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In the tropics, corticolous lichen richness and cover tend to increase from the trunk 
base to the top of the crown of trees. In this study we calculated the total beta diver-
sity of the lichen community along a vertical gradient on Quercus laurina in Mexican 
cloud forest. By comparing the richness and cover of the lichens by zone, we show that 
foliose and fruticose lichens are a minor component of the total lichen species richness, 
but have a higher cover than the crustose lichens. Five zones were identified along each 
phorophyte (n = 15) with a diameter at breast height >40 cm. A total of 92 species 
were identified. Of these, 38% were found only in a single zone, 51% were shared 
between the different zones and 11% occurred across all zones. Species richness and 
cover increased from the lowest to the highest zones of the phorophytes. Dissimilarity 
in species composition between the zones could be explained by species replacement. 
An indicator species analysis revealed that only a few species, e.g. Hypotrachyna vexans, 
H. cf. sublaevigata and Ramalina cf. sinaloensis prefer a particular zone. The results 
show that the lichen community associated with Quercus laurina phorophytes is highly 
diverse and suggest that species richness and cover are related to the zone and the vari-
ous growth forms.

Keywords: beta diversity, corticolous lichens, Neotropical lichens, tropical  
cloud forest

Introduction

Corticolous lichens are diverse and functionally important organisms in forest eco-
systems, where they contribute to biomass and play a key role in water and nutri-
ent cycling. Biomass and nutrients accummulate as lichens grow, to be subsequently 
released when they die and decompose; hence the importance of lichens in the nitro-
gen, phosphorus and potassium cycles (Pike 1978, Hölscher et al. 2004, Obregon et al. 
2011). Furthermore, lichens provide food and shelter to various aquatic and terrestrial 
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invertebrates (gastropods, micro- and macro-arthropods, spi-
ders and dragonflies and other odonates) (Mukherjee et  al. 
2010, Meyer  et  al. 2014, Asplund  et  al. 2015), as well as 
camouflage and material for nests of vertebrates such as birds 
(Uliczka and Angelstam 2000).

The presence of corticolous lichens is related to forest 
type, age, composition and structure, as well as to light and 
moisture availability (McCune  et  al. 1997, Campbell and 
Coxson 2001, Fanning  et  al. 2007, Johansson  et  al. 2010, 
Li  et  al. 2015), and wind speed and exposure (Armstrong 
and Welch 2007). At the scale of trees, the vertical distribu-
tion of species and the structure of the lichen communities 
are influenced by their poikilohydric physiology (Komposch 
and Hafellner 2000, Normann et al. 2010). Lichens respond 
mainly to light and moisture (Sillet and Rambo 2000, 
Cleavitt et al. 2009, Li et al. 2015), which vary the base of 
the trunk to the crown of trees (Freiberg 1997, Freiberg and 
Freiberg 2000, Komposch and Hafellner 2000, Hauck et al. 
2001, Holz et al. 2002, Boch et al. 2013), especially in the 
tropics (Komposch and Hafellner 2000). Other parameters 
that affect the lichen community are bark pH and struc-
ture (Hauck et  al. 2001, Cleavitt  et  al. 2009), and, within 
trees of the same species, available space (tree size) and time 
for colonization (tree age) (Freiberg 1996, Cobanoglu and 
Sevgi 2009, Boch et al. 2013), as well as potential competi-
tion with other epiphytic organisms (Armstrong and Welch 
2007, Cleavitt et al. 2009). Owing to this, the distribution of 
lichens on trees is not homogeneous, as some species live in 
shady and humid zones, while others thrive in brighter and 
drier areas, and yet others display a broader range of micro-
environmental tolerance (Sporn et al. 2010).

It has been documented that along the vertical gradient 
of tree trunks, the community of non-vascular epiphytes is 
dominated by bryophytes in the zone closest to the ground, 
while macrolichens (cyanolichens, alectoroid and foliose 
lichens) become progressively more dominant towards the 
canopy (McCune  et  al. 1997). Both the host tree species 
and canopy height are considered to influence the species 
richness and growth forms of lichens (Fanning et al. 2007, 
Kiebacher et al. 2016), and it has been suggested that lichen 
species usually show preference for a certain microhabitat 
(Peck et al. 2002).

