrub growing 1-2.5 m (3 ft 3 in—8 ft
2 in) tall and wide. The leaves are evergreen,dalate, 3—10 cm long and 1-2 cm broad,
dark green above and paler underneath. The floarer§—8 cm diameter, with 5 papery white
petals, usually with a red to maroon spots at theepsurrounding the yellow stamens and
pistils. The whole plant is covered with the stickyudate of fragrant resin (Castroviejo,
1998).
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6.3.3. Phytochemistry

< Phenolic compound.

Recent research demonstrated that this aromatntspisa a good source of compounds
with a positive impact in human health, such asnBhe compounds (Vazquez et al., 2009),
flavonoids (Danne et al., 1994) and terpenes (Adetnas., 1997)

The genusCistus ladaniferis a characteristic species of the Mediterraneaiomne
(Warburg et al.,, 1968). A study on flavonoids glsices from Cistus showed that the
flavonoids patterns were rather uniform throughbetwhole genus and did not allow a clear
distinction between species or groups of relateecisgs based on qualitative differences
(Poetsch et al., 1972). Several specie€isfussecrete large amounts of resin on the surfaces
of leaves and stems, and the secreted flavonoiolw sfery distinct patterns that might be

useful in delineation of these species (Proksct,Gmlz, 1984).

X Sugar total.

Many studies result th&istus ladaniferas an aromatic plant present a high values on
reducing sugars, glucose and fructose and raffimode48.21mg/g for fructose. (Guimaraes
et al., 2009)
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CHAPTER llI: MATERIALS &
METHODS
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1. Sample collection

In this work, we have selected five sites from ratypark of Montesinho which is
characterized by a high value of fauna and floecis. The choice of flora species for this
study was based on diet studies and previous kuigwlabout roe deer and red deer feeding
behavior and plant species preferences. Threeespa@re chosei@Quercus rotundifoliaand
Cistus ladaniferand Pterospartum tridentatuniFigurell) because of its importance in the
area, as source of foo@ercusandPterospartunspecies) or because of non-preference on
diets. These species are also abundant in the area.

Plant samples were collected over the season af @0ding spring at flowering period.
From each species, we collect two samples on diffemonths (Mars, April, June). In the
total we have collected 86 samples which will balgred in laboratory. Only twigs, leaves

and flowers were taken for the samples.

March.; 2samples

sites species / April; 2samples
L1 P.tridentatum

June.; 2samples
Q.rotundifolia —_—
C.ladanifer —_—
L2 P.tridentatum
Q.rotundifolia
C.ladanifer
L3 P.tridentatum
Q.rotundifolia
C.ladanifer
L4 P.tridentatum
Q.rotundifolia
C.ladanifer
LS P.tridentatum
Q.rotundifolia
C.ladanifer

Figure 11: Schema shows the way how the collectsdmples
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Figurel12: first picture shows a selected site forlpnt collection for this study; A is Quercusrotudifolia,

B is Pterospartum tridentatum and C isCistus ladanifer

The select of plants was randomly, harvested iddadly at about 5-10cm from the

upper part of the species or from fresh part usingir of scissor, placed in plastic bags

and kept on ice. After getting all samples, theyemdried in oven at 50°C for 2-3days,

and later ground in a Wiley mill and stored in igint containers at room temperature, in

the dark, until analysis (Figure 13).

Collect of fresh plants

A 4

Weight and save

Record

Drying

50°C (2-3days)

A 4

Weightdry plants

v

Ground in the mixer

For2 times

v

Screening of the extract

.

Stored in containers

Inthe dark room

Figure 13: steps of sample’s preparation for extraton
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2. Equipments, standards and reagents.

2.1.Equipments required:

Spectrophotometer (AnalytikJena,, Germany), cuseflte spectrophotometer, Water bath,

magnetic stirrer, rotary evaporator (Biuchi R-210icropipette, centrifuge.

2.2.Required reagents and solvents:

DNS reagent, Folin-ciocalteu reagent, glucose, iGaltid, methanol, Ether diethyl,

carbonate of sodium.

3. Extraction procedure

The samples were analyzed for the chemical composicluding the sugars and Phenolic

compounds.

% For the extraction of sugars.

1. the dried and powdered aerial parts of each spdtgswas extracted with 40 mL of
aqueous-methanol 80% (v/v) at 80 °C for 90mn,

2. Later, The supernatant was concentrated at 60 8€ruaduced pressure and defatted three
times with 10 mL of ethyl ether, successively,

3. After concentration at 40 °C, the solid residuesawssolved in water to a final volume of
5 mL and filtered through 0.2 pm nylon filters fraffhatman.

4. The resulting suspension (5ml) was centrifuged {@&n K240R refrigerated centrifuge,
West Sussex, UK) at 4500rpm for 5min,
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Figure 14: The processes of extraction de sugar uhthe measuring the absorbance. A: weight samples,
B: water bath, C: Filtration of samples through Whatman No. 4 paper, D: cleaning; E: calibrate the
tubes for centrifuge, F: Reading the results afteperforming the assay

% For the extraction of Phenolic compounds:

1. The extractions were performed using a fine driedger (m= 500mg), stirring with 40-
50 ml of methanol at 25°C at 150 rpm for 60mn aheréd through Whatman No. 4 paper.

2. The residue was then extracted with one additi&@®lmL portion of methanol. The
combined methanolic extracts were evaporated aC 3%9der reduced pressure (rotary

evaporator Buchi R-210) and re-dissolved in methaha known concentration.

Figure 15: (A): stirring samples, (B): filtration using Wathman paper (C): Rotary Evaporation
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4. Total Sugar.

4.1. Principal of reducing sugar.

For extraction of sugar and quantify the total sugae adopt the methodology of
DNS (dinitrosalicylic acid spectrophotometric) delsed by Wolfe et al(2003).

This method tests for the presence of free carbgnylip (C=0), the so-called
reducing sugars. This technic involves the oxidatid the aldehyde functional group
present in glucose and the ketone functional grmufructose. Simultaneously, 3,5-
dinitrosalicylic acid (DNS) is reduced to 3-aminm@rosalicylic acid under alkaline

conditions.

aldehyde group Oxidation carboxyl group

v

3,5-dinitrosalicylic acid Reduction . 3-amino,5-nitrosalicylic acid

Because dissolved oxygen can interfere with gluaosaation, sulfite, which itself
is not necessary for the colour reaction, is addethe reagent to absorb the dissolved
oxygen. The above reaction scheme shows that ofeeahsugar will react with one mole
of 3,5-dinitrosalicylic acid. However, it is susped that there are many side reactions,
and the actual reaction stoichiometry is more carafgd than that previously described.
The type of reaction depends on the exact natur¢h@freducing sugars. Different
reducing sugars generally yield different colouteisities; thus, it is necessary to
calibrate for each sugar. In addition to the oxalabf the carbonyl groups in the sugar,
other side reactions such as the decompositiongdrsalso competes for the availability
of 3,5-dinitrosalicylic acid. As a consequence,boary-methyl cellulose can affect the
calibration curve by enhancing the intensity of deseloped colour.

Although this is a convenient and relatively inexgige method, due to the
relatively low specificity, one must run blanksigintly if the colorimetric results are to
be interpreted correctly and accurately. One caeraéne the background absorption on
the original cellulose substrate solution by addegdjulase, immediately stopping the
reaction, and measuring the absorbance, i.e. folpexactly the same procedures for the
actual samples. When the effects of extraneous cangs are not known, one can
effectively include a so-called internal standaydilst fully developing the colour for the

unknown sample; then, a known amount of sugar de@do this sample. The increase in

35



the absorbance upon the second colour developrseatuivalent to the incremental

amount of sugar added.

DNS reagent:

* 10 g 3,4-dinitrosalicyclic acid
» 403 g potassium sodium tartrate tetrahydrate
* 16 g NaOH (anhydrous).

4.2. Methodology.

-For the colorimetric assay, the previously exedctample (1mL) was mix with water (1mL)
and with DNS (2 mL). The mixture was agitated antlip a bath at 10€C for 5 min.
Immediately, the tubes were put in an ice batlbfarin to stop the reaction. Another batch of
water was added (6mL), and then we dilute the exby adding 40ml of water.

-Mixed and then measure the absorbance at 540 ramspectrophotometer (Analytik Jena,
Germany).

- The results were calculated from equation obthinye calibration curve standard of glucose
(y=0.594x-0.033, R2=0.999) established with differeoncentrations (0.125, 0.25, 0.5, 1,
2mg/ml), the contents of sugar were expressed onbyng of dried weight of extract
(Figurel6).

