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I Resuuo

Pretendeu-se com o presente estudo caracÍenzar a comunidade de macrofungos num ecossistema

de montado de sobro (Quercus suber L.) e avaliar as condiçôes microambientais que Íavorecem a sua

presença e frrÍificação. SeleccionaÍam-se quatro parcelas de amoshagem com dÍferentes esúatégias de

gestâo, em relaçâo à esbaüficação do coberto vegetal e à intensidade de pastoreio. A amoshagem de

carpóforos realizou-se durante um período de frutificaçáo (2005-2006).

A riqueza espcÍfica de macrofungos (59 espécies) e a dominância das espécies sapróbias (76 o/o)

resultalam, provavelmente, da intera@o enfre as condi@es climáticas e a configuração espacÍal deste

sistema. A comparaçâo entre as parcelas evidenciou a importância das particularidades microambientais

na presença e abundância de diferentes grupos tróficos. Os resultrados permitimm definir esúatégias de

gestÉlo do eossistema, numa perspectiva sustentável, que irão Íavorecer as espécies micon[zicas,

assegurando, simultaneamente, a prote@o e sanidade dos hospedeiros, a maximÍzação da qualidade

dos seus sub-produtos e a provável frutificação de cogumelos comestíveis, que constituiÉ uma mais-

valia adicional.

PAL/ÀvR/Às-cHÂvE

Macrofu ngos, montado, produüvidade, riqueza especÍfica, sustentabilidade
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I AesrRAcr

Speqes nlcHNEss AND pRoDucrtvrrY oF EprcEorr{i FUNGALspoRocARPS tN AcoRKoAK (Quancussuaen

L.) srAND tN sourHERN PoRTGAL - Reueroru wrH n|cRo-ENvrRoilmENTAL FAcroRs

The aim of the present study was the characterization of macro.fungal communÍties in a cork oak

(Quercus suDerL.) montado (open forest) ecosystem and to evaluate micro+nvironmental conditions that

favour occuÍTenoe and fructificaüon of those communities. Four sampling plots were selected with

different management súatqies, in terms of system shaüfication and livestock pressure. Sporocarp

sampling was performed during one fructification period (2005-2006).

Species richness (59 macrofungi) and the dominance of saprobic species (76 Yo) may be related to

unfavourable conditions resulting from interaction between climatic condiüons and the spatial

conflguraüon of this ecosystem.

Gomparison between sampling plots showed distinct proportions of trophic groups, suggesting that

particular microenüronmental conditions influence colonization and fructification oÍ macro-fungal

communÍties.

Sustainable ecosystem management should focus more on favouring ECM species, assuring

simultaneously host protection and health, the maximization of sub-products quality (cork and acom) and

the probable fructification of edible sporocarps with high economic and gasúonomic value.

Kevwonos

Macrofu ngi, cork oak, productivity, species richeness, sustainability
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FUNGoS

- O quesÃo, canecreRlsncls PRtxctPAts

Os fungos surgem em quase todos os ecossistemas, tenesfes ou aquáticos (Rodíguez et al.2O0l),

estando a sua preseflÇa, a maior parte das vezes, quase imperceptível.

Actualmente desconhece--se o número totalde espécies de fungos existentes em todo o mundo e as

estimativas mais recentes sugerem cerca de 1,5 milhôes (Hawksworth 1991; Hawksworth 2001).

Os fungos representam um grupo de organismos com caracterÍsticas particulares e, por isso, estão

incluÍdos num Reino distinto : Fungi. Com algumas excepções, os fungos possuem coÍpos filamentosos

e mulücelulares, limitiados por paredes celulares, não se deslocam e reproduzem.se asseruada e

sexuadamente por esporos (Alexopoulos & Mims 1979; Kirk et al.2OO1; Blackwell & Spatafora 2O04l. Por

ouúo lado, sâo desprovidos de clorofila e, oonsequentemente, nâo têm capacidade de sintet2ar o própío

alimento (heterotróficos), dependendo dos compostos orgânicos complexos sintetizados por ouúos

organismos (Hudson 1930); de uma maneira geml, a digestáo é exfacelular, pela secreção e a@o de

enzimas, sendo as substâncias mais simples absorvidas para o interior das cêlulas do fungo, afravés das

paredes e membmnas celulares (RodrÍguez et al.2004).

As esüuhrras somáticas, com poucas excepções, eÍbem pouca diferenciação e praücamente não

apresentam divisão de funçôes. Estas estnÍuras, que constituem o corpo do fungo, representam

filamentos que se alongam por crescimento apica!, ramificam e distibuem no subsfrato. Cada filamento

denomina-se hifa e é consütuído por uma parede fina, transparente, tubular, preenchida ou delineada

oom uma camada de protoplasma, que varia em espessura. A composição quÍmica da parede celular

dos fungos não é semelhante para todos os fungos e para a mesma espécie, podendo variar em

determinadas circunstÍlncias ou por factores ambientais extemos (Alexopoulos & Mims í979). Cada

filamento en@ÍTa numerosos núcleos, compartimentrados em septos ou não.

O conjunto das hifias denomina=se micélio, que, em alguns fungos, constitui cadeias longas e

espessas. Durante detenninados estádios do ciclo de vida da maioria dos fungos, o micélio organiza-se

em falsos tecidos (plectênquima, prosênquima e pseudoparênquima). O prosênquima e

pseudoparênquima encontmm-se em vários tipos de esfrutums somáücas (esFoma e esclerócio) e

reprdutivas formadas pelos fungos (Alexopoulos & Mims 1979).
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O micélio surge, geralmente, como um pequeno tubo de germinação que emerge de um esporo. O

micélio tende a estender.se em todas as dire@es, mais ou menos equitativamente, a partir de um ponto

cenhal, constituindo uma colónia mais circular que esférica. As hihs dos fungos têm a possibilidade de

crescer indefinidamente em condi@es favoÉveis.

A maioria dos fungos tem a capacidade de sintetizar as proteÍnas essenciais ao seu crescimento,

utilizando os hidratos de carbono (preferencialmente glicose ou maltose) de que depende paÍa a

obtenção de energia e fontes de azoto orgânico e inorgânico e vários elementos minerais (C, O, H, N, P,

K Mg, S, B, Mn, Cu, Mo, Fe e Zn) (Alexopoulos & Mims 1979).

- RepnoouçÃo

No que respeita à reproduçáo, pode ser assêxuada ou sexuada. Na formaçâo das esúuturas

reprodutivas, sexuais ou assexuais, todo o organismo podeÉ estar envolúdo ou somente uma pequena

porçâo do mesmo (Alexopoulos & Mims 1979).

A reprodução assexuada (somática ou vegetativa) não envolve a união de núcleos, células ou órgãos

sexuais. Este tipo de reprodução inclui qualquer tipo de desenvolvimento de novos indivíduos: divisâo de

um organismo unicelular em células--filhas; fragmentação de um organismo mulüelular em fra@es

independentes, que originam novos indivÍduos; gemiparidade de células somáticas ou esporos, em que

cada gema produz um novo indivtduo; produção de esporos, em gue cada esporo germina e contibui

para a formação do micélio (Alexopoulos & Mims 1979). Em geml, a reprodução assexuada é mais

importante paÍa a propagaçâo da esp&ie, uma ve:z que resultra na produção de numerosos indivÍduos ao

longo de diversos ciclos repetidos durante o perÍodo de reproduçáo (Alexopoulos & Mims í979).

A reproduçâo sexuada envolve a união de dois núcleos compatíveis (Alexopoulos & Mims 1979),

contribuindo parc a variabilidade genética e consequente sucesso da espécie.

Este tipo de reproduçâo ocore quando se cruzam 2 hÍhs hap!óides e desencadeia--se em 3 etapas

sequenciais, durante momentos especÍficos do ciclo de vida, especificamente, a plasmogamia (reúne

dois núcleos haplóides na mesma célula), cariogamia (une os dois núcleos num diplóide) e a meiose

(origina quatro núcleos haplóides) (Alexopoulos & Mims 1979). Os sporos, quando maduros, sáo

lançados pam o exterior e, em condi@es favoÉveis, germinam e oÍginam hÍftas haplóides (Rodrtguez ef

al.2OO4).
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As esbuturas reproduüvas diErenciam=se das esúuturas somáticas e exibem uma variedade de

formas, que constÍtuem a base de classificaçâo dos fungos (Alexopoulos & Mims 1979).

.PRNC|PÀSORUPOS

A classificação dos fungos tem sido objecto de disórdia e de constantes alteraçÕes ao longo dos

tempos (Blackwell & Spatafora zO04). As diferenças da classificação resultam de diferenças de

interpretação dos dados, ainda incompletos, da esFutura, desenvoMmento e fisiologia dos fungos

(Aexopoulos & Mims 1979).

Os estudos que incidiram na filogenia dos fungos reforçaram a teoria da origem polifilética de muitos

grupos, o que significa que as morfologias seriam convergentes, tendo derivado de diversas linhas

independentes de eucariotas. A maioria destes estudos filogenéticos considera, somente, os caracteres

moleculares dos genes do RNA ribossomal (rDI,lA). Acfualmente, a vertficaçâo e compaÍação de oufas

regiões do DNA, que não o rDNA, e avalot'uação de caracteres fenotÍpicos na interpretação filogenética

dos grupos, veio solucionar conflitos originados pela consúuçâo de cladogramas baseados

simplesmente em sequências genéücas (Blackwell & SpataforaãOM)-

Historicamente, o Reino Fungi englobava todos os organismos eucarióticos, multicelulares,

heterohóficos por absorção, não incluÍdos no Reino Animal serrsu laÍo. Apesar de alguma discórdia, Kirk

et al. (2O01) refere quafo DivisÕes: Chytidiomyata, Zygomyata, Basidiomyata e Asoomycofa. Os

A myata e BasidiomyaÍa consüfuem as duas maiores DÍvisões do Reino Fungi e, conjuntamente,

incluem mais de 95% de todos os taxa de fungos conhecidos (Kirk eÍ aí. 2001).

A Divisâo Basídiomyafa inclui as espécies que produzem esporos em estruturas particulares

denominadas basÍdios. Os basÍdios sâo élulas onde o@ÍTe a cariogamia e meiose e,

consequentemente, onde se brmam os esporos haplóides = basidiósporos. Existe uma grande variaçâo

na morfologia do basídio, no número de esporos formados e como os esporos surgem na superfÍcie do

basÍdio. Tipiemente, formam--se 4 esporos em cada basÍdio, que suÍ§,em no ápice, suporhdos em

esterigmas (Alexopoulos & Mims í979; Kirk etal.2001l.

Os Basidiomyab suMividem-se em fês classes, Basidiomyetes, Ustilaginomycetes e

Urediniomycefes (Kirk et al.2OO1l. Para além da presença de basídios, a maioria das espécies possui

balistósporos e ansas de anastomose. Os balistôsporos representam esporos sexuais ou assexuais,

produzidos por basÍdios, hifias ou células de levedum, que sâo lançados pam o ar, por um mecanismo de
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'catiapulta" devido à tensão superficial. Este mecanismo é activado quando uma gota de líquido presente

na base do esporo, próximo à inserçáo no esterigma, se funde com uma película de lÍquido na superfÍcie

do esporo. Esta rápida coalescência dos lÍquidos conduz a uma alteração do centro de massa do esporo,

contribuindo para a projecçâo explosiva (Alexopoulos & Mims 1979; Kirk et al.2OO1l.

As ansas de anastomose representam um prolongamento extemo das hifas que se forma quando as

células apicais das hifas dicarióticas se diüdem (Alexopoulos & Mims 1979; Kirk et a(.20011.

A maioria dos Basidiomycota produz basÍdios em esbufuras multielulares reprodutivas,

denominadas corpos de ftÍifieçâo, esporocarpos, caçóforos ou, mais vulgarmente, cogumelos (Kirk eÍ

al. 2OO1l. Os carpóforcs poderão ser aéreos ou subterâneos e assumir uma variedade consideÉvel de

formas, tamanhos, Goresr texturcs e particularidades mais ou menos complexas (Courtecuisse & Duhem

1995; Wiensczyk et a|.20021.