This study was carried out in a remnant of cloud forest in 
the central part of the state of Veracruz, Mexico. This veg-
etation type is characterized by an abundance and richness 
of vascular epiphytes, mainly of the families Orchidaceae, 
Bromeliaceae and Polypodiaceae (Flores-Palacios and García-
Franco 2008). Previous studies also indicate that a key epi-
phyte component are lichens, as 205 species belonging to 77 
genera have been documented inhabiting the trunks of vari-
ous phorophyte species (Pérez-Pérez et al. 2015) and across 
the trunk of Quercus laurina Humb. & Bonpl. (Córdova-
Chávez 2015), but it is not yet known whether there is spe-
cies turnover along the trunk. The aim of this study was to 
analyze the turnover of lichen species along the vertical gra-
dient in phorophytes of Quercus laurina. We expected that 

foliose and fruticose species would be a minor component of 
the total lichen species richness but would have a higher cover 
than the crustose lichens (Komposch and Hafellner 2000, 
Johansson et al. 2010, Normann et al. 2010).

Material and methods

Study site

The study was conducted in the mountainous area at the 
center of the state of Veracruz, Mexico, specifically in La 
Cortadura Ecological Reserve located on the Cofre de  
Perote eastern slopes (19°29′17.6″N, 97°02′25.9″W, at 
2000 m a.s.l.) (Fig. 1). The local climate is humid temper-
ate, with a mean temperature of 18°C and a mean annual 
precipitation of 2500 mm (García-Franco  et  al. 2008, De 
la Rosa and Negrete-Yankelevich 2012). The reserve spans 
across 107 ha, 45 of which correspond to relatively well-pre-
served cloud forest, and the rest is covered by forest patches 
under various successional states and pasture areas (De la 
Rosa and Negrete-Yankelevich 2012). The best represented 
tree species in the forest are Parathesis melanosticta (Schltdl.) 
Hemsl., Hedyosmum mexicanum Cordem., Miconia chryso-
neura Triana, Alchornea latifolia Sw., Miconia glaberrima 
(Schltdl.) Naudin, Cyathea fulva (M. Martens and Galeotti) 
Fée, Turpinia occidentalis (Swartz) G. Don., Clethra mexi-
cana DC. and Quercus laurina Humb. and Bonpl. (García-
Franco et al. 2008), the latter being one of the most frequent 
species (Pérez-Pérez et al. 2015).

Lichen sampling and taxonomic identification

Lichen sampling was conducted in 15 phorophytes of Quercus 
laurina with a diameter at breast height (DBH) larger than 
40 cm; separated by an average distance of 45.17 ± 20.15 m 
(1 ± SD; minimum 7.9; 83.9 maximum) (Fig. 1). The trees 
were located on a hilltop at 2000 m a.s.l. to maximize the 
likelihood that all trees were exposed to the same environ-
mental conditions. The five Johansson zones were defined in 
each phorophyte (Gradstein et al. 2003); these zones identify 
sections of tree trunks that have been associated with differ-
ent niches for epiphytic plants (Fig. 2). The presence and 
cover of lichens in each zone were recorded by placing two 
sample plots of 20 × 50 cm transparent plastic sheets (0.1 m2), 
subdivided in 2 × 2 cm squares (Kuusinen 1994, Kivistö and 
Kuusinen 2000, Pérez-Pérez et al. 2011). The data from the 
two sample plots in each Johansson zone were added up to 
derive the species richness and their cover per zone, to per-
form the statistical analysis.

Phorophytes were climbed using the single-rope tech-
nique, which is widely used for studying epiphytic plants 
(Barker and Sutton 1997, Freiberg 1999, Komposch and 
Hafellner 2000, Barker and Pinard 2001, Gradstein  et  al. 
2003, Holz and Gradstein 2005, Normann et al. 2010, Pos 
and Sleegrs 2010, Sporn et  al. 2010, Obregon et  al. 2011, 
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Boch et al. 2013). In each phorophyte, a rope was placed in 
the fork of the highest branches (ca 1.5 m from the phoro-
phyte top), provided it ensured safe climbing and sampling. 
Each Johansson zone was sampled in the central trunk with 
enough diameter to fit the sampling plot, and the diameter 
and height of each zone of the phorophyte sