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Análise da vegetação em colónias de rato de Cabrera (Microtus

cabrerae) no sul de Portugal

RESI.'MO

O rato de Cabrera (Microtus cabrerae) é um rodor aÍneaçado da Península IErica com

uma distribúção fragmentada e requisitos especÍficos de microhabitat.

Este estgdo terr por objectivo documentar a composição florística das comunidades

vegetais presentes em colónias do sul de Poúugal, com ênfase na análise compamtiva de

colónias de berma de estrada e de prado, e relacionar as principais diferenças com

variáveis explicativas.

Amostraram-* 26 colónias, distribuídas por cinco áreas geográficas e diversas tipologias

de variáveis foram registadas: diversidade de especies, gtups de Raunkiaer, grupos

taxonómicos, topografia, peúurbação e propriedades do solo.

Identificaram-se oito gÍupos de comunidades vegetais, incluÍndo prados, arrelvados de

gramíneas altas e perenes, prados intervencionados, arrelvados de gramÍneas anuais e

comunidades de anuais, ruderais e nitrófilas, tendo a gramínea perene Agrostis castellana

estado presente em92Yo das colónias.

As colónias de berma de esfiada e de prado revelaram distintas composições florísticas- As

plantâs indicadoras de bermas corresponderam principalmente a gramíneas e herbáceas

anuais, especies ruderais e nitrófilas. Nos prados foram mais frequentes as gramíneas

psÍenes e especies indicadoras de humidade.

Palarnas-chave: Agrostis castellana, arrelvado, berma, corrposição florística, húilat,

Mícrotus cabrerae,prado, rdo de Cab,rera
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Vegetation analysis in colonies of Cabrera vole (Microtus cabrerae)

in southern Porttrgal

ABSTRACT

The Cabnera vole (Microtus cabrerae) is a thneatened rodent of the Ibrian Peninsula with

a patchy disribution and specific microhabitat requirements.

This study aims at documenting floristic composition of plant communities of vole

colonies in sogthern Portugal, with emphasis onthe coryaative analysis of road verge and

meadow colonies, and relating main differences wiú explanatory variables.

Sampling was conducted in 26 colonies along five geographical areas and several variables

conceming diversity, Raunkiaer life-forms, ta:<onomic groups, topography, distrnbance and

soil properties were measured.

Eight vegetation community groups were identifie{ including meadows, tall perennial

grasslands, manwed meadows, annual grasslands and ruderal and nitrophilous

communities. The perennial grass Agrostís castellana was present at92o/o of colonies.

Road verge and meadow colonies showed distinct floristic composition Indicator species

of road verge colonies corresponded mainly to annual grasses and forbs, ruderal and

nitrophilous species. At meadows, perennial grasses and moisture indicative species were

the most commort.

Key-wordst Agrostis castellaru, Cabrera vole, floristic conrposition, grassland, habítat,

meadow, Microtus cabrerae, road verge.
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Introútção

I INTRODUÇÃO

Os valores mais elevados de diversidade biológica são atingidos em ecos§istemas

mediterrânicos tradicionais, como os montados do sul da PenÍnsula Ibérica @londel &

Aronson 1999). A conservação deste património biológico implica a protecção de genes,

de espécies, de habitats e de ecossistemas (Mlmn lg92). Em termos gerais, a biologia da

conservação a§s§nta em dois tipos de esEatégias. A primeira consiste em garantir que

determinadas especies ameaçadas tenham meios para sobreviver, Flo menos, em algrrmas

regiões; a segunda tem por objectivo a coffrcrvação dos húitats e dos ecossistemas

@londel & Aronson lggg). A protecção dos habitats é normalmente referida como a

melhor estratégia de conservar as especies que dele dependem (ex- Wilsot 1992)' Muitas

são raras e endémicas, ocorrendo em iáreas localiz«las que frequentemente não são

incluídas nas reseÍvas e iíreas protegidas de maiores dimensões. Nestes ca§o§, a

conservação das especies exige normalmente planos de acção especÍficos @londel &

Aronson 1999).

O rato de Cabnera (Microtus cabrerae Thomas, 1906) é um roedor endémico da

península Ibrica, com categoria de Vulnerável em Portugal e Espanh4 sendo considerado

uma espécie relíquia (cN empublicação, Palomo & Gisbrt 2002).

A sua dishibuição actual é fragmentada (ex. Mitchel-Jones eÍ al. 1999) e ocoÍre

apenas em iáreas de clima tipicamente mediterrÍinico (Ayanz 1992, Fernández-Salvador

l99S). Localmente, forma colónias, muiüas vezgsde dimensões inferiores a 500 # 6yanz

l»2, Santos et al. 2003), em comunidades vegetais que mantenham maior humidade

edáfica dgrante o Verão, como juncais, zonasi de gramíneas altas e peÍenes, locais com

elevada densidade de herbáceas e tamHm bermas de estrada (Ayanz 1992, Fernrández-

Salvador 199g, Santo s et al. z}O3).Estes locais estão frequentemente associados a áreas de

moutado de sobro ou azinho e policulturas (ex Fernrández-Salvador 1998, Mathias 1999)

que se dishibuem pelo centro, nordeste e zudoeste de Poúugal Continental (figura l)- Uma

colónia corresponde a um conjunto de animais que ocIIFam um mesmo local, com

densidades que variam entre um a cinco animais por 500 #, dependendo da epoca do ano

e do número de juvenis antes da dispersão (Fernández-salvador 1998).

Dada aelevada especificidade do habitat, a distribuição da espécie, mesmo a nível

local, é muito fragpentada Frequentemente as ráreas de habitat potencial para a espécie

(frequentes no sopé das serras e em zonas planas) são, actualmente, túilizaÂas para a

agricultrn4 pastoreio e outas actividades que, na maioria das vezes, nãÓ são co4patíveis
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com a presnça da especie (ex Fernrández-salvador 1998). Esta inflúncia htrmana tem

sido responsável pota perda de habitat, a principal causa de ameaça rftriaaes@ie (Cabral

et al. 1990).

Apemr de ser trm dos roedores ibéricos rrenos estudados, existem alguns trahlhos

sobre a sua biologia, tais como: distribuição e macro-ecologia (ex Ayarzagüena et al'

lgll,Iúadrueira lgTg,Ivlagalhrie§ & Ndadureira 1980, Madureira & Ramalhiúo l98l'

Brunet-Lecomte 1991, García lggg, Landete-castillejos et al.zoao, cruz et al' 20o2),

morfologia (ex Ayazagüena & LÍD"Jz-Mwtinez 1976, AyarzagÜena & cabÍjEru lw6'

lúagalh?ies & lyladrneira 1980, Brunet-Lecomte 1991), morfomsqia §entura et al' 1998)'

genética (ex. Cabrera-Millet et al. 1982, Burgos et al' 1988, Bullejos et al' 1996'

Fsrnández et a1.2002), reprodução (Fernrández-salvador et al.200l), fisiologia (Iüarhias er

al. 20A3, Santos et at. 2O04), dieta (Soriguer & Amat 1988, Costa et al' stbmetido) e

utilizacão do espaço e habitat (Ayanz lgg2, Fernández-salvador 1998, Pita et al' 2003"

santos et al. 2N3). Embora a lista de habalhos seja aparentemente extensa, este é um

roedor para o qual falta ainda informação importante que permita agrÍ com seguÍança na

conservação do seu habitat e na elaboração de planos de acção, que n€cessitam de dados

mais específicos sobre o habitat. os üabalhos que relacionam as colónias com o

microhabitat têm-se centrado, sob,retudo, nulna abordagem da vegetação em termos de

estrutura e de grandes grupos taronómicos. Em PoÚugal, ainda não foi tentada uma

abordagemao habitat emtermos de composição florística, que seriaútil no planeamento de

acções de conservação.

A qualidade, composição e extensão do coberto vegetal são co4onentes do habitat

cruciais para os micromamíferos herbívoros (ex Doyle 1990), de tal forma que a

dis.6ibuiç:ao de um animal pode ser influenciada pela presença ou ausê,lrcia de determinadas

especies vegetais (Schweiger et at. 2000). A sua funÉo inclú a protecção de predadores

(ex. Schweiger et al.2}}},Pusenius & Ostfeld 2OO2),a protecção de condições cümáÍicas

adversas e o fornecimento de alimento (er }úarquis &,B,at fi 1989)-
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À

Figura 1. Mapa da distribuigão do rato de-cabrera (Microttts cabrerae) em Portugal (adaptado de

Mathias 1999; cruz et at. zóoz;Mha et al. tnptep,R. Pita, dados não publicados)'

A vegetação talrrbém firnciona como um indicador ambiental sensível' que tem sido

usado como uma medida de avaliaçiio das condições ambientais gerais, reflectindo as

características dos solos onde se encontra (ex. sais minerais, nutrientes, estruttrra fisica)

(Biltings lg70).A anátise das espécies e das comunidades vegetais associadas as colónias

do rato de Cab,rera pode permitir uma melhor compreensÍio dos factores ecológicos

associados. Esta abordagem constitui uma ferramentâ úü aiuntaÍ a otffas emprocesso de

desenvolvimento, podendo conüibuir para uma estratégia nacional de conservação da

especie. Acções como a recuperação populacionat 6" ,s[Snia§, rqlovoamentos ou

melhoramento do húitaÍ tsrtio uma maior probabilidade de sucesso, se existir informação

detalhada sobne as espécies herbáceas (ou orÚras) que são mais comuns nas colónias' Por

or.úro lado, u unálise da variabilidade inter-colónias podeÍ,á dar novas indicações acerca da

plasticidade ambiertal da espécie.
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Introàqão

1.1. Objectivos

No seirtido de fundamentar acções no âmbito de uma e§tratégia de conservação do

rato de C-abrsÍao prete,lrde-se, neste trabalho: (i) rermir informação de base sobre a

composição florística das comunidades presentes em colónias de rato de cabrrera no sul de

portugal; (rr) distinguir grupos 6" .s[§nias com maiores semelhanças florísticas entre si e

relacioú-Ios com variáveis de estrutrna da vegetaçiio, grqns tanonómicos e fisbnómicos'

diversidade de esffcies e grupos firrcisnai§, $au de pErtrnta$o, topografia e

propriedades do solo; (iii) e, por ultimo, comparar, com maior grau de detalhe' colónias de

berma de estrada e colónias de prado (aâstadas da esrada), e avaliar a qualidade das

btrmas como habitat parao rato de Cab'rera

Para responder a estas questões, o presente trabalho será dividido em dois artigos:

1) Anatise da vegetação em colónias de rato de Cabrera no zul de Portugal (Vegetation

analysis in colonies of an endangered rodent, the Cabreravole' in southern Portuga[);

2) As brmas de estrada como habitat do rato de Cabrera: anrílise da vegetaçdo (Road

verges as habitat for the Cabrera vole: a vegetation analysis)

O primeiro artigo pretende responder às questões fundamentais' iát referidas

amteriormente, que deram origem a este trabalho (primeiros dois objectivos), pdendo as

respostas obtidas ser inclúdas em planos e acções de conservação dirigidos à especie' o

segundo pretende explorar hipóteses relativas a diferenças na quatidade do habitat

(espécies e abundância de gramíneas presentes) das colónias de berma de esÚrada' quando

coryaradas às corónias mais típicas (de prado). Este úrtimo objectivo srÍgiu na sequência

das primeiras prospecções de camllo, durante a fase inicial de selecção de colónias' Foi

registada uma elevada percentagem de presenças em bennas de esüada' em diferentes

áreas geogfáficas, com indícios de presença, poÍ vezÊs, mtrito abundantes' Embora a

bibliografia rcfrraa ocorrência da es@ie neste tipo de haffiat (ex Fernández-Salvador

1998), estatipologlr 6" ç61§nias era ainda desconhecida emPortugal' Desde logo surgiram

questões relacionadas com as razÃesque tornarão estas bermas atractivas pÚal espécie e

possíveis consequências ecológicÍ§ para a me$na

6
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1 .2 Nomsrclúrna úilizaÃa

A nomenclafirra das espécies vegetais foi seguida de acordo @m a Nova Flora de

Portugal Franco lg7l, Franco 1984, Franco & Rocha-Afonso 1994, Franco & Rocha-

Afonso lgg8, Franco & Rocha-Afonso 2003) e a ortografia segundo a Flora Ibérica (ex

Castroüejo et al. 1995).
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2. ANIÁLISE DA VE6ETAÇÃO Eu COLONIAS DO RATO DE CABRERA NO SUL

DE PORTUGAL

(súmetido a'Biodiversity and Conservation')
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Vegetation analysis in colonies of an endangered rodent, the

Cabrera vole, in southern Portugal

Sara M. Santos '2, M. Paula Simõ§s r, Maria dzLtulúathias 2 & António l\'Ifoa 
3

I Institrto de Ciências Agrárias MediterÍânicas, Departamento de Biologia, Universidade de Évorq Pólo da

Mira, 7002-554 Évora, Portugal

2 Centro de Biologia Ambiental, Deparhmento de Biologia Animal, Faculdade de Cifocias, Universidade de

Lisboq Campo Grande, 1749{16 Lisboa, Portupl
3 Unidade de Biologia da Conssvaçãq Departamento de Biologiq Universidade de Évorq Pólo da Mitra,

7 OO2-5 5 4 Évorq Portugal

ABSTRACT

The Cabrrera vole (Mícrotus cabrerae) is a threatened rodent endemic of the Ibsrian

Peninzula with a patchy distribúion and specific microhabitat requirements.

This study aimed at documenting the composition ofplant communities in vole colonies in

soúhern Portugal. Differences observed in plant species composition were also compared

with vegetation structr:re, tanonomic and life-form groups, species and group diversity,

disturbance, topography and soil properties-

Vegetation was sarrpled btween March and July 2004, in 26 colonies occuming in five

geographical areas.

Grasses was the most abundant, c,ommon and diverse family in the colonies, and the

perennial grass.r4grosÍis castellana was present rn 92o/o of colonies, with a mean cover of

16% of the site. Other frequent species were Brtza mmimn (85%), Vulpia rynms (85%),

Gaudinia fragitis (Llyo), Leontodon spp. (8lo/o), Averu barbata (77o/o), Bromus

lnrdeaceus (77yú andTolpis barbata (77yü-

Colonies were classified in eigftt vegetation groups that included meadows, tall perennial

grasslands, manured meadows with tall sedges, annual grasslands and ruderal and

nihophilous grasslands.

Main gradients associaÍed with coryosition differences were gÍass ricbness, annual and

perennial gr1lss cover, vegetation structure (herbaceous vegetation height), soil properties

(extrne and moistrne), dishrbance (ruderal species) and colony dimensions.
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Á málise davegetação

Results suggest that the Cabrera vole is able to exptoit a wide variety of grasslands, with a

varying desee of ecological distufunce. Meadows and perennial gnsslands communities

seemto be higher quality microhabitats for voles.

Key-words: Agrostis castellana, Microtus cobreraeo floristic composition, grassland,

habitat, Indicator Species Analysis, mmdow, ordination methods, TWINSPAI'{.

INTRODUCTION

The Cabrera vole (Miuotus cabrerae THOMAS, 1906) is an endemic and

threatened rodent for the Ihrian Peninsula with Vulnerable category in Portugal and Spain

(Portuguese Red Data Book, in press, Palomo and Gisbert 2A0». The species is distributed

along the zupra" meso and thermomediterranean bioclimatic belts of the Iberian Peninsula

(Ventnra et al. 1998, Rivas-Martinez et al. 2A02a), from Portugal to the Iberian

Prepyrenees §erúura et al. 1998, Mathias 1999). The areas of occurrence in Portugal

include cork oak (Quercus suber) and hotm oak(Q. rotundifolia) open woodlands as main

habitat,which are under European Union's legal protection @uropean Commissionl999).

Locally, populations are grouped in colonies, often restricted to areas of reduced

dimensions (often less than 500 m2), showing a WrcW distribution (Ayanz 1992,

Fernández-Salvador 1998). Main threats to the species include habitat loss, which leads to

higtúV fragmented populations (Fernrández-Salvador 1 998).

Implementation of action plans a1d management decisions towards a species

conservation, require detailed knowledge of úe preferred hubitil. and the main resources

required by the species, zuch as food, shelter, water or nesting sites (Caughley and Sinclair

1994). Some of these res)urces ae relaÍed with vegetation strustuÍe and species

composition (e.g. Lin and Batzli 2001). One of the most important húitat components for

a herbivorous small mammal is the vegetation, namely its cover, extension and quality

(e.g. Doyle 1990, Lin and BlatzJn 2001), once some plant species may influence the

nnimal's presence or úsence (Schweiger et aL 2000). However, studies relatmg floristic

coryosition of habitats and small mammals requirements aÍe rare or absent @oo§ and

Bowers 1996, Burel et aI. 2004).

Research has been conducted towards the definition of habitat structure and

vegetation characteristics zuitable for the Cabnera vole, although reporting to small

l0



Á análise davegetação

geographical areas. This species pÍefeni oIEn areas with high herbaceous vegetation oover,

high green grass cover especially in the srmmer, and low height of shrbs @ita et d.2003,

Santos et a[ in press).

The main goal of this study was to gather daÍa on úe coryosition of plant

commgnities in Cabrera vole colonies in southern Portugal, as a main step towards the

definition of a conservation stratery for the species. We also intend to group colonies

according to their vegetation similarities and relate differences with variables concerning

vegetation sffucture, tanonomic and tife-fonn gÍoups, qpecies and group diversity,

disturbance, topgraphy and soil properties. On the oúer hand, on§ a small number of

colonies is, presently, known and moúored, so this work will complement general

information about colonies in Poúugal and veriff the amplitude diversity of the Cabnera

vole's habitat.

METHODS

Study areas

Five study areas (Alandroal, Morq Ciborro, Cabrela and Grândola) were

investigated in southsrn of Poúugal (Alentejo province) along an east-west longitudinal

belt of al»ú l2O km long, from the Spanish border to the Atlantic coast (725'W-825'W

and 38"08'N-38"55'I9 (figure 1).

The climate is Mediterranean with annual rainfall from 500 to 800 mm (ffndola

700'800 rnm and Alandroal 500-700 mm), mean annual temperatures from 15 to l7.5oC

(Grândola 16-17.5"C and the remaining areas l5-16'C) and insolúion values from 2800 to

3100 h per year (Alandroal more than 3000 b and Cabrela, Cibrro and Mora 2800-2900

h) (Instituto do Ambiente 1995). The study areas are included in the thermomeditenanean

and mesomediterranean belts @ivas-lvlartmez et aL 2002a) with elevation values under

300 m as.L and soils mainly acid (InstihÍo do Ambiente 1995).

1[s dsminant land use is úe traditional open woodland designated 'montado', with

cork or hotn oals, thal combines extensive agriculture, forestry and livestock gmzing

@into-Correia 1993). Hipt, gau;nry pressure and shrub clearing are the major disturbances

in these ecological systems (Pinto-Correia and Vos 2002).

ll
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Figure 1. Location of the study areas (G: Grândola, B: Cabrelq C: Ciborro, M: Morq A:
Alandroal).

Colonies identiÍication

A survey of Cabrera vole colonies was conducted during Feb,ruary and March 2004

on potential habitats: sedge/rush communities, herbaceous areas located near small

drainage streams, meadows with high soil moisture and high perennial grasses, and road

verges (e.g. Fernández-Salvador 1998, Mathias 1999, Landete-Castil§os et al. 2000).

Vole presence signs, zuch as runways, fresh dropprngs and grass clippings, were

used for delimitation of colonies and area calculation (Ayanz 1992, Delatne et aL 1996,

Fernríndez-Salvador 1998, Lambin et al.2O00). This is a commonly used methodology to

deterrrine the occurrence of species of difficult capture, zuch as üe Cabrrera vole

(Ferruândez-salvador et al. 2001, Pita et aL.2003, Santos et al. in press). Only colonies

occupying areas of at least 100 m' were considered in this shrdy.

A vole abundance class was attribwed to every colony on úe basis of úe pÍesence

signs, as follows:

I - orare': few tunnels, pÍesence of scattered old feces, lafines rare oÍ dfficult to

fin4 and no nibbled gass;

2 - ocommon': few or abundant ttrrrnels, where feces and latrines aÍe more easy to

find, few fresh feces or fresh nibbled grass;

3 - 'abundant': abundant ttrnnels, latrines and feces very easy to find, abundance of

fresh nibbled grass and fresh feces;

4 -'very abundant': very abundant tunnels, latrines, fresh feces, fresh nibbled grass,

all very easy to find (adapt. Ayam 1992).
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Á análke davegetação

Vegetation sampling at the colonie

The vegetation survey was performed n 26 colonies from trúarch to July 200,4' A

second visit was Írecessry in most cohnies (n:20), in order to identifr both early and late

flowering species.

Two comPlementarY methods were used in vegetation surveying. Species

coryosition and abundance of tree and shrub smta were determined by searching for

every species growing in each colony. The tree sEatum included all woody species higher

than 3 m height; the shub shattrm corresponded to all woody species under 3 m in height

(Humphries et al. 1996).Indiüdual coveÍ and height oftrees and shrubs were calculated by

visual estimation and averaged to an overall percentage for the colony @ullock 1996)'

Herbaceous vegetation was surveyed in 1 x I m plots, by shatified random sampling (e'g'

Sorrels and Glenn 1991, Kent and Coker §q». Colonies were stratified by differences in

slopes, soil moisture, sil tlpe or úe existence of marked differences in vegetation

structure (Elz,rrrgaet al. 1998).

Three to six plots were distributed along each colony and per visit, according to

number of straÍa defined and dimensions (thee/four plots for areas from 100 to 300 nf,

five plots for 300 to 600 m2 aÍeas, and six plots for areas above 600 m) (Dury and Meier

lees).

Cover and height of all herbaceous species were recorded in each plot. Total

canopy oover propoúions ofthe herbaceous vegetation and bare ground were assessed by

eye (0-100%).

A total of l 13 plots was sampled in a first visit and 78 ptots in the second (21+14 at

Grândola, 2l+g aÍ cabrela 22+19 at ciborro,2T+27 aÍ Mora axrd 22+10 at Alandroal,

respectively).

Nomenclature of úe plant taxa followed 'Nova Flora de Portugal' (Franco 1971,

Franco lg14,Franco and Rocha-Afonso lgg4.,Franco and Rocha-Afonso 1998, Franco and

RochaAfonso 2003). A few taxa (e.g. Leontodon spp. and Carlina qpp-) were identified

only to gerlus level Others (e.g. Poa spp., Vtcia sryp., Galium spp.) were identified to

species, but pooled after to gentrs level. The non-woody Scirpoides holoschoenl§ \tras

included in úe shrub category for simplicity on datamanagement.
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Explrnatory variebles

Environmental irformation for each colony was also recorde4 inchrding elevation,

aspct, slope, drainage stream pÍesenc§, gliaziúg signs presence and distance to the neaÍest

paved road.

Species richness was calculated for each colony by summing up the number of herbaceous

species identifie{ as well as the Shannon diversity index H' and correspnding evenness

@rower et at 1990). Number of herbaceous and grass species Pü ü2, and of shnub §pecies

per 100 m2 were also calculated for each colony.

Species were classified into several categories according to Rauúiaer life-forms

(Kent and Coker lggz,Lavorel et at.1997). Some ofthese categories were further divided

in taxonomic groups (hemicryptophytes graminoids or therophytes graminoids; Dupré and

Diekmann 2OOl, Jantunen and Saarinen2002). Number of species with moistue and/or

soak affinity was registered as well as rudeml and nihophilous species. All categories

assigned were based on previously cited references (Franco 1971, Franco 1984, Franco and

Rocha-Afonso 1994, Franco and Rocha-Afonso 1998, Franco and Rocha-Afonso 2003)

and others §aldés et aL 1987, Duarte et aL 2002).

In every colony, one or two random soil samples of 400-500 g were taken during

August z}A4,according to the appaÍent soil heterogeneity. These samples were collected at

15-20 cm depth an{ after air-dried and mixe{ were used to analyse soil texhre (sand, silt

and clay) pH, and organic matter and nitrogen content. Undisttrbed soil samples were also

taken for water retention at the same points with three replicates of steel sarnple rings

@eeuwijk 2OO2). Total number of soil samples collected was 35 and number of steel rings

was 105. Soil textue was determined by X-ray diftactometry (Kimpe 1993, Reeuwijk

2W2). Soil pH was obtained with pH meter and distilled water (Reeuwijk 2002). Organic

matter content and total niüogen were determined by dry combustion method (McGill and

Figueiredo 1993) using LECO Carbon and Nitrogen analysers. Soil moisture holding

capaclq1' (pF) was obtained through pÍessure plate extractors (pF 2.54 or field capacity)

(Reeuwijk 2002).

Data analysis

Species abundance for each vole colony was evaluated by averaging cover per

species for individual plots.

Plant composition was analysed by colony. Conrparisons of species, taronomic and

functional goup abundances and explanatory variables between geographical areas, were
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conducted with non-parametric Kruskal-Wallis tests, multiple comparison Q tests and

Spearman rank correlations (Zar tg»). Non-parametric tests were preferred because of

small sample sizes.

Similarities between colonies were evaluaÍed by the divisive and polythetic metho4

TWINSPANI (two-way indicator species analysis; HiU 1979). The Íange§ of cover were

defined by cut-levels of l, 5, 10 and 25o/o rnthe anatysis @eet et aL l»9, Jackson and

Bartolome 20OZ). First deàult cover classes were doubled to minimize Ieveraging by rare

spcies (Jackson and Bartolore 20A). Classification was stopped at the fourth level so

that the size of stands would demonshate eological meaning and divisions with

eigenvalues lower than 0.20 were discarded (Cowlishaw and Davie's 1997,;u"ç5sa and

Bartolome 2OO2). Eigenvalues approximated the proportion of pseudospecies not coÍnmon

to each group and provide a precise criterion for determining the merit of each division

(Jongman et al. 1995). Once the colonies had ben classified by TWINSPANI, groups were

validated by multiresponsie permutation procedures (MRPP) that cornpares global species

composition between two or more groups (McCune and Mefford 1999, Muotka et al.

2002); and species impoÍance was verified by indicator species analysis (ISA) that

calculates for each defined goup an indicator value for all species (Dufrêne and Legendre

lggT). The ISA analysis also aimed the validation of indicator species proposed by

T1y1NSPAIrI. Both methods (MP.PP and ISA) use distribution-free Monte Carlo tests to

achieve statistical significance (499 perrnutations) and require groups with a minimum of

two colonies (McCune and Mefford 1999).

Identification of dominant vegetation communities of each TWINSPANI group

followed Rivas-Martínez et aL (2002b). Namss given to each group intended to synthesize

a g;gat amount of informaÍion for an easier interpretaúion an4 although based on the cited

reference, had no phytosociological purposes.