- Moms oe rurmçÃo, EcoLoGtA E tHpoRTÂtcn eERAL IxE Futcos

Em consequência da sua limttação adaptativa, no que respeita ao modo de nutiçâo, os fungos

adoptaram dibrentes eshatégias para subsisürem, adquirindo o carbono gue necessitam a partir de

ouúos seres vivos, de matéria orgânica ou aúavés do estabelecimento de relaçôes simbiose com

organismos autobóficos (RodrÍguez et al.ZOM).

A esúatégia de nuúi@o dos fungos aúibuÍ-lhes uma importância fulcml no equilÍbrio do ecossistema e

nas actividades relacionadas com o Homem (Mueller & Bills zO04.).

Os fungos têm sido utilizados em actÍvidades humanas, como no Íabrico de cerveja, outro tipo de

fermentação indusfrial e nas indúsÍias biotecnológicas e farmacêuticas (Alexopoulos & Mims 1979;

Mueller & Bills 2004).

Ao nível do ecossistema, destacam-se, pela sua imporElncia, os úês grupos funcionais = fungos

parasitias, sapróbios e miconÍzicos.

Os fungos parasitas dependem de um hospedeiro vivo para subsistirem e estabelecem uma relação

prejudicial paÍa o hospedeiro. No entanto, estes fungos assumem um papel importante na manutenSo

da frtossanidade do sistema, ahavés da eliminação dos indivíduos menos saudáveis.

Os fungos sapróbios colonizam restos vegetais ou animais ou absorvem materialorgânico, exsudado

ou libertado de organismos mortos ou vivos (Hudson 1980), assegurando a reciclagem da matéria
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orgânica, a disponibitizaçâo de nutientes para as espécies vegetais existentes e a lihrtaçâo de diÓÍdo

de carbono essencialna fotossíntse (Alexopoulos & Mims 1979).

Os fungos micorízicos estabelecem relaçÕes de simbiose com espécies arbóreas, arbustivas ou

herbáceas, adquirindo uma parte dos produtos fotossintetizados produzidos pelo hospedeiro. Em

compensagâo, os fungos Íavorecem o crescimento e desenvolvimento dos hospedeiros, na mdida em

que melhoram a eficiência de captação de nuúientes essenciais (principalmente fósforo e azoto) e água,

protegem a planta de agentes patogénicos, da acçâo de metais pesados, condiçÕes de escassez hÍdrica

e oscilaçÕes erúemas de pH e tempemtura, pennitem a agregação das partÍculas de solo constituindo

uma estrutura edáfica favoÉvel, Íacilitam a transferência subterrânea de nuúientes entre plantas e

alteram as relações compeütivas interespecÍfÍcas (Smith & Read 1997).

A associação miconÍzica resulta, fundamentalmente, de uma estratégia para resistir aos

consfangimentos ambientais dentro de um nicho ecológico, adoptada, principalmente, pelas plantas

vasculares. De facto, cerca de 80% das plantas vasculares formam miconizas (Wang & Qiu 2006).

Esta relação fungo.hospedeiro ocone ao nÍvel radicular, em que o fungo podeÉ envolver as raÍzes

(fungos ectomiconÍzicos) ou penetrar no interior da parede celular das mÍzes das plantas (fungos

endomiconÍzicos) (Wang & Qiu 2006).

Apesar da associaçáo das plantas vasculares com fungos endomiconÍzioos ser a mais ancestral e

difundida, existe uma grande diversidade de fungos ectomiconÍzicos (ECM), pertencentes à Divisão

Ascomycota e Basidiomycofa, que se estabelecem importantes relações simbióticas com o hospedeiro

(Wang & Qiu 2006).

Os fungos ECM apresentam uma variedade notável de morfoüpos §alentine et a|.20041e variações

fisiotógicas inter e inka=espectfi@s, gue representam adaptaçÕes aos dúerentes ecótopos face às

pressÕes ambientais em diferentes regiÕes geogÉficas, ou, numa escala mais pequena, à

heterogeneidade das condições edáficas (Caimey 1999). Paralelamente exibem diferentes graus de

especiftcidade para os grupos de plantas hospedeiras (Molina et al. 1992). Os fungos ECM que se

associam a múltiplos hospedeiros poderão kanslocar nutrientes enúe as divemas espécies de plantas

(Simard et al. 1997) e, destia forma, a competiçâo pelos nutientes do solo enúe as plantas podeÉ

resultar das interacçÕes individuais oom o simbionte comum (Horton & Bruns 1998). Gonúariamente, um

fungo que estiabelece uma rela@o mais estreita com os hospedeiros (associação a um só género), em

resultado de adaptações fisiol@icas aos produtos quÍmicos produzidos por estes, podeÉ assegurar, aos

seus hospedeiros, um acesso exclusivo aos nuÍientes de solo (Molina et al. 1992).
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Por oubo lado, as plantas variam considemvelmente na capacidade de se associarem a es@ies de

fungos (Richard et al.ZOC/). De uma maneirc geral, as árvores que estabelecem associaçÕes com mais

espécies estaráo, em princÍpio, melhor adaptadas para subsisüÍem em condiçÕes adversas, uma velz

que as diferenças interespecÍficas se ffaduzem, muitias vezes, em diferenças funcionais (Caimey í999;

Luoma etal.200l.)-

O reconhecimento da importância vital dos fungos EGM nos sistemas floresEis impulsionou o

desenvolvimento de vários estudos, em que se pretende a indMdualizaSo e identificaçâo das espécies

de fungos ECM que irão constituir os ptenciais inóculos de plântulas hospedeiras (e.9. Lu et al. 1999;

Rincón ef aI 1999), e assim confribuir para o sucesso das plantas miconizadas.

Para além do papelvÍtaldos fungos, como organismos, no equillbrio dos ecossistemas, a maioria das

espécies ECM e algumas sapróbias, incluídas principalmente na DMsâo Basidiomycofa, investem,

durante a reproduçâo sexuada, em esúutums reprodutivas (Pilz & Molina 2001), de enúe as quais se

destacam os oogumelos comestÍveis, por constituÍrem, actualmente, um recurso natuml renovável e

apresentarem um elevado interesse comercial (Palz & Molina 200í; Yun & Hall 2O04l. Na realidade, para

além do seu elevado valor gasfonómi@, constituem, em muitos paÍses, uma componente fundamental

da dieta alimentar, são utilizados com fins medicinais e representam um papel crucialem cerimÓnias e

rituais (Yun & Hall 2004). Desta forma, a importância deste recuÍs,o varia geograficamente, de aordo

com as hadições cultumis de cada região (Pilz & Molina 200í).

Estas esúuturas desenvolvem=se em condições climáücas favoráveis, squndo um padrão sazonal

especÍftco, de acordo com a fenologia das espécies. Os estudos de Bills eÍ aL (1986), Brunner ef a/.

(í992), Matsuda & Hüii (í998), Kranabetter & Kroeger (200í), Súaatsma et al. (2OO'l), Salemi ef a/.

(2OO2l, Giachini et al. (2OA4) sugerem que os factores abióticos, como a precipitaçáo e temperatura,

definem os padrões de oconência e abundância de carpóforos. O'Dell ef af. (1999) acrescentou que a

riqueza especÍfica e a produtividade de carpóforos apresentam uma disúibuição'unimodal" em funçâo

da precipitaçâo média anual.

No entianto, apsar do padÉo fenotógico de cada es@ie, assiste-se, geralmente, a uma variação

anualda composiçâo das espécies que fnÍificam e da prcduçâo de car@furos num mesmo loca! (Bills eÚ

a| 1986; Dahlberg et al. 1997; O'Dell ef a/. í999; Straatsma et al.2001; Shaatsma & Krisai€reilhuber

2003; Bonet et al. 200/), o que signiftca que o investimento nestas esfuturas está igualmente

relacionado com factores infÍnseos à própria esÉcie.
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De facto, o desenvolvimento de corpos de frutificação pelas espécies de fungos é difÍcil de prever,

resultiando, directamente, de uma conjugação e intera@o de factores, que se revele favorável ao

investimento e op$o por uma reprodução sexuada.

A presença das espécies num determinado locale a consequente ftÍÍficação das mesmas dependem

de inúmeros parâmefos ambientiais, que se revelam mais ou menos importantes de acordo oom as

caracterÍsücas próprias das espécies ou dos grupos úóficos a que pertencem.

No entanto, o processo de colonização varia, de uma maneira geral, com a composição, densidade

dos estratos e/ou estado de maturação das espécies vegetais (Bills ef aí. í986; Mllenewe et al. 1989;

Brunner et al. 1992; Matsuda & Hiiii í998; Laganà et al. 1999; Lu eÍ aí. 1999; Kemaghan & Harper 2001;

Smith ef a|.2002; Jones et al.2OO3; Moreau & Courtecuisse 2003; Bonet et al.ZO04;; Giachini et al. 2OO4;

Richard ct al.200r'.; Richard et al. 2O05), caracterÍsticas edáficas (Mlleneuve eÍ aI 1989; Baar 1996; Lu

et al. 1999; Kemaghan & Harper 2001; Lilleskov eÍ al. 2001; Peter eÍ aL 2AO1a; Aús eÍ aí. 2003; Trudell &

Edmonds 20A4) e caracterÍsticas geomorfológicas do loca! (Laganà et al. 1999; Moreau & Courtecuisse

2003; Bonet et al. 2O04l, enke ouúos.

A presença das espécies de macrofungos pode ser facilmente inferida ahvés da frutificaçâo das

mesimas, no entanto a inexistência de carpóforos num determinado eco*sistema ou perÍodo sazonal, nâo

indica, nressariamente, uma ausência, ao nível subtenâneo, da espécie produtom desse mesmo

carpôforo.

Na realidade, alguns esfudos que compaÍaram a comunidade de fungos ECM produtora de

carpóbros com a comunidade presente ao nível radicular observaram uma hca conelação enke a

diversidade e composição especÍfica de fungos (Gardes & Bruns 1996; Dahlberg ef al. 1997; Peter ef aL

2001b; Richard et al.2OO5). A relação enúe a frquência e abundância de carpóforos e miconizas varia

com a esScie e podeÉ estar relacionada com padrÕes de alocação de recursos ey'ou requisttos

ecológicos especÍficos (Gardes & Bruns 1996; Walker & Miller 2OO2).

- Flcrones DEAUEAçA

Dada a importÉlncia das caracterlsticas ambientais na colonização e fruüficação dos fungos, a

altera$o dos habitats inerente ao desenvolvimento e, particularmente, à indusffialização contibuiu, nos

últimos anos, paÍa um declÍnio acentuado da riqueza de fungos na Europa e, principalmente, dos fungos
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ECM 146o1ds 199í; Courtecuisse 2001). O aumento da potuição atnosférica e a redução de habitats

constifuem os principais factores responsáveis por este declÍnio (Courtecuisse 2001).

Por ouúo lado, verificou.sê eue a implementaçáo de novas medidas de gestflo dos ecossistemas, gue

implicaram o corte das árvores, excessivas mobilizaçôes do solo, selecçáo das espécies de árvores,

alterações de gestão do sub-coberto, fogo, fertilização, uso de pesticidas e pastoreio, se baduziram

numa degmdação fÍsica e mioobiolôgica dos solos, influenciando, por sua vez, a pÍesença, reproduçâo

e produtividade dos tungos (Courtecuisse 2O01; Pilz & Molina 2001; Wienseyk eÍ al. 20021. Alguns

estudos demonsfaram quê o nÍvel de distúrbio ou interferência no sistema natural influencia a esfutura

e dinâmica das comunidades de fungos (Guidot et al.ZOO2; Jones et al. 2OO3; Luoma et al. 2OO4l.

Na realidade, a rea@o das comunidades de fungos a perturbaçÕes exbmas inhoduzidas no

ecossistema é t€lo rápida, que estes pdeÉo ser considemdos como bioindicadores da estabilidade (e.9.

Amolds 1991; Trudell & Edmonds 2004).

Adicionalmente, a valorizaçáo económica dos cogumelos no mer@do mundial aliada a uma

incapacidade generalizada de produzir as espécies ECM em laboratório (ex-sftr), contibui pam um

aumento da pressâo da colheita de cogumelos, realizada, muitias vezes, de forma desregmda e abusiva

(Pilz & Molina 2001) e consequentemente para a diminuiçáo das espécies nos ecossistemas nafurais.

- UsravenuEl.mr E ptâNoa DE @NsEmrAçÃo

Desta forma, Íace a este declÍnio e a um aumento do interesse pela biodiversidade de fungos nos

últimos anos, procedêu-sê, em alguns paÍses, à compilação de listras com espécies Elms ou ameaçadas

(Dahlberg & Croneborg 2003). Actualmente existem cerca de 35 paÍses europeus que desenvolveram

uma "Listia Vermelha" (Red LisQ provisória para os fungos. Em 2001, 33 espécies de fungos fomm

propostas paÍa a inclusáo na Convençâo de Bema, no Anexo l!, de forma a ser reconhecida a

necessidade de conservar os fungos e os seus habitats. Todos os fungos propostos são raros na Europa

e pertencem à "Lista Vermelha" de vários países (Dahlberg & Croneborg 2003). Em Portugal, existem 10

espécies incluÍdas na lista, as quais foram detectadas em 35% dos habitats Natum 2000. Contudo, não

existe ainda nenhuma "Lista Vermelha" pÍrrposta paÍa o nosso paÍs, dada a escassez de esfudos

eientÍfleos realizados neste domÍnio.
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A nessidade de oonservar os fungos é tão inadiável, que estÊlo a ser desenvolvidos esforp no

senüdo de inferir a comunidade de macrofungos, em determinado ecossistema, ahvés das espécies

arbóreas presentes, uma vez que a prote@o das áreas seleeionadas pelas espécies arbóreas deveÉ

resultar na prote@o das espécies de macrofungos (Schmlt et a[.2005).

A avaliação do estatuto de ameaça de cada esÉcie de macrofungos dependeÉ, numa primeim fase,

da realização de inventários em diversos ecossistema, anúópicos ou naturais, que irâo confibuir pala o

enriquecimento do conhecimento da biologia, ecologia e distibuiçâo dessa mesma espêcie

(Courtecuisse 2001; PiE & Molina 2001; Wiensr,yk et al.2002)-

De acordo com Courtecuisse (2001), será inea! desenvolver planos direccionados exclusivamente

paÍa a prote@o individual de fungos, como acontece pam as plantas ou animais. As esbatfuicas a

implementar @eráo incidir numa @nservaçâo in situ, ahvés da prote@o dos habitats nafumis,

delimitação de reervas micol@icas, delimitaçâo de conedores ecológicos ou conseruação ex-s[u, mais

efraz para as espécies sapróbias.

Por ouúo lado, os planos de gestâo que valorizaÍem a protecção das comunidades de macrofungos,

de uma forma directa ou indirecta, esElo a conúibuiu parc o aumento da biodiversidade da micobiota e,

consequentemente, estão a f;avorecer a estrabilidade de todo o ecossistema e a maximização dos

recursqi naturais.

- SmnçÃo eu Ponrueru-

Apesar da importância ecológica e económica dos fungos, predomina, em Portugal, um

desconhecimento generalizado aoerca do patimónio ehomicológico e da dÍversidade espectfica de

fungos, particularmente das espécies que colonizam os divercos habitab, das espécies ameaçadas que

urge proteger e das esÉcies potenciais que poderão consüfuir um recunio nafural economicamente

rentável.

Este desconhecimento potencia a gestâo desadequada dos ecossistemas, com ústa a uma maior

rentabilizaçâo dos sistemas, que, por vezês, se traduz em sifua@es de decltnio. Esta situação é ainda

mais erÍüea no Suldo País.
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SsrmnoeHorúÍAm

- FAcroREs DEA;TEAçA

No Su! de Portugal e, espeificamente no Alentejo, o montado de sobro (Quercus suber L.),

dominante na paisagem, representia um exemplo de um sistema humanizado associado a pÉticas de

cultivo extensivo ecolqicamente sustentáveis (Scarascia-Mugnoza et al. 2O0O; Azul,2OA2; DIaz et al.,

2003), que revela sintomas de decllnio, seja por situa@s de abandono e/ou subsühtição pr ouhas

culturas, seja por intensificaçáo do sistema (descortiçamento pre@ce, uso intensivo do solo) ( 2u120O2).

De facto, não obstante ao seu valor económico e ecol@ico, a redução das áreas de montado imposta

pela implementaçâo de estratégias economicistas de exploraçáo e de produção intensivas, tmduziu-se

numa simplificação da paisagem, que, por sua vez, conduziu à redução de reservas de água, à

destruiçáo de habitats, ao esgotamento dos solos, à perda de biodiversidade, à erosáo e à desertificaçâo

(Feul2002l.

A manutenção do sobreiro, Gomo componente Integrante do coberto vegetal no Alentejo, proporciona

vantiagens sob o ponto de vistra económi@, sobretudo abavês da exploração da cortiça, e ecológico, na

medida em que previne a degradaçâo do solo, muito susceptÍvela fenómenos erosivos (Azul2OO2).

- luponrÂroa Dos FUNc(xr m cousennaçÃo Dos stsrEtAs oou soBREtRo

Desta forma, a maxim2a@o da rentabilizaçâo económica dos sistemas dominados por sobreiro

dependeÉ, certamente, de uma exploração sustentada, que integre medidas de prote@o e de

conserva@o da comunidade de fungos, opümizando a produçáo de caçóforos e estabilizaçâo das

comunidades ao nível radicular e @nsequentemente o equilíbrio do sistema. Esta dupla importlncia de

alguns fungos reflecte.se, de uma forma directa ou indirecta, na e@nomia Iocal.

18



Oarecnvos

Neste contexto, o presente estudo é mais um conÍibuto para a inventaria@o micológica da regiâo do

Alentejo, incidindo, especificamente, num sistema representativo da paisagem dominante da rqião -
montado de sobro (Quercus suôe4 - e avaliaçâo das condi@es microambientais que maximizam a

potencialidade micológica, no SÍtio de Monfurado.

Com efeito, apesar do sistema ser dominado pela mesma espécie hospedeim, é sujeito,

frequentemente, a diversas pÉücas florestais, que interferem nas caracterÍsticas ambientais do sistema,

nomeadamente na penetra@o de luz e vento, temperatum ambiente e do solo, conteúdo hÍdrico e

orgânico do solo, compactação do solo, enfre ouhs.

Assim, assumindo o pressuposto que as condições ecológicas do habitat afectiam, principalmente, a

presença e frrÍificação de esÉcies de fungos, pretendese, espeificamente, com este estudo, avaliar as

condiçÕes ambientais que optimizem a presença, dinâmica e ftÍificaçâo destas mesmas comunidades,

propondo estratégias de gestão e conservação.
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SpEctES RtcHNEss AND pRoDucrMTy oF EprcEous FUNcAL spoRocARps tN A coRK oAK (SuERcus

SUBER L.) srAND tN sourHERn Ponruclt- Reuauor wrrH MIGRo€NVIRoNMENTAL FAcroRs

Aasrnacr

The present study aimed to contribute to the character2aüon of macro-fungal communities in a cork oak

(Quercus suôerL.) montado (open forest) ecosystem and to evaluate micro+nvironmental condiüons that

favour occuÍrenoe and fructification of those communities. With this purpose, four sampling plots were

selected, with the same exclusive host fee (Quercus subefl and similar climatic conditions but subject to

different management strategies, in terms of system shatification and livestock pressure. Methodology

focused exclusively on sprocaÍp sampling, during one fructification period (200S2006).

Results revealed a preferential fruiting period in late Autumn and a significanüy posÍtive conelation (r =

0.89; p < 0.01) between species richness and total productivity values during the study period. ln the

montado ecosystem 59 species were idenüfied, included in 30 genera, with a higher representiation of

saprobic species (76 Yo). Landscape simplification, imposed by reduced hee cover, absence or reduced

representation of shrub under-storey and increased soil compaction and nifogen content inherent to

active livestock presence, result in particular ecologiel and micro+núronmental conditions that could be

more limÍtary to macro-fungal communities. However, analysis and comparison between sampling plots

showed distinct total species richness and proportions of fuophic groups, a low percentage of shared

species (8 %), a considerable proportion of exclusÍve species (52 o/o). Data obtained suggest that

particular micro+nvironmental conditions influence colonization and fructification of macrefungal

communities and, speciftcally, that ectomyconhizal (ECM) fungus are favoured more in areas wtth more

vegetation complexity, a higher number of host trees and lower nikogen contents, while saprobic fungi

appear preferentially in more open areas and nihogen-rich substrata.

Sustainable ecosystem management, wtth regard to community equilibrium and higher economic

valuation, should focus more on favouring ECM species, assuring host protection and health, maximizing

the quality of its sub-'products (cork and acom) and the probable frucüfication of edible sporocarps with

high economic and gastronomic value. Several management practices will be suggested.

KEYwoRDS

Macrofungi, meditenanean ecosystem, management, fruiting pattems, sustainability
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lirRoDusÍroN

The need to protect and preserve biodÍversÍty and nafural resouroes is beoming a major concem and

priority among the scientific community and, increasingly, in general society, in response to constiant

threats and negative impacts inherent to indusbial development. Protection of biological communities and

ecosystem functional maintenance will be more effective with a holistic approach, integrating biological,

ecological, geophysicat, silviculturat and socio+conomic information while meeting human needs (Pilz &

Molina 2OO1).ln this sense, any management plan depends directly on previous scientific studies and,

particularly, on inventories and dynamic evaluation of populations in several ecosystems, with the

purpose of strategic optimization (Courtecuisse 2001).

The focus of these studies on mycobiotic communities and especially on macrefungi becomes crucial,

because they assume a fundamental role in ecosystem balance, conúibuting to the tumover of organic

matter, favouring estiablishment of plant species in adverse conditions through symblotic associations or,

inclusively, by eliminaüng less healthy species (e.9. Alexopoulos & Mims 1979; Smith & Read 1997;

Mueller & Bills 2OC/\ Moreover, fungal communities may act as bio-indicators of ecosystem stabili§,

sine they respond rapidly to negatÍve impacts (e.g. Amolds 1991; Trudell & Edmonds z004.l.ln addition,

some species invest in reproductive strucfures - mushrooms - that are considered gasfonomic

deliecies, highly valued worldwide (Pilz & Molina 2001; Yun & Hall 200/.).

The presence of species in a particular ecosystem and consequent investment in the fruiting process

depend on several environmental parameters, which can be more or less important according to the

inúinsic characterisücs of each species or fophic group. Colonization processes vary, generally, with

plant species composition, age and layer dens§ (Bills ef a/. 1986; Mlleneuve et al. 1989; Brunner ef a/.

1992; Matsuda & Hijii '1998; Laganà et al. 1999; Lu eÍ al. 1999; Kemaghan & Harper 2001; Smith ef aL

2002; Jones et al. 2OO3; Moreau & Courtecuisse 2003; Bonet et al. 2004.; Giachini et al. 2004; Richard eÍ

aL 20A4; Richard et al. 20051. Soil characteristics (Mlleneuve et al. 1989: Baar '1996; Lu eÍ aI 1999;

Kemaghan & Harper 2001; Lilleskov ef a\.2001; Peter eÍ al.2O01a; Avis ef al. 2003; Trudell & Edmonds

20C4l and geomorphology (Laganà et al. 1999; Moreau & Courtecuisse 2003; Bonet et al. 2004.) are just

as influential.

Gonsidering the importance of environmental characteristics for macrofungal communities, the increase

in air pollution or habitat fragmentation resulting from industrial development contributed, in recent years,

to a significant decrease in the richness of fungal species in Europe, particularly of ectomycothrzal
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(ECM) fungi. The actual impact of these negative Íactors is stil! not quÍte well understood, since total

species diversity of fungi is süll unknown, although it was estimated in í.5 millions species (Hawksworth

1 99í ; Hawksvvorth 2001 ).

The scarcÍty of scientific studies canied oú on this subject in the Meditenanean region, in Portugal in

particular, reveals a relatively widespread lack of knowledge of ethno-mycological heritage and species

richness, predominanüy of those species that colonize diverse habitats, of threatened species and of

edible species potentially exploitable as a natuml resource.

This ignorance facilitates human intervention in ecosystems aimed at maximizing economic value, which

often tums out to be prejudicial to macro-fungal communities. ln fact, logging methods and clearcut

harvesting, excessive soil mobilizaüon, tree species selection, changes in underctorey management fire,

fertilization, pesticide use and grazing may lead to a physical and microbiotogical degradaüon of soils,

with influence on the presen@, reproducüon and productivity of fungi (Courtecuisse 2001; Pilz & Molina

2001; Wiensczyk et al. 2002). The predominance and/or disappearance of certain species will depend on

their spreading ability and host specificÍty (P,zul2OO2l.

The open forest of cork oak, Quêrcus suber L., designated as cork oak montado, which dominates the

landscape of southem Portugal, illustrates a humanized system related to eúensive and ecologically

sustrainable agricultural practices that have been decreasing in recent yearc, because of abandonment,

substitution or intensification of those practices (Azul 2002). These semi-artificial systems result from the

clearing of Mediten:anean woods and the maintenance of grazing and understorey agricultural practices

(Êzul2002). Reversion of this tendency wil! depend on the implementation of sustainable land use plans

that consider existing macro.fu ngal comm unities.

Evaluaüon of colonizing macrefungal communiües in any ecosystem may be canied out by analyzing

vegetative or reproductive sfuctures of fungi. Sporocarp sampling is the most commonly applied method,

despite some limitaüons: 1) it requires long-term monitoring (Perini et al. 1996; O'Dell et al. 1999; Schmit

ef aL í999; Sfaatsma et al. 2001; Straatsma & Krisai-Greilhuber 2003; Bonet et al. 2004), given the

influence of environmental parameters and intrinsic, specific characteristics of sexual reproduction; 2) it

does not allow the detection of ECM species that do not invest in sporocarps (such as Cenocoeum

geophiluml or that develop inconspicuous ones, reflecting only a part of the ECM community composition

of root systems (Gardes & Bruns 1996; Peter et a|.2001b; Richard et a|.20051; 3) there is a notable

absence of method standardization or optimization (Schmit eÍal. 1999).
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Even so, according to some authors, sporocarp sampling represents an advantageous and feasible

method for characterizing macro.fungal communities (e.9. Dahlberg et al. 1997; Straatsma et al. 2001;

Straatsma & Krisai€reilhuber 2003; Richard et al.2O0/.l.

Therefore, the present study focussed on the evaluation of a macro-fungal community in a cork oak

montado eosystem, using sporocarp sampling, with two main purposes:

- To contibute to mycological inventories of southem Portugal (Alenteio region);

- To determine microenúronmental parameters that optimize and maximize the mycological potentia! of

this ecosystem, through comparison of species richness and sporocarp productivity in areas with one

host-tree species and subject to similar climatic conditions, soi!, aspect and alütude but with different

microcnvironmental characteristics, thereby proposing strategies for management and conservation.

MarrnruarDuETHoIrs

Study are.a

The present study was performed at Herdade de Joâo Pais, SÍtio Monfurado, located in cenhalAlentejo,

Southem Portugal (Figure 1), involving areas from the municipatities of Montemoro-Novo and Évora.

Flgurc l. Study area.

The altitude varies between 150 m and 420 m and the landscape is dominated by important cork and

round-leafed (holm) oak montado ecosystems, well preserved, with predominant grazing by bovine
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livestock. SÍtio Monfurado has a MedÍtenanean ctimate characterized by rainy cool winter and long hot

summer seasons, wÍth at least two dry months (Pereira 2OO2).

According to the 195't-1980 climatological standard registered at the nearest station Gvora-Mlha) the

mean annualtemperature was 15.4 oC and rainfall 665 mm; the coldest and rainiest month was January

(mean minimum temperature 3.8 oC and maximum rainfall 98 mm) and the warmest and driest one uras

August (maximum mean temperature 31.3 oC and minimum rainfall 3 mm) (Mendes et al. 1991)-

Sampling design

Four permanent sampling plots were selected (Figure 1), each wÍth an area of 12OO m2 (30 m x 40 m),

subject to different land use: I - dispersed distribution of host Fees, with some shrubs; ll - dispersed

disúibution of host trees, without shrubs; lll - denser diskibution of host trees and shrubs; lV - dense

distribution of host bees with less shrubs.

Environmentat characterization of each plot was canied out specifically, stand structure (number of fees,

maximum height, DBH and @nopy radius), percentage of cover of different vegetation layers and shrub

species present. AddÍtionatly, grazing presenoe and soil litter thickness were quantified. Soil samples (0

cm - 10 cm depth, 10 replicas) were colleted from each plot in order to determine total organic matter,

nuÍient content and pH.

Sporocarpsunrcy

A sporocarp survey was conducted during the fruiüng season from October 2005 to April 2006, at regular

intervals of one or two weeks, depending on fruiting intensity, since the intenüon was not to sample the

entire mycological community but rather to make a comparison of sporocarpproducing species richness

and productivity between the four sampling plots.

ln each sampling survey all epigeous fungi species sporocaÍps (except Asamyata and

Gasteromyetes) in good condition were identified to the lowest taxonomic level possible, counted and

mapped. Specimens for which identification was doubttul in the field were collected and identified in the

laboratory, using diverse available Iiterature (e.g. Moser 1983; Moreno et al. í986; Breitenbach & Krânzlin

1991, í995, 2000; Courtecuisse & Duhem í995; Frade & Affonso 2003; Krânzlin 2005). All recent species
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names were confirmed in Index Fungorum, since some incongruence in synonymy still exists (Kirk &

Coopel 2007\.

Only the spor@rps súictly necessary were removed, in order to minimize negative impacts on the

sampling sites.

Sporoarps of saprobic or parasitic macrefungl fruiting directly on woody debris, excrements or liüng

plants were counted, despite their dependenoe on the occasional occunence of such subsÚatia.

ln addition, a representative voucher collection was created and deposited in the herbarium, consisting of

one specimen of each specíes found in the sampling area.

ldentified Íaxa were grouped into three categories - edible, inedible or toxic, or without gasüonomic

value, according to the criteria of Frade & Alfonso (2003) whenever possible, since they follow a more

Meditenanean evaluation.

SoÍíaaaíysís

Soil anatysis was performed by Laboratório QuÍmico Agrícola, University of Évora.

For each sampling plot, pH, percentage of total organic matter and phosphorus (P2O5), nihogen (NO3)

and potassium (KzO) contents were measured.

Soil acidity (pH) was determined with a potentiometric method, in a 1;2.5 soiUwater suspension (Piper

1950; Black eÍ a/. 1965).Measurements were performed in a CRISON, micro-pH 200í potentiometer, with

combined elecfode, calibrated with pH 7 and pH 4 buffer solution.

Assimitable phosphorus and potassium were calculated using the Egner-Riehm method with an 1 N

ammonium lactate and 0.4 N acetic acid bufÍered solution, with pH ranging between 3.65 and 3.75

(Riehm 1958). Extracts were prepared in a 1:20 soil solution, shaken for two hours at constant velocity

and filtered. The resulting soluüon was prepared as follows:

- Phosphorus (P2O5), using molyMate antimony and potassium-ascorbic acid colorimeúic analysis

(Knudsen 1980), the measurements being taken with a Wru HffACH! U-2000 specúophotometer with a

650 nm wavelength;

- Potassium (KzO), by means of flame photometry, using a JEM/VAY, PFPT flame photometer.

Total nitrogen content was determined using the Kjeldahl Method (Bremner & Mulvaney 1982). Soil was

digested (GERHARDT, Kjeldathenn) with concentrated sulphuric acid in the presence of a catalyst,

transforming organic nihogen into ammonium, which attaches to the acid directly Iinked to ammonium
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sulphate. The digested solution was vapour distilled (GERHARDT, Vapodest 2) in a highly alkaline

medium (NaOH 10 N), the released ammonium being colleted tn 4 o/o boric acid and titulated with HzSOq

0.1 N.

Totalorganic matterwas determined using the Anne Method (Anne 1945), which consists of soiloxidation

with I % potassium dichromate solution in an acid medium, at high temperature. Oxidant in excess was

volumetrically dosed with an ammonium fenic sulphate soluüon of known titre.

SÍalüstical analysls

To highlight the phenological pattem of the montado msystem's macro.fungal communfi, all sampling

plots data (1, l!, lll and !V) were integmted and, for each sampling period, species richness (S) and total

producüvity were determined. Species richness conesponds to the total number of identified taxa and

total producüvity related to total number of sporocarps.

This procedurê was applied, in the same way, to determine the phenological pattem of the macro-fungal

community in each sampling plot.

The relation between ftuiting pattems of the montado macro-fungal community and ftuiting pattems of

each sampling plot was evaluated using the Spearman conelation rank, given the non-normality of data.

Moreover, species richness observed in each sampling perÍod, on each sampling plo[ was compared

using a Friedman test, followed by a posteiori Simultraneous Tests Procedures (STP), according to

Siege! & Castellan (í988).

Species composition ol the montado ecosystem was obtained by integrating the data from each sampling

plot. Frequency of sporocarp presence (o/o) and maximum productivity during the entire study period were

determined for each species, in each sampling plot and in the whole montado ecosystem.

Simitarity between sampling plots was assessed by the Jaccard index (J) (Pielou 1984), calculated as:

c
J=a+b-c ' (í)

where a is the totial number of species in the first communrty, ô is the total number of species in the

second community and c is the number of species present in both communities.

The Shannon-Wiener diversity index (H) was also determined for each sampling period, for the four

sampling plots. This index is based on species richness and on $e number of specimens of each faxon

(Legendre & Legendre 1979) according to the formula:
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H'
§I piln pi, t2t
tí

where S is the totral number of taxa and, in this particular case, pi the proportion of sporocarps of taxon i

relative to the total number of sporocarps.

To evaluate Íaxa spatial pattems a Principal Components Analysis (PCA) was peúormed, considering the

maximum observed abundance distribution of each genus in the sampling plots and its relation with

environmentalvariables. Conelated environmentalvariables were excluded from the analysis.

The staüstica! software package SPSS 14.0 was used to calculate descriptive statistics and perform

staüsücal tests.

RESULTS

!. Envlronmental characterkaüon of sampling plots

Edaphlc and xological patameterc

The analysis of some ecological and edaphic parameters emphasized micro+nvironmential differences

between sampling plots (Table 1).
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Tableí. Ecological and edaphic cútaracterization of sampling plots

SAMPLING PLoTs

tv

Alütude (m)

Aspect

Soiltype

LiYestock preence (%)

Tre number

Tree cover (7o)

Shrub cover (%)

Herbaceous cover (7o)

Tree medium height (m)

Canopy medium radius (m)

BHD (Breas[ height diameter)

Tree rqeneraüon (no.)

Organic layer thickness (on)

Phosphorus (PPs) (PPIO

Nitrogen (Nq) (PPM)

Potassium (l(P) (PPM)

Organic matter (%)

C:N

pH (HrO)

2N

e
Less

unsaturated
allwiated dap

70

I
21

0.84

85

6.5

3.5

37.5

í0

0.25

80

§2
920

4.5

18.8

5.69

zfi
e

Les
unsaturated

allwided days
70

7

15

0

75

8

4

35.3

0

0.25

22

91

í@

4.7

9.4

6.23

350

0e

Less
unsaturated

allwiated dap
25

21

40

26

85

7.7

3.5

26.9

101

,|

12

T7

224

9.2

57.5

5.5

350

0P

Less
unsaturatd

allwiatd dap
25

32

80

6

90

8.9

3.1

29..2

í93

3

18

71

376

7.3

1í.8

5.86

Cllmate patanneterc

During almost the entire study period a parallel was observed between variation of mean air temperafure

and total rainfall (Figure 2).
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Flgure 2. Tenday me,an temperaturê and total rainfall variation during the study period.

ln general, temperafure and rainfall gradually decreased until December 11 to 20, when the lowest values

where measured. Nonetheless, during this period, significant flucfuations in both physical paÍameteÍs

occuÍred, with maximum peaks followed by abrupt falls. The üme period until a new minimum value was

reached - February 20 to 28 - showed less significant parameter variations, with emphasis on two

maximum temperafure and rainfall peaks (December 21 to 31; February 11 to 20). From March onwards,

temperatures gradually increased, followed by rainfall until March 20. After this period, rainfall decreased

drasücally at first then progressively.

ll. General characterEaüon of the macro-ftrngal communlty

SpecÍes rícâaess and producfrlty duríng üe study period

During the study period, 59 different fana, included in 30 genera, were idenúfied. However, the number of

fruiting species and the total production of sporocarps in each sampling survey varied with time, reflecting

the species phenology.

Graphical analysis showed an obvious paralle! between the variation of species richness and total

productivity with üme (Figure 3).
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Flgurc 3. Total specie richness and prducÍivity variation during the study pedod.

Sequenüally, both parameters reached maximum peaks (November í6 to December 6, 2005) followed by

a sudden fruiting decrease (December 7 to 20,2005), then a se@nd, but less intense, pêak (December

21, 2005 to January 4, 2006), a gradual diminution (January 5 to March 23, 2006), a last, almost

imperceptible, peak (March 24to30,2006) and again a decline until the end of the study period.

At the maximum fruÍting peak, 33 species were identified and 986 sporocarps counted.

The Spearman conelation rank between total productivity and species richness in each sampling survey

is significant (r = 0.90; p < 0.01).

Taxa reprxenbúíveness - presen ce, productivfi an d edi biltty

An integrated analysis of data obtained from the four sampling plots showed that the majonty of identified

species were Agartaeae (24o/o)or Ticholomataeae (22o/o) Oable 2).
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Íable2. Family representativenes (%) in the rnontado ecosptem

FAilILY REPRESEIÍATÍVENESS (%)

Agaiwre
Ticl'tolomatrcae

Bolbitiaeae

@ünariaeae

Russulaceaa

Stophartaeae

Pathyrellae,ae

Plute@ae

Mangniaaae

Hydnangiaeae

Entolomatac€,ae

Boletaap,re

24

a2

12

í0

I
7

5

3

3

2

2

2

Species with the most extensive ftuiting period and, consequently, wÍth higher percentages of sporo@rp

occuÍrenoe during the sfudy period (> 50 %) uteÍe Copinus @matus (í00 o/o), Panaeolus ermpanulatus

(81 %), Panaeolus acuminatus (71 o/o), Melanoleua exscr§sa (71 olol, Clitocybe obsoleta (67 o/ol,

Psathyrella hirta (62 o/o), Laccaia larcata (57 o/o), Entoloma *i@um (57 o/ol, Lepista flarcida (52o/o) and

Agaicus sp. I (52 %).

However, spmies with the highest sporocarp producüon (> 50 sporocarps), at the maximum peak of the

fruiting period, considering all sampling plots, were Copinus amatus (65), Lepisfa flarcida (68),

Panaeolus acuminatus (84), Panaeolus campanulatus (89), l-acaria lamta (269) and Clitrcybe

oôso/eÍa (618).

Conceming sporocaÍp edibility, species with no commercial interest as a natuÍal resource were dominant

(72 o/ol, either because they were toxic or presented unpleasant organolepüc properties or their biomass

and/ortaste were inelevant Oabda 3)

Table 3. Classificaüon and representativeness of identified s@ie accoding to edibility

REPRESENTATmIES§ (%)

Edible

lndlble ortodc

YUlthout gastnonomlc value

Among edible species, two groups were distinguished - good and mediocre - in which the first

represented 12 o/o and the second, í6 % of the species.

28

52

20
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Copinus amatus is commonly accepted as an excetlent edible mushr@m and was observed in all

sampling plots, fruiting during the entire study period and with a considerable sporocarp production.

!ll. CharacterEaüon and comparison of macro-ftrngal communlty in each sampllng plot

Specíes co,mposifron

Each of the four sampling plots revealed a characteristic list of species, despite some similartties (Iable

4).

Table 4. List of idEntified taxa in eaclt sampling plot @uency of sporocarp occunence during the study peÍiod and maximum

producíivity peak of each taxon

SATH.n|GPLOT§

tv

IDENnHED 7ÂxÂ .E9>
EÊ
ôÉ

EI'
=>EA

§E
o.

.t9>
EP
8E
ÊÉ

=>E8

§E
o.

.s9>
BÊ
ÊÉ

E!!!
=>EE
a=gE

Ê.

.E9à
EÊ
EÉ

oãE
e
o.

Eã
Ex6
=

5í000000
103000000
00005í00
00000052
0052130000
0000002913
00000052
00005100
102600142195
52000000
144000000
000000s1
5í55191000
5í147292251
ü22076749s5451
s1000000
194000000
53000000
90298í22s1í01
000000í0 1

14í51040000
00000051
005200í93
1443Ít12334244
00000054
000010900
0000545í
00520051

Agatús bÉWrus (J.E. Lange) Pilát

Agadcus@m@is var. carrpest s L.

AgaÍiars essêÍíaiBon

Agaricus m@lleiwaÉ§êt

Agaríanssp. 1

Agaría/6sq.2

Agariclrssp.3

Amantu vaginata (Bull.) Lam.

kmillada nellea (Vaht) P. Kumm.

Bolbitius vitellinus (Pers.) Fr.

tulbtrus vitellinus var. vait@lor (G.F. Aü() ltieglsi.

fu letu s dt ry*nteron Bull.

Cli@yb @dab Kühner& Romagn.

CttW glbba (PeB.) P. Kumm.

Clt@ atulelÉ (Babcfi) Oué|.

C$te-ytu srâ§,,s/di@.a (J.E. Langê) Bon & Chevassut

Corrocyüe arôipes Hauskn.

@Nnus aurl@musPaL

@$ínusco,mafi$ (O.F. Müll.) Gray

@prtnus pica@us @ull.) Gray

@Ninus plt@tifis (CuÍtis) Fr.

@ gí n u s xanth ott rix Romagn.

@finaius d*iplens var. dedprbrs (PeB.) Fr.

Entoloma §€,ic€,um (Bull.) Qué!.

Gpnopilus su ác,tís (Maire) Singer

Gwnopus erylhropus (Pers.) AntonÍn, Halllng & Noordel.

lnqb bt?§ártlotaerl,l|Els§€E

lnwb g@phy,ls var. g@phyila (Pers.) P. Kumm
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(cofilfrrrEd)

lnúyb geopryb wÍ. lilacina Gilldt

Laqana bcrglÍe( .)Fr.

Lad.a/irus @mphoraúls (Bull.) Fr.

La&flus ladrnerum RoÍnagn. ex Hora

Ladlaius rugúrs K0hner & Romagn.

Led§,s fla@ida (%weÍby) Pat

Lepisía nuda (Buü.) Cooke

LepM &rdlí, a (Fr.) Singer

M aüoledd/h fu li g I nw u a nos€ Malençon

Macmleplota konndii (Huü3man ex P.D. Ortoír) M.M. Moser

Melanoleua ex§Dl§§€ var. exsdssa (Fr.) §nger

lly@na haematopts (Pers.) P. ltumm.
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Specíes rícâness an d tdxo nom lc rc.pre.sentation

Considering the complete study period, a total richness u/as observed of 31 species (20 genem), 21

species (19 genera), 24 species (19 genera) and 30 s@ies (21 genera) in sampling plots l, ll, lll and lV,

respectively . Agaricus sp. 1, 2 and 3 were included in the species list because the idenüfication process

allowed the conclusion that they were dtfferent species, incorporated in distinct groups.

The species most often observed in sampling plots l, ll and lll belong to Ticholomata@ae, with I (30 %),

5 (23 o/o) and I (34 o/o) species, respectively; in sampling plot lV Agartcareae are predominant, with 7 (24

%) species (Figure 4).
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Figure 4. Number of species included Ín each Family, in each sampling plot.

Exclusive and sharcd specíes befiteen sampling plots

Of a total of 59 species identified, 20 o/o (12 species), 5 o/o (13 species), 12 Yo (7 species) and 15 % (9

species) are exclusive to sampling plots l, ll, lll and lV, respectively.

The most common and widespread species, found in every sampling plot, at least once during the study

period, represent 8 o/o of the total number of species and include Clitocybe gibba, Clitocybe obsoleta,

Coprinus comatus, Entoloma seiceum and Laccaia laccata.

The Jaccard index revealed the highest similarities between sampling plots I and ll (J = 0.37) and

between lll and lV (J = 0.35), regarding shared species.

Iúaximum prcductivity

Species that produced more sporomrps (> 50) in a specific time period differ among sampling plots:

Ctitocybe obsoteta (207), Panaeolus acuminatus (70) and Panaeolus campanulatus (52) in plot l;

Ctitocybe obsoleta (a95) in plot ll; Laccaria laccata (72) and Lepista flaccida (68) in plot lll; Laccaia

laccata (249) in plot lV (Table 4).
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Diversity

The Shannon-Wiener diversi§ index (H) fluctuated considerably throughout the study period, reaching

distinct maximum peaks in the different sampling plots. Nevertheless, comparison of maximum peaks of

each sampling plot showed highest diversity in plot I (1.79) and lowest diversity in plot lll (1.37).

Specíes with highest frcquency of occunencellongest fruiüng period

Species with the longest fruiting period, assessed by sporocarp presence during the study period, were:

Coprinus comatus (90 %), Melanoleuca exscissa var. exsctssa (71 o/o), Panaeolus campanulatus (62Yo),

Clitocybe obsoleta (62 Yo) and Panaeolus acuminafus (57 %) in plot l; Coprinus comatus (81 %),

Clitocybe obsoteta (67 o/o), Agaricus sp. 1 (52 o/o), Panaeolus campanulatus (52 Yo) and Panaeolus

acuminatus (52 o/o) in plot ll; Leprsfa flaccida (52 Yo), Laccaia laccata (38 %), Entoloma seiceum (33 %),

Ctitocybe gibba (29 %) and Macrolepiota Ronradii {29 Yo) in plot lll; Laccaia laccata (52 Yo), Panaeolus

acuminatus (33 %) and Agaicus sp. 2 (29 %) in plot lV.

Species n'cáness and prcductivity durtng the study period

Despite differences in the species list of each sampling plot, a phenological pattern similar to the entire

macro-fungal communi§ was observed th rough g raph ical analysis (Fig ure 5).
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Figure 5. Specbs richness (1) and total productivity (2) variations during the study period, on each sampling plot.

ln fact, variations in species richness and total productivity on each plot, during the study period, followed

the same tendency, showing a maximum coincident peak between mid-November and early December, a

second peak between late December and early January and a last, less intense peak in late March'
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During this time, a significant decrease of boür biological parameterc was observed in mid-December and

March.

This similar tendency was stiatisücally tested; 4 o/o oÍ the conelations were significant for p < 0.05 and 96

o/o wêÍê significant for p < 0.01, between species richness and total productivtty of the four sampling plots

and of the montado ecosystem.

The Friedman test revealed significant differences between sampling plots regarding the number of

species. A posteiort STP tests grouped ptots l-ll and plots lll-tV as similar (Iable 5).

Table 5. Stdistical reults of the Friedman Tet and a posferÍon Simultaneous Tesús Prdures (STP)

NUUERGSPECIES
SAiiruNG PLOT

zs6-zgP Percentletlean Medlan

Plot I

Plot ll

Plot Ill

PlotlV

6.1

6.2

3.4

4.1

4.O-7.5

3.5 - 8.5

1.0 - 5.0

1.0 - 6.5

6

7

3

4

Frledman Tet

Á posGrror, Slm ultaneous
Tests Procedure (STP)

x2 = 32.611;df = 3; p < O.qr1

Plot I Plot ll Plot lV Plot lll

Relafrons belwen tophic groups

Regarding the representativeness of each functiona! group, the following saprobic/myanhizaUpamsitic

percentages were observed. 94t 3/ 3 in sampte plot l, 76/ 241 0 in plot ll, 711 2514 in plot lll and 671 301 3

in plot lV. During the sfudy period, saprobic fungi species dominated almost exclusively.

lV. Relaüon between macro-fungal dlstribu$on and ecologlcal parameterc -spaüal patterns

Confrontaüon of genera productivÍty with ecological parameters of each sampling plot by means of PCA

allowed the detection of some tendencies (Figure 6).
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MO-organicmater,RU-Rubusumifotius,TN-treênumber,K-potassium,N-nitrogen;Fungal genera:Aga-ÁgarÍcus,Ama-

Amanita,Arm-Armitlada, Bob-Bolôm-us, Bol -Boíefuq Cli-Clitcn,ytu, Coy- @rwybe,Cop-Copdnug Cor-@ftinarius,Erl,-
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pvuddi@, Psi -P§/ocyóe,Rho-Rhúwtlybia, Rus-Russula, Sb-Sfopfanb,Tub-Tubaria,Vol-Volniella.

Axes 1 and 2 of the PCA graph explain, respectively, 46.9 olo (eigenvalue 20.6) and 3O.2 o/o (eigenvalue

13.3) of total data variability, which indicates that the two first dimensions explain 77.1 o/o of total vaÍiance.

Sampling ptots, represented by numbers I to 4, are displayed in a distinct quadÍant, emphasizing the

importance of particular micro-environmentalfeatures in disúibution pattem and geneÍa producÍivity.

The disúibuüon of genem vectors indicates the existence of groups more related to a specific plot and,

conseq uently, to corrêspond in g biophysical parameters.

The first PCA axis reflects vegetation structuralcomplexÍty, grazing intensity and ecological preference of

genera: the left side of the diagram groups the sampling plots with higher vegetation oover and, therefore,

with particular microclimaüc and environmental conditions, such as lower light penefation, higher
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moistr1re and greater thickness of the organic layer, concenhting most of the myconhizal genera

(fuletus, Coftinarius,lnocybe, Larcaria, Lactafius and Russu/a) and some saprobic fungiassociated with

more forest-related areas; the right side of the diagram represents open areas, highly grazed and with a

higher nifogen @ntent, concentrating genera related to nuffient-enriched areas (Bolbitius, Coprinus,

Pa n aeol u s and Stroph ai al.

Additionally, conjoint analysis of both axes allows a distinction between sampling plots lll and lV

according to composition, richness and cover of shrubs: placed in the top left quadrant are most

myconhizal genera associated with medium shrub omplexity, but wfih a higher number of potential host

trees and thicker organic taye4 the bottom left quadrant displays saprobic geneÍa associated with high

shrub complexity and less úee @ver.

DrscussroN

l. Retatlon betwêên specie rlchnss and prcductMty - phenologlcal pattern

According to the results obtiained, the fruiting Friod occuned from late October to early April. ln a global

analysis, a preferential ftuiting peÍiod was apparent, in late November, when peaks of species richness

and producüvity maximums were reached. A second but less intense fruiting period also occuned in the

beginning of spring.

On the other hand, a significant positive relation (r = 0.89; p < 0.01) was observed between sporocarp

maximum production and species richness during the study period, which concurs with O'Dell ef a/.

(í999), Súaatsma et al. (2001), Stmatsma & Krisai-Greilhuber (2003), Straatsma et al. (2OO3l and Bonet

et at. (ZOC/1, indicating that most species show coincident phenology. Sfaatsma ef aL (2001), Straatsma

& Krisai-Greithuber (2003) and Straatsma et al. (2003) evaluated totial sporocarp and species variations in

SwtEerland and Austria over the years and concluded that species richness, generally, is a valuable

parameter in expression of productivity.

Despite results that are not totally conclusive and statistically significant, comparative graphic analysis

between species richness and producüvity variations and variations in abiotic parameters during the study

period suggests that biological parameters react to the fluctuation of physical parameters, for a certain

period of time.
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The importance of physicat parameters, especially minÍall, on the fruiting process has been pointed out in

several studies (Bilts ef a| 1986; O'Dell ef aI 1999; Straatsma et a\.2001; Salemi et al.2002: Giachini eÍ

at. 2OO4). However, comparison of dÍverse studies (Bills ef aI 1986; Brunner et al. 1992: Matsuda & Hüii

1998; Schmrt et at. 1999) shows that this pattem varis wtth latitude, since it is dependent on climatic

conditions. So, as a result of variation of climaüc conditions proper to each geographical region, an

adaptaüon of the phenologicalpattem occurs.

In the present study, fruiting period was certainly conditioned by the characteristic Meditenanean climate

of this region. Nonetheless, for the same locaüon, fluctuations may occur in fruiting peak and period that

are probably related to annualvariation of climaüc parameters (Perinief aI 1996).

Salemi et at. (2OO2) studied the effects of Mediterranean climate (minimum, mean and maximum rainfall

and temperature) in macro-fungal ftuiting in oak forests in Tuscany, ltaly, and concluded that the total

number of species and sporocarps were conelated with annual and seasona! rainfiall and temperature,

showing a fruiting pattem similar to that observed in the present study. ln the same study, Salemi eÍ a/.

(2002) also observed a significanüy positive conelaüon between minfalland species diversity and a less

significant conelaüon between this physical par:ameter and sporocarp abundance. This means that, in

oak woods, rainfalt necessary to induce fruiting is similar for all species, but different species react

distinctly in terms of the number of sporocarps produced, according to direct dependence of mycelium

metabolic activrty on soil and moisture level.

Variations in fruiting process thus seem to depend on a particular balance between mêan temperature

and totalrainfall.

It. Specles rlchness and relaüon between trophlc group: Importance of envlronmental and ecologlcal

characterlsücs

During the present study, 59 species were identified, included in 30 genem, of which 45 (76 o/o), 13 (22

o/o) and 1 (2Yo) are, respectively, saprobic, myconhizal and parasitic.

Species richness was low when compared with other studies involving sporocarp sampling and

considering total macro-fungi, whether in conifer or hardwood forests (Mllenewe et al. 1989; Brunner ef

at. 1992; SchmÍt et al. 1999; Richard et al.20C/; Trudell & Edmonds 20M) Oabte 6).
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Tabte 6. Total specis richne of macÍo-fungal communiües in previous studies porfuimed in conibr, mixed and hardwd fureb

DomNÂnÍÍ HosrÍnÉE GoiÍnrcifÍ; CouÍ{ÍBí
ToÍaLSPEcEs
Rtc]trrEss

REFBEilCE

GonlEr Foreols

Pi@dabtes

Pl@a abies

Pirrrssyrvêsúrb

Tatga hetenp@+selwioe1ga memisii

P*udohugamemiêff

P*udo6,uga menziefil,
Pi@a slldd,ens,, Thuja

Abie§tuma

Tsugahebropryb,
pli@ta

Euope; Suredên

EuÍope; SrriEÍland

Europe; Spain

America; U.SÁ.

tunedca; U.SÁ"

America; U.SÁ.

Âsh; Japan

AmeÍica; Canada

Amedca; U.S.À

AÍneÍica: Brazil

,A ECM tungi

128 ECMfrmgi

í44 ECM tungi

í5ú ECMtungi

26Ít ECM tungi

2í4s@6(ECM
and sapÍoblctung0

39 ECMtungi

195 speiês (ECM
and sapÍobictungD

ô7 ECMtungi

34 ECM tungi

284 speciB (168
ECM and 68 §aprobic
frms0

13í spedês

174 species ( 3ô ECM
and í38 saprobic
tunSí)

tlahlberg er€r. (í994

P€Gref ar. (2@1)b

BoÍreteÍar. (ã,04)

ODell eÍar. (í999)

Smih êÍar. (2002)

Trude[ & Edmonds (2004)

MaEuda & Hijll ('1s98)

Mlleneuvê eC ar. í989

l hlks&MiIer(2002)

Glaúlni etar. (2004)

mheíl FoÍcsi8

Búrla, A@t,Abitx, Pic€la

QuêÍcírs rubÉ úú Tsuga @nader,sÀ.

PinusÍE,ada and Euc€,W.É dunni

ilarMFoleots

Querursilex

Nnustenuifofra e Hnus 6lsp€

Querar spp.

Eu@Wrsglofulus

Eurcpe; Gorsica lslard Richad erar.,2m4

AmeÍica; U.SÂ BnmneÍe(ar. (1992)

AÍneÍica; U.SÂ Súmitetar. (íssg)

Oceanh; Au$alia 30 ECMtungl Lu etar. (ígsg)

Geneelly, differences in species richness between several studies may be related to methodological

differences (stand age, sampling pêriod, sampling plot dimensions) (Bills et al. 1986; O'Dell et al. 1999;

Schmit ef aI 1999), macroclimatic differences inherent to the latitude/altitude gmdient (Laganà eÍ aL

1999; Laganà et at.2001) and difÍerences in complexity, sfucture and composition of he ecosystem

vegetation, that condition the available ecological niches and the system dynamics (Bills eÍ af. 1986;

Mlleneuve eÍ aI 1989).

The reduced specaes richness in the area studied could be associated wtth Iimitaüons intinsic to sampling

method and period. In fact since this study was developed during 1 year and exclusively considered

sporo€rp sampling to evaluate the macro-fungal community, it was conditioned to fruiting procêss

unpredictability, which reacts to weather fluctuations, and dependent on the specie phenological pattem.
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Works by Bills et a/. (1986), Dahlberg et al. (1997), O'Dell ef aL (1999), Shatsma et al. (2001),

Straatsma & Krisai-Greilhuber (2003) and Bonet et al- (2OA4), performed with different periods of time,

showed an inter-annual variation in the composition, number and productivity of species.

Furthermore, the reduced species richness might result from disadvantageous conditions imposed by

interactions between climate condiüons during the study period and spatial anangement of this montado

ecosystem.

Landscape simplification and homogenization, as aonseguen@s of tree cover reduction, absen@ or low

representativeness of shrub storey and intense grazing, confer specific ecological and microclimatic

characteristics that may be less favourable to macrefungi.

However, low species diversity in this particular case is not retated to the host fiee, since Laganà et at.

(2001) obtrained higher values of this parameter in evergreen Quercus spp. woods in the MediterÍanean

region. These differences may be related to the system exploitation and management pmctices,

particularly to bovine livestock presenoe, which causes changes in herbaceous and shrub vegetaüon and

soilcompachess.

On the other hand, work developed by Richard et al. (20o4.) in a similar Meditermnean ecosystem,

dominated by Quercus i/ex, showed a relation between úophic groups different fuom the one observed in

the present study, with a dominance of EMC (166) over saprobic species (68). These results suggest that

the proportion between trophic groups is not exclusive to an ecosystem but reflects particular micro-

environmental characteristics which model the macro-fungal communities, favouring one group or another

according to its ecologicat needs. Indeed, the symbiotic nafure of ECM species imposes a sÚict or a more

generalist dependence on the host úee while saprobic species are, genemlly, more related to occasional

or constant presencê of Íavourable substrata. This indicates that the low representativeness of ECM

species in the studied macrefungal communi§, in number and proportion, when compared wtth other

works (Dahlberg et at. 1997; Matsuda & Hüii 1998; Lu ef aI 1999; O'Dell ef aí. 1999; Peter ef al. 2O01b;

Smith eÍ at. 2OO2: Walker & Miller 2002; Bonet et al. 2004; Giachini et al. 20A4; Richard et al. 2004)

probably results from interaction betureen the host symbiotic nature and more unfavourable

environmental and ecological conditions for the colonization process and/or fruiting.

