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ABSTRACT
Despite the growing interest in the lichen communities of Mexico, little is known about the assem-
blages from the central part of the country. For that reason, we defined the following research objec-
tives: 1) to compare species richness, composition, and dissimilarity of lichen communities among 
three vegetation types; 2) to explore the incidence of environmental variables on lichen community 
species composition; and 3) to identify species and functional traits indicative of each vegetation 
type. Based on lichens’ collection of Aguascalientes (HUAA herbarium), the relationships between 
species, traits, and environmental variables were represented through beta diversity components, 
non-metric multidimensional scales, Indicator Species Analysis, and Fourth Corner Analysis. In total, 
218 lichen species were found, 132 in Quercus L. forests, 90 in subtropical shrubland, and 85 in xe-
rophytic shrubland. Vegetation types had beta diversity total values higher than 0.8, although paired 
comparisons revealed variations in species replacement and richness. The indicator species identified 
for Quercus forests were Parmotrema acutatum Kurok., while for subtropical shrubland Phaeophyscia 
nashii Essl. and Physcia biziana (A.Massal.) Zahlbr. No indicator species were identified for xero-
phytic shrubland. Functional traits indicative of xerophytic shrubland were crustose lichens and the 
saxicolous substrate. Subtropical shrubland indicators comprised soredia and foliose narrow lobes, 
whereas indicators of Quercus forest consisted of foliose wide lobes and the epiphyte substrate. The 
functional trait approach used in the study of Mexican lichen communities is highly recommended 
given the observed similarities between taxonomical and functional community assemblages and the 
ease with which the functional traits approach links species composition to environmental variables.
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shrublands.
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RÉSUMÉ
Assemblages et traits fonctionnels des communautés de lichens comme indicateurs des types de végétation 
du centre du Mexique, basés sur des spécimens d’herbier.
Malgré l’intérêt croissant pour les communautés lichéniques du Mexique, on connaît peu de choses 
sur les assemblages de la partie centrale du pays. Pour cette raison, nous avons défini les objectifs de 
recherche suivants : 1) comparer la diversité des espèces, la composition et la dissimilarité des com-
munautés de lichens parmi trois types de végétation ; 2) explorer l’incidence des variables environne-
mentales sur la composition des espèces des communautés de lichens ; et 3) identifier les espèces et 
les traits fonctionnels indicatifs de chaque type de végétation. Sur la base de la collection de lichens 
de la ville d’Aguascalientes (herbier HUAA), les relations entre les espèces, les traits et les variables 
environnementales ont été représentées par des composantes de diversité bêta, des analyses multi-
dimensionnelles non paramétriques, une analyse des espèces indicatrices et une analyse des quatre 
coins. Au total, 218 espèces de lichens ont été trouvées, 132 dans les forêts de Quercus L., 90 dans 
les zones arbustives subtropicales et 85 dans les zones arbustives xérophiles. Les types de végétation 
présentaient des valeurs totales de diversité bêta supérieures à 0,8, bien que les comparaisons par paires 
aient révélé des variations dans le remplacement et la richesse des espèces. Les espèces indicatrices 
identifiées pour les forêts de Quercus sont Parmotrema acutatum Kurok., tandis que pour les zones 
arbustives subtropicales, Phaeophyscia nashii Essl. et Physcia biziana (A.Massal.) Zahlbr. Aucune espèce 
indicatrice n’a été identifiée pour la zone arbustive xérophile. Les traits fonctionnels indicatifs de la 
zone arbustive xérophile sont les lichens crustacés et le substrat saxicole. Les indicateurs de la zone 
arbustive subtropicale comprennent les sorédies, et les lobes foliacés et étroits, tandis que les indicateurs 
de la forêt de Quercus comprennent les lobes foliacés larges, et le substrat épiphyte. L’approche des 
traits fonctionnels utilisée dans l’étude des communautés de lichens mexicains est fortement recom-
mandée étant donné les similitudes observées entre les assemblages de communautés taxonomiques 
et fonctionnelles et la facilité avec laquelle l’approche des traits fonctionnels relie la composition des 
espèces aux variables environnementales.

MOTS CLÉS
Bioindicateurs,

assemblages 
de communautés,

diversité,
traits de réponse,
zones arbustives.

INTRODUCTION

Lichenized fungi, or “lichens” as symbioses are considered evo-
lutionarily ubiquitous and play fundamental roles in structuring 
ecosystems (Nelsen et al. 2020). They constitute a complex, 
but self-supporting association, that results from interactions 
among fungi (the primary mycobiont) and a unicellular to 
filamentous algae and/or a cyanobacterium (the primary and/or 
secondary photobiont), along with other obligately associated 
elements of the fungal and bacterial microbiome contained 
on the thallus (Hawksworth & Grube 2020; Lücking et al. 
2021). Currently, over 20 000 species of lichenized fungi have 
been described in the world (Lücking et al. 2016b).

Lichens have several roles in the ecosystem dynamics. A good 
example is found in the Quercus L. forest (Oak forest) in 
tropical regions of South America, where lichens reach 40% 
to 60% of the total epiphyte species richness per plot, and 
accumulate among 16 to 24 g/dm2 of biomass (Wolf 1993). 
In Mexican tropical dry forests, crustose lichens amass at least 
0.18 g/dm2, accounting for 61% of the foliar biomass in that 
vegetation type (Miranda-González & McCune 2020). Fur-
thermore, lichens are involved in nitrogen-fixing processes 
(Belnap 2002; Gutiérrez-Larruga et al. 2020), mineral degra-
dation (Belnap & Lange 2001), and water and energy fluxes 
(Palmqvist & Sundberg 2000; Lakatos et al. 2006; Gauslaa 
2014; Matos et al. 2019). Even vascular plants (Ellis 2012), 
arthropods, and vertebrates, interact with lichenized fungi 
(Brodo et al. 2001; Lalley et al. 2006).

Researchers have shown interest in the sensitivity of lichens 
in response to environmental disturbances (Hawksworth 
et al. 2005) in addition to their role in ecosystem dynamics 
(Nimis et al. 2002; Branquinho et al. 2015). Several studies 
have revealed strong relationships among substrate features 
and species richness or lichen community composition, which 
are influenced by climatic and substrate features (Cáceres et al. 
2007; Rosabal et al. 2013), which have effects on lichen com-
munity diversity (Wolf 1994; Boonpragob & Polyiam 2007; 
Zárate-Arias et al. 2019). This sensitivity has allowed the use 
of lichens as indicators of forest continuity (McCune 2000; 
Rivas-Plata et al. 2008; Benítez et al. 2015), successional 
stages (Hedenås & Ericson 2000; Nordén et al. 2012), and 
the effect of alien tree species on the richness and composition 
of lichens (Käffer et al. 2009, 2010, 2011; Calviño-Cancela 
et al. 2013; Ardila et al. 2014; Simijaca et al. 2018).

In the same sense, beta diversity is an essential component 
of community ecology, because it allows to understand species 
assemblages in terms of differences and similarities, both in 
space and time (Anderson et al. 2011). One of the prevalent 
approaches to measure beta diversity is to split beta components 
into replacement and richness differences (Calderón-Patrón 
et al. 2013; Heino et al. 2019). Replacement (β-3) refers to 
changes in species identities (turnover), and richness differ-
ences (βrich) to the loss-gain in species richness between two 
sites (Carvalho et al. 2012).

In addition to species diversity, functional traits can be 
used to improve our understanding of lichen community 
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assemblage mechanisms and how they respond to different 
gradients of environmental change (Díaz & Cabido 2001; 
Lavorel & Garnier 2002). In fact, functional traits are defined 
as any morphological, physiological or phenological feature 
that varies in response to changes in environmental condi-
tions (Violle et al. 2007). Regarding lichens, the use of soft 
functional traits such as growth forms, photobiont types, and 
reproductive strategies is a common and reliable practice to 
highlight responses of communities to environmental gradients 
or substratum (Cornelissen et al. 2007; Concostrina-Zubiri 
et al. 2014a; Tripp et al. 2016; Asplund & Wardle 2017; 
Soto-Medina et al. 2019; Hurtado et al. 2020). Therefore, 
lichens have been used as air quality indicators (Pinho et al. 
2011; Llop et al. 2017) and a particular set of soft traits such 
as foliose narrow lobes, asexual reproduction (soredia), and 
pruinose lichens has been a common feature of urban and 
polluted sites (Koch et al. 2019; Lucheta et al. 2019). Addi-
tionally, photobiont types responded to water availability 
(Gauslaa 2014; Matos et al. 2015) and has been sensitive to 
global warming (Aptroot & Van Herk 2007; Marini et al. 
2011). Consequently, field and herbarium samples are suit-
able to obtaining information on functional traits, which can 
be classified as hard or soft traits, depending on the nature of 
the data (continuous or categorical, respectively) (Ellis 2012).

Lichen soft functional traits and phylogenetic structure 
of lichen communities show similar patterns, allowing to 
evaluate ecological interactions and the evolutionary mean-
ing of those assemblages (Prieto et al. 2017; Hurtado et al. 
2019). That congruence highlights the importance of local 
and regional inventories in making ecosystem conservation 
decisions (Nascimento et al. 2021), as well as the implications 
of functional diversity parameters and phylogenetic disper-
sion on the vulnerability of ecosystem services (Koch et al. 
2013; Soto-Medina et al. 2019). The interpretation of lichen 
ecological phenomena using a functional trait approach, pro-
vides advantages to the non-specialists in lichen taxonomy 
and offers the appropriate tools to comprehend how traits 
have an important role on lichen community structure and 
dynamics (Benítez et al. 2018; Ellis et al. 2021).

Lichen epiphyte communities in Mexico have been evaluated 
using several approaches and the lichen biota of Alnus acumi-
nata Kunth (Betulaceae), Juniperus flaccida Schltdl. (Cupres-
saceae), and Quercus laurina Humb. & Bompl. (Fagaceae), 
among other phorophytes has been documented (Pérez-Pérez 
et al. 2008, 2015; Córdova-Chávez et al. 2016; Ramirez-Péña 
2019; Castillo-Campos et al. 2019; León-González & Pérez-
Pérez 2020). Lichen diversity has also been used to assess air 
quality and the impact of urbanization on the composition 
and abundance of lichen communities (Zambrano et al. 2000; 
Pérez-Pérez & Guzmán 2015), to evaluate the effect of forest 
management on lichen richness and composition (Pérez-Pérez 
2005; Pérez-Pérez et al. 2011), and to recognize distributional 
patterns and phylogenetical structure of Parmeliaceae (Lück-
ing et al. 2016a). Crustose lichen biomass has been linked to 
carbon economy, trophic chains, and nutrient fluxes (Miranda-
González & McCune 2020). However, functional trait-based 
methodologies have yet to be employed.

Notably, some parts of the central region of the country 
have remained understudied despite increasing research on 
lichen ecology of Mexican ecosystems. For instance, in the 
Mexican state of Aguascalientes lichen diversity has only been 
studied through floristic approaches (Álvarez & Guzmán-
Dávalos 2009; Miguel-Vázquez et al. 2021). This may obscure 
its real and current status and prevents the use of lichens as 
evidence for the decision-making processes impacting eco-
systems conservation. For this reason, the objectives of the 
present study were: 1) to compare species richness, composi-
tion, and dissimilarity of lichen communities among three 
common vegetation types of the central part of Mexico; 2) to 
explore the effect of environmental variables on lichen com-
munity species composition; and 3) to identify species and 
functional traits indicative of each vegetation type. Changes 
in precipitation and elevation were hypothesized to impact 
lichen community species richness and composition, thus 
allowing to distinguish between xerophytic shrublands, sub-
tropical shrublands, and Quercus forests. Furthermore, traits 
and species with crustose or narrow lobe growth forms and 
sexual reproduction were expected to relate to low elevation 
and low precipitation, whereas broad size lichens and asexual 
reproduction were related to changes in vegetation type, eleva-
tion, and precipitation.

MATERIAL AND METHODS

Data collection anD stuDy area

Data collection was based on the revision of 849 samples 
deposited at herbarium HUAA (Universidad Autónoma de 
Aguascalientes, Mexico). Those herbarium specimens were 
result of non-quantitative opportunistic samplings (Sipman 
1996) applied in the state of Aguascalientes from 2018 to 2022. 
Field information was taken from the herbarium specimen 
label and the name of the collecting localities was classified 
considering the vegetation types (INEGI 2017).

The state of Aguascalientes, located in the central portion 
of the country, upon the Mexican Plateau and borders the 
states of Jalisco and Zacatecas. The state has a land area of 
5680.33 km2 and is located between meridians 101°53’ and 
102°52’W, and parallels 22°27’ and 21°28’N (Ávila-Villegas 
et al. 2008). The physiography of the state is the result of 
the convergence of three biogeographic regions (Toledo & 
Ordoñez 2009). It encompasses plains and low hills covered 
by shrubs, as well as mountainous landscapes dominated 
by Quercus and coniferous forests (Martínez-Calderón et al. 
2017; Siqueiros-Delgado et al. 2017).

taxonomic work

We used specialized taxonomic literature to identify the 
specimens (Nash III et al. 2002, 2004, 2007; Otálora et al. 
2014; Mongkolsuk et al. 2015; Brodo et al. 2016; Kitaura 
et al. 2019). Lichen morphological structures were recognized 
by means of light microscopy (Leica EZ400, Leica DM 100) 
and lichen substances were detected using spot tests and UV 
light exposition (Brodo et al. 2001). Lichen nomenclature 
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follows the Consortium of North American Lichen Herbaria 
(CNALH 2022) and the identifications correspond to the list 
presented in Simijaca et al. (2023) (Appendix 1).

Diversity inDexes

The number of species per site was used to calculate alpha 
diversity and a Mann-Whitney test was used to discover sig-
nificant differences in average alpha diversity among vegeta-
tion types. Richness values completeness for each vegetation 
type and among vegetation types were tested using Chao 2 
and first-order Jackknife estimators (Jackknife 1). Gamma 
diversity was estimated as the total richness per vegetation 
type. Because the number of sites per vegetation type was 
unequal, gamma diversity was logarithmically transformed as 
follows: γ’= γ/100 × log (N) (where γ’ is transformed gamma 
diversity, γ is original gamma diversity and N corresponds to 
the number of sites per vegetation type) (Cáceres et al. 2008). 
Beta diversity was estimated as Beta total (βcc), including 
beta replacement (β-3) and beta richness differences (βrich) 
(Carvalho et al. 2012). In addition, exclusive and shared 
species among vegetation types were counted and depicted 
in a Venn diagram, using the ggVennDiagram function of 
the ggplot R package (Wickham 2011).

environmental Data

Vegetation types were selected based on soil uses and plant 
communities classification (INEGI 2017), where Quercus 
forest, subtropical shrubland, and xerophytic shrubland were 
the most represented plant communities across Aguascalientes 
(Siqueiros-Delgado et al. 2016). Annual mean temperature 
and annual mean precipitation data for the study sites were 
obtained for years 1980 to 2009 (Cuervo-Robayo et al. 
2020), available in raster format at CONABIO Geopor-
tal (CONABIO 2021). Elevation data was extracted from 
Guevara & Arroyo-Cruz (2016). The information was com-
piled and visualized using QGIS 3.4 (QGIS Development 
Team 2016). After confirming through PCA loading scores 
that temperature and elevation were linearly correlated, the 
annual mean precipitation and elevation were selected as 
explanatory variables.

lichen communities

Lichen species composition heterogeneity among and within 
vegetation types was evaluated using a Multi-Response Per-
mutation Procedure (MRPP) and the Sørensen distance 
(Koch et al. 2019). The spatial relationship of sampling sites 
(lichen communities) and the incidence of environmental 
variables was visualized using non-metric multidimensional 
scaling (NMDS), and a randomized test with 500 runs was 
implemented to determine stress and dimensionality (Ardila 
et al. 2014; Ramírez-Morán et al. 2016). Additionally, a clus-
ter analysis using the Sørensen distance was performed with 
a flexible beta = –0.25. Species affinity to specific vegetation 
types was evaluated by means of an Indicator Species Analy-
sis (ISA) using a Monte Carlo test with 1000 runs (Cáceres 
et al. 2008). The analyses were performed with PCORD ver-
sion 7.08 (McCune & Mefford 2018).

Functional traits

Substrate type data (rock, soil, wood, multiple) data per species 
were compiled in a presence/absence matrix. Growth forms 
(crustose, dimorphic, foliose broad lobed, foliose narrow 
lobed, fruticose, squamulose, and jelly lichens), photobiont 
type (Cyanophyta, Chlorophyta), and reproductive structure 
(absent, apothecia, isidia, lobules, perithecia, soredia, mixed 
types) were considered as functional traits (Chuquimarca 
et al. 2019). This information (Appendix 1), along with the 
species relative abundance, was used to calculate the Com-
munity Weighted Mean (CWM) to reflect the functional 
composition of each vegetation type (Lucheta et al. 2019).

The affinity of functional traits to each vegetation type 
was tested using the Indicator Species Analysis (ISA) with 
1000 runs (Lucheta et al. 2019). An NMDS was performed 
to search for lichen composition patterns, functional fea-
tures, and environmental factors; however, only significant 
values were considered and displayed in the final schematic 
result (Matos et al. 2015). Finally, to test the strength of the 
relationships among environmental and traits data in the 
matrix, a Fourth Corner Analysis (FCA) was performed using 
a combined randomization model with 1000 runs (Legendre 
et al. 1997; McCune 2015). The analyses were performed in 
PCORD version 7.08 (McCune & Mefford 2018) and repre-
sented using the ggcorrplot function of the ggplot R package 
(Wickham 2011).

RESULTS

Twenty-five sites were identified during herbarium specimen 
study, including 11 in xerophytic shrubland, eight in subtropical 
shrubland, and six in Quercus forest (Table 1). Species rich-
ness values were between seven and 50 species per site, with 
the Quercus forest having the highest average value for alpha 
diversity (mean = 33.3); sampling site EBAZ (Quercus forest) 
was the richest throughout the study. Subtropical shrubland 
(mean = 20.3) and xerophytic shrubland (mean = 13.8), had 
lower richness values, where the 75th percentile did not exceed 
29 species (Fig. 1). In addition, the subtropical shrubland 
(Terrero de la Labor) had the lowest value of species richness, 
grouping seven species. Furthermore, a site with subtropical 
forest with 40 species, was registered as an outlier (Los Adobes).

Sample completeness in the xerophytic shrubland sur-
passed 95% (Chao 2 = 97.70%, Jackknife 1 = 96.59%), while 
the subtropical shrubland reached 92% (Chao 2 = 92.78%, 
Jackknife 1 = 97.83%). The Quercus forest had the lowest 
value for the in Chao 2 Estimator (Chao 2 = 88.59%, Jack-
knife 1 = 99.25%). The sample completeness estimation for 
all the 25 sites resulted in more than 96% (Table 2).

The xerophytic shrubland-Quercus forest pairwise compari-
son showed a significant difference in richness averages (U = 2, 
p = 0.002). In contrast, the comparisons Quercus forest-subtropical 
shrubland (U = 9) and subtropical-xerophytic shrublands (U = 24) 
did not have significant differences in average richness values 
(p > 0.05). On the other hand, gamma diversity values were the 
highest for the Quercus forest with 132 species (γ’ = 2.8), followed 
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by the subtropical shrubland with 90 species (γ’ = 1.76), and 
the xerophytic shrubland with 85 species (γ’ = 1.64) summing 
up a total of 218 species (see Appendix 1 for species names).

Beta Diversity

The pairwise comparisons showed high dissimilarities between 
the Quercus forest and the xerophytic shrubland with βcc = 0.86 
and the subtropical shrubland with βcc = 0.84. The low-
est value (βcc = 0.8) resulted from the comparison between 
xerophytic and subtropical shrublands (Fig. 2A). The high-
est replacement (turnover) value derived from the pairwise 
comparison between the Quercus forest and the subtropical 
shrubland (β-3 = 0.74), which contrasts with the comparison 
of the Quercus forest and the xerophytic shrubland, where the 
turnover value reaches β-3 = 0.57. The pairwise comparison 
between the xerophytic and the subtropical shrublands showed 
equal values for replacement and richness differences (0.4).

The three vegetation types shared less than 20% of the spe-
cies (25 taxa; Fig. 2A, B), including Caloplaca microphyllina 
(Tuck.) Hasse, Flavopunctelia soredica (Nyl.) Hale, and Lep-
togium joergensenii Marcelli & Kitaura. Notably, the Quercus 
forest had the highest value of unique species (85) and the 
subtropical shrubland had the lowest (33).

communities

The heterogeneity among and within vegetation types was 
evaluated through a MRPP pairwise comparison, which 
showed statistical index (A) values < 0.5 and were significant 
(p < 0.05). This indicated that the lichen species composition 
per sampling site and each vegetation type (as a grouping 
variable) differed significantly (Fig. 3A).

Spatial ordination of communities based on the NMDS analysis 
(stress = 0.139) resulted in a compositional gradient guided by 
changes in elevation (R2 with axis 1 = 0.55) and annual mean 
precipitation (R2 with axis 1 = 0.56). From the highest number 
of unique species contained within the Quercus forest communi-
ties, few isolated elements were promoted by high elevations and 
mean precipitation (vectors with the same direction). However, 
one sampling site of the xerophytic shrubland (Cerro Juan El 
Grande) showed similar lichen composition and climatic con-
ditions to the Quercus forest. In the opposite direction, some 
communities of the xerophytic shrubland were grouped by 
lower elevations and annual mean precipitation (Fig. 3A). An 
intermediate position was observed for the subtropical shrubland 
communities. However, some sites were closer to the xerophytic 
shrubland due to similar climatic conditions (Table 1) and to 
the Quercus forest due to similarities in species composition. 
The NMDS and the cluster analyses showed shared elements 
among lichen communities of the three vegetation types and 
an isolated set of sites depicting each vegetation type. After 
setting a 20% cutoff in the cluster dendrogram, four groups 
were displayed, one per vegetation type. An additional group 
corresponds to two xerophytic shrubland sites (Cerro Juan el 
Grande and Cerro el Capulín), which are more similar to the 
Quercus forest community (Fig. 3B).

The ISA analysis detected 14 species as indicators of the 
vegetation types (Table 3). Twelve of those species were associ-

ated to the Quercus forest with importance values (IV) ranging 
between 33.3 and 66.7 (p < 0.05). The species with the highest 
IV (66.7) were Leptogium pseudofurfuraceum P.M.Jørg., Och-
rolechia mexicana Vainio, and Parmotrema acutatum Kurok. The 
remaining two indicator species were Phaeophyscia nashii Essl. 
and Physcia biziana (A.Massal.) Zahlbr. which were related to 
the subtropical shrubland. Those species belong to the family 
Physciaceae and exhibit the same growth form (foliose with 
narrow lobes), although Physcia biziana showed the highest 
importance value among the overall studied species (70.4). 
The ISA analysis did not detect any species with a significant 
association to the xerophytic shrubland.
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fig. 1. — Amplitude and mean values of alpha diversity (species richness) per 
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fig. 2. — Beta diversity and shared species per vegetation type: A, pairwise 
comparisons of the different elements of beta diversity (Xerophytic, xerophytic 
shrubland; Quercus, Quercus forest; Subtropical, subtropical shrubland); 
B, Venn diagram showing exclusive and shared species among the vegetation 
types included in this study.
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Functional traits anD relation 
to environmental variaBles

The Quercus forest grouped all growth forms considered in this 
study and the foliose broad lobed lichens were the growth form 
with the highest CWM proportion. The crustose and squamulose 

lichens showed dominant proportions in xerophytic shrubland 
but lower proportions in the Quercus forest; otherwise, the foli-
ose narrow lobed lichens showed the highest proportion in the 
subtropical shrubland. The fruticose lichens were only found 
in the Quercus forest, reaching 6% of the CWM (Fig. 4A).

table 1. — Environmental variables and species richness values of the study sites.

Vegetation Site Latitude Longitude Elevation
Temperature

(°C)
Precipitation

(mm/y) Richness
Xerophytic 

shrubland
Boca de Túnel 22.2344 –102.4368 2113 16.4 517.5 14
Buenos Aires 21.9225 –102.5795 2272 16.2 635.6 13
Campus sur UAA 21.7794 –102.2942 1900 17.4 522.3 17
Cerro El Capulín 22.2445 –102.1532 2172 16.2 476.1 12
El Tule 22.0738 –102.0771 2001 16.8 458.2 14
Gracias a Dios 21.9312 –102.4837 2028 17.1 568.3 9
Jocoqui 22.1466 –102.3662 2032 16.9 493.7 10
Juan el Grande 21.9350 –101.9264 2238 16.2 495.4 15
Mirasoles 22.3068 –102.4313 2291 15.8 543.1 21
Pabellón Hidalgo 22.1856 –102.3409 2051 16.9 474.3 10
Presa de Natillas 22.3486 –102.3298 2220 16.3 476.3 17

Quercus forest Barranca del Toro 22.2585 –102.6348 2880 13.5 661.1 17
Cerro Picacho 21.8779 –102.4229 2272 15.8 624.4 24
EBAZ 22.0937 –102.5615 2280 16.1 597.9 50
Los Alamitos 21.7345 –102.7135 2357 15.2 717.7 37
Montegrande 22.2836 –102.6031 2872 12.7 654.9 44
Sierra Fría 22.0618 –102.7409 2758 14.7 695.9 28

Subtropical 
shrubland

Adobes 21.8022 –102.6877 1936 17.4 643.7 40
Arquitos 21.9204 –102.4019 2005 17.3 532 18
Codorniz alto 22.0130 –102.6677 1830 17.4 596.2 16
Codorniz bajo 22.0101 –102.6732 1821 17.4 596.2 32
Jaltiche de Abajo 21.7773 –102.8167 1553 19.0 595.7 20
Palo Alto 22.0564 –102.6688 2027 16.7 602.4 16
Posta UAA 21.9827 –102.3757 1946 17.0 533.3 14
Terrero de la Labor 22.0743 –102.6872 2480 15.6 648.2 7

table 2. — Completeness of opportunistic sampling in all sites and vegetation types.

Index All sites Xerophytic shrubland Subtropical shrubland Quercus L. forest
Observed species 218 85 90 132
Chao 2 224 87 97 149
Chao 2 completeness (%) 97.32 97.70 92.78 88.59
Jacknife 1 226 88 92 133
Jacknife 1 completeness (%) 96.46 96.59 97.83 99.25

table 3. — Lichen indicator species analysis for the three vegetation types. No indicator species was retrieved for the xerophytic shrubland.

Species Group
Importance 

value Mean SD p
Physcia biziana (A.Massal.) Zahlbr. Subtropical shrubland 70.4 26.1 8.3 0.002
Leptogium pseudofurfuraceum P.M.Jørg. & Wallace Quercus forest 66.7 18.1 9.21 0.004
Ochrolechia mexicana Vain. Quercus forest 66.7 17.3 8.52 0.001
Parmotrema acutatum Kurok. Quercus forest 66.7 17.9 9.36 0.003
Parmotrema reticulatum (Taylor) M.Choisy Quercus forest 51.1 22.6 9.43 0.015
Flavopunctelia praesignis (Nyl.) Hale Quercus forest 50 15.9 8.85 0.011
Haematomma flexuosum Hillm. Quercus forest 50 15.2 8.34 0.007
Lecanora caesiorubella Ach. Quercus forest 50 16.1 8.57 0.009
Polyblastidium hypoleucum (Ach.) Kalb Quercus forest 50 15.1 8.22 0.008
Usnea florida (L.) Weber ex F.H.Wigg. Quercus forest 50 16.2 9.13 0.018
Phaeophyscia nashii Essl. Subtropical shrubland 46.2 19.1 9.25 0.019
Punctelia caseana Lendemer & Hodk. Quercus forest 39.8 16.9 8.7 0.035
Parmotrema subtinctorium (Zahlbr.) Hale Quercus forest 33.3 13.1 7.05 0.046
Usnea subfusca Stirton Quercus forest 33.3 13 7.19 0.046
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For substrate CWM, the saxicolous lichens were predomi-
nant in the xerophytic shrubland, the epiphytic lichens had 
the highest proportion in Quercus forest, while the edaphic 
lichens had the lowest in the subtropical shrubland. Lichens 
colonizing more than one substrate (multiple) ranged between 
14 and 20% in the different vegetation types (Fig. 4B).

The apothecia were the reproductive structure predomi-
nating in the three vegetation types. However, the soredia 
exhibited a high value in the subtropical shrublands (Fig. 4C). 
The lobules were the reproductive structure with the lowest 
values in the vegetation types. The isidia had its highest value 
in the Quercus forest, whereas the perithecia did the same in 
the xerophytic shrubland.

Chlorophyta photobionts predominated with more than 
80% of the CWM in every vegetation type. There was an 
increased proportion of Cyanophyta photobionts from xero-
phytic shrubland (lowest CWM values) to Quercus forest 
(highest CWM values) (Fig. 4D).

The spatial ordination of functional traits, lichen communities, 
and environmental variables supported the patterns and gradients 

observed in the CWM analyses. The NMDS and ISA results 
applied to functional traits were combined to represent those 
traits that may be used as indicators of each type of vegetation 
(Fig. 5). The assemblage of crustose and squamulose growth 
forms with perithecia (reproduction) and saxicolous substrate 
(rock) was associated to xerophytic shrubland communities 
and responded to low precipitation and elevation. Foliose nar-
row lobed lichens and sorediated lichens indicated subtropi-
cal shrubland. Finally, the Quercus forest showed the highest 
number of significant traits, such as the dimorphic, fruticose, 
and foliose broad lobed lichens, isidia, and epiphytic substrate.

The NMDS, ISA, and FCA analyses showed similarities 
regarding the statistical significance of the gradient and rela-
tionships among functional traits and environmental vari-
ables. However, those results differed on the strength of the 
association of several traits. The FCA analysis showed that 
traits related to substrate were strong indicators, while others 
represented weak association.

According to the FCA, epiphytic lichens were positively 
influenced by precipitation (R = 0.3) and favored by the micro-
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environmental conditions in the Quercus forest (R = 0.26), 
and negatively associated with the xerophytic shrubland 
(R = –0.33). On the other hand, saxicolous lichens decreased 
with increasing precipitation (R = –0.22). A weak but positive 
relationship (R = 0.17), was detected between elevation and 
edaphic lichens (Fig. 6).

Similar trends were detected when squamulose and foli-
ose wide lobed lichens were compared (Fig. 6). The former 
decreased with higher precipitation regimes (R = –0.22) and 
was positively associated to xerophytic shrublands (R = 0.2). 
The foliose wide lobed lichens showed the inverse tendency. 
Like in the NMDS analysis, foliose narrow lobed lichens were 
indicators of the subtropical shrubland (R = 0.22).

Finally, the analysis of the reproductive strategies showed 
that isidia were positively associated with elevation and pre-
cipitation and, therefore, to the Quercus forest. Soredia were 
positively related to the subtropical shrubland and negatively 
associated with the xerophytic shrubland. Perithecia were 
negatively associated with precipitation and positively with 
the xerophytic shrubland.

DISCUSSION

Diversity patterns

Plant and fungal collections deposited in herbaria are a perma-
nent and often a well-documented source to not only evaluate 
species taxonomy and distribution but to recognize and track 

global changes based on verifiable, repeatable, sustainable, 
and persistent information (Nualart et al. 2017; James et al. 
2018), allowing the online mobilization of vast amounts of 
specimen data, combined to the use novel tools and extensive 
interdisciplinary collaborations (Davis 2023). For instance, 
herbarium specimens have been used to trace the composition 
and diversity of thelotremoid Graphidaceae as an indicator or 
signal of forest integrity (Rivas-Plata et al. 2008) and to evalu-
ate the distribution and phylogenetic structure of lichen taxa 
in different vegetation types (Nascimento et al. 2021), where 
the existence of phylogenetic clustering in Parmeliaceae was 
revealed as a response to water stress in Mexican ecosystems 
(Lücking et al. 2016a). In addition, herbarium specimens’ 
data in combination with published papers on lichen growth 
forms have been used to predict epiphytic lichen abundance 
in a wide variety of forest types (Aragón et al. 2019).

Herbarium collections have been used to recognize regional 
richness patterns of lichenized and no lichenized fungi of 
Colombia (Corrales et al. 2022; Moncada et al. 2022), which 
has helped not only to detect the richest ecosystems, but also 
the less explored areas. In this sense, our study shows suitable 
completeness in the exploration of vegetation types, even if 
the exploration was based on herbarium specimens. However, 
it is recognized that the observed richness depends on the 
sampling effort and almost unavoidably underestimates the 
value of total richness in a given community (Coddington et al. 
2009). On the other hand, it has been discussed that highly 
geographically heterogeneous sampling efforts can result in 
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a biased description of diversity gradients (Petřík et al. 2010; 
Droissart et al. 2012). Despite the sampling heterogeneity 
of individual localities in Aguascalientes for including non-
opportunistic sampling, and differences in the number of 
sampling sites for each vegetation type, we used two approaches 
to make richness values comparable. First, we did not directly 
compare the values of richness among individual sites but 
explored the mean richness value among vegetation types. 
Second, we used the logarithmic transformation suggested 
by Cáceres et al. (2008) to compare the gamma diversity of 
vegetation types, and we included a trait-based approach to 
overcome the scale-dependency issue (Benítez et al. 2018; 
Zhou et al. 2018; Ellis et al. 2021).

Regarding inventories of specific vegetation types, one of 
the most impressive inventories of lichen richness in dry eco-
systems of North America is the Lichen Flora of the Greater 
Sonoran Desert (Nash III et al. 2002, 2004, 2007), with more 
than 1900 species, some of which are distributed in Mexico. 
Another example for dry lands is the list of the Great Basin 
Desert, where 195 species are recorded (Hollinger & Noell 
2020), and the richness of the Colorado Plateau, with 244 spe-

cies (Leavitt et al. 2021). Compared with the Aguascalientes 
xerophytic shrubland, the 85 species recorded in this study 
would demonstrate low diversity, taking into account that 
previous studies considered the same substrate types as our 
research. This study is the second effort that records the arid 
land diversity of lichens in Aguascalientes (Miguel-Vázquez 
et al. 2021). Here, 15% of known lichen diversity in Mexican 
xerophytic ecosystems, according to Herrera-Campos et al. 
(2014) were registered.

Lichens are a fairly ubiquitous group in subtropical forests 
and constitute an important but scarcely studied component of 
this ecosystem (Marmor et al. 2011). The 90 species recorded 
for the subtropical shrubland of Aguascalientes (central Mexico) 
would seem few when compared with the 255 species of the 
subtropical forest of the northeastern region of Rio Grande do 
Sul, southern Brazil (Koch et al. 2016) or moderately diverse 
when compared with the 217 epiphytic species of the Xujiaba 
region of China, with an alpha range of 43 to 175 (Li et al. 
2013). However, a similar diversity pattern is obtained after 
including the subtropical forest of Florida, with 101 species 
and an alpha diversity ranging between 12 and 51 species 
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(DeBolt et al. 2007), which also has more geographic and 
climatic similarities with the central part of Mexico.

Temperate forests, some of which are dominated by Quercus 
species, are considered the most studied ecosystems regard-
ing lichen richness (over 947 species; Herrera-Campos et al. 
2014) and lichen community ecology in Mexico (Herrera-
Campos & Lücking 2003; Pérez-Pérez et al. 2008; Gregorio-
Cipriano et al. 2016; León-González & Pérez-Pérez 2020). 
The records obtained in this study moderately represent the 
lichen richness in the Quercus forest, with c. 14% of the spe-
cies known for this vegetation type.

Beta diversity was used here to support the framework of 
lichen community comparisons across Mexican ecosystems, 
as it has been successfully applied to lichens in the discern-
ment of the causes of beta diversity patterns (Nascimbene & 
Spitale 2017) along latitudinal, biogeographic, or ecological 
gradients (Ramírez-Peña 2019; Castillo-Campos et al. 2019). 
Beta diversity pairwise comparisons among vegetation types 
resulted in high beta diversity values (≥ 0.8), coinciding with 
other studies that showed that different vegetation types sus-
tain different lichen communities (Wolf 1993; Cáceres et al. 
2008; Nascimbene et al. 2013). The differences referred to 
elevation, precipitation, and temperature, which influence the 
vascular composition of vegetation types and lichen composi-
tion in different communities (Cáceres et al. 2007; Benítez 
et al. 2015). Thus, the compositional pattern and high values 
of beta diversity among vegetation types observed in Aguas-
calientes support the hypothesis that environmental changes 
impact the richness and composition of lichen communities.

The species replacement was the main component of beta 
(Fig. 2A), indicating a change in taxonomic entities among 
vegetation types and a positive relationship between eleva-
tion, increasing richness, and species pool (Nascimbene & 
Marini 2015). The highest turnover was observed between 
the subtropical shrubland and the Quercus forest, which is 
related to temperature and elevation gradients. On the other 
hand, a decrease in precipitation may be related to species 
loss (richness differences), as evidenced after comparing the 
xerophytic shrubland with the Quercus forest, highlighting 
in turn the sensitivity of lichens to desiccation (Concostrina-
Zubiri et al. 2014b). Therefore, a homogeneous habitat with 
low precipitation may thus promote competition among the 
species pool of the two types of shrublands, in addition to the 
colonization of the best-adapted species (Kraft et al. 2015), 
as reported for lichen communities in Eucalyptus stands 
(Calviño-Cancela et al. 2013; Ardila et al. 2014). Moreover, 
the high richness differences may be related to additional 
environmental factors such as vegetation density (Pérez-Pérez 
et al. 2011; Benítez et al. 2012, 2015) or canopy cover (Cáceres 
et al. 2007; Koch et al. 2013), although such variables were 
not considered in this study.

lichen communities

Cerro El Capulin (elevation = 2172; annual mean pre-
cipitation = 476.1 mm) and Cerro Juan El Grande (eleva-
tion = 2104.6 m; annual mean precipitation = 502.5 mm) 
are climatically similar to the xerophytic shrubland (mean 

elevation = 2119.8 m; annual mean precipitation = 514.6 mm). 
Moreover, the lichen species composition in these sites was 
similar to that of the Quercus forest. Four underlying factors 
may explain those similarities: 1) the lack of epiphytic sub-
strate in those areas promotes the colonization of edaphic and 
saxicolous substrates, resulting in a distinctive set of species 
(Giordani et al. 2012; Jüriado et al. 2016); 2) the composi-
tional affinities would be due to the abundance and frequency 
of Quercus species in Aguascalientes, which are even found 
in xerophytic shrublands (Martínez-Calderón et al. 2017); 
3) the incorrect classification of the vegetation types due to 
the use of coarse-grain cartographical classification (INEGI 
2017); and 4) the proportion of generalist species (11.4%) 
with a higher tolerance to local environmental factor varia-
tions, as often seen in the xerophytic shrubland and grassland 
ecosystems (Concostrina-Zubiri et al. 2014b).

Sites like Cerro Picacho, Presa de Natillas, and Campus Sur, 
were at first classified as xerophytic shrubland communities 
(Table 1), but their lichen composition resulted closer to the 
subtropical shrubland. This may be explained by the fact that, 
on average lower elevations of the subtropical shrubland and 
the higher precipitation regimes allow the colonization of 
several shared species including Circinaria contorta (Hoffm.) 
A.Nordin, Savić & Tibell, Flavopunctelia soredica, and Phaeo-
physcia hirsuta (Mereschk.) Essl. The differences among those 
vegetation types may be better understood through the rela-
tion of functional traits to reproduction strategies and growth 
forms, which in turn depend on water and shade availability 
(Lakatos et al. 2006; Ellis & Coppins 2007; Gauslaa 2014), 
factors that favor exclusive species to the subtropical shrubland.

Functional traits anD inDicator species

The influence of elevation and precipitation gradients on 
functional traits and indicator species is shown by the preva-
lence of foliose wide lobe lichens (Flavopunctelia praesignis 
(Nyl.) Hale, Parmotrema acutatum) in the Quercus forest, the 
shift to narrow lobed lichens (Physcia biziana, Phaeophyscia 
nashii) in the subtropical shrubland, and the predominance of 
crustose (Circinaria contorta) or squamulose lichens (Peltula 
hassei (Zahlbr.) Büdel, Protoparmeliopsis muralis (Schreb.) 
M.Choisy) in the xerophytic shrubland. Those results sug-
gest that the volume of lichen thallus decreases in response 
to water availability, compromising the photosynthetic area 
and keeping a wide exposure surface (Giordani et al. 2012, 
2014; Nelson et al. 2015a; Lucheta et al. 2019).

The response to high precipitation of crustose and foliose 
wide lobed lichens in Mediterranean ecosystems (Matos 
et al. 2015) and tropical rainforests (Koch et al. 2022), has 
been reported to differ by a particular combination of traits. 
Those enhance the performance of crustose lichens, coupled 
with diverse reproductive strategies and hydrophobic surfaces 
(Lakatos et al. 2006), or may be due to the influence of geo-
graphical differences not only on environmental variables, 
but on the phylogenetic diversity (Cáceres et al. 2008; Rivas-
Plata et al. 2008; Nascimento et al. 2021; Koch et al. 2022). 
An additional indicative trait is the fruticose growth form, 
which is positively related to precipitation and constitutes 
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an exclusive attribute of the Quercus forest (Figs 4A; 5). This 
agrees with the positive relation to water availability found 
in Mediterranean ecosystems (Giordani et al. 2014; Matos 
et al. 2015) and Alaskan shrublands (Nelson et al. 2015b), 
whereas in the tropical rainforest (Koch et al. 2013, 2022; 
Benítez et al. 2018; Soto-Medina et al. 2019) the trait is 
associated with open sites.

In this study, the CWM proportion of Cyanophyta photobi-
onts had a positive relation to precipitation and elevation, with 
a change among the vegetation types. However, the photobiont 
type as a trait appears to not be significantly associated with 
any vegetation type or environmental variable. Despite this, it 
has been used as an indicator of late successional states, which 
relates cyanolichens (lichens with Cyanophyta photobionts) 
to ancient forests or less fragmented habitats (Koch et al. 
2013; Benítez et al. 2018; Chuquimarca et al. 2019), because 
of its dependence on liquid water to perform photosynthesis 
(Lakatos et al. 2006; Gauslaa 2014). Conversely, other stud-
ies have reported an increase in Cyanophyta photobionts in 
the early stages of perturbed (burned) forests or sites where 
water is scarce (Giordani et al. 2014, 2016; Matos et al. 2015; 
Nelson et al. 2015a). In such places, cyanolichens are found 
in sites with stagnant water, like rocks or shaded soil, where 
liquid water supply is enough to reactivate photosynthesis 
(Hauck et al. 2007).

On the other hand, the Chlorophyta photobionts were 
predominant in all vegetation types included in this study, 
a situation negatively related to elevation and the Quercus 
forest (see FCA). It has been documented that Chlorophyta 
photobionts have a better performance under low water sup-
ply conditions by using of dew and environmental humidity 
(Lakatos et al. 2006; Gauslaa 2014). This, in addition to the 
ISA results, supports the notion that Chlorophyta photobionts 
are generalists because they are not particularly associated with 
any vegetation type. However, derived from the association 
of lichens with Chlorophyta photobionts to high elevations 
(Rapai et al. 2012), the altitudinal gradients could be used 
as framework in the evaluation of the predictive power of 
photobionts as functional traits and the differentiation of 
Chlorophyte photobionts in Trebuxioid and Trentepohlioid 
groups to test climate change (Aptroot & Van Herk 2007; 
Marini et al. 2011; Koch et al. 2022).

The precipitation gradient observed in this study may be 
negatively related to the CWM of sexual structures. Perithe-
cia was an indicator trait of the xerophytic shrubland, which 
decreased in other vegetation types. This pattern contrasts with 
the dominance of perithecia in late-successional stages of tropi-
cal forests (Koch et al. 2013; Benítez et al. 2018), where this 
structure indicates a healthy forest (Rivas-Plata et al. 2008). 
However, sexual structures have also been linked to harsh cli-
matic conditions, where the perennial nature of lichen fruiting 
bodies constitute an advantage, providing a continual source 
of spores but with less metabolic investment per propagule 
when compared to asexual structures (Seymour et al. 2005). 
Furthermore, sexual reproduction generates novel genetic 
diversity within populations, facilitating the response to envi-
ronmental change by genotype selection (Murtagh et al. 2000).

On the other hand, isidia have been associated with less 
harsh conditions (Ramírez-Morán et al. 2016; Chuquimarca 
et al. 2019), because the larger size of propagules implies a 
higher investment in the production of lichen substances 
and a shorter dispersion, fostering their competitive ability 
in stable and preserved habitats (Ellis & Coppins 2007). The 
isidia structure enhances dispersion capabilities by means of 
fragmentation and increases the exposition of thallus surface 
in low light conditions, thus enhancing its photosynthetic rate 
(Koch et al. 2013). The isidia is also an efective reproductive 
structure in both low wind flow and high rain flow condi-
tions (Giordani et al. 2014). In this study, isidia constituted 
an indicative trait of Quercus forest, reaching high proportions 
of CWM and being positively related to precipitation and 
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fig. 6. — Correlation of lichen community functional traits and environmental 
variables in three vegetation types.
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elevation, but negatively to xerophytic shrubland, in agree-
ment with the previous studies.

It has been demonstrated that soralia represent a successful 
long-distance dispersion strategy (Nelson et al. 2015a), an 
efficient colonizer on smooth surfaces (Giordani et al. 2014), 
and a resistant diaspore that can colonize high pH substrates 
(Giordani et al. 2012), because its small size carries both part-
ners of the lichen symbiosis. Those features provide resistance to 
substrates like Bursera fagaroides (Kunth) Engl., Ipomoea muru-
coides Roem. & Schult. and Manihot caudata Greenm., where 
soralia has been frequently recorded and which are representa-
tive of subtropical shrublands (Siqueiros-Delgado et al. 2017).

Finally, this is the first study that examines lichen communi-
ties in different vegetation types in central Mexico and the first 
in Mexico to evaluate lichen community assemblages and the 
composition of functional traits. It is essential to highlight that 
there is a correspondence between indicator species and func-
tional traits, which is also related to diversity patterns studied 
in many ecosystems (e.g. Hurtado et al. 2019; Soto-Medina 
et al. 2019; Koch et al. 2022). The above reinforces the pro-
posal of using lichens as bioindicators and functional traits as 
innovative but easy tool to study community assemblages and 
lichen responses to environmental gradients (Ellis et al. 2021).

CONCLUSION

Beta diversity and functional composition analyses were able to 
differentiate among lichen communities in vegetation types of 
central Mexico, showing that several lichen species could be used 
as targets in conservation programs. Elevation and precipitation 
were important features of each vegetation type, influencing 
lichen community composition (inherently including a set of 
indicator species and functional traits). In addition, lichen growth 
forms, substrates, and reproductive structures were indicative 
traits of the different vegetation types, rather than photobionts.
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appenDix 1. — Frequency of species on the different vegetation types and presence/absence of their functional traits.
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Acarospora bullata 1 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Acarospora chrysops 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Acarospora strigata 2 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1
Acarospora succedens 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Acarospora veronensis 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Anzia americana 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Aspicilia sp. 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Athallia pyracea 1 2 6 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1
Athallia vitellinula 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia arborea 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia dispersa 3 1 2 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia erubescens 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Buellia maritima 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia nashii 0 0 2 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia stellulata 2 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Buellia tyrolensis 1 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Caloplaca aff cerina 0 0 2 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Caloplaca eugyra 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Caloplaca microphyllina 5 7 9 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0
Caloplaca saxicola 6 2 2 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Candelaria concolor 3 2 7 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Candelariella citrina 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Candelina mexicana 3 0 2 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Candelina submexicana 9 0 4 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Canoparmelia cryptochlorophaea 0 2 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Canoparmelia texana 0 2 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Chrysothrix insulizans 0 0 2 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Circinaria contorta 7 0 3 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Cladonia caespiticia 0 3 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0
Cladonia chlorophaea 1 2 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0
Cladonia furcata 0 5 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia jaliscana 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia multiformis 0 2 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia ochrochlora 0 2 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0
Cladonia pyxidata 0 2 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia sp. 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia subcariosa 0 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0
Cladonia verticillata 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Clavascidium lacinulatum 4 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Coccocarpia erythroxyli 0 2 2 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1
Coccocarpia palmicola 3 4 4 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1
Collema subflaccidum 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Dermatocarpon dolomiticum 2 2 3 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Dermatocarpon miniatum 4 0 2 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Dermatocarpon moulinsii 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Dermatocarpon reticulatum 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Dimelaena oreina 3 3 2 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Diploschistes actinostomus 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Diploschistes dicapsis 1 3 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Diploschistes gypsaceus 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Diploschistes scruposus 0 2 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Enchylium cocophorum 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0
Enchylium conglomeratum 0 0 10 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1
Enchylium polycarpon 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0
Endocarpon pusilum 0 1 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Flavoparmelia leucoxantha 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Flavopunctelia borrerioides 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Flavopunctelia flaventior 0 6 12 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
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Flavopunctelia praesignis 0 4 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Flavopunctelia soredica 7 8 17 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Fuscidea mollis 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Gyalolechia flavorubescens 0 0 6 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Gyalolechia stipitata 1 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Haematomma fenzlianum 2 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Haematomma flexuosum 0 4 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Heppia lutosa 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0
Hertelidea botryosa 0 0 5 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Heterodermia albicans 3 2 10 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Heterodermia antillarum 0 11 2 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Heterodermia comosa 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0
Heterodermia diademata 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Heterodermia dissecta 0 2 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1
Heterodermia granulifera 0 3 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Heterodermia isidiophora 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Heterodermia obscurata 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Heterodermia rugulosa 2 3 15 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Heterodermia speciosa 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Heterodermia tremulans 1 1 9 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Heterodermia tropica 0 3 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Heteroplacidium compactum 4 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Hyperphyscia adglutinata 1 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Hyperphyscia minor 1 0 3 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Hyperphyscia syncolla 1 0 2 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Hypotrachyna citrella 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Hypotrachyna horrescens 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Lasallia papulosa 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Lathagrium cristatum 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0
Lecanora allophana 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Lecanora caesiorubella 0 3 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Lecanora helva 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Lecanora horiza 0 5 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Lecanora sp. 0 2 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1
Lecidella stigmatea 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Lempholemma chalazanum 1 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0
Lempholemma sp. 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0
Lepra ophthalmiza 0 2 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Lepraria sp. 2 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Leptochidium albociliatum 0 2 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0
Leptogium austroamericanum 0 7 5 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0
Leptogium chloromelum 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Leptogium coralloideum 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 1
Leptogium isidiosellum 0 2 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0
Leptogium joergensenii 2 3 11 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Leptogium megapotamicum 0 2 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0
Leptogium milligranum 0 4 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0
Leptogium pseudofurfuraceum 0 6 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 0 0
Leptogium rugosum 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Leucodermia appalachiensis 0 2 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Nephroma parile 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0
Normandina pulchella 0 1 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0
Ochrolechia mexicana 0 8 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Parmeliella triptophylla 0 3 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Parmelina tiliaceaea 0 2 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Parmelinella salacinifera 0 0 3 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Parmelinella versiformis 0 3 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Parmotrema acutatum 0 7 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Parmotrema arnoldii 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Parmotrema cetratum 1 3 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Parmotrema hababianum 1 2 3 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0

appenDix 1. — Continuation.
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Parmotrema hypoleucinum 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Parmotrema latissimum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Parmotrema margaritatum 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Parmotrema paramoreliense 0 2 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Parmotrema praesorediosum 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Parmotrema pseudocrinitum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Parmotrema reticulatum 2 10 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Parmotrema sp. 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Parmotrema stupenum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Parmotrema subisidiosum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0
Parmotrema subtinctorium 0 7 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0
Peltigera leucophlebia 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Peltigera praetextata 0 7 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0
Peltula euploca 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0
Peltula farinosa 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0
Peltula hassei 2 0 2 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0
Peltula patellata 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0
Pertusaria moreliensis 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Pertusaria pustulata 0 3 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Pertusaria sp. 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Pertusaria tejocotensis 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0
Phaeophyscia hirsuta 8 0 7 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1
Phaeophyscia hirtella 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Phaeophyscia nashii 1 0 42 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Phaeophyscia nigricans 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Phaeophyscia orbicularis 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Phaeophyscia pusilloides 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Phaeophyscia sonorae 0 0 12 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Physcia aipolia 2 0 6 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0
Physcia atrostriata 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Physcia biziana 2 1 27 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Physcia crispa 1 1 3 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1
Physcia halei 0 1 2 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Physcia phaea 2 2 2 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Physcia stellaris 0 0 18 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Physcia tribacia 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Physcia undulata 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Physconia isidiomuscigena 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Placidium squamulosum 2 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1
Placidium acarosporoides 3 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0
Pleopsidium oxytonum 7 2 7 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Polyblastidium fragilissimum 0 2 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Polyblastidium hypoleucum 0 4 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Polyblastidium japonicum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Polyblastidium propaguliferum 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Polycaulonia impolita 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Protoparmeliopsis muralis 3 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
Pseudoevernia consocians 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Psora cerebriformis 2 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Psora crenata 1 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0
Psora icterica 2 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Psora pseudorussellii 1 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Psorula rufonigra 2 1 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Punctelia caseana 0 4 5 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Punctelia hypoleucites 1 0 5 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Punctelia jeckeri 0 3 4 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Punctelia missouriensis 0 4 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Punctelia perreticulata 0 7 8 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Pyxine petricola 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Pyxine subcinerea 0 1 2 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Ramalina roesleri 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0

appenDix 1. — Continuation.
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Rhizocarpon infernulum 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Sarcogyne novomexicana 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Sculptolumina japonica 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Scytinium lichenoides 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0
Scytinium subaridum 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0
Squamulea squamosa 3 2 3 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Squamulea subsoluta 4 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Staurothele monicae 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Sticta aff sylvatica 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0
Sticta beauvoisii 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0
Sticta fuliginosa 0 2 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0
Sticta weigelii 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0
Tephromella atra 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Tetramelas chloroleucus 0 3 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Trapelia sp. 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Umbilicaria sp. 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Usnea amblyoclada 0 3 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Usnea arbusculiformis 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Usnea dasopoga 0 2 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1
Usnea florida 0 3 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Usnea praetevisa 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0
Usnea strigosa 0 2 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Usnea subfloridana 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Usnea subfusca 0 3 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0
Verrucaria inficiens 1 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
Wetmoreana brouardii 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia ahtii 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Xanthoparmelia amableana 0 0 2 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia californica 0 2 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Xanthoparmelia cumberlandia 5 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Xanthoparmelia lavicola 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia lineola 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
Xanthoparmelia mexicana 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia moctezumensis 2 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia novomexicana 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
Xanthoparmelia plitti 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Xanthoparmelia subcumberlandia 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
Xanthoparmelia subtasmanica 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0

appenDix 1. — Continuation.


