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Quercus faginea woods in Alvados valley are remnants of ancient forest within a strongly frag-
mented and diverse human-made matrix. In this contribution, new data concerning lichen diver-
sity characterizing this area are presented, including two species new to Portugal. More than
20% of the species are typical of undisturbed, natural environments confirming these woods to
be important areas for preservation of specific lichen flora.
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Introduction

Although lichen studies devoted to specific areas (e.g. Carvalho & al. 2002;
Hespanhol & Marques 2023), pollution monitoring activities (e.g. Munzi & al. 2014;
Sergio & al. 2016) and citizen science activities (e.g. Munzi & al. 2023) exist for
Portugal, extensive, systematic surveys aimed at documenting the country’s lichen flora
have never been done. Many regions are still unexplored from the lichen point of view
and the discovery of species new to science in the country is not uncommon (e.g. van
den Boom 2005; Sanders & Llop 2020).

In June 2022, the COST Action Bottoms-Up organized a Training School on “Field
sampling for multi-taxon biodiversity studies in European forests”, in Portugal. This train-
ing school was meant to illustrate standard approaches for forest multi-taxa monitoring and
provide the opportunity to apply some of the methodologies in the field with experts in the
topic. Lichens were one of the taxa objects of the training, allowing the collection and the
record of several lichen species in Alvados, the training area.

In this area, previous research has detected 161 lichen species (Hespanhol & Marques
2023; Pinho unpublished). Alvados is a civil parish located in the natural park of Serra de
Aire e Candeeiros in central Portugal. The Aire and Candeeiros mountains are the most
important repository of limestone formations in Portugal that, together with its Karst mor-
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phology, nature of the vegetation cover, network of underground watercourses, and cave
fauna, earned them the designation of a Natural Park. Three depressions formed by signif-
icant fractures - the Mendiga depression, the Minde-Mira polje, and the Alvados depres-
sion - characterize the region.

The climate in the Natural Park of Serras de Aire e Candeeiros is characterized by the
transition between Mediterranean and Atlantic conditions, making it humid with average
temperatures and a significant lack of water in the summer. While water is scarce in the
surface, it is abundant underground, forming one of the largest reservoirs of underground
freshwater in Portugal (ICNF 2023).

To date, around 600 plant species are known to grow in the 39,000 hectares of the park,
corresponding approximately to one-fifth of the plant species occurring in the country. The
landscape, shaped by centuries of fire, agriculture and grazing, is dominated by olive
groves with significant clusters of Quercus faginea Lam. forest and limited clusters of Q.
rotundifolia Lam., Q. suber L., Ulmus spp., and Castanea sativa Mill.. In terms of sponta-
neous vegetation, there is a prevalence of shrubby areas with kermes oak (Quercus coc-
cifera L.) and sub-shrubby areas with rosemary (Rosmarinus officinalis L.) (ICNF, 2023).
Relict Q. faginea forests are restricted to a very few isolated localities in Portugal. They
are considered habitat of Community interest (9240 - Quercus faginea and Quercus
canariensis Iberian woods) and “forest types of unique character in Europe and of extreme
biological importance” (EUNIS 2023). 

In order to contribute to the knowledge of the biodiversity of these woods, this work pres-
ents a preliminary checklist of lichen species for the study area and the floristic analysis. 

Materials and methods

The lichen survey methodology employed adheres to the guidelines outlined in the hand-
book published by the COST Action Bottoms-up (Burrascano & al. 2021), aligning with
standard methodologies commonly used for lichen biomonitoring (Giordani & al. 2020).

Three plots were identified in a Q. faginea cluster (Fig. 1) along a walking path near
Alvados: plot 1 with coordinates 39.54436507, -8.77430666, plot 2 with coordinates
39.5443418, -8.77562866, and plot 3 with coordinates 39.54409309, -8.77647355.

In each plot, three Q. faginea trees were selected avoiding over-mature/dying trees,
trees close to forest gaps, and trunks completely covered by bryophytes. On each trunk,
four 10×50 cm sampling grids (each split into five 10×10 cm quadrats) were located at the
four cardinal directions, between 100 and 150 cm from the ground. The frequency of each
species present on each side of the grid was recorded for the nine trees. The list of species
here presented is therefore not the total lichen diversity of the area but includes only the
species falling in the portions of trees identified by the grid.

Lichens have been identified using a stereo microscope for macroscopic structures
(such as reproductive and vegetative structures) and usual chemical spot tests K (a solution
of 10% potassium hydroxide), C (sodium hypochlorite solution), and KC. A light micro-
scope was used for identification of microscopic characters, such as paraphyses, asci and
spores. For the identification of the lichen species several keys were used, mainly Smith &
al. (2019) and online identification keys on ITALIC 7.0 (Martellos & al. 2023). Growth
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forms, photobionts and reproductive strategies were considered to detect the characteris-
tics of lichen colonization. Nomenclature and bio-ecological characterization of the
species followed Nimis (2016).

Results

The annotated floristic list includes 43 species, three of which recognized at genus level.
Among them, 2 are new to Portugal (marched with # in the list), 30 are new to Alvados
valley (marked with * in the list). For each taxon, the collection plots and bio-ecological
traits (growth form, photobiont, reproductive strategy, poleotollerance, and nitrophilia) fol-
lowing Nimis (2016), are given. For shortness, the following abbreviations will be used:
Fol.b (foliose, broad lobed); Fol.n (foliose, narrow lobed); Sq (squamulose); Frut (fruti-
cose); Cr (crustose); Lp (leprose); Ch (lichens with green-algae, other than Trentepohlia);
Tr (lichens with Trentepohlia); Cy (lichens with cyanobacteria); As.s (mainly asexual, by
soredia, or soredia-like structures); As.i (mainly asexual, by isidia, or isidia-like struc-
tures); S (sexual); +S (sexual reproduction observed in the field in species adopting mainly
asexual reproduction); P (Poleotolerance); N (Nitrophilia). A short note about the distribu-
tion in Portugal is reported for a few uncommon species.
*Acrocordia gemmata (Ach.) A. Massal. – Plots: 1, 2, 3. Cr, Tr, S, P=1, N=1.
*Alyxoria varia (Pers.) Ertz & Tehler – Plots: 1, 2, 3. Cr, Tr, S, P=1-2, N=1-2.
*Bacidia laurocerasi (Duby) Zahlbr. – Plots: 3. Cr, Ch, S, P=0, N=1.
Cladonia sp. – Plots: 1. Frut, Ch.
*Coenogonium pineti (Ach.) Lücking & Lumbsch – Plots: 2. Cr, Tr, S, P=1-2, N=1-2.
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Fig. 1. Quercus faginea forest in the study area in Alvados (Portugal) (credits: Silvana Munzi).



*Collema subflaccidum Degel. – Plots: 2, 3. Fol.b, Cy, As.i, P=1-2, N=2-3.
Collema subnigrescens Degel. – Plots: 1. Fol.b, Cy, S, P=1-2, N=2-3.
Crocodia aurata (Ach.) Link – Plots: 2. Fol.b, Ch, As.s, P=0, N=1.
*Dendrographa decolorans (Sm.) Ertz & Tehler – Plots: 3. Cr, Tr, As.s, P=1-2, N=2-3.
Flavoparmelia caperata (L.) Hale – Plots: 2, 3. Fol.b, Ch, As.s +S, P=1-2, N=1-3.
*Fuscopannaria mediterranea (Tav.) P.M. Jørg. – Plots: 1, 3. Sq, Cy, As.s, P=1, N=1-2.
*Gyalecta derivata (Nyl.) H. Olivier – Plots: 1, 3. Cr, Tr, S, P=1, N=1-2.
*Gyalecta truncigena (Ach.) Hepp – Plots: 1, 2. Cr, Tr, S, P=0, N=1-2.

This species is characterized by a thin or inconspicuous grey thallus and urceolate
apothecia with an orange-brown disc. It can be easily differentiated from other epiphytic
species of the genus by ascospores muriform, oblong-fusiform, without conical tips,
(14-)17-28(-31) x 5-9 µm. In Portugal, this species seems to by rarely collected, mostly
in the western area (e.g. Sales & Hedge 2000; Alvarez Andrés & López de Silanes 2002;
Van den Boom 2005).

*Hyperphyscia adglutinata (Flörke) H. Mayrhofer & Poelt – Plots: 2, 3. Fol.n, Ch, As.s,
P=1-3, N=3-5.

*Lecanora sp. – Plots: 2. Cr, Ch, S.
*Lepra albescens (Huds.) Hafellner – Plots: 1. Cr, Ch, As.s, P=1-2, N=1-3.
Lepra amara (Ach.) Hafellner – Plots: 2. Cr, Ch, As.s, P=1-3, N=1-2.
*Lepra multipuncta (Turner) Hafellner – Plots: 1. Cr, Ch, As.s, P=1, N=1-2.
*Lepraria sp. – Plots: 1, 2, 3. Lp, Ch, As.s.
*Leptogium brebissonii Mont. – Plots: 2, 3. Fol.b, Cy, As.i, P=1, N=1-2.
#*Leptogium burnetiae C.W. Dodge – Plots: 3. Fol.b, Cy, As.i, P=1, N=2-3.

This species is characterized by a tomentose shiny and slightly swollen, translucent
blue-grey thallus, turning to dark olive-green when wet and by the presence of cylindri-
cal to coralloid isidia, usually concolorous with lobes (Fig. 2). It is a mild-temperate
species, widely distributed in the tropics. 

*Leptogium furfuraceum (Harm.) Sierk – Plots: 3. Fol.b, Cy, As.i, P=1, N=1-2.
Lobaria pulmonaria (L.) Hoffm. – Plots: 1, 2, 3. Fol.b, Ch, As.s, P=1, N=1-2.
Nephroma laevigatum Ach. – Plots: 1, 2. Fol.b, Cy, S, P=1, N=1.
*Normandina pulchella (Borrer) Nyl. – Plots: 1, 2, 3. Sq, Ch, As.s, P=1-2, N=1-3.
*Ochrolechia subviridis (Høeg) Erichsen – Plots: 1, 2. Cr, Ch, As.s, P=1, N=1.
* Pannaria conoplea (Ach.) Bory – Plot 3. Fol.n, Cy, S, P=0, N=1.
Pannaria rubiginosa (Ach.) Bory – Plots: 1, 2, 3. Fol.n, Cy, S, P=0, N=1.
Parmelia sulcata Taylor – Plots: 1, 2, 3. Fol.b, Ch, As.s + S, P=1-3, N=1-3.
*Parmotrema reticulatum (Taylor) M. Choisy – Plots: 1, 2, 3. Fol.b, Ch, As.s, P=1-2, N=1-2.
Pectenia atlantica (Degel.) P.M. Jørg., L. Lindblom, Wedin & S. Ekman – Plots: 1. Fol.n,

Cy, As.i, P=0, N=1.
*Peltigera praetextata (Sommerf.) Zopf – Plots: 1, 3. Fol.b, Cy, As.i, P=1-2, N=1-2.
*Pertusaria leioplaca (Ach.) DC. – Plots: 2. Cr, Ch, S, P=1, N=1-2.
*Pertusaria pertusa (L.) Tuck. var. pertusa – Plots: 2. Cr, Ch, S, P=1-2, N=1-2.
*Pyrenula nitidella (Schaer.) Müll. Arg. – Plots: 3. Cr, Tr, S, P=1, N=1.

This species is characterized by small perithecia (0.2-0.4 mm diam) and hymenium
with orange-brown pigments reacting K+ purple-red. It is usually found on the bark
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of deciduous trees in open, humid woodlands (Nimis 2016), very rarely outside Europe.
In Portugal seems to by rarely collected (Consortium of Lichen Herbaria 2023).

*Ramalina calicaris (L.) Fr. – Plots: 2. Frut, Ch, S, P=1, N=1-2.
Ramalina farinacea (L.) Ach. – Plots: 2. Frut, Ch, As.s, P=1-2, N=1-2.
*Ramalina implectens Nyl. – Plots: 2. Frut, Ch, S, P=1, N=1-2.
Ricasolia amplissima (Scop.) De Not. – Plots: 1. Fol.b, Ch, S, P=0, N=1-2.
Ricasolia virens (With.) H.H. Blom. & Tønsberg – Plots: 1. Fol.b, Ch, S, P=0, N=1.
#*Scutula circumspecta (Vain.) Kistenich, Timdal, Bendiksby & S.Ekman– Plot 3. Cr, Ch,

S, P=1, N=1-3.
This species is characterized by an inconspicuous crustose whitish thallus and small
(<0.7 mm diam.) black, marginate apothecia, usually inhabiting the bark of mature
deciduous trees (Fig. 3). It is distinguished from similar taxa by different chemotaxo-
nomic reactions and ± bacilliform ascospores.

*Scytinium lichenoides (L.) Otálora, P.M. Jørg. & Wedin – Plots: 1, 2, 3. Sq, Cy, S, P=1-
2, N=1-3.

*Usnea sp. – Plots: 1, 2, 3. Frut, Ch.
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Fig. 2. Leptogium burnetiae (Silvered Vinyl Lichen Wikimedia Commons, uploaded by Amada 44
https://italic.units.it/flora/images/species/images/LeptogiumburnetiaeCWDodge1620896814.jpg.
Accessed on: 11.24.2023).



Discussion

The lichen flora of the Quercus faginea woods in Alvados Valley is dominated by crus-
tose (37%) and foliose, broad lobed species (33%) most of which have green algae as pho-
tobiont (56% + 16% with Trentepohlia) and reproduce asexually (56%) (Fig. 4).

Fig. 4 shows the functional and morphological characterization of the lichen flora of the
Quercus faginea woods in Alvados Valley. The lower percentage of narrow-lobed lichens
(9%) confirms that this growth form is mainly associated with disturbed environments, i.e.
from disturbed forests (Benítez & al. 2018) to urbanized areas (e.g. Koch & al. 2019).
According to Aragón & al. (2016) and Koch & al. (2019), broad-lobed foliose and incon-
spicuous crustose lichens are light-demanding species adapted to open forests, consistently
with our results. Epiphytic fruticose lichens occurred with low percentage frequencies
(12%) usually preferring more sun-exposed niches, e.g. branches or higher parts of a bole.
Moreover, typical species from shaded environments, such as leprose and squamulose
lichens, are frequent in denser and more preserved forest areas (Asplund & Wardle 2016).

Lichens with green algae can photosynthesize with minimum thallus water content and
reactivate photosynthesis from air humidity, so they usually occur with the higher percent-
age. However, in this habitat we find important contributes by both lichens with
Trentepohlia and nitrogen-fixer cyanobacteria. Similar percentage values of Trentepohlia
as photobiont are observed in Quercus suber woods of the Iberian Peninsula (Fos 1998)
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Fig. 3. Scutula circumspecta (Photo P.L. Nimis https://italic.units.it/flora/images/species/images/
ScutulacircumspectaVainKistenichTimdalBendiksbySEkman1625569351.jpg. Accessed on:
11.24.2023.).



and in oak forests of Sardinia (Zedda 2002), i.e. 12% and 13%, respectively, suggesting
adaptation to warm and humid conditions (Aptroot & Van Herk 2007; Matos & al. 2015;
Kosecka & al. 2020). Moreover, a high percentage of cyanolichens (28%), especially with
broad-lobed thalli, appears to be favored by the truly humid character of the Portuguese
Quercus faginea forests, requiring for liquid water in photosynthesis. 

Lichens can reproduce both sexually (ascospores) and/or asexually (conidia, thallus
fragments i.e. soredia, isidia, goniocysts). Ascospores are generally smaller than vegetative
structures and they are also usually actively discharged, to be dispersed over longer dis-
tances (Seymour & al. 2005). Reproductive structures are directly related to microclimatic
factors associated with forest structure (e.g. canopy cover, and tree age) and abiotic factors
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Fig. 4. Functional and morphological characterization of the lichen flora of the Quercus faginea
woods in Alvados Valley: occurrence (%) of growth forms, photobionts, reproductive strategies.
Fol.b: foliose, broad lobed; Fol.n: foliose, narrow lobed; Sq: squamulose; Frut: fruticose; Cr: crus-
tose; Lp: leprose; Ch: lichens with green-algae, other than Trentepohlia; Tr: lichens with
Trentepohlia; Cy: lichens with cyanobacteria; As.s: mainly asexual, by soredia, or soredia-like struc-
tures; As.i: mainly asexual, by isidia, or isidia-like structures; S: mainly sexual.



as humidity, temperature and light availability. Moreover, the availability of trees of differ-
ent ages and of micro-habitats can be the main factors conditioning the most appropriate
reproductive strategies (Giordani & al. 2012; Martínez & al. 2012). In these woods, lichens
with mainly sexual and with mainly asexual reproduction are equally represented (49% vs.
51%) with a few of the latter (i.e. Flavoparmelia caperata, Parmelia sulcata and Lobaria
pulmonaria) showing both apothecia and soredia (non-corticated propagules containing
both fungal hyphae and algal cells). Considering sexual reproduction allows the genetic
turnover of the populations, these observations are of considerable interest with respect to
the importance of these woods for the conservation of lichen diversity in this area. 

Fig. 5 shows the incidence of the species in the ecological groups. The flora is charac-
terized by its adaptation to substrata with low eutrophication reflecting the scarcity of dust
and nitrogen deposition. This is also confirmed by the occurrence of more than a fifth of
the species (21%) which are known to exclusively occur on old trees in ancient, undis-
turbed forests (P = 0). 
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Fig. 5. Ecological characterization of the lichen flora of the Quercus faginea woods in Alvados
Valley, following Nimis (2016). Eutrophication index is grouped in five classes: 1 = no eutrophica-
tion, 2=  very weak eutrophication, 3 = weak eutrophication, 4 = rather high eutrophication, 5 = very
high eutrophication. The poleophoby index is grouped in four classes: 3 = species occurring in heav-
ily disturbed areas, incl. large towns; 2 = species occurring in moderately disturbed areas (agricultural
areas, small settlements etc.); 1 = species occurring in natural or semi-natural habitats; 0 = species
which exclusively occur on old trees in ancient, undisturbed forests. A species can belong to one or
more classes depending on the width of its ecological range.



Conclusion

The field activities carried out in the Quercus faginea woods of Alvados valley high-
lighted a valuable epiphytic lichen flora, which includes 2 rarely collected (Gyalecta trun-
cigena and Pyrenula nitidella) and two new species (Leptogium burnetiae and Scutula cir-
cumspecta) to Portugal. Furthermore, high percentages of sensitive species with higher
habitat quality requirements (i.e. cyanolichens, anitrophile and poleophobic species) were
detected. This interesting contingent of species seems to find in these relict forests, despite
the study area being included in a highly fragmented anthropogenic matrix, favorable envi-
ronmental conditions confirming, also from a lichenological point of view, the importance
of this habitat for the purposes of biodiversity conservation. 

Acknowledgments

Silvana Munzi thanks the EU Framework Programme Horizon 2020 through the COST
Association: COST Action CA18207: BOTTOMS-UP - Biodiversity Of Temperate forest Taxa
Orienting Management Sustainability by Unifying Perspectives, and the grant UIBD/00329/2020
for the Centre for Ecology, Evolution and Environmental Changes (cE3c) from FCT.

References

Alvarez Andrés, J. & López de Silanes, M. E. 2002: The genus Gyalecta (Gyalectales,
Ascomycotina) in the Iberian Peninsula. – Nova Hedwigia 74(1-2): 257-273.
https://doi.org/10.1127/0029-5035/2002/0074-0257

Aptroot, A. & Van Herk, K. 2007: Further evidence of the effects of global warming on lichens, par-
ticularly those with Trentepohlia phycobionts. – Environ. Pollut. 146: 293-298.
https://doi.org/10.1016/j.envpol.2006.03.018.

Aragón, G., Belinchón, R., Martínez, I. & Prieto, M. 2016: Survey method for assessing the richness
of epiphytic lichens using growth forms. – Ecol. Ind. 62: 101-105.
https://doi.org/10.1016/j.ecolind.2015.11.034

Asplund, J. & Wardle, D. A. 2016: How lichens impact on terrestrial community and ecosystem
properties. – Biol. Rev. 92: 1720-1738. https://doi.org/10.1111/brv.12305

Benítez, A., Aragón, G., González, Y. & Prieto, M. 2018: Functional traits of epiphytic lichens in
response to forest disturbance and as predictors of total richness and diversity. – Ecol. Indic.
86: 18‐26. https://doi.org/10.1016/j.ecolind.2017.12.021

Burrascano, S., Trentanovi, G., Paillet, Y., Heilmann-Clausen, J., Giordani, P., Bagella, S., Bravo-
Oviedo, A., Campagnaro, T., Campanaro, A., Chianucci, F., De Smedt, P., García-Mijangos, I.,
Matošević, D.,  Sitzia, T., Aszalós, R., Brazaitis, G., Cutini, A., D’Andrea, E., Inken Doerfler,
I., Hofmeister, J., Hošek, J., Janssen, P., Kepfer Rojas, S., Korboulewsky, N., Kozák, D.,
Lachat, T., Lõhmus, A., Lopez, R.,  Mårell, A., Matula, R., Mikoláš, M., Munzi, S., Nordén,
B., Pärtel, M., Penner, J., Runnel, K., Schall, P., Svoboda, M., Tinya, F., Ujházyová, M.,
Vandekerkhove, K., Verheyen, K., Xystrakis, F. & Ódor, P. 2021: Handbook of field sampling
for multi-taxon biodiversity studies in European forests. – Ecol Indic. 132: 108266.
https://doi.org/10.1016/j.ecolind.2021.108266

Carvalho, P., Figueira, R., Jones, M., Sérgio, C. & Sim-Sim, M. 2002. Biodiversidade da vegetação
epifítica liquénica no litoral alentejano. Área de Sines. – Portugalia Acta Biol. 20: 225-248.

Borziana 4 — 2023                                                                                                           111



Consortium of Lichen Herbaria 2023: Lichenpoatal. – http//:lichenportal.org/portal/index.php
[accessed 24.11.2023]

EUNIS 2023: EUNIS. – https://eunis.eea.europa.eu/habitats/10208 [accessed 28.11.2023]
Fos, S. 1998: Líquenes epífitos de los alcornocales Ibéricos. Correlaciones bioclimáticas, anatómicas

y densimétricas con el corcho de reproducción. – Guineana 4: 1-438. 
Giordani, P., Brunialti, G., Bacaro, G. & Nascimbene, J. 2012. Functional traits of epiphytic lichens

as potential indicators of environmental conditions in forest ecosystems. – Ecol. Indic. 18:

413-420. https://doi.org/10.1016/j.ecolind.2011.12.006
Giordani, P., Benesperi, R., Bianchi, E., Brunialti, G., Cecconi, E., Contardo, T., Di Nuzzo, L., Fortuna,

L.,  Frati, L., Loppi, S.,  Monaci, F.,  Munzi, S., Nascimbene, J., Paoli, L., Ravera, S., Tretiach,
M. & Vannini, A. 2020: Guidelines for the use of lichens as bioaccumulators. – Roma.

Hespanhol, H. & Marques, J. 2023. Discover Porto de Mós - Rotas dos Musgos e Líquenes. – Lisboa.
ICNF 2023: Institute for Nature Conservation and Forests, 2023. Parque Natural das Serras de Aire

e Candeeiros. – https://www.icnf.pt/conservacao/rnapareasprotegidas/parquesnaturais/pnser-
rasdeaireecandeeiros. [accessed 24.11.2023].

Lopez de Silanes. M.E., Paz-Bermudez, G., Carballal R. & Marques, J. 2012. The genus Leptogium
(Collemataceae, Ascomycotina) in mainland Portugal. – Sydowia 64: 67-102.

Kosecka, M., Jabłońska, A., Flakus, A., Rodriguez-Flakus, P., Kukwa, M. & Guzow-Krzemińska, B.
2020: Trentepohlialean algae (Trentepohliales, Ulvophyceae) show preference to selected
mycobiont lineages in lichen symbioses. – J. Phycol. 56: 979-993.
https://doi.org/10.1111/jpy.12994

Koch, N. M., Matos, P., Branquinho, C., Pinho, P., Lucheta, F., Martins, S. M. A. & Vargas, V. M. F.
2019: Selecting lichen functional traits as ecological indicators of the effects of urban environ-
ment. – Sci. Total. Environ. 654: 705-713. https://doi.org/10.1016/j.scitotenv.2018.11.107. 

Martellos, S., Conti, M. & Nimis P. L. 2023: Aggregation of Italian Lichen Data in ITALIC 7.0. – J.
Fungi 9(5): 556. https://doi.org/10.3390/jof9050556

Martínez, I., Flores, T., Otálora, M.A.G., Belinchón, R., Prieto, M., Aragón, G. & Escudero, A. 2012:
Multiple-scale environmental modulation of lichen reproduction. – Fungal Biol. 16: 1192-
1201. https://doi.org/10.1016/j.funbio.2012.09.005

Matos, P., Pinho, P., Aragón, G., Martínez, I., Nunes, A., Soares, A. M. V. M. & Branquinho, C. 2015:
Lichen traits responding to aridity. – J. Ecol. 103: 451-458. https://doi.org/10.1111/1365-
2745.12364.

Munzi, S., Correia, O., Silva, P., Lopes, N., Freitas, C., Branquinho, C. & Pinho, P. 2014: Lichens as
ecological indicators in urban areas: beyond the effects of pollutants. – J. Appl. Ecol. 51: 1750-
1757. https://doi.org/10.1111/1365-2664.12304

Munzi, S., Isocrono, D. & Ravera, S. 2023: Can we trust iNaturalist in Lichenology? Evaluating the
effectiveness and reliability of artificial intelligence in lichen identification. – Lichenologist
55(5): 193-201. https://doi.org/10.1017/S0024282923000403

Nimis, P. L. 2016: The Lichens of Italy. A Second Annotated Catalogue. – Trieste.
Sales, F. & Hedge, I. C. 2000: A floristic island in western Portugal. – FI. Medit. 10: 311-324. 
Sanders, W. B. & Llop, E. 2020. Gyalectidium minus Sérus., new to oceanic western Europe in the

first reported foliicolous lichen community of continental Portugal. – Lichenologist 52: 247-
249. https://doi.org/10.1017/S0024282920000080

Sérgio, C., Carvalho, P., Garcia, C. A., Almeida, E., Novais, V., Sim-Sim, M., Jordão, H. & Sousa,
A. J. 2016. Floristic changes of epiphytic flora in the Metropolitan Lisbon area between 1980–
1981 and 2010–2011 related to urban air quality. – Ecol. Indic. 67: 839-852.
https://doi.org/10.1016/j.ecolind.2016.03.022

Seymour, F. A., Crittenden, P. D. & Dyer, P. S. 2005: Sex in the extremes: Lichen-forming fungi. –
Mycologist 19: 51-58. https://doi.org/10.1017/S0269-915X(05)00201-6

112      Munzi & Ravera: Contribution to the lichen flora of the Alvados valley, Natural ...



Smith, C. W., Aptroot, A., Coppins, B. J., Fletcher, A., Gilbert, O. L., James, P. W. & Wolseley, P. A.
(eds) 2009: The Lichens of Great Britain and Ireland. – London.

Van den Boom, P. P. J. 2005: Contribution to the flora of Portugal, lichens and lichenicolous fungi
IV. – Cryptogamie, Mycol. 26 (1): 51-59.

Zedda, L. 2002: The epiphytic lichens on Quercus in Sardinia (Italy) and their value as ecological
indicators. – Englera 24: 1-457.

Addresses of authors:
Silvana Munzi1,2* & Sonia Ravera3,
1Centro Interuniversitário de História das Ciências e da Tecnologia, Faculdade de
Ciências, University of Lisbon, Campo Grande, Lisbon 1749-016, Portugal.
2Center for Ecology, Evolution and Environmental Changes & CHANGE - Global
Change and Sustainability Institute, Faculdade de Ciências, University of Lisbon,
Campo Grande, Lisbon 1749-016, Portugal.
3Department of Biological, Chemical and Pharmaceutical Sciences and Technologies
(STEBICEF), University of Palermo, Via Archirafi 38, I-90123 Palermo, Italy. E-
mail: sonia.ravera@unipa.it
*corresponding author

Borziana 4 — 2023                                                                                                           113





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