However, the reduced sporocarp productivity of ECM fungi does not necessarily mean a belowground

low representativeness or absence. The study developed by Azul (2002) on the belowground ECM

community in Quercus suber montado, in Portugal, revealed high species diversity despite the low

sporocaÍp diversity.
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The genemlized dominance of saprobic species might be due to intense grazing. ln fact, boüne livestock

provides considerable amounts of excrement which constitute direct nuúition subsúatia to several

saprobic species found on the sampling ptots. Simultaneously, excrement integmtion in the organic

maüer soil layer supplies additional nitrogen content favourable to other saprobic species.

This tendency was also demonsüated by PinhoAlmeida & Feneira (2005) in a similar ecosystem.

Moreover, saprobic species (Coprinus @matus, Psathyrella hifta, Lepista flaccida, Panaeolus

acuminatus, Panaeolus campanulatus e Clitocybe obsoleta) contributed with higher sporocarp prduction

during the fruiting peak, considering all the sampling plots. These species presence and abundance

reflect habitat peculiarities, since more than half of the most productive saprobic species are

coprophilous. On the other hand, the only myconhizal species that produced more sporo@rps, Laccaria

laccata, is refened by some authors (Bills eÍ aI 1986; Laganà et al. 2001; Giachini et a|.2004; Richard eÍ

al. 20O4) as one of the most abundant ECM species, which suggests a more widespread ecological range

and lower environmentral requirements and host specificity.

The higher representativeness oÍ Agaicaceae and Tricholomataeae, considering all species present in

the four sampling plots, was not conclusive when compared with previous works developed in evergreen

hardwood forests (Pzul 2002: Richard et al. 20A4), but emphasizes the importance of study area

particularities and might conbibute to more detailed characterizaüon of each Family.

The analysis of each sampling plot revealed distinct total species richness and proportions between

trophic groups: 3í species (94 Yo saprobic, 3 7o ECM and 3 % parasitic) in plot l; 21 species (76 o/o

saprobic and24 % ECM) in ptotll; 24species (71Yo saprobic,2So/oÉCM and4% parasitic) in plotlll;

and 30 species (67 % saprobic, 30 % ECM and 3 % parasitic) in plot lV. Furthermore, a reduced number

of shared species was observed among sampling plots (8 %), as well as a considerable number of

exclusive species (52 Yo) and a higher similartty between plots l-ll and plots lll-M. lndeed, despite this

study haúng only focused on a single fruiting period, only partially represenüng this area's mycological

potential, it allows the identificaüon of the possible micro+nvironmentialÍactors that influence the macro

fungal communÍty, excluding the macro-environmental parameters that equally condition the sampling

plots.
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Vqeblion stucfurre and densitY

Comparison of vegetation súucture, composttion and súatification of the four sampling plots revealed low

tree numbrs and reduced shrub and tree cover in plots I and ll, whereas plots lll and lV included a

higher number of hosts, either ffees or shrubs.

An increase in forest complexity fiom plots I and lt to plots lll and lV was accompnied by an increase in

tree number and canopy density, which resulted in decreased light and wind penehaüon, variation of air

and soil temperature and humidity and increased lttter and organic matter. This interaction among

environmental factors is of great importance in establishing favourable condÍtions to certain forest and

specific ECM fungi (Bonet et al.20C/). ln the present study, the complexity gradient resulted in species

richness decrease.

The negative effect on fungal species richness of tee density and number of vegetration layers increase

was demonstrated by Richard et al. (2OM\.

Nonetheless, considering the different fophic groups, a significant increase in ECM species and a

saprobic species dectine was observed with canopy closure. Besides, the higher percentage of ECM

fungi observed in plot lV may be related to the presence of regenemting Meditenanean shrub, particularly

Cisfus salviifotius. tn generat, Cr.sfus constitute potential hosts to several myconhizal species (Comandini

etal.2O@).

The posÍtive relation between ECM species richness and tree cover density is contrary to the study by

Richard et at. (2OC/;), but concurs with Villeneuve ef ar. (1989) and Laganà ef aí. (1999). Mlleneuve eÍ aL

(í989) evidenced a signÍficant posiüve conelation between ECM species and host tree cover (r = 0.50),

suggesüng that the Iatter parameter, related with root surface and available energy, may influence the

number of ECM fungi on a site. On the other hand, Laganà ef aí. (1999) observed, in Meditermnean

forest ecosystems, a significant posiüve conelation between ECM species and tree species (r = 0.48; p <

0.01) and üee cover (r = 0.43; p < 0.001 for a cover > 50 %).

Moreover, Azul (2002) verified that ECM colonization and species richness arê directly related with

understorey presence of underdeveloped shrub cover (25 - 30 %).

Edaphtc condÍüons

Besides system sfucture and complextty, the four sampling plots presented distinct edaphic conditions,

which appearto influence species colonization and fruiting processes.
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Plots I and ll showed higher contents of assimilable nihogen and phosphorus and a lower percentage of

organic matter, when compared with plots lll and lV. This result is in harmony with saprobe species

abundance in each plot, since reduced organic matter content together with a higher percentage of

nutrients available in the soil, reflet an acüve and efftcient process of decay.

Soi! potassium levels are not very conclusive, since this element is r:apidly leached and released, as a

result of its weak structural relation with organic matter (Mason 1976)-

On the other hand, distinct shrub and tsee cover and grazing intensity between plots t-ll and lllJV result in

different nutrient inputs: plots l-ll showed a reduced or almost absent litter layer but a higher and constiant

presence of livestock; plot lll and, especially, plot lV showed more consistent organic layer and very

occasional presence of livestock.

Organic debris fiom boüne livestock represents a souroe of easily and rapidly assimilable nuÚients,

mainly nitrogen. Substrata rich in organic debris will certainly be more athactive to saprobic species but

atso to vascular species existing in the system. ln this way, hosts will not depend so sÚicüy on symbiotic

relations for subsistence. Under these circumstances and considering that the absence of sporocarps of

ECM species does not represent a conclusive indication of its belowground absen@, it is probable that

the ECM community is, in this ecosystem, reduced or almost inexistent.

The importance of edaphic sfucfure to cotonization and fruiting processes has been demonsfrated in

severat studies (e.g. Vitleneuve ef a/. 1989; Kemaghan & Harper 2001; Egli & Ayer 2003) and, especially,

the particular effect of nifogen. ln fact, most studies confirm the existence of a probable causeeffect

relation between nitrogen increase (mainly in its mineral form) inherent to air pollution deposition and

fertilization and the diminishment of ECM species fiuiting (e.9. Amolds 1991; Lilleskov eÍ aI 2001; Peter

et a|.2001a: Avis ef aI 2003).

The means by which nitrogen affects ECM fungi seems to be related wtth carbon allocation (Trudell and

Edmonds ZOg4;). However, nitrogen increase, besides interfering in host-fungi relations, Gauses

alterations in pH, available base cations and heavy metals (Lilleskov & Bruns 2001; Lilleskov ef aI 2001).

Lilleskov et al. (2001) assessed nitrogen deposition effects along an abundance gradient on ECM

communities of conifer forests (Picea glauca) and observed lower species richness and sporocarp

abundance in areas with higher mineral nitrogen content. ln parallel, results revealed that the

environmental variables more conelated with macro-fungal species occuÍTence were organic horizon

mineral nifiogen, organic hor2on net minenalization and mineralsoi! base cations.
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Peter ef al. (2001a) evaluated the influence of nÍhogen addiüon, during a 2-yar period, on sporocarp

production of ECM and saprobic species and on belowAround ECM species composition in a conifer

forest (Picea aôies). Sporocarp sampling revealed a drasüc reduction of EGM fungi diversity after one

year of nitrogen addition while the saprobic community was not affected. lmpact on belowground ECM

fungi diverslty vyas less intense, without altemtions in the numhr of ECM species but with shifu in

composition and abundance of species. The study shows that niFogen increase may influene

myconhizal establishment, production and disúibuüon of extra-radica! mycelium and sporocarp formation;

however, myconhizalcolonization appears to be less sensitive to nitrogen input increase than sporocarp

fonnation.

Moreover, Avis ef a/. (2003) tested the fertilization influence on EGM fungi for three years in a tempemte

Quercus ecosystem and observed a decrease of sporocarp diversity, especially Amanita, Boletus and

Coftinaius spp. and an alteration of the community composiüon in fertilized plots. Nevertheless, an

increase of Russula spp. community was observed with a nitrogen addition oÍ 17 g.m-2.yeaf1.

!n less disturbed ecosystems, nifogen content influences, in the same way, proportions between Úophic

groups in macrefungal communiües, Íavouring saprobic in deEiment of ECM fungi.

Brunner et at. (1992), related different abundances of ECM and saprobic fungi wtth high nitrogen soil

content associated with Alder forests (Alnus tenuifolia and Nnus crispa) suggesting that the low

prcentage of ECM species might be due to their high sensitivity to nkogen levels and the superior

saprobic species richness, mainly lignicolous, could be a direct result of dominance of dead organic

subshata.

Furthermore, Trudett & Edmonds (2004) characterized and compared the epigeous fungal community in

two mature conifer forests, with minimum anthropogenic interference, in order to evaluate the importance

of humidity and nirogen abundance to macro-fungal diversity. They verified that, regardless of similarity

between dominant Fee species and macro-fungal species richness, the communities were very distinct

insofar as the most representative geneÍa, trophic group proportions and productivity: the driest and

nifogen-poor area showed a higher sporocarp productÍvity and dominance of Cortinaius, Tricholoma,

Hydnellum, Suillus and Saroodon genera; the wetter and nitrogen-rich area revealed lower productÍvity

and dominance of lnocybe, Russula, Amanita, Boletus and Phaercollybia, as well as a significant

percentage of saprobic fungi. Taxonomic dÍfferences between the two aÍeas appear to be related to

differences in eco-physiological characteristics, especially in mycelium morphology and sensitivity to soil

moisfure and minera! nitrogen abundance. Nikogen and soil moisture seem to be he most determinant
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factors in diffierences among macrefungal communities. Therefore, in this study, despite its importance,

host specÍficity is not the dominant factor, since there were few shared species beturreen the two areas; of

the214 identified species, only 33 (15 Yo) appeared in both areas, 16 ECM and 17 saprobic.

The influence of nitrogen and edaphic sfucture on macro-fungal communities was also shown by Baar

('1996), who assessed ECM species composition and sporocarp abundance in primary and secondary

Pinus sytvestis stands. The author observed that species richness and diversity were superior in primary

stands or stands with removal of the organic layer (litter, humus and herbaceous vegetation), concluding

that simultaneous alteration of tree physiology and soil chemical composÍtion, inherent to forest maturing

prooesses, influences ECM fungi communities. ln this study, low nitrogen concenfations in ectorganic

layers and in mineral soilwere more propÍtious to the establishment of ECM mycelium.

Gonclusrous

The present study represents an important contribution to knowledge of the macro-fungalcommun§ that

colonizes the montado ecosystem, although focused on only one year.

Analysis of the results demonstrated that particular ecosystem characteristics, imposed by vegetation

spatial sfncture and more or Iess constant livestock presen@, influenced macrofungal communities.

Dominance of saprobic species may have been enhanced by conjugation of these factors and, mosüy, by

soil nkogen availability.

Nonetheless, differences between species identified in the four sampling plots, in a particular period of

üme and having the same macro+nvironmental conditions, probably reflected micro+nÚronmential

differences associated with distinct management sÚatqies.

ln the most open and gmzed areas (plots I and ll) a higher number of species and greater productivity

was observed, relaüve to denser and less grazed areas (plots lll and lV). These differences are even

more evident when representrativeness of each trophic group is considered.

Most species that contribute to the significant increase of productivity in plots I and ll are saprobic,

appearing associated with occasiona! subshata related with the presence of tivestmk. ECM species

appear, preferentially, in areas with higher ecological complexity and host density, plots lll and lV.