TWINSPAI.I groups were ordered according to main revealed gradients (e.g-

moisture, perennial cover, etc.) and Speaman rank correlation coefficient was used to

evaluaÍe the relationship between those groups and each explanatory variable.

Ordination was used in part to confirm if the classification results adequately

reflected the floristic gradients in the daÍa and also to reveal úe relationships between

explanatory variables and the composition ofthe vegetation Two ordinaÍion methods were

applied: detrended correspondence analysis (DCA; Hill and Gauch 1980) and canonical

correspondence analysis (CCA; ter Braak 1986). Cover percentage of each herbaceous

species was used as a floristic value on both classification and ordination analyses without
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transformations (Moustafr and Zaghloul 1996). DCA was performed with dorrnweight of

rare species (Cowlishaw and Daües 1997) and detending by segmetrs optiors (Jongman

et at 1995). Ths DCA performed on data úowed that the fiÍst axis had a gradient length of

2.9 SD, suggesing that species' responses may be moderately unimodaf (Jongrnan et a[

1ees).

Canonical ordinaÍion techniques are designed to detect the pattenrs of variation in

the species data thaÍ are best explained by the observed variables (Jongman et aL 1995)-

Variables were centred and standardised to obtain zero mean and unit variance (ter Braak

1986). Significance of species-environment correlation was tested by the distribution-free

Monte Carlo test (499 permutations). Ordination anes were interpreted using the intraset

correlaÍions thaÍ allow inference on the relative importance of each variable for predicting

community coryosition (ter Braak 1980.

Twenty-five variables were considered for entering the CCA ordination (table l).

Due to the smalt number ofcolonies, only l8 variúles weÍe retained (ter Braak 1986) after

a compromise of obtaining the maximum percentage of variance explained and the

sigpificance of both eigenvalues and correlations of species-explanatory variables with the

ÍD(es.

PC-ORD version 4 (McCune and Mefford l»9) was used for TWINSPAI{, MRPP,

Species Indicator Analysis, DCA and CCA. CANIOCO for Windows version 4.5 (ter Braak

and §milauer 2AO» was only used for DCA and CCA plots, once it allows the

representation of binary environmental variables. SPSS 10.0 (SPSS, Inc. 1999) was used

for all other ordinary statistical analyses. Significance is reported at o:0.05 level, unless

noted otherwise in the text.
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Table l. Decription of the 25 explanatory variables measured in this study (Code and mening
description).

DESCRIPTION
North enpmure(0/l)
Shannon's divosity measure of herbaceous species

Herbaceous species evenn€ss

Total number of specie of all layers
Grass species richness pa n(
Shrub species richnss per 100 rnÍ 

^
Herbaceous specis richnss per m'
Total tee cover (%)
Total shnub cnver (%s)

Mean herbaceous height (m)
Proportion of ruderal species compared to total colony richness (%)

Presence ofgrazing signs (0/l)
Distance to the neaÍest paved road (m)
Proportion of moisture indicator species compared to total colony richness (%)

Hemicryptophyte (perennial) grasses cover (%)
Therophyte (annual) grassc covt (Yo)

Richness of Raunkiaer life-form groups

Soil pH
Sand content in the soil (%)
Clay content in the soil (%)
Soil field capacr§ (water retention)
OrgaÍric matter corúent in úe soil (%)
Nitrogen conterú in the soil (%)
Dimensions of the colony (m2)

Vole abundance class (14)

CODE
N
H
J

s
SG_m
str_l00
her_m
tree
str
md_hh
ruder
graz
D_roa
moist
GHM
GT
S_rau
ph

sand
clay
pfl.
oÍgm
nitr
dim
abun

RESTJLTS

Colonis cha racteristics

A total of 26 colonies was considered for the present study: five at ffindola,

Cabnela Ciborro and Atandroal and six at Mora Dimensions of colonies averaged 485 #
(100 to 2450 rÔ and vole abundance classes varied betwee,n 'abundant' (34.6Yo of

colonies), ocommon' (30.8%), 'rare' (27Y$ and 'very abundant' (7.6%\. With respect to

these two characteristics (dimensions and abundance), no signifisanl differences were

found htween the medians of the five geographical areas (Ikuskal-Wallis tests: Íl=1.754,

F0.05; H=4.305, F0.05, respectively).

Colony sites were at l70 m as.l. of median elevation (35-281 m), in flat areas with

very small slopes (57.7% of colonies) and were localized at small drainage streams (77o/o

of colonies). Alandroal preserúed the highest median elevation values Q39 m) when
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coryared to Cúrela and Mora (153 and 133 m, respectively) (K-W: EI= 13.2, P<0.01; Q

tests: Q-2.811, P<).05, F3.308, P<0.01). Differences on ptesence of slops and small

drainage sheams bfween tr@s were not found (Phi te.sts: $4.265, F0.05; H.547,

F0.05, reryectively). Ary€ct varied between Nortlq East and Soúh- West âcing colonies

(NW, W or SW) were not registered.

I\dain land uses in the surroundings of colonies weÍe cork oak 'moúado' (61.5%)

and hohn oak 'montado' (30.8%o). Ths cork oak was dominant in ffiodol4 Cabrela and

Ciborro, the hoftn oak in Alaldroal, and Mora preseuted 6o15 çrssdland t1pes. Atthough

the landscape mafrix was mainly omontado', the surroundings of some colonies also

showed different land uses, such as crop fields, Eucalyqttus spp. plantations and Pinus

pinaster mosaics.

The presence of grazing inside or adjacent to the colonies wÍts rare and occasional

over the year. Grazing signs (mainly sheep) were detected aÍ 15.4% of the colonies (n:4),

in all geographical aÍeas, exce,pt in Cabnela

Global vqetation description and species richness

Most common vegetation structure registered in colonies was herbaceous stratum

with several small dispersed shrubs (or one central and a large group), although only

herbaceous colonies and shubby colonies were also identified. The tlree situations

occured in all geographical aÍeas. Only two colonies were characterizÃ by a dominant

hee sEatum-

Overall, 208 plant qpecies were identified in Cabrera vole colonies (Appendix l).

Species richness ranged from 6.4 to 14.3 species p"r of, for all layers and showed no

significant differences in medians between geographical areas (K-W: tf4.534, F0.05).

Herbaceous diversity and evenness ranged from 1.21 to 3.29 and 0.39 to 0.84, respectively,

with median values of 2.5 (diversity) and 0.70 (evenness). No sigpificant differences

behreengeographical areas weÍe found (K-W: H:'1.364,F0.05'H:5.961, F0,05).

Figure 2 represents the average cover of main vegetation firnctional gÍoups for the

sfudied colonies. Grasses show the highest oover values in all geographical areas. Sbrubs

also show an important cover in all areas. From the seven vegetation groups defineü only

legumes oover differed between areias, being more úundant in Alandroal (K-W:

H:l 3.900, P<0.05; V3.432, P<0.05).
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F[ure 2. Average cover of main vegetation firnctional groups in the five studied geographical

"r*" 
(fnB: Trees, SHR: slnubs, LEG: Legumes, COM: Compmite, FOR: forbs that includes

other dicot species bcides legumes and composites, MON: otha mocot species bcides grasses; G:

Grândola, B: Cabrela, C: Ciborro, M: Mora" A: Alandroal).

Thiúy-one woody species were identified: six in the tree layer afi25 in the shrub

layer. In average, each colony included one tree species (0 - 3) and five shrub species (0 -

14). The most common trees w*e Quercas suber (62%) arrd Quercas rotundifolia (27o/o),

while the most frequent shrubs were Scirpoides holoschoenus (46%), Ctstus ladantfer

(42%), Dittríchia viscosa (42yo), Lwandula luisíeri (42yo), Asparagus aplryllus (42%), C.

salviifolius (38"/ü arrd Rubus ulrnifolius (35%) (Ap,pendix l). Median cover values of

woody species werc 4Yo (O-70%) and 28Yo (l-60%), for trees and shrubs, respectively.

Differences between the five areas were nof significant for bú trees and slrubs cover

values (K-W: H4.l2l, P0.05 ; l{:l .7 3 6, F>0.05, respectively).

A total of 177 herbaceous species was surveyed. Families with higher species

richness were Gramineae (t:39), Leguminosae (n:30) nd Compositae (n17). Forty-four

percent of the species recorded were perennials (hemicryptophÍes, geophytes and

helophytes; t:77).

Number of herbaceous species po m' (plo| ranged from 6.8 to 26.3. Considering

the median values, no siguificant differences between the five aÍeâs were found for this

characteristic (K-W: H:6.357, F0.05).

Most frequent herbaceous species werc Agrostis castellarta (92yo), Bríza mmima

(85Yo), Vulpia myrus (85o/o), Gaudinia fragilis (81%), Leontodon spp. (81%), Avena

bubata (77%), Bromus hordeaceus (77%) and Tolpis barbata (77%). Of these, only A.

castellana presented mean cover values as high as l6Yo of total colony area (considering

only the colonies where it occurs). In a gtobal view, this value is only exceeded by woody

species (Appendix 1).
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In what çgnceür1l the herbaceous layer, coqprisns between colonies revealed

significant difrerencs in vegetation coryosition btween Grândola and Alandroal (MRPP

teS: T:-2.143, P<0.05) and between Mora and Alandroal (T:2.765, P<0.05). The

remaining púed combinations of colonies revealed no significant differelrces (F0.05)-

Multivariate analysis

Classification of co lonies

A total of 152 herbaceous species, belonguing to 33 families, was used in the

analysis.

The dendrogram produced by TWINSPANI analysis revealed eight vegetation

groups at the fourth level (figure 3, table 2). All eigenvalues were considered satisfactory

(»0.400). First level of the analysis separated a group of colonies with high cover values

of perennial grasses and low eover of annual species (groups I to trI; n:10). The other

group was characterized by higher herbaceous species diversity and evenness, high

abundance of annual grasses and annual or ruderal forbs (groups [V to VIII; n:16).

Agrostis castellana and Festuca ampla were the indicator species for the first group (ISA:

lY:75.5o/o, P<0.01; lY:56.4, P<0.01, accordingly), and second group was defined by the

presence of Bromus madritensis, Gaudinia fra§lis, Medicago spp. artd Geranium

dissectum (ISA by the same order: IY:79.9YI, P<0.01; lV-'{4..9yo, P<0.05; IY:79.0,

P<0.01; lY:61.4Yo, P0.05). Groups obtained were defined as follows:

I- Subhumid meadows withAgrostis castellana and Festuca ampla;

II- Subhumid meadows withtall sedges andAgrostts castellana;

III- Tatl and perennial grasslands úh Agrostis castellana aú Braclqtpodíum

phoenicoides;

w- Annual grasslands with Braclrypodium phoenicoides and Holcus lanahu;

V- Ivlanured meadows with tâtl sedges arrd Phalaris coerulescens;

VI- Manured meadows with brambles and Holcus larutus;

VII- Annual grasslands wrthBromus diandrus andAvena bsbata;

VIII- Annuat, ruderal and nihophilous communities.

Group I was chara*çrizrdby meadow colonies withhigh sover values ofperennial

grasses, namely A. castellana and F'. ampla, along with several moisture indicator species

and low species diversity (figure 3, túle 2). Groups II and III included colonies with high
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cover of Á. castellaa amoryanid by Vulpia spp. oÍ .E amplt (group tr) or

Bracl4tpodium phoenicoides. Grotry II had high€r moistme conditions ttran group Itr due to

the indicaÍor preserrce of Jancus aartitlorus and Hltperícum lrumduswn" and also higber

oover sf A. costellana. Onthe oúer side ofthe first level division, group IV presented high

cover values of B. ploenicoides aú Holcus lattatus, followed by other annual grasses like

B. rna*itensi* Groups V and VI were charusterizÁ by intermediate cover of perennial

grasses and abundance of moisture indicator species. Group V was çharwtErirÃ by high

cover of Phalaris coerulescens, total grasses, and presence of Lotus spp. and ruderal

species. On the other side is group VI defined by high cover of H. lanatus. Groups VII and

VItr had úe greatest abundance values of annual gÍasses lil<e Vulpia spp., Bromas spp.

atrd Holcus annuus; goup VII with higher cover of A. castellaru, Bromus diandrus nd
Avena bmbata, afthough Bromus tectorum and Taeniatherum caput-medusae were the

significant indicator species. The last TWINSPAN group is VIII that included the highest

number of ruderal species and annual herbs diversity. Ten significant indicator species

(mostly forbs) were identified by ISA, thnee of them berng also ruderal species (table 2,

appendix l).

There were significant differences in all four division levels considered in the MRPP tests,

Í.e., htween the two first groups (T:7.401, P<0.001), between the four second groups

(T:-5.981, P<0.001), between the intermediate six groups (T:6.082, P<0.001) and for the

final eight groups (T:-5.856, P<0.001). Group VI could not be coryared statistically

(MRPP and ISA) with the other groups (figure 3).
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Figure 3. Results of the TWINSPAN analysis and MRPP tests (1.). (Indicator species produced by

thãanalysis - Agr cas: Agrostis castellwta,Fes amp: Fesfircl ampla,Bro mad: Bromus madritensis,

Gau 11.j: GasÃn6 íroíiUt, Medicago: Medtcago spp., Ger dis: Geranium dissectum, Vulpia:

Vutpia spp., Tol bar: Íotpis barbatã, Bra pho: Braclrypodium phoenicoides,-Pha_coe: Phalaris

"oirArtàà^, 
Hol lan: ttàlcus lmatus, Lotus: Lotus spp., Sil gal: Silene gallica (numbers after

species corréspond to cut-level cover classes); Vegetation groups - I: Súhumid meadows with

Àgrostg cast;ttana arrd Feshrca ampla; II: Subhumid meadows with tall sedges wifrr Agrostis

"ãrt"il*o, 
Itr: Tall and perennial grasslands with Agrostis castellana md Brrchypodiwn

phoenicoides; IV: Annual grasslands with Brachypodium phoenicoides and Holctu lanana; Y:

Manured meadows witfr tatt sedges and Phalaris coerulescens; Ylt Manured meadows with

brambles atd Holctts lmdus;VU: Annual grasslands with Bromu di@r&us and Avena btbata,
VItr: Annual, ruderal and nitrophilous communities).
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Table 2. Rsults of indicator specis amlysis (IsA), with indicator values 09 for the eigtÚ

TWINSPAI.{ groups and significance (*P<}.0i, Ú*P<0-01 ) (see figne 3 for groups nams)'

Group Indicator sPecic a/ofrl

Festuca onpla
Mentha pulegium

57.1*
37.1

l9.l

II

m

Jmnn
Rwnq angiocarpus
Tuberaria gütata
Agrostis castellana
Ifirpericm humifusutn
Scilla rambwei

radícata
illyícus

Asphodelus spp
Br achlrp o díum ph o en i c o id es

73.4*
68.3*
60.9*
29.7
29.6
27.8
25.8

Linwn bienne

100*
74.3*
73.9*
63.7**

IV

Bromus madritensis
Sherardía arvensis
Cynosurus echinatus
Cynara humilis
Holcus lanatus
Torilis spp.
Vicia spp.
Logfia gallica
Sangisorbaminor

73.5**
60.5
59.3*
53.9*
52.4
44.9
40.4
29.4
22.7

v

Lotus spp.
Geranium dissectum
Lolium rigidum
Phalaris coerulescens
Daunn spp.
Senecio spp.

99.4**
65.8*
61.2*
47.3*
4t.l
23.6

vt

vtr

Bromus tectorurn
Taeniatherurn c apui-medus ae

Bromus díandrus
Avena bmbata

60.0't
60.0*
40.7
30.5

uII

Siline gallica
Plmtago lagoptts
Echíum plantagineurn
Hedypnois cretíca
Trifulium mgustifolium
Hordeun murinunt
Medicago spp.
Raphanus raphanisffum
Crepis sryp.

Gaudiniafraeilis

90.7**
gg.5**
97.4**
74.1**
70.3*
63.2*
60.9*
60.1*
48.0*
M.4*

Colony dimensions were also significantly higher in group II (zubhumid meadows

with tall sedges) when coryared to groups IV and VII (annual grasslands) (KW:
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YFl6.l72,P<0.05;Qtests:Q:2.888,P<0.05;G3'109,P<0'05,respotive§)andanarea

decrease was verified towards gtroup VItr (Spearman correlation: rs: -0.489, P<0.05)' No

significant differenccs in vole abundance classes were registerd bet§ryem the eigh groups

md there was no correldion acrosr the grotrps ranking (KW: H:5-402, F0.05; r. {.097,

Po.0s).

Ordination of colonies

Figrne 4 presents the DCA ordination resuhs of the herbaceous data The

eigenvalues were 0.448 for first a:ris and 0.322 for the second. Axis I separated colonies

with higher perennial grass cover hke Ágrostis castellana (gpups I and II) from opposite

colonies, characteristics (groups tV and VIID. The second DCA ards revealed a moisture

gradiem, discriminating between the wettest colonies at the ptot botüom (gforps I and V)

from the drier colonies at the top (group Itr). TWINSPAI{ Soups are recognizable in the

DCA figure, albeit the existence of some overlap between groups V and VII.

The CCA ordination rezults are plotted in figure 5. The anes presented eigenvalues

of 0.474 (P<0.01) for the first and 0.398 (P{.06, near statistical significance) for the

second g;ds, bth ures accounted for 20.U/o of the total variance in species data Pearson

correlations between species and explanatory variables were high (0.995 and 0.975), but

only siguificant forthe frst a>ds (P<0.01)-
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F[ure 4. Results of the DCA ordination (full square: Subhumid_meadows withÁgrostis castellana

uid Fot*o ampla;empty squaÍs Subhumid madows with tall sedges,with Ágr-ostjs castellana;

full triangle: ta[ anà"perennial grasslands with Ágrostís castellana and Brachltpodium

phoenicotes; empty trianite: annuaT grasslands with Brachypodium phoenicoides xÁ Holcas
'lanatus; full cirdô: tU**â meadows ,ritt t"U sedges and Phalaris coerulescens; empty circle:

Manured madows with brambles and Holcas tnnatus; full diamond: Annual grasslands with

Bromus diandrus and Avma borbata; empty diarnond: Annual, ruderal and nitrophilous

communities).
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Figure 5. Results of CCA ordination (symbol codc for colony groups as in fiqT" 4; vectors with

urrãory are explanatory variables - SG-m2: grass richness per m'; HMG: perennial grass cover; TG:

annual grur, .oro, i_rou, road distance; md-hh: mean herbaceous height; tree: tree cover; shn:

shrub cõver; ruder: percentage of ruderal sp*i*; moist: pqcentage of moisture indicator specim;

clay: soil clay corúent; sandlsoil sand conient; nitr: soil nifogen corúent; pH: soil pH; orgm: soil

orjanic mattâ content; pf2: soil field capacity; dim: colony dimension; abun: vole abundance

class; full star represents one binary variable gaz: graang prcence).

The first anis was higlúV correlated with perennial grass cover, distance to roa4

colony dimensions, soil pH, ruderat species percentage, mean herbaceous height and grass

species richness. The second alds is more correlated with soil field capacity, moisture

indicator species percenÍage, and sand and clay content in úe soil (table 3).

At the top right of the diagram quadrant (figure 5) is group W (annual grasslands)

thaÍ is descriffi by high values of annual grass cover, mean herbaceous heighÚ, grass

richness per m', únú and tree cover, sandy soils, and low values ofperennial gra§s cover,

moisture indicator species, distance to roa{ colony dimensions and no gaz;úS signs.

Group Itr (tall and perennial grasslands) is represented on the top left quadrant and is

chmasÍeriz3d also by high sand conteú inthe soil, coverof únubs and trees, brÍ high

colony dimensions and low soil field capacity and clay content, pH, organic matter,

nitrogen, ruderal species and vole abundance. Biophysical characteristics of remaining

Soups ane according to this view.

À
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The observed correE ondence in ttre eigenvalues and colonies relative position in

the figr,es htween the DcA and ccA ordinationq revears that studied oplanatory

variables are suitable for erylaining the differences in herbaceous vegetation composition

between grouPs of colonies.

Table 3. Correlations (r) between a:rc of species and explamtory variables.fr"t .fu canonical

correspondence analysii (cca) (intraset conêlation; (seg figrne 5 for variablc legend)'

Variable A>d§ 1 Ard§ 2 Alds 3

SG_m2
HMG
TG
d_roa
md_hh
tree
shn

ruder
moist
gÍaz
sand

clay
nitr
ph
oÍgm
pD,
dim
abun

-0.519
0.757
-0.492
0.560
-0.587
0.012
-0.038
-0.567
0.465
o.427
0.033
0.033
-0.095
-o.575
-0.165
-0.060
0.540
-0.254

0.005
0.421
-0.116
0.243
-o.024
-o.129
-0.313
0.400
0.626
0.191
-0.614
0.522
0.151
0.425
0.178
0.650
-0.115
o.230

0.113
-0.247
0.496
-0.112
-0.117
-0.328
-0.370
0.174
-0.012
0.140
0.251
-0.321
-0.331
-0.129
-0.538
-0.156
0.196
0.147

DISCUSSION

Gercral chaÍa§teri§tics of colonies

understanding general chmacteÍistics of vole colonies can be relevant for national

management plans. Our findings revealed úat most colonies occupy less than 500 m2' are

rocalized in edaphohigrophilous vegetation communities dominated by grasses and have no

preference by aspect position, ufuich is also zupported by AyíIÍu(1992)' Onthe othsr hand'

elevation values of Pornrguese colonies are lower (35 to 281 m) than those reported by the

same author (260 to 1520 m). This happens hcause úe Portuguese study areas blong to a

.lowrands, region of the Iberian peninsuta (Arentejo). Another distinctive characteristic is

üs high abundance of cork oak'montado' in Portugaf which is rarer in spain (Natiüdade

1990). HabitaÍ and vegetation descriptions of colonies occurring in the
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thermomediterranean btt are new dara for the Iberian Peninsulq as most spanish colonies

are within tle mesomediterranean btt (Fernández-salvador r99g, Rivas-Nlattlnez et al'

2A0?.a)

Floristic coryosition of colonies

psminant vegetation at the Cabreruvole colonies was an herbaceous stratum with

several small shubs or just one large cental shrub, the most frequentty bing Scírpoidcs

holoscluerrus, Cistus ladonifer, Dittríchia viscosa or Lavandula luísieri' Most common

plant species at the colonies weÍe Ágrostis castellata, Brba müima' vulpia mywos'

Gaudíniaírasttis ad Leontodon spp. (>80%). Ayanz (1992) refers few species of high

frequence (>80%), narnely A. costellatuat silicious soils and Bracltypodium phoenícoides

and scirpoifus holoschoenusat calcareous soils (not registered in the present study)' Also

most frequent species in the present study were found at low frequencies in Spain (40%)

and some were not registered at all, ltke Quercus suber' Phataris coerulescens' Agrostis

pourretíi or Serapías língua (Ayaru lggà)' These diffsrences can b explained by both

highersamiplesizeinSpainandvegetationdifferencesindistinctbiogeographicregions,

conducting to a higher variability in Spanish data'

Explanatory variables

Thetwoordinationsperformedreflectagradientofdisturbanceinthefirsta:res'

separating the meadows and tall perennial grasslands from úe annual grasslands and fringe

or synantropic vegetation The analysis of the CCA diagfam revealed that colonies at

subhumid rneadows and tall perennial grasslands (gpups I' II and III) had higher area

dimensions. on the other han4 g@tercolony dimensions were positively associated with

distance to road and grazing presence, and negatively associated with mean herbaceous

height, annual gnass cover, gra§se§ richness Ptr E2' proportion of ruderal species and soil

pH. This might indicate that those groups (I to Itr) may corre§pond to colonies with higher

habitat qualÚY for voles.

CCAanatysisexptainedrelativelylittteofthetotalvarianceinthedalz.a§pical

characteristic of this kind of analyses that can be attributed to high noise levels of species-

abundancedata(terBraak1986)'othsrvariúlescouldhavehenincluded"suchas

climaticonesorlandmanagemerthistory.However,preciserainfallortqerafinedata

weredifficulttoobtain,aswellasreliablequantificationofgrazingimpactinthestudied

colonies.
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Colonies of all geogfaphical areas are pÍe§ent at bth sides of commlnity §pes

(paennial vs. annual). Nevertheless, Grândola and Mora vegetation coryositions revealed

significant differences when coryred to Alandroat (see also ccA ordination diagrams)'

This latter region is locaÍed in the souith-east limit of the cabrrera vole distrib,tion re in

portugar, and colonies seem to h more fragpented and locarized (possibly due to lower

availabiliry of high quality habitat), which is zuggested by the higher difficutty in finding

colonies in this region This situation doesn't seem to occrlÍ in any of thç other

geographical aÍea§, as colonies are easier to find in diverse ecological conditions (S'M'

Santos, Prs. obs.).

The cabnera vole parameters under study, were dimensions of úe colonies

(occupied area) and an activi§ index ba§ed on number and type of presence signs (see

methods section). This last variable is the only ap'proximation ever done to establish a

relationship between vole signs and its abundance in the colony (Ayanz 1992)' but it was

never vatidated with trapping data Ahhough it may be positively correlated with number

of animals in the colony, it varies ttnougtr the year (Ayaru lgg2) and with colony

dimensions (smatter coronies teÍd to have higher spatial conceutrated pressÍrce signs)'

AlthougtL it was decided to include presence signs in üe analyses' dimension of the

colonies migtú be a better indicator for colony 'quality'. A colony that extends itself over

1500 m2, should have more quantity and divosity of resources (shelter' food and others)'

alongwithahighernumberofpossibleterritories(higherabundanceofvoles)thatcan

provide emigrant individuals to colonize smaller ones, possibly actrng as a sorrrce, within a

metapopulationsystem(Krobnelggz'Hanski200l'LinandBatzh2o0l)'

A study on meadow voles (Microtw penn'rylvanícus) tevealeda strong associaÍion

between the úundance of voles and coverage of Festuca spp' (Dooley and Bowers 1989)'

In frct, permanent grasslands have been associated with low intensified agiculture

landscapes and babitat quality for small malnmars @t'el etar.20M), and areas dominated

bylong-livedperennialscanpreventtheclimate-drivenfloristicfluctuationsbtween

years, §rpical of herbaceous-dominated systems of the Mediterranean (Lavorel et aL 1994'

sternbrg et at. 2000, Aguado-santacruz et al' 2oo2)' This suggests that perennial

grasslandscanprovidemorestabilityinthehabitat"evenifmostplantspeciesrarelycross

barriers such as roads or fields and are dependent upon the absence of severe soil

distwbances in the habitat,once they are frequently dependent upon bulbs' rhizomes or

stolons for re-colonization (suthedand 1995, Burel et al' 2004)'
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The subhumid meadow§ and manllred meadows with sedges have higher

probabilities of keeping moisture conditions (h1gh number of moisture indicator species

and highsr values of clay and soil field capaciry), reducing waÍer sfiess fuÍing the summer'

uften coryaed to the other describ€d colony qrpes (e.g- Rodrígpez-Rojo and Sánchs-

Mata 2004). Although Cabnera vole has developed physiological strategies to cope with

dry mediterranean conditions (Mathias et aL 2003, Santos d' aL 2W4)' bing a micmtine

gÍazsr,it is still depndent on fresh grass to obtain water for metabolism (MacArthr

ly:z\.Colonie with higher moisture conditions allow high€r food quatity for voles (Noy-

Meiretal.lgsg,Caughleyandsinctairlgg4)forlongerperiods'

High cover of trees and shubs were associated with tall perennial grasslands and

some annual grasslands with row moisture conditions, possibly providing microclimate

characteristics that avoid high water losses from the soil and herbs' NeveÍtheless' most

coronies were located at sites with high moisture retention characteristics when compared

to zurrounding areas (e.g. small drainage streams)' Indeed' many colonies (n:17) revealed

pÍesence of vestigial mediterranean temporary ponds, a prior§ habitaÍ included in the

Húitats Directive (E,ropean Çsmmission 1999), distributed asross all eight vegetation

groups identified and across all five geographical areas' Most common characteristic

species were Agrostis pourretíí and, Serapias lingua(bÚ also Juncus bufoníus'J' capitatw'

J. pygmaew and lllecebrum verticíllatun)' Overall ten meadow colonies included this

type of prrorrty ltribitat (six subhumid and four manured meadows)' In fow mnual

grasslands and even in both colonies of ruderal communities this habitat was also

recognizable. However, the corresponding dimersions, within the colony limits' was

reduced.

some of the most common grass species in the present study (>807o) are referred as

main food items of the Cabrera vole (vutpia spp., A. castellara, Bromw spp' and Brtza

maima)varyingfroml.7toZ4.2o/oofidentifieditems,eveniftheircoveravailabilityin

the colony is less thatlyo(soriguer and Amat 1988, Costa et al' submit)' other consumed

items include Holcus lanatus, Ávena barbata, Bromus diandrus, Phatuis spp' and

scirpoidesspp. (soriguer and Amat 1988, Costa et al' zubmit)' all frequent in the present

studycolonies?4»%).ThisinformaÍionindicatesúatmostconstrmedgrassesaremainly

amnuals,whichs@mstobecontadictorywiththehighecologicalvaluegivenheretothe

subhumid meadows. unfortmatery, this diet information is limited to apatr of colonies'

onewithnodataonplantspeciesavaitability(SoriguerandAmatlgss)andtheother

referring to an annual grassland-üke colony (costa et al' zubmit)' Because studies on

30



A análise davegeução

experimeúal food choice are lacking it is unknown if voles oselect' zubhnmid meadows

for food, microclimate conditions, vegetation strucfure oÍ úeher characteristics'

Nwertheless, diet studies have obtained very poor results, as only l3o/o to lgYo of the

faecal fragneú§ could be identified to genus level (soriguer and Amat 1988, Costa et aL

zubmit.).

Ahhoug[ annual grasstands (and even ruderals) can provide enough quality food

for voles, if perennial gasse§ aÍe saÍce, they do not proúde greon food during the dry

seatoL Besides this, high atnrndance of annuals indicates frequent disturbances (Lavorel et

ú.lggT,schweiger et al. 2000, Dupé and Diekrrann 2001), like mowing and ploughing,

which conduct to an increased ri§k of colony destruction or arga reduction These tlpe of

disturbances were shown to decrease voles home-ranges (M. arvalís ad M. canicaudus)

(woltr et aL 1997, Jacob and Hempel 2003). The higher plant diversrty and soil pH and

nuffients values, often associated with these annuals-dominared colonies, also suggested a

greater intenstty of human use and disturbance at these areas (Pitkãnen 2000, shackleton

2000, Boúin et aL 2002, critchley et aL 2002). Although granngwas associateü in this

study, with subhumid meadows and manured meadows with sedges, its historical pre§ence

could not be detennined and the observed signs seemed to be occasional' Several authors

concluded thaf. gra?Êdareas have, in average, high cover of annual forbs and lower cover

of perennial gru6ses and forbs and geophytes (e.g. Noy-Meir et al' 1989' Dupré and

Diekmann 2001). This clearty suggests thaÍ the 'gtazsd colonies' in the present study are'

in fact, areas with very occasional presence of grazers (úeep), once overgrazing is referred

as a theat to Cúrera voles, habitaÍ @ita et at zOM). Accordingly with Noy-Meir et al'

(1989), and Dupré and Diekmann (2001) in similar studies, the legumes abundance in

malnned madows (Alandroal trea), may indicate thaÍ these colonies had some grazing in

the past. No grazing signs were observed in colonies with presence of taxa qpical of high

ga?Êdsites, which zuggests that either they were gra"Êdin úe past, orthe reason for their

pÍesence was another tlpe of disturbance'

The mean height of herbaceous layer varied Hween intermediaÍe values (32'45

cm) and high values (45-56 cm). The laÍter ones were registered in annual grasslands and

ruderal nihophilous communities, with frst-growing species' All values obtained agreg

with findings on the Cabnera vole preference for high vegetaÍion cover and height ahve25

cm (Fernández-salvador 1998, Pita et ú. 2001 Santos et ú in press), a situation more

common in non-grazed areas §oy-Meir et al' 1989)'
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Several annual grasslands and rudeml and nitrophilous communities were located at

road verges, explaining the abundance of annual and ruderal qpecies (Lavorel et aL 1997,

Lugo and Ggcinski 2000, Schweiger et aL 2000). This road proximity may be associated

with a lack of optimal h1bfril.in other area.s, as these colonies are often separaÍed by fences

from adjacent high gliazÃareas oÍ frrming fietds (Santos ef al. in prep). Albeit these road

verges seem to b sub optimal húitat for Cúrera voles, úey might lre,ve a corridor

function when 5ffi3shing for optimat areas (Soulé and Gilpin 1991, Lugo and Gucinski

2000). On the other hanü five (41.7o/o) of these colonies and surroundings were ploughed

in summer by road maintenance works, conducting to reductions of 20 to 100% of

preüous colony dimensions. This type of intervention is common in the omontado'

systems (Pinto-C-orreial993) and in some road verges (Femández-Salvador 1998).

CONCLUSION

This study shows that the Cabrera vole occupies several tlpes of meadows and

grasslands with varying floristic compositions, moisture conditions, soil properties and

disturbance, providing specific data on the variabili§ of the species' habitat in Portugal.

The plant comrnunities include: subhumid meadows, tall perennial grasslands, perennial

grasslands, annual grasslands, manured meadows with tall sedges or brambles, and ruderal

nitrophilous and annual communities. Higher habitat quality, like colony dimensions,

sggÍns to be associated with meadows and perennial grasslands ,rvrth Agrostis castellana,

Festuca ampla, Braclrypodium phoenicoides, Plalaris coerulescens and Holcus lanatus as

main indicator species.

The close relationship btwen vole colonies and mediterranean temporary ponds

was an iúeresting rezult, being indicative of specific ecological requirements of the

species. This association tras high conservation value, once only a limited number of

Portuguese colonies are presently knonnL and mapping of these habitats may help colony

§urvey§.

A possible increase in number of colonies in zub optimal habitats may be of

conservation concerÍL In regions with more intensified agriculture and livestock

production, verge habitaÍs (hedgerows, field margins, roadsides, set asides) could be the

only available habrtat for the Cabrera vole. Comparisons of vole's fitness (abundance,

survival, re,production parameters) in meadows or pere, ial grasslands, with the one in

annual grasstands or road verges is an important iszue to be investigated in order to

understand the real impact ofúese activities on vole populations.
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The abundance of medows and perennial grasslands should be considered in fiÚure

.montado, management and in assessing the importance of different colonies for

corrsprvaÍion within an aÍea. An effort should be undertaken to prevent inte,nsive and large

scale plogghing in the 'mortados' (with protection of small drainage strems) and to

reduce the width of the rcwed strip verges in order to minimize damage in road verge

colonies.
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Road verges as húitat for the Cúrera vole: a vegetation analysis
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2 
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ABSTRACT

Tbe Cabrrera vole (Mícrotus cabrerae THOMAS 1906) is a theatened rodent showing a

fragmented dishibution along the Ihrian peninsura, that occurs in areas of tall gra§ses and

meadows. Ahhough specific microhabitat requirements have ben pointed oÚ for the

species, road verges are sometimes occupied. This study aimed the identification and

comparison of the floristic coryosition between road verge and meadow colonies'

vegetation was sampled n26 colonies in five geographical areas. cover of herbaceous

straÍum was sampled in prots of rxl m. severar variables concerning plant diversity,

Raunkiaer life-forms, ta:ronomíc group§, disturbance and soil properties were measured'

Data analysis was undertáken with Mann-Whitney tests and ordination techniques (DCA

and ccA). Road veÍge and meadow colonies of cabrera vole showed differentiated

herbaceous vegetation composition. Indicator species of road verge colonies corresponded

mainly to annual gra§§es and forbs, ruderal and niffophilous species' along with a few

prernials. In meadows, perennial gÍÍüi§es and moisttrre indicative species were more

coilrmo* Althoug! road verges had shown higher diversity in the most usually consumed

grasses in úe vole's diet, they evidenced several dimdvantages Í§ an habitat' such as

higher disturbanceo lower moisture availability during the summer and reduced colony

dimensions. Possible ecological consequences of road verge management are discussed in

the light of species conservaÍion goals'

Key-words: floristic composition, Indicator species Analysis, linear habitats" Microtus

cabrerae, Portugal
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INTRODUCTION

The cabrera vole (Microtw cabreraeTHOMAS 1906) is an endemic rodent for the

Iberian Peninsula, distributed along tbe Ib€rian mediterranan region, and tisted in Portugal

and spain as vulnerable (Portugpese Red Data Booh in press, Palomo and Gi§b€rt 2002)'

The spocies occurs locally in smafl colonies, often of less than 500 m2 (Ayanz l»2'

Fernrández-salvador lggg). Main habitat requirements of the spcies include high grass

cover and height, associated with meadow areas, rush/sedge communities and grasslands

with high moisture conditions during the dry sea§on (Ayanz lgg2, Fernández-salvador

lggg, Landete-casti[ejo s et al. 2000, Pita et al. 20o3). These habitat tlpes are patchy

distribúed showing a varying degree of connectivity and are frequently surrounded by sub

optimal or inhospitable habitats.

Fragmentatíon and destruction of natural habitats is currently considered to be the

major threat to wildlife populations (Johannesen et a1.2003). At local and regional scales'

land-use changes Íúe among the most immediate drivers of species diversity' Jhs major

tlneat to Cabrera vole conservation was referred to be habitat loss and destruction though

many activities zuch as grazing, fire, ploughing and agriculture conversion (Fernrández-

Salvador 1998, Pita et al. 2004, S.M. Santos, qryubl'), leading to an increased

fr agmentation o f PoPulations.

The cabirera vole is considered a specialist herbivore, consuming mostly grasses

and other monocotyledons in high proportions (soriguer and Amat 1988, Costa et al'

2[ar.Atthough just a few diet studies onthe species have been carried ou! it is believed

that vores consume the availabre grass species occ,rring within the colony timits (soriguer

and AmaÍ 1988).

DuringaprevioussurveyofthespeciesdistributioninsoÚhernPortugal(S.M.

sautos, in prep.), the frequent occuÍre,lrce of well established colonies in road verge

habitats was registered. Although the iszue has been highrighted in a recent study in spain

(Fernrández-Salvador 1998), úis is a new situation for Portugal and besides ths high

frequency of occurre,lrce wa§ rmexpected'

several sfirdies, in the last decades, referred the ecological value of hedgerows and

field margins for biodiversity (lúarshall and Moonen 2OO2), and in particular flora

(McCollin et a:.2000, BoÚin et a|.2002, Aude et at.2o04) and fauna' Many contribtrtions

focused on bird communities (IúacDonald and Johnson 1995, PaÍish et al' 1995'Fuller et

at.200l),and a fewer on small mamrnals (Paillat and Butet 1996, Tattersall et al' 2002)'
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Data reporting the ecological value of road verges for small mammals aÍe even more

scarce @ellamy et al.20t}0, Brock and Keh 2004)' Roads can have a significant negative

iryact onthe envhonment by tranwosing areas of suitable wildlife habtrar"and are one of

tfie mog dstnrctive elements in the habitat fragpeutation pÍocgs§§' How€ver' they can

also have an important ecologicat conidor firnction @ennett 1991, viles and Rosier 2001)'

The main goal of our study is to evaluate the importance of road verg6 as habitats

for the Cúrera vole. To achieve it, we addressed the following qrrestions: l) does

vegetation coryosition differs between colonies in road verges and colonies in meadows?

2) which plant species can be regarded as 'toad verge" indicators? 3) how vegetation

differences between road verges and meadows correlate wiú explanatory variables? 4)

how these differences are expected to affect cabrera vole ecological requirements?

To answer these questions, floristic corysition was studied in road verge colonies

and compared with meadow colonies data. understanding the community composition of

these two corony tlpes migth read to the understanding ofthe disturbance regimes that play

inthese environmerÚs.

STUDY AREA

This study was carried out in five geographical areas of southern Portugal

(Alandroal, Morq ciborro, cabrrela and Grândola;725',W-825'W to 38o08'N-3tr55',N)'

along an east_west rongitudinar blt from the spanish border to the Atlantic coast of about

120 km.

TheclimateisMediterraneanwithannualrainfallof500toS00rnrr(Grândolawith

700-800 mm and Alandroal with 500-700 mm), meaÍr annual temperatures of 15 to 17 '5oc

(Grândolawithl6.lT.5"Candtheremainingareaswithl5-16"C)andinsolationvaluesof

2800 to 3100 hper y@r (Alandroatwith more than 3000 h and cabrela' ciborro and Mora

with 2800-2900 h). All areas aÍe under 300 m as'l' and soils are mainly acid

@nvironmental InstitrÍe 1 995)'

Main landscape corresponds to the Iberian open woodland of cork or holm oak

(Quercus suber and a. rotundifutía), designated 'omontado" (Pinto-c-orreia and

Mascarenhas rggg).Dominant land uses are extensive agricurture (cereal' fodder), caÍtle

and sheep gmzIÍrg, hunting and forestry (PirÚo-correia and Mascareúa§ 1999)' High
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livestock densities and intensive shrub clearing are the main disturbances to these systems

@into-Correia and Vos 2002)-

MATERIAL ANID METHODS

Colonies identifrcation

Cabrera vole colonies were surveyed befween February and March 2004 in

potential habitat aÍeas: small drainage s6eams with high perennial gÍasses, grass meadows

with high soil moist,re, and road verges (e.g. Fernández-salvador 1998, Mathias 1999)'

Colonies were identified by vole presence signs: runways, fresh droppings and

grass clippings (Ayanz lgg2,Delattre et al. 1996, Fenuândez-salvador 1998, Iarbrn et al'

2000). on the basis of these pre§ence signs, a vole abundance clas§, in a scale from 1 to 4'

was attributed to each colony (adapt. Ayanz lgg2) and the area occupied by each one was

estimated.

In each study dr4t..q, a value of 100 m2 was established as colony minimum

dimension for data samPling.

Vqetation samPling

The vegetation sampling was conducted from March to July 20O4 ort26 Cabreru

vole colonies: five in Grândola, cab,rela, cibono and Alandroal, and six colonies in Mora'

Road verge colonies (n:13) were considered when at distances of less than 30 m from a

paved road, while meadow colonies (n:13) were considered when distances were moÍe

than 80 rn, including meadows and other vegetation communities. verge colonies included

12 secondary paved roads with low traffic volume, and only one national paved road with

high traffic volume.

Two corylementary methods were used to survey the vegetation in each colony'

The coryosition and cover oftee and shrub strata were determined by searching for every

species growing in each colony. The tree sEdum included all woody species higher than 3

m; the shub stratum thus corresponded to all woody species under 3 m in height

(Hunrphrie s et al. 1996). cover and height of woody species in the Úee and shrub strata

were calculated by visual estimation and averaged to an overall percentage in the colony

@ullock lggl,Boúin et at.2002). Herbaceous vegetation was surveyed in I x 1 m plots'

by stratified random sampling (e.g. sorrels and Glenn 1991, Kent and coker 1992)'

47



Ás colónias de berma de estrada

Colonies weÍe shatified by differences in slopes, soil moisttge, sil tlpe or marked

differences in vegetation @lzinga et at. lggg). Three to six plots were dilstributed along

each colony and psr visit, according to number of strda defined and colony area

(thee/four plots if occupied areas were under 300 m2, five plots for 300 to 600 m2 il@s,

and six plots for occupied areas above 600 m2) (Dutry and Meier 1995)'

Cover and hsight of all herhceous species were recorded within each plot. Total

canopy cover percentages ofthe herbaceous vegetation and bare ground were assesssd by

eye (0-10tr/o).

A total of l9l plots was sampled: I 13 in a first visit round and 78 in a second one

(to confirm some late flowering grasses).

Nomenclahtre ofplant ta:ra followedNova Flora de Portugal (Franco 1971, Franco

1984, Franco and Rocha-Afonso lgg4, Franco and Rocha-Afonso 1998, Franco and

Rocha-Afonso 2003). A few species (e.g. Leontofuz spp. atdCarlina spp') were identified

only to ge111.s level, while others (e.g. Poa spp., Vicia spp., Galium spp') were identified to

species, but pooled after to genus level.

Species were divided into several categories including lifesparu Raunkiaer life-form

(e.g. geophyte, hemicryptophyte, therophyte), moisture affinity, ruderality and nitrophily'

according to Noya Flora de Portugal and Valdés et al. (1987), and fluarte et al' (2002) for

moishrre indicators.

Soil sampling was carried out at 15-20 cm depth in all colonies during August 2004

for obtention of soil textgre (sand and clay content), pH' organic matter content and water

retention capacity (field capacity). Analyses were carried oÚ at the Soils Physics

Laboratory of Phytotechny, Department of the University of Evora

Each colony was charact eÍtzsd by 25 explanatory variables concerning topography, plant

diversity, Raunkiasr life-forms, taxonomic groups, disturbance and soil properties (table

l).

Data analysis

Floristic coryosition matrices were built with herbaceous species data only, while

shrub and tree data were considered in the analyses as explanatory variables'

For evaluation of dissimilarities in plant species composition between meadow and

road verge colonies, data were zubjected to multi.re§poÍrse perrrÚation procedure (MRPP)

which permtÍes the abundance of species btween colony tlpes and compares their

Euclidean distances analogous to one-way analysis of variance (McCune and Mefford
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lggg,Muotka et a\.2002). Detrended coÍreE)ondence analysis (DCA) was performed to

evaluate grouping of the two colony tJpes according to úeir floristic coryositions (e-g.

Jongman et al. 1995) with downweight of rare species (Cowlishaw and Davies 1997) and

defre,rrding by segmeús opins (Jongman et al' 1995)'

plant species characterising the road verge colonies and the meadow ones were

determined by indicator species analysis (IS.d Dufrêne and Legendre 1997). This method

combines information on species úundance and Êequency in eithsr verge or msadow

colonies. It produces indicator values for each species in the goups. The indicator values

range from zero (no indication) to 100 (perfect indication). Both MRPP and ISA methods

are tested for statistical significance using a Monte Carlo test (499 permÚations) @ufrêne

and Legendre 1997,McCune and Mefford 1999)'

Explanatory variables were coryared between the two §pes of colonies using the

Mann-Whitney test Q^aÍ lggg\. Non-paramefic tests were preferred kcause of small

sample sizes.

A direct gradient anatysis (CCA or Canonical Correspondence Analysis) was

applied to the vegetation data and to the significant variables in the Mann-Whitney tests

(with p<0.05). Variables with ecological relevance were also included in the analysis'

Decision on the final number of variables to enter in the analysis depended on obtaining a

compromise bstween high values of explained variance, and significance of both

eigenvalues and explanatory correlations at the anes. This ordination method was used to

evaluate the pattern of variation in plant composition in colonies that can be best explained

by the explanatory variables (ter Braak 1986, Jongman et al. 1995) providing a summary

of the species-variables relaÍionships (Jongman et al. 1995). ParameteÍs ured to interpret

these ordination rezults included the eigenvalues and intraset correlations (er Braak 1986,

Jqngman et at. l99S). The Monte Carlo permutation procedure was used to investigate the

statistical significance of ordinaÍion axes (499 permutations). Explanatory variables were

standartized to zso meaÍr and unit variance (er Braak 1986).

Cover percentage of each plant species, in the herbaceous stratum, was used in both

ordinations techniques withoú transformations (Moustaà and Zaghlout 1996).

PC-ORD version 4 (McCune and Mefford 1999) was used for MRPP, Species

Indicator Analysis, DCA and CCA CAI{OCO for Windows version 4.5 (tet Braak and

smilauer zap»was only used for DCA and CCA plots, once it allows the representation of

binary environmental variables. SPSS 10.0 (SPSS lnc.1999) was used for Mann-Whitney
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tesÊs and other ordinary statistical analyses. Significance is reported at 0=0.05 level, unless

noted otherwise in the text.

RESULTS

Floristic composition difrerences

A total of 186 vascular plant species were registered in all cotonies; 145 of úese

occurred in the road verges (3 trees, 18 shrubs and 124 herbs and grasses), while 144

species were present in meadow colonies (5 trees, 18 shrubs and 121herbs and grasses)'

Fifty-six percent of úe total number of plant species was common to bth colony tlpes

(two trees, 12 shrubs and 90 herbs and grasses). A moderated number of species were

exclusive to each of the tw'o colony types: 22Yo of species (one tree, six shrubs and34

herbs and grasses) for road verges and another 22o/o of spcies (two tees, six shubs and 33

herbs and grasses) for meadow colonies.

The herbaceous floristic coryosition of the two colony types registered significant

differences (MRPP test: T:2.655, P<0.05).

The DCA ordination rezults are shown in figUre l. The eigenvalues were 0'448 in

the first axis (horizontal) and 0.322 in the a>ds 2 (vertical). There was a clear tendency of

road verge colonies to b positioned on the right side of the figure, while meadow ones

were onthe left side (axis l). The second a:ris indicated a heterogeneity gpdient'

Most of the colonies of different geographical aÍeas were distributed over several

plot quadrants (figrne 1). Exception is made with Mora colonies, placed at the centre, that

presented an intermediate floristic conrposition between úe two type of colonies' On the

other hand, meadow colonies M6 and A7 seemed to have road verge characteristic species,

which placed them in the right side ofthe figue-

Results from Indicator Species Analysis (ISA) showed that road verge colonies

were characterized by the indicator presence of Coranlvus uven§is, Cerastium

glomeratum, Geraníum molle, Sherardia arvensis, Parentucelía vi§cosa, Galactítes

tomentosa, Cynwa humílis, Sonchus oleraceus, Anfuiata íntegrifolia, Gyrnndriris

sisyrinchium, Bromus dían&us, Bromus madritensts and Holcas lanatus (appendix 1)' Of

the 13 road verge indicator species (P <0.10), §even have annual life cycles, five are

ruderal and two are nitrophilous species. Also, only few of these species reached high
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cover values in road verges, such as Bromus fiM&itensis (mar16%), Bromus dian*us

(llrax=-6%) and Holcus lanatus (marlO%).

3.0

q
fi,

ú?
o

I

-0.5

Figure f . DCA plot ordination of 13 road verges and 13 madows colonies, and 152 herbaceous

plant species. Túe colony typc are superimposed (full square road verge colonies; empty squaÍe:

madow colonies); capital letters represent the five geographical areas (G: Grândola, B: Cabrela, C:

Ciborro, M: Mora, A: Alandroal).

Other species lke Agrostís castellana, Festuca ampla, Holcus mollis, Scilla

ramburei a11d Jurrcas acutiflorus were ecological indicators of meadow colonies, alkit

their indicator values were lower (appendix 1). Only the first two species were important in

terms of cover aÍea (> l0o/o), all five were perennial species and all indicate moisture

conditions tpical ofmeadows, excepting A- castellana.

On the other hand, there weÍe frequent species (llo/o cover) and common to both

road verge and meadow colonies. These were Geranium dissectum, Linum bienru,

Plantago lagopus, Coleosteplrus myconis, Hedypnois cretica, Leotodon spp., Vulpia spp-,

Avena borbata, Bromus hordeaceus, Briza mmima, Cynodon dactylon, Lolium rígidum,

Platwís coerulescens, Holcas annuus, Dactylis glomerata, Csrex spp. and Cyperus longus

(appendix 1).
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Exp}matory variablm

Results of median coryrisons between road verge and meadow colonies atEibúes

are preseded in table l.

Table 1. List of 25 explanatory variabls used in this study, mdian and range value in madow
ard road verge colonie, and reults of Mann-Whirhrey U tÉsB (Thy twt for binary variabls) and

P-value.

Vartgbh Ir€§cÍtÉion
Meadsr
cdsafus

Rmdwrge
§d@h§

Univaride
úcS Pvalue

DIM

WIDT}I

ABT.IND

H'

EVEN

SG_m2

BAR

TREE

STIRU

MD_HH

RI.'DER

MTRO

MOIST

}IMG

TG

srrR_r00

S-RAI.]N

H-RAT]N

GRAZ

N

PH

ORGM

PF2

SA}ID

CLAY

450
(200-24s0)

t4
(7-3s)

3
(14)
2-55

(r.47-3.rs)
0.6t

(0.454.83)
2.2

(1.4-3.4)
9

(3-16)
4

(0-rs)
25

(10{0)
39

(3248)
r4.6

(Ç22)
3

(0-E)
34

(15-s0)
42

(G7t)
I

(l-2E)
I

(a2)
t

(4-r0)
t.28

(0.E-2.0)
0

(0-l)
0

(cl)
5-8

(s.4ó.4)
2.4

(14)
20

(6-35)
46

(l+8o
l7

í5-46)

240
(r0G744)

4
(2-10)

2
(t-3)
2.7E

(2.0r-322)
0.74

(0.5e{.81)
3.75

(1.674.67)
6

(4-16)
4

(o-70)
35

(r{0)
40

(32-s6)
18.6

(t4-2e)
7

(2-e)
t7

(r2-38)
22

(n-2e)
17

(2-53)
2

(I.E)
I

(4-r0)
1.80

(1.c2.0)
0

(0{)
I

(Gt)
5.8

(5.3{.e)
1.8

(14)
il

(8-31)
69

QLTe)
l8

í8-33)

2t0

4S

70.0

50.5

5E.0

t2s

73.5

73.5

67.0

63.0

u.5

35.0

33.0

25.5

43.0

3r.5

75.5

,í0.0

4.A6"

0.234',

73.0

66.0

G.5

6',1.0

84.0

<0.01

<0.m1

n§

Íls

rui

< 0.01

Íul

ffi

ns

ns

< 0.115

<0.llli

< 0.01

< 0.01

< 0.05

< 0.01

rut

<0.ffi

<0.ü;

n§i

n§

nsi

n§

ns

n§

C.olony dimension (m1

Colony width (m)

Vole abundance class (l-4)

Sharmon's diversity mesure

Evenness of H' diversity

Numbcr of grass species per m2

Bare soil msan oover inthe oolony

va
Tree oover in the oolony (7o)

Shrub aover in the oolony (7o)

Mean her.baceous height (m)

Proportiur of ruderal species in the
colony (%)
hqortion of nitrophilous spies in
the colony (%o)

Proportiur of moisnne indicator
species in úe mlony (7o)

Hunioypúqhyte or perermial grass

cover (%o)

Therophyte or annual grass cover (7o)

Number of shrub species per lfi) m2

Number of Rarmkiaer life-forms

Shannon's diversity of Rarmkirer
life-forms
Presenoe ofgrazing signs irnide the
oolony (0/l)

North errposurs ofÍhe colony (0/l)

SoiI pH

Soil organic mmer clufisú (Yo)

Soil wder retenti ot ryc,rty ú. 2.54
pF (field capasity)

Soil sand oontem (7o)

Soil clay content (7o)
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Colony dimensions were lower in road verges Q40 m2) than in meadow colonies

(450 m2; P <0.01) and colony width was also lower in road verges (4 m) when coryarcd

with meadows (7 W P <0.001). Vole's abundance showed no significant differences.

North exposure was not associated with colony t1pes, bx gÍaz:lng was associated with

meadow colonies (table 1).

In what conceÍns vegetation suucture, no differences were registered for medians of
tree, shrub and bare soil cover, and herbaceous vegetation mean height bstween the two

colony types (tablel).

Road verge colonies registered higher grass species richness per m2 (P<0.01),

higher diversity of slrub species per 100 m' 1P<0.01) and higher diversity of Raunkiaer

life-forms (P<0.05) when compared with meadow colonies. On the contrary, species

diversify, species evenness and riclmess of Raunkiaer life-fonns did not show any

significant differences between the two tlpes of colony (table 1).

Higher proportion of ruderal (P<0.05) and nitrophilous species (P<0.05) and lower

proprtion of moistrne indicator species (P<0.01) were found in road verge colonies, as

well as higher cover of annual grasses (P<0.05) and accordingly, lower cover values of
perennial ones @<0.01), when compared with meadow colonies (table 1).

Soil characteristics revealed no significant differences between colony types,

namely pH, organic matter, field capacrty and sand and clay content (able l).

The direct gradient analysis (CCA) performed on 13 variables obtained eigenvalues

of 0.448 (P<0.01) in the first aris and 0.382 in the second (P<0.01), bth axes explaining

l9.l% of the data variabilrty (fie. 2,table 2). Values of correlation were 0.979 (P<0.01) for

axis I and 0.955 (ns) for a:ds 2. First oris represented a gradient btween the two colony

§pes: meadows and road verges.

The CCA plot (fig. 2) showed that several variables were positively associated with

road verge colonies (first ards): grass richness pêr D2, annual grÍNs cover, proportion of
ruderal species and shub richness, and negatively withperennial grass cover, proportion of

moisture indicator species and colony width and dimensions. The second a:ris represented

a gradient of shrub richness and sand content in the soil (positive side) and high proportion

ofruderal species (negative side).

The observed eigenvalues in DCA and CCA were almost identical, which implies

that the variables selected were good predictors of the coryositional variation
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-1.5 2.0

Figure 2. CCA ordination of l3 road verges and l3 meadows colonies, and 152 herbaceous plant
species with 13 explanatorry variable. Longer vector lins represent stronger *intraset correlations"
(after ter Braak 1986). The colony typc are superimposed (full square road verge colonies; empty
square: meadow colonim; full triangle:^explanatory binary variable); @xplanatory variable as

SG_m2: number of grass species p€r m'; HMG: perennial grass cov€r; TG: annual grass cov€q
dim: colony dimension; shr_100: number of shrub specie per 100 nt'; ruder: proportion of ruderal
speies in the colony; nitro: proportion of nitrophilous spwic in the colony; moist: proportion of
moisture indicator spcies in tlre colony; H_Rau: Shamron's divosity of Raunkiaer gtrotrys; width:
colony width sand: sand conte,nt in the soil; graz: preseÍncdabsence of grazing sigts).
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Table 2. Corelations (r) between axe of species and explanatory variables from the canonical

correspondence analysis (CCA) (intras€ú correlation) (VERGE: colony tlpe; see table I for Íhs
other variablc legend).

Variables Axis I Axis 2
VERGE
SG_m2
HMG
TG
DIM
SIIR_I00
RT.IDER
NITRO
MOIST
H-RAU
WIDTH
GRAZ
SAI{D

-0.502
{.535
0.835
-0.514
0.549
-0.508
-0.515
4.441
0.583
-0.3M
0.655
0.475
4.051

0.042
0.149
0.166
0.r66
4.223
4.527
0.545
0.264
0.471
-0.493
-0.055
0.1t8
-0.559

DISCUSSION

Road verge and meadow colonies of Cabrera vole had distinct herbaceous

vegetation composition. Indicator species of road verge colonies correspnded mainly to

annual gÍasses and forbs, ruderal and nitrophilous species. In meadows, perennial grasses

md moisture indicative species were more corlÍnoll.

Road verge colonies showed higher coveÍ values of annual grasses, ruderal and

nitrophilous species, higher grass and shrub species richness, higher Raunkiaer life-forms

diversity, lower cover of perennial grasses and low abundance of moisture indicator

species. Other characte,Íistics included lower colony dimensions and width, and graz.mg

signs úsence.

Overall, in the five geographical areas studied, bth road verge and meadow colony

tlpes weÍe found. Verges of Mora had intermediate floristic compositions which placed

them inthe ceúre ofordinations diagrams.

Some of the most frequent species in bth colony tlpes are c,ommon in the Cabrera

vole's diet. These arc Vulpia spp., Agrostis castellara, Bromus spp., Brim müima, Holcus

lanatus and Avena barbata (Soriguer and Amat 1988, Ayanz 1992, M. Costa et al.,

zub'mit.). Figrne 3 shows the numbeÍ of colonies where each of l8 species/genera referred

as diet items occurred, and figure 4 shows the mean cover ofthe same tara in the colonies.

From the most consumed species EIoup, Agrostis castellara was the only species with
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higher cover values in medow colonies, all other five had higher cover in road vergeg and

üs mainly annual species, excepting Holctts lanatw. Other consumed items inctude

ryocies common in road verges, but more úundrut in meadows (Plwlmis sp. md

korpfurus sp.). In road verge colonies, the six most consumed and refe,lred plant species

were common (n > 7 colonies) and abundant (1.5% to l0% cover). Occasionally, less

common species (Braclrypodiwn plaenicoides, Poa spp., Scirpoides sp., Phalwis sp.)

reached almost 5o/o cnver inside road verge colonies (figrrres 3 and 4). Medow colonies

hd also high frequence of six of the most consumed species, but their abundance was

nnder 3Yo cove4 except for A. castellarw which reached rnalues of 22o/s cover. Other

species, ltke Phaluis sp., Scirpoides sp. and B. phoenicoidcs had more tlan SYo cover in

these colonies (figrrres 3 and 4). Based on these comparisons, it seems thaÍ road verges do

not presenúed serious limitations in terms of availabilú of diet items, úlríng the study

period. In frct, they showed higher diversity among the most consumed grasses.

Disadvantages of road verge colonies should be more important in terms of other physical

conditions, such as habitat disturbance, moisture availability during the dry season and

habitat dimensions.

Scorpiurus vermiculatus

Calenduh arvensb

Planbgo lanceolata

Hypochaeils ladlcata

Phleum pratense

Brachypodlum phoenboidss

Poa sPP

Cynosurus

CaÍêx spp

CoÍynophoÍLrs sp

Schpoldes sp

Phala6 sp

Avena hrbata

Holcw lanaürs

Brtsa maxim

Bromus spp

Agrostls castalbna

Vulph spp
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gVeÍgos

0 5íO
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Figure 3. Frequence of occurrence in studied colonic of plant spoim referred as food items of
Cabrera vole. Vulpia spp,l. castellnna, Bromus spp., B. müirna, H. lontus aÍÃÁ. barbata xe
considered the most consumed species (Soriguer and Amat 1988, Ayanz l992,M.Cosb. et al.,
submit.).
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Scopiurus venrhrbtus

Catetduh arvensb

Planbgo hnceolata

Flypochaerb radbab
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Figure 4.Mancover perceÍrtage in studied colonies of plant sp@ies referred as food items of
Cab,rera vole. Vulpia spp, Á. castellana, Bromus spp., B. müírna,H lonatu.s and Á. barbata arc
consid€red the most consumed species (Soriguer and Amat 1988, Ayanz 1992,M. Casta et al.,

submit.).

High abundance of annual plants (short life cycles and dispersion by seeds) indicate

high frequency of disturbance (Lavorel et al. 1997, Schweiger et al. 2000, Dupré and

Diekmann 2001), while perennial gmsslands are associated with low intensified and

traditional agriculture landscapes and high haffizlt quality @urel et al. 2004). Also,

communities dominated by annuals and with low moisture conditions offer no guarante€ of

gre€n food during the hot and dry Mediterranean summer. Although road verges can

proüde a high diversity of food items, their nutritional quality (protein, fiber and water

coffeut) úould b lower when compared with meadow colonies. White et al. QO04)

verified thaÍ, in low fertility soils, high grassland diversity was associaÍed with low plant

growth raÍes and low dry múter digestability, which is indicative of low food qualiry in

Íoad verges. Furthermore, úrring the summer, ild when most annual grasses become

senescent, protein content decline to 2-3% (Caughley and Sinclair 1994).

Most common interventions in the study areÍts and surroundings include high

grazlrng pressure, land ploughing (e.g. Pinto-Correia and Mascareúas 1999) an4

specifically in road verges, mowing or ploughing works. In a recent work on plant
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diversity in road verges, it is concluded that road construction and maintenance activities

(like vegetation removal) are the main factom 66aftslling road verge communities

composition (P.J. O'Farrell and S.J. MiltorU in press). Several colonies of road verges

(r8) were delimited from adjacem ams by fences, ufrich proved to be esseúial, in some

cases, for the maintenance of adquate habitat structure for voles, lifts high herbareous

cover and height (e.g. Pita et a|.2003). In six ofúe'Tenced" colonies, adjacent areas w€re

overgrazed by úrle. These highlights one of the major adjavartages of verges in

protecting the herhceous vegetation cornmunities from gÍa?.mg (Burke et al. 2003, P.J.

O'Farell aod S.J. Milton" in press), allowing the establishmenÍ of taller grasses (Bellamy

et at. 2000). Although grazing presence was associated with meadow colonies at CCA

ordinatiorl the high cover ofperennial species is typical of ungrazed grasslands (Noy-Meir

et at. 1989). According to the low number of observed signs, gr:azrnglrresence, drrring the

studied perio{ was rare and occasional throughout the year. Grazing signs (rnainly sheep)

were detected only in forn meadow colonies, in all geographical aÍeas, except in Cab'rela.

Agriculture was only present in the immediate vicinity of two colonies (a rice field and a

cereal cÍop).

High richness of shrubs and diversity of Raunkiaer life-forms in road verges were

observed in some Cabrela and Cíborro colonies, more similar to a §'pical hedgerow

structuÍe an{ although plowed/mowed, there was a shrub patch that remained and the

colony persisted there. This persistence and developing of shnrbs richness and Raurkia€r

life-forms diversity is associated with lower disturbance frequency, due to verge

topography or pÍesence of a fence that consfrained road maintenance works. This

conclusion is suported by low abundance of annual grasses, and few ruderal or nitrophilous

species in these colonies.

Main observed disturbance in road verge colonies was vegetation removal in the

strrnmer (verge clearing). Although executed only once a yul, it happens when climatic

conditions are less favourúle for úe Cabrera vole and changes drastically the habitaÍ

within seconds. If the entire colony was mowd animals disap€ard (one observaÍion); if
only a part or limit ofúe colony was destroyed, then animals could persist in the area (fotr

observaÍions).

Cabnera vole population mean densrty varies from 12 to 93 individuals per ha

(Femrández-salvador 1998). According to varying colony dimensions preserúed here (240

m2 in road verges and 450 m2 in meadow colonies), the corresponding number of

individuals would range from I to 2 n smaller colonies and from I to 4 individuals in
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meadow colonies. In &§t, live trapping data from GÍândola aÍeaÍevealed numb€Ís of 2 to 3

individuals per m€dow qpe colony @osário et at. 2004). These numbers are §pical of

rare species occurríng in fragmented areas, such as the Microtus tatrícas of Carpathian

Motmrains with densities of 0.2 to28.6 individuals per ha (IúaúÍnková and fludich 2003).

Consequences of the smaller dimensions of road verge colonies should b a higher

wlnerability of voles, due to lower number of individuals and sfonger edge effect, leding

to a higfter local extinction risk, depending on the connectivity with other suitable patetres

(B€únett 1991, Saunders et at. L99L, Krohne 1997). Also, higher edge:area ratio could

increase predation risk (Soulé and Gilpin 1991, Jacob and Hempel 2003). B,ellany et al-

(2000) suggested thaf 4 m might be the minimum habitat width for Microtus agrestis trr

road verges. The range and median values observed in verges in the present study (2-10 m

md 4 m, respectively), might indicate that minimum values for Cabrera vole can be

slightly lower than suggested for M. agrestis. Indee{ a study on Microtus pemsylvanicus

revealed that corridors with I m wide were enough for siú dispersion (La Polla and

Barrett lgg3). Moreover, there was no association betw'een Cab,rera vole abundance signs

and colony width (Spearman correlation: rr= -0.005, ns).