1,4
12 y = 0,5946x - 0,0338
R2= 0,9966/0
1
0,8

e /
0,4
0,2 / (4

0

0 0,5 1 1,5 2 2,5

Figurel6: The calibration curve was established bglucose at different concentrations
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5. Total Phenols

5.1. Principle of methodology.

Polyphenols have become an intense focus of rdseaterest because of their
perceived health-beneficial effects. They occuraivariety of fruits, vegetables, nuts,
seeds, flowers, bark, beverages, and even somefastumed food, as a component of the
natural ingredients used. They have been repoxedxhibit anti-carcinogenic, anti-
atherogenic, antiulcer, anti-thrombotic, anti-infl@atory, immunemodulating,
antimicrobial, vasodilatory and analgesic effects.

Phenolic compoundsQuantification Assay is base@&am-Ciocalteu method. The
FC reagent contains phosphomolybdic/ phosphotungsiid complexes 3. The method
relies on the transfer of electrons in alkaline medfrom phenolic compounds to form a
blue chromophore constituted by a phosphotungstiosphomolybdenum complex where
the maximum absorption depends on the concentraifophenolic compounds. The
reduced Folin-Ciocalteu reagent is detectable witlspectrophotometer at 765 nm a
(AnalytikJena, Jena, Germany).The reaction tempezdias been used to reduce the time
necessary to attain the maximum color (T= 37°Cheealy, Gallic acid is used as the
reference standard compound4and results are erpress Gallic acid equivalents
(mg/ml) (Wolfe at al., 2003).

Methodology:

An aliquot of the extract solution (0,5 mL) was mxkwithFolin-Ciocalteureagent (2,5
mL, previously diluted with water 1:10 (v/v) anddsem carbonate (75 g/L, 2 mL).

The tubes were vortexed for 15s and allowed todstan30 min at 40°C on water bath
for colour development.

Absorbance was then measured at 765nm a spectoopbiar (AnalytikJena, Jena,
Germany). Gallic acid was used to calculate thedsted curve (y = 0,985x + 0,010,R? =
0,997) with using several concentrations (0,05; 0,2; 0,4; 0,8 mg/ml)and the results were

expressed as mg of Gallic acid equivalents (GAE)gpaf extract.
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Figurel7: curve of acid Gallic absorption

Figure 18dAition of Folin-Ciocalteu and sodium carbonate

6-Statistical analysis:

For each one of the specimens, three samples veext and all the assays were
carried out in triplicate. The results are exprdsae mean values and standard deviation
(SD).

Data was log transformed, after verifying normatabution with Kolmogorov-Smirnov
test (Zar, 1996). The results were analyzed usuagway analysis of variance (ANOVA)
followed by Tukey's HSD Test with = 0.05. This analysis was carried out using SPSS v
17.0 Program.
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CHAPTER IV: RESULTS &
DISCUSSION

39



40



1. Sugar results:

The results of total sugars estimated of three ispesnalysed by spectrophotometer

assay from a standard curve were shown in the {@hle

Table3: Quantity of total sugar (mg/g) in three teged species according to three successive months.

(Mean + standard deviation)

Month Cistus ladanifer | Pterospartum tridentatum | Quercus rotundifolia
March 25.49+5.7 19.24+6.98 44.51+17.2
April 28.6+11.6 23.60+12.06 50.08+15.95
June 17.38+£5.45 43.51+£17.30 16.475

Standard calibration curves: glucoge=0,594x - 0,033R2 =0.9999)

The graph below (figure 19) shows the variatiotodél sugar during three months that
include three phenological periods: before flowgr{March), flowering period (April), after
flowering (end of May - June).

Cistus ladanifershows during all this period a slowly variation safgar production.
From the beginning of March until early April, t@antity of sugar produce doesn’t change;
it is stable around the mean 27.04 mg with a peakked during this period in April with
28.6mg. Due to this, flower and floral reward aa&hility (nectar and pollen) was high and
visitation rates (pollinator visits per flower andit time) low. Conversely, from mid April
until June, the quantity of sugar decrease sucgdggd reach a less quantity 17.38+5.45 mg,
this decreasing of quantity due to availabilityfloiver and floral reward which were much
lower, and by result a much higher pollinator @gdn rate.( Filella, et al, 2013/ PMC).
Another study given that the flower duration obsenin 1991 season was exceptionally
extended, the prominent amount of sugar secretedl®a 3 mg after 32hours (period age of
flowers) and 61 mg after 50 hours (Talavera, 1992previous study explains that in the
fruiting period (mid June until end of Julg). ladaniferas an aromatic plant present a high
values on reducing sugars: glucose, fructose dfidase with 48.21mg/g for fructose, when
total sugar was around 77.51 £ 1.04mg/g (Guimaeéiek, 2009).

Pterospartum tridentaturshows (figurel9) a progressively increasing ondghantity
of sugar produced before flowering, in the midlofwering period, the plant start to increase

41



the production to reach a peak at the end of flowewith 43.51+17.30 mg/g dw. In the same
manner, previous study was produced at 2012 omgsppeeriod results that free sugarraf
tridentatumshowed the highest levels of fructose and totghss) nevertheless, the values
obtained were much higher than the concentrationsd in a wild sample previously studied
(0.3 and 49.6/100g dw for fructose and total sugars, resp.).(Roriz,2044)

For Quercus rotundifoliathe evolution of sugar production starts withhhiguantity
(figurel9,table3) during flowering period to reaeh peak in the mid of April with
50.08+15.95 mg/g dw, then a rapid decreasing markigh less quantity produced
16.47+5mg/g. Another study had act on data fronrisely, to defend the relation between
two species oh oak and sugar soluble and starehnasstructural carbohydrat®. ilex can
assimilate more photosynthates during favourabys dawinter than the semi-deciduous oak,
as it retains a higher proportion of foliage instseason. However, early budbreak, thereby
earlier leaf expansion, could be advantageous Qorfaginea mainly growing in the
understory, given that new leaves have higher @yotbetic potential than older leaves
(Niinemets et al. 2005). High water availability icombination with high summer
temperatures can account for the high photosymtheattivity in a potential water stress
period. The replenishment of soil water reservatyena the growing season is critical to

endure seasonal summer droughts in Mediterraneas (Eperliclet al, 2015).

Total Sugars
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Figure19: Evolution of Total Sugar (mg/g dw) betwer species during three months
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The results obtained by statistical analysis An@taws significant result between
Months (R~ 14,365, and P=0.000002) and also between spgEigs-45,826, and

P=0,000000), which mean that there is an effeahafith on sugar produced, as we can see in
the Figurel9, which also depend to the specie. ifitezaction between month and species
indicate a significant effect {~39.685 and P=0.000000).

Tukey HSD pos-hoc test indicates that June wasereifit from other month and
Quercus rotundifoliavas responsible for the significant differencesedi&d for species. For
the interaction Month x Species, was possible tifyéhat the differences detected were for

Q. rotundifoliain mars and April an@terospartumn June.

2- Total phenol results:

The results of total phenol estimated of three igsdavestigating by spectrophotometer

assay from a standard curve were shown in the table

Table4: Quantity of total Phenol (mg/g) in three teted species according to three successive monthgle@gn +

standard deviation)

Month Cistusladanifer | Pterospartum tridentatum | Quercusrotundifolia

March 72.08+£27.38 200.83+35.82 244.20 £ 48.79
April 78.66+15.56 161.79+£38.45 302.98+27.65
June 317.28+102.06 195.42+64.62 376.99+95.79

Standard calibration curves: acid Gallic (y = 0,9850,010, Rz = 0,997)

The graph below (figure20) shows the fluctuationtaifll phenol during three months
with three periods: before flowering (March), flonivey period (April), after flowering (June).
Before flowering,Cistus ladaniferstarts to produce a stable quantity of phenol dutims
period until the mid of April, the flowering periodhen Cistus ladanifermentions a rapid
increasing of total phenol to reach at the end lo§ tphenophase a high peak with
317.28+102.06 mg/g dw. This high quantity was exy@d by previous studies which they
have demonstrated that phenol biosynthes@istus ladaniferis induced by water stress and
high temperatures, under natural conditions, tireatic parameters are those of spring and
summer, which is when the plant secretes the ggeataounts of flavonoids (Chaves et al,
1997). In other studies, it has been shown that passible functions of the flavonoids

in Cistus ladanifeiare as a filter of ultraviolet light (Chaves ef28D3) and as a potential
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defense against herbivory (Sosa et al, 2004). Tthessynthesis of flavonoids is enhanced in
summer, the season when ultraviolet radiation & niost intense and the plant is very
sensitive to herbivore damage. Also, the greaté@stpgne concentrations in the leaves
correspond to winter, and the diterpenes passhiacoil during that period might interfere in

the germination behavior of the seed€ofadanifer (Alias,. et al. 2012)

Pterospartum tridentatumstarts to reduce the quantity of phenol producomy
flowering period until a minimum quantity= 161.7335 mg/g dw in April, this point was
the turning point foPterospartum tridentaturnto increase progressively the quantity produce
of phenol until reach a peak = 195.42+64.62 mg/gatine end of flowering period. The total
Phenolic content oPterospartum tridentatunshows an appreciable levels at any time of
harvest and are inferior to other previously stddibowing a high levels of TPC in the same
period of harvesting (flowering time), the totalelblic content, ranged from 270.7 to 402.9
mg Gallic acid equivalents per gram of dry mat@odlho et al,2011). Otherwise, twenty-one
flavonoids were detected by using HPLC method avelength= 280nm and Methanol
extraction (Roriz, et al,. 2014).

For Quercus rotundifoliathe figure 20 shows a gradually increasing camthof total
phenol produced byQuercus rotundifolia over this flowering period to reach a

guantity=376.99+95.79 mg/g dw. Anova test showsifant result between Months (5=
179,260, and P=0.00) and also between Specigs-855,855, and P=0,00), which mean that

there is an effect of month on Phenol producedy@san see in the Figurel9, which also
depend to the specie. The interaction between mamdhspecies indicate a significant effect
(F..-=49.576 and P=0.00). This means that during sppfamts show important changes in
phenolic contents, probably to protect new shootsflowers from being eaten by herbivores,
as a strategy to preserve flowers and plant regtamu period. Tukey HSD pos-hoc test
indicates that June was different from other mamtQuercus rotundifoliavas responsible
for the significant differences detected for speckeor the interaction Month x Species, was
possible to verify that the differences detectedewer Q. rotundifoliain mars and April and
Pterospartumn June (Figure20).

In fact, regarding this result, the average leaérfic concentrations also varied
significantly between study years. The variationsirdy leaf development and growth are in
accordance with the majority of hypotheses thatampnvestment in secondary metabolism
compounds. Leaf phenolics concentrations decreaapdlly during leaf maturity and
senescence, but this decrease depended on thefties shedding, the concentration being
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substantially lower in the year when leaves hadlstached longer to the tree. Variation of
leaf phenolics concentration was greater in semedeaves than in green leaves. Such high
concentration variability represents a source atiaband temporal heterogeneity not only for

potential herbivores but also for the soil nitrogsale in terrestrial ecosystems. (Covelo and
Gallardo, 2001).
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Figure20: Graph showing the evolution of Total Pheal (mg/g)

3- Diet and relation with phytochemical:

For this analysis, it was considered the resultainbd by Cortez (2011), just to verify
if the changes in consumption were related to thafsee found for total sugar and total
phenol content for the same physiological period.

The figures 21 & 22 show the degree of consumpbbpmoe and red deer during two
successive years, also with a preference degreaabf species. We took just the species that
we are studying in this dissertation to comparevbeh the consumption and the evolution of
secondary metabolites.

The micro-histological analysis of pellet fecal foe and red deer give the result shown
in the table4. As a consequence of this resultcareclude during the period of flowering