However, reduced fiuctificaüon of ECM fungi is not conclusive, given the unpredictability of this process

that depends on exogenous, mainty environmental, and endogenous Íactors. Rqardless of the fragility of

u



the results obtained, most studies @ncur with these observations. They describe reduction of ECM

species frucüficaüon or, inclusively, a belowground species replacement or disappearance, with the

increase of soil nlbogen, either by atmospheric deposition or fertilization (e.9. Lilleskov ef a/. 2001; Peter

et al. 2OO1a; Avis ef aI 2003) and increased ECM fungi diversÍty in areas with higher densi§ of potential

tree hosts and mdium complexity of vegetation layers (Mlleneuve ef al 1989; Laganà et al. 1999; izul

2002).

tn addition to impacts on ECM communiües, high niFogen availabilÍty also implies nqative efiects on

plant biodiversity and ecosystem function §Ítousek et al. 1997). On the other hand, this ecosystem

showed some signs of debil'úy through the presence of a pamsitic species on three sampling plots.

The short duration of the present work also limits the concrete definition of strategies and management

measures for sustainable ecosystem exploitation. However, any plan üargeted to higher economic

profitabitity while respecting the ecosystem balance should favour colonization and fructificaüon of macro-

fungal communities. Saprobe species assume a fundamenta! role in organic matter tumover and,

inclusively, some species develop edible sporocarps which constitute a resour@ wÍth potential economic

value. ECM species conúibute to increased host establishment helping the host to subsist in adverce

conditions and protecting it fiom pathogenic agents. Also, several ECM species invest in sporocarps with

high economic and gashonomic value, difficult to obtain in ex sdu culture.

Considering the importance of the main functional groups present in this ecosystem, management should

be more aimed at Íavouring ECM species, sin@ host protection and health would also be assured,

maximizing the quality of its suFproducts (cork and acom). On the other hand, ECM species require

more effective protection, given their vulnerability to anthropogenic activities in üe ecosystem and their

generalized decline in several other countries.

Wienseyk et al. (2002) suggest some management practices to maintain EGM community diversity.

However, for the studied ecosystem, the most adequate management measures should include:

- Reduction of grazing intensity and, if bovine livestock maintenance is intended, diminishment of

cattle head, in order to decrease input of nitrogen-rich organic debris, soi! compaction inherent to

excessive livestock ffeadi n g, and vegetation degradation ;

- Avoidance of soil tilling with heavy machinery, since it could destroy macro-fungal mycelium;

- Avoidance of soit fertil2aüon, since it constitutes an additional niEogen input which will interfere in

emsystem balance, particularly in host-ECM species relations;
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- Maintenance of high density of tree @ver, assuring higher availability of ecological niches to

ECM species;

- Maintenance of some shrub under-storey areas of the Meditenanean-type maquis. According to

Azul (2OO2), montado ecosystems, as extensive production systems, should include areas with

shrub under-storey constifuted by autochthonous species, with a aover peroentage of 25 - 30 o/o

and í m of maximum height;

- Avoidance of excessive sporocarp collection, since it could inteúere in reproducüon and, as a

consequence, in the species perpetuation in this ecosystem.

Sustainable exploitation of this ecosystem will certainly be more advantageous to the communiües

equilibrium and will permÍt a higher economic valuation. ln addition to all the sub-products associated wÍth

the cork oak, edible sporocarp collection will constttute an extra gain.
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O reconhecimento do valor ecológico e económico dos fungos e a constatração de uma reduçâo de

espécies ECM face aos impactes associados ao desenvolvimento indusúia!, tem incentivado o

desenvolvimento de inúmeros estudos, contribuindo para o aumento do conhecimento da diversidade da

micobiota e da biologia, ecologia, distibuiçâo e estratuto de ameaça de cada espécie em particular.

No entianto, sâo relativamente poucos os estudos desenvolvidos, neste domínio, na Região

MedÍterÉnica (e.g Perini et al. 1996: Laganà ef aL í999; Laganà et al. 2OO1; Salemi et al. 2002; Bonet ef

at. 2004: Richard et al. 20C/4 Ortega & Esteve'Raventós 2005; Ortega & Navano 2006) e ainda mais

escassos em Portugal, desconhecendo-se a diversidade e os estatutos de ameaça das espécies, o que

dificulta a definição de planos de protecçáo ou gestão dos ecossistemas.

Nesse sentido, o presente estudo pretendeu contribuir paÍa o aumento do conhecimento da

diversidade de macrofungos em Portugal e, particularmente, num emssistema dominante da paisagem

do Sul - montado de sobreiro - , que se enconba numa situaçâo crÍtica, em resultado da implementaçâo

de medidas de gestão desadequadas. O investimento na recupêração deste ecossistema é fundamental,

na medida em que para além de incluir uma diversidade de espêcies superior à comunidade'clÍmaf

onde se desenvolve o sobreiro, integrando espécies caracteísücas de bosques e de prados e

pastagens, representa um exemplo de um sistema humanizado ecologicamente sustentável (Azu! 2002;

Dlazet a/.2003).

De facto, os sistemas de montado sáo considerados ecossistemas complêxos, em equilíbrio, gue

consüfuem uma etapa de sucessâo ecológica induzida, requerendo uma intervenção anFópica constante

(Scarascia-Mugnozza et al. 2000). No entanto, as intervenções mais ou menos intensas, atavés do

corte da vegetação, interferência nas camadas orgânica e mineral do solo e/ou introduçâo de gado,

podem conduzir a um desequilíbrio e alteraçâo estrutuml das comunidades micobióticas do solo ou,

inclusivamente, a uma degradaçâo generalhada de todo o sistema (Gourtecuisse 2001; Pih & Molina

2001; Wiensczyk eÍ al.2002). A predominância e/ou eliminação de determinadas espécies de fungos,

dependerá da sua capacidade de dispersão e da especificidade relativamente ao hospedeiro (Azul

2002).

A avaliaçâo simultÉlnea da potencialidade micol@ica neste sistema e das condições microambientais

que favoreceÍam a colonizaSo e ftutÍficaçáo de macrofungos e especificamente das espécies ECM

permitir:am definir algumas estratégias de gestão que, certamente, poderão ontribuir pala a regressão

deste tendência, valorizando a protecçâo desta comunidade e maximizando a disponibilidade e

qualidade de recursos naturais.
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Este esfudo evidenciou a presença de uma importante comunidade de macrofungos associada ao

ecossistema de montiado, dominada por espécies sapróbias. Esta dominância, associada a um número

de espécies retaüvamente baixo em compamçâo om ouúos eshrdos desenvolvidos em sistemas

medÍtenânicos dominados por Quercus spp. (e.g. Laganà et al. 2OO1; Richard et al. 20M), pareceu estar

relacionada com a configuração espacial do ecossistema e presença, mais ou menos intensa, de gado

bovino, que contribuiu, significativamente, para a compactação e enriquecimento de azoto no solo.

A maior representatividade de espécies sapróbias aponta para possÍveis sinais de ftagilidade no

ecossistema em estudo, na medida em que apesar destas esScies desempenharem uma função

ecológica fundamential, conúibuindo para o tumoverdos nutrientes e invesürem em carpÓforos altiamente

rentáveis, não asseguram o equi!Íbrio de ecossistema. Por outro lado, o excesso de azoto, no solo ou

substratos ocasionais, que favoreceu a presença e frutificaçâo destas espécies, não é benéfioo para as

espécies vegetrais presentes. Esta debilidade do ecossistema foiainda reforçada pela presença de uma

espécie parasita em fês parcelas de amoshagem.

Adicionalmente, a compar:açáo enfie a composi@o de espécies e a proporçáo de grupos ÚÓficos

ent'e as parcetas de amoshagem evidenciou a influência das caracterÍsticas microambientais no

prooesso de colonização e fruüficação e, particularmente, da complexidade esfutural da vegetaçâo e

pressâo do pastoreio: as áreas mais abertias, sujeitas a uma maior pressão do pastoreio (l e ll),

revelaram-se mais favoÉveis aos fungos sapróbios; as áreas mais fechadas e complexas (lll e lV), no

que respeita aos estratos arMreo e arbustivo, e com menor intensidade de pastoreio pareceram mais

favoráveis às espécies miconÍzicas.

Apesar da fiagilidade dos resultiados, inerentes às limita@s metodolÓgicas, @noboranam a maioria

dos estudos, demonstrando a influência negativa do azoto nas comunidades de fungos ECM e neutra ou

posÍtiva nas comunidades de fungos sapróbios (e. g. Amolds 1991; Lilleskov et aI.2001; Peter ef a/.

20O1a; Avis ef aI 2003).

Considerando a importância ecológica dos fungos ECM em qualquer ecossistema, a maior

valorização dos carpóforos produzidos por estas espécies e o declÍnio registado, nos úlümos anos, na

Europa, será mais vantiajoso direccionar as eshatégias de gestâo para o Íavorecimento deste grupo

trófico.

\Mensczyk et at. (2002) sugere algumas práticas de gestão que visam a manutenção da diversidade

da comunidade de esÉcies ECM. No entanto, para o ecossistema em estudo, deverâo considerar-se as

seguintes medidas de gestão:
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í. Reduzir a intensidade do pastoreio e, no caso de se pretender manter o gado bovino, diminuir o

encabeçamento de forma a reduzir o input de detritos orgânicos ricos em azoto no solo, a compac'taçâo

do solo inerente ao pisoteio excessivo e a degradaçâo da vegetaçâo. De facto, os encabeçamentos

actuais desta área excedem significaüvamente o encabeçamento máximo de 2 Cabeças Normais por

hectrare definido pelas Boas PÉücas Agrícolas (ArP 89 e Anexo Vlll da Portrafia n" '121212003).

2. Evitar o revolvimento e compactaçáo do solo com maquinaria pesada, na medida em que podeÉ

provocar uma deshuiçâo do micélio dos fungos;

3. Evitar a fertilização do solo, pois constifui um acréscimo de azoto que irá altemr o equiltbrio do

sistema e particularmente a relação enbe o hospedeiro e a espécies miconÍzica;

4. Manter uma maior densidade arbórea, assegurando uma maior disponibilidade de nichos

ecológicos para as espécies miconÍzicas;

5. Manter algumas manchas de subcoberto arbustivo de mato meditenânico. De acordo com Azul

(2002), os ecossistemas de montiado, como sistemas de produção extensivos, deverão incluir áreas com

o subcoberto arbustivo consütuÍdo por espécies autóctones, @m um tndice de cobertura de25 a 30 % e

altuna máxima de 1 m;

6. Evitar uma recolha excessiva de carpóforos, uma que podeÉ interferir na reproduÉo e,

consequentemente, na perpetua$o da espécie nesse ecossistema.

A gestão sustentada do ecossistema, que valorize o equilÍbrio e a presença das comunidades de

fungos ECM, será mais vantajosa ecologie e economicamente, na medida em que favorece a

fitossanidade do sistema, maximiza a qualidade dos sub.produtos do sobreiro (ortiça e bolota) e

inroduz um novo recurso natural altramente rentável: os cogumelos comestÍveis.

Em Portugat, apesar de exisür uma hadição de colheita de algumas espécies de cogumelos

comestÍveis para autoonsumo, intrÍnseca a cada regiâo, persiste um sentimento de micofobia motivado

pelos inúmeros casos de envenenamento relatados todos os anos. No entianto, sabese que existe uma

actividade de colheita paralela, mais intensa, com vista à comercializaÉo e, principalmente, exportaçâo

para os mercados mundiais, incentivada pela valorização económica deste recunio e pela inexistência de

legislaçâo. Apesar de se desonhecer a verdadeira dimensâo desta actividade, cr&se que está em

expansão e que será particularmente desvantajosa para os ecossistemas que sofrem os efeitos
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inerentes à pressão desregrada da colheita e para os proprietários, que nâo usufruem desta mais-valia

acrescida (Azul2002).

A informação e sengbilizafio do público em geral e, particularmente, dos proprietários para a

valorizaçáo e exploração deste recurso altemativo, numa peÍ§@tiva sustentável, confribuirão,

igualmente, paÍaa protmçáo da biodiversidade dos macrofungos e dos ecossistemas.
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