Other common small mammals are known to Êequently use linear habitats, üke

Clethrionorrys glareolus (Tattercall et al. 2002) or Peromyscus leucopus md Microtus

pennsylvanícus (LaPolla and Barrett lggs,Merriam and Lanoue 1990). The present study

confirms also the importance of these habitats to the Cabrcra vole, a theatened species.

There is no information on whether road verges fi:nction as corridors or sink habitats for

Cabrera vole. In either case, they should provide benefits such as extra foraging areas,

refuges from adjacent disturbances and, in the case of corridor function, increase animal

movements when searching for opimal habitaÍs (Sarmders et al. 1991, Soulé and Gilpin

1991, Szacki and Liro 1.99l,Lugo and Gucinski 2000).

CONCLUSIONS

According to Henle et al. QOA4), the Cabnera vole holds some of the most

important biotogical characteristics of a highly sensitive species to húitaÍ fragmentation,

namely, low natuÍal abundance (Fernández-Salvador 1998, Iv[athias 1999), low

reproductive potential (Fernández-Salvador et al.200l), moderate or low dispersal ability

and specialised habilfr. requiremeuts (Fernrández-Salvador 1998, Pita et al. 2003, S-M.

Santos et al., in press). Road verges may be a valuable refuge habitaÍ when graz.ng and

agriculture irúensification don't allow the existence/persistence of meadows. These verges
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may also have an important role as dispersal corridors. However, habitat quality in the

verges is lower and colony size is reducd. So, in areas ofagriculture iúensification, urhere

fragmentation tends to b higher, arqs for reestablishment though rehabilitation and

rwegetation of meadow colonies should be considered in spies conservation ptanning.

Future studies shoutd focus on differences in fitness of individuals inhúiting these two

habitaÍ tj/pes, inctuding rates of mortality related with road-killing.
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Àppendix 1. List of plant spoies id:-ntifid inside road verge colonie and madow colonim of

cabrera vole in southern of Pornrgal (freq: number of colonic with prcence of Schltant species'

covd/ozman percentage of cover where it o""*, IV: Indicator value for each oolony type and

significanso of Monte õailo tesB i p<O.OS, ** í<0.01, **'r.P<0.001, rn: not calculated; ISA

meúhodology applied only to herbaceous tdio; species occurring in lcs tJmn thre colonie were

excluded from the list).
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Annendix 1. C-ontirued-
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4. FINAIS

Aanrálise davegetação

As 26 colónias de rato de Cabrera seleccionadas no presente trabalho, estavam

distribúdas por Grândola (5), Cúrela (5), Ciborro (5), Mora (6) e Alandroal (5).

A vegetação mais comum nas colónias era estrtrturalmente constituída F)Í um

es6do herháceo acoryanhado de arbustos isolados e de pequeno prte, ou um gupo de

arbtrstos centrais de grandes dimensões, mais frequentemente com Scitpoides

holoschoenus, Cistus ladander, Díttrichia viscosa ot Lwandula luisíeri-

As espécies vegetais mais frequentes nas colónias foram: Agrostis castellana

(yyo/o), Bríza muima (85%), Vutpia nryaros (85yü, Gaudínia fragilís ($lYo), Leantodon

spp. (817o),Avena barbata(77%), Bromus hordeaceus (77%) eTolpis barbata(77o/o)-

As colónias foram classificadas em oito grupos de comunidades vegetais que

incluÍram prados zubhúmidos, arelvados de gramíneas altas e perene§, prados

intervencionados, arrelvados dominados por especies anuais, e comunidades herhíceas

dominadas por esy'ecies anuais, ruderais e nitrófilas.

Os principais gradientes relacionados com as diferenças florísticas encontradas

referem-se àiquezaespecíÍica de gramíneas, à cohrtura de gramÍneas anuais e perenes, à

cobertura de árvores, ao pH do solo, as dimensões das colónias, à abundÍLncia de espécies

indicadoras de condições de humidade, à distância até à estrada de alcaffio mais próxima,

à presença de indícios de pastoreio, à capacidade de caryo e textura do solo, à abundância

de especies ruderais e à altura davegetaqão herhácea

Os prados zubhrimidos e os arelvados de gramíneas altas e perene§ mostraram

oferecer melhores garantias em termos de qualidade de habitafi maior dimensão das

colónias, menor perturbação do coberto vegetal e maior disponibiüdade de gramíneas

verdes dgrante o Verão. Estas características, por $)a,vez, relacionaram-se com maiores

coberturas de gramíneas perenes, distiincia à estrada e pÍesenga de indícios de pastoreio e,

por ortro lado, com menor altura do estrato herbáceo, cobertura de gramíneas anuais,

nqrrcza específica de gramíneas, número de especies ruderais e pH do solo. As

comunídades vegetais que sugerem melhores condições de habitat, são recoúecidas pela

pÍesença de Agrostis castellana, Festuca ampla, Braclrypodíum phoenicoídes, Phalarís
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coerulesceru; e Holcas lanatus como espscies indicadoras e, na maioria das vezes, também

como espécies dsminantes.

os rezultados obtidos indicam que o rato de cabrera consegue explorar uma

conside,nável arylitude ecológica dentro do que é a tipologia iprados e rrelvados de

gramíneas densas e altas". Esta variabilidade de locais ocupados inclui comunidades pouco

intervencionadas e com características de maior estabilidade Grados e arrelnados de

gramíneas altas e psrenes) e comunidade§ com indícios de intervenções frequentes e

bermas ds çaminhos ou sebes (arrelvados e comunidades dominados por espécies anuais,

ruderais e nihófilas). As intervenções mais frequentes nas colónias são a remoção de

arbustos com larna e o corte da vegetação. Estas acções levam, muitas veres' aa

desaparecimento das colónias, quer por morte dos animais, quer por abandorp dos locais'

Verificou-se, nulna elevada percentagem de colónias, a pre§ença vestigial de

charcos mediterrânicos terryotírios, um habitat prioritário da Directiva de Habitats

(comissão Europeia lggg), o que sugere maiores condições de humidade nos locais

ocupados, em relação as areas envolventes. Uma das características dos microtídeos

herbívoros é terem desenvolvido adaptações paÍa uma dieta baseada em herbáceas,

principatmente grarríneas, com uma dishibuição normaLnente reshita a áreas com

pernranência contÍnua deste tipo de vegetação, sendo um grupo qua§e ausente nos

arrbientes mais deséúicos (MacArthrn 1972)-

As colónias de berma de estrada

Os rezuhados obtidos na segunda parte deste estudo indicam que a corryosição

florística 6* 
"slónias 

de berma é diferente da coryosição das colónias de prado- As

espécies indicadoras das bermas correspondem essencialmente a gramíneas (Bromus

dianbus, Bromus mafuítensís e Holcus larutus), herbáceas anuais e especies ruderais e

nitrófilas (Cowolvus arven§i§, Cerastium glomeratum, Geranium molle, Sherardia

trvensis, Parentucelia viscosa, Galactites tomentosa)" acoryanhada§ por algumas

herbáceas peÍenes (,Cynora humilís, Sonclrus oleraceus, Andryala integrdolia, Gynanfuiris

sisyrinchiurn). N* colónias de prado, predominam as grtmÍnea§ perenes e especies

indicadoras de condições de humidade e/ou encharcameúo Q4grostis castellata, Festuca

arnpla, Holcus tnollis, Scilla rambtreie Juncus acutíflorus)'

As principais características associadas às colónias de berma de estrada sÍlo uma

maior cobeúura de gramÍneas anuais, especies ruderais e nitrófilas, maior Íiqueza
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específica de gramínas e arbustos, maior riqueza de grupos fisionómicos de Rauúiaer,

menores cobeúuras de gramÍneas perenes e menor úundância de es@ies indiedoras de

humidads. Adicionalmsnte, este tipo de colónias tem menor dimensão e largura" assim

conro ausência de indícios de pastoreio.

Embora as bermas de estrada tenham uma maior diversidade de gramíneas, 9üe

poderão ser potencialmente consumidas pelo rato de Cabrera, as comrmidades vegetais que

the estão associadas apreseutam algumas desvantagens, tais como uenor estabilidade do

h1ffiat,(dwido àdominÍincia de e@ies de Íedrtrzidnlongeüdade), menor disponibilidade

de humidade drnante o Verão e menor dimensão das colónias.

Este habalho veio demonstrar que as brmas de estrada são um habitat frequente

para o rdo de Cabrera e discutir potenciais funções de corredores ecológicos.

Inrplicaq0es para a conservação do rato de Cúrera

O raÍo de Cabnera ocorre em diversas tipologias de prados e arrelvados, com

diferentes cornposições florísticas, condições de humidade, propriedades do solo e grau de

perturbação do meio. Este tipo de informação fornece indicações importantes acerca da

variabilidade dos habitats ocupados pela espécie, no sul de Portugal.

Tendo em conta que os alrelvados e comunidades dominadas por et'ecies anuais

constituem habitats subópimos paÍa o rato de CabrreÍa, a verificar-se um aumento do

número de colónias nestes locais, este facto poderá representar uma preocupação acrescida

na conservaçÍio da especie. Em regiões do país de maior intensificação agrícola de elevada

densidade de caloeças de gado, ou de produção florestal em grandes monoculturas, o

hflffiat.'de berma' (sebes, @rcas, margerul de caryos agrícolas) poderá ser o rinico

disponívet para a espécie. De qualquer modo, é necessrário o estudo comparativo das

consequências resultantes da ocupação de colónias em prado ou arrelvados perenes e de

colónias em arrelvados anuais ou comunidades de berma de eshada, em termos de

'.frtness" dos indivíduos (úundâncr+taxasde sobrevivência parâmehos reprodÚores).

O rdo de Cabnera tem algumas características que o tornam particularmente

sensível à fragmentação do húitaÍ e à oconência de extinções locais, tais como:

abundâncias reduzidas (Fernández-Salvador 1998, Mathias 1999), baixo potencial

reprodúor (Fernrández-salvador et at.200l), média ou reduzida c,apacidaÃe de dispersão e
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requisitos ambientais estreitos @ernândez-salvador 1998, Pitaet aL.2003, Santos et al. em

púlicação) (Henle et al.2OA4).

As colónias de berma de estrada têm, regra geral, menores dimensões. Esta

caacteríSica podená aumeúar a vulnerabilidade des rnimais, devido ao menor nírmero de

indivíduos que estas ráreas poderão albergar, ao maior efeito de orla, ao maior risco de

extinção tocal (de,pendente do grau de conectividade entre locais adequados) (Saunders eÍ

al. lggl,Krohne lgg7),implicando, cons€quenternente, um maior riwo decoreaguinidade

(Simberlotr& Cox l9S7). Adicionatrnerte, elevados quociedes de perímetro de orla I érea

interior poderão aumentar o risco de predação destes animais (Soulé & Gilpin 1991, Jacob

& Hempel2003), conduzindo, assim, a extinções locais.

O presente estudo demonstrorl apesar de algumas desvantagens, a importância das

bermas de eshada como habitat para este mamífero ameaçado. Até ao momento, não

existem dados concretos sobre a função destas bermas para a es@ie. Poderão funcionar

como corredores ecológicos ou oosumidouros" (habitats de recepçâo de imigrantes), num

contexto de dinâmica de metapopulações (Bennett 1990, Hanski 2001). Em qualquer dos

casos, este habitat poderá oferecsr diversas vantagens, tais como iáreas de alimentação

ex[q protecção de intervenções frequentes na vegetação e, no caso da função de corredor

de ligação, potenciar movimentos de animais entre iáreas de habrtat mais favonável, como

as'tolónias de prado- (Saunders et al. 1991, Soulé & Gilpin 1991, Szacki & Liro 1991,

Lugo & Gucinski2000).

Prevê-se a aplicação dos resultados de análise geral da vegetação em sihrações de

âmbito regional, onde se pretenda seleccionar rárea prioritrárias dirigidas exclusivamente, ou

Írão, ao rato de Cabrera O estudo da vegetarfio das colónias permitiu concluir que

determinadas coryosições florísticas poderão ser mais favonáveis à permanência, a longo

pram,dos animais em determinados locais, frequentemente de dimensões reduzidas e com

indícios de alagamento teryonário durante o lnverno/Primavera Na referida selecçâo de

áras, deverá ser dada preferência a opções que pote,lrciem o movimento de animais entre

diferentes colónias. Embora os dados aqui aprese,ntados não permitam concluir que as

hrmas de estrada funcionem como corredores ecológicos, a sua abundância runa área de

ocorrência de colónias poderá ser benéficapdraa especie.

Em regiões do país com usos agrícolas ou pecurários mais intensivos, e onde a

fragmentação de colónias poderá ssÍ mais elevadu a rwuperação de pmdos e arrelvados

deverá ser considerada em acções de conservação dirigidas a esta espécie. No entanto, a

recuperação ou criação de corredores de gramÍneas altas e de elevada cobertura poderá
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a,mentar a mobiüdade dos animais e frcilitar a ocupação de locais mais frvoráveis, como

os prados e rrelvados.

Por orÍro lado, é interessante o registo da especie associado à prewnça de chrcos

mediterrÍhicos teryrários, o que suge,re runa associação de elevado valor paÍa a

conservação e pode constituir uma ferrarnenta úil na identificação de novas colónias e na

sua conservaçÍio.
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