(March, April, Mai, July) that the both deer specieonsumed a high quantity of
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Pterospartum tridentatunthis could be related to the quantity of sugadprced and also the
Phenolic compounds, in fact in this periBterospartum tridentatunproduce a gradually
sugar to reach 43.51+17.30 mg/g (table 3) and @ desntity of phenol according to other
species (table3). Otherwise, they don’t cons@istus ladaniferover these months due to the
guantity of phenol produced in this period 317.28206 mg/g dw (table4), in summer
period Cistus ladaniferproduce more Phenolic compounds as a potenti@ndef against
herbivory (Sosa .,et al.2004).
For Quercus rotundifoliais different, because as we can see in the tatbat9deer didn’t
consume th&uercus rotundifoliaover two years in the same period this will belaixgd by
376.99+£95.79 mg/g (table4) of phenol and a lessiiyaof sugar 16.47+5mg/g (table3), in
contrast the Red deer pellet fecal indicate a ¢essumption in April-Mai-July of 2001, we
can conclude that the requirements between redr@ndieer are different. Previous study
confirms that Red Deer can be classified amongntiieemediate feeders, with a mixed diet of
grass & sedges (29%) and concentrate food itent)63owever, they also show Red Deer
to be primarily a concentrate feeder (max. 75%)hwib significant seasonal variation
between the quantities of grass or sedges and cwatefood in the diet. (Gebert, et al, 2001)
On the Figure 21, is represented the percentageosumption of the three plant
species in the local diet of roe deer, indicatimaf uring spring, this deer didn’t consume the
Cistus ladanifer a short quantity ofQuercus and a decrease in the consumption of
Pterospartum Taking in account the results for total sugar @hme&nol contents in these
plants,it seems that higher concentrations of toke&nols can explain this non consumption
for Cistus and Quercus during spring, which is produced for prevent twsumption by
herbivory. In other hand, the consumption Rterospartum tridentatunstart to decrease
during this period when in March the consumptiorswagher and also in February and
during winter period. Roe deer seems to show ghiitconsume mor®uercus rotundifolia
during spring than red deer and that could beedlat its capacity to select food with higher

concentration of phenolic compounds...

46



Roe deer
25
20
L ———————————————————— ... i
° \ Pte tri
5 N el Cis lad
X 10 Teee
\ -.... — .Que rot
\ .',
5 >~ -
N~
0 1 T T 1
Mars April May July

Figure21: Graph showing the evolution of spring cosumption of the studied species by Roe deer.

The figure below represents the evolution of constion in the diet of Red deer during
two years successive, before flowering period weseoke the high consumption of
Pterospartum tridentaturand start to decrease during this period, in eshtof this,Cistus
ladanifer show a lower consumption during mid-April to Maw. $pring period, the red deer

didn’t show consumption dpuercus rotundifolia
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Figure 22: Graph showing the evolution of spring cosumption of studied plants by Red deer

The result show that the main Portuguese deereg€apreolus capreoluandCervus
elaphushave a difference preference of feeding and differeaction to season variation and

part of plants eaten ( leaves, fruits,..) alsoht® ¢nvironmental variation. From this figures
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(21, 22), we detect that th@uercus rotundifolighas a significant effect on consumption by
deer, in flowering period it is consumed by Roerdsed not by Red deer. Red Deer, as a
concentrate selector, particularly in winter, andrenfrugivorous and granivorous animal
during oak mast years, is a potential competitorEaropean Roe Deer. Tixier& Duncan
(1996) showed equivalent feeding behaviour for Reér when the abundance of seeds and
fruits allows them to obtain enough of these kindf@ods. Roe Deer is a generalist
concentrate selector in forest habitats year-rd@ad3%) and also consumes forbs, brambles

and ivy instead of grass & sedges compared with [Bsat.
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Conclusions and Final Considerations:

The phytochemical analysis of these Mediterrandant species results that there is a
relation between quantity of total phenol contdiase species and consumption by ungulate
species, as a result a high quantity of phenol gmethe consumption of the specie by
herbivory during spring, also the Total sugar hagféect on choice of plants.

Our results may contribute to improve the undeditamof the dynamics diet changes
between woody plants and its relation to plant miggy during spring (start of flowering,
flowering and post-flowering). From this work issalpossible to verify that during spring,
total phenols increase in the plant species weyaed| but for total sugar concentration, plant
species differ and only Pterospartum shows an @&sereof sugar concentration during this
period. In relation to diet, phenols seem to explaetter herbivore feeding behavior, but
further studies are needed.

This study was focused on specific plants and dutowering period, the results obtain
show a different between preference and avoidame@enst Quercus rotundifoliaduring
spring. Actually, for better understanding of feeglbehavior and strategies between roe deer
and red deer, further investigation is needed baded on the results presented here, should
explore the variation in phenol and sugar contdating all year cycle for not only the plant
species considered in this work but also many atpecies known to be consumed by red and
roe deer, among trees, shrubs and herbs. It waulgseful to include the availability of these
key food resources in models of population dynanpesticularly during important changes
in plants phenological stages. Moreover, otherattaristics of the plants, like cellulose and
lignin contents, needs to be studied to increagekoowledge on plants ecology and its

importance as food for deer.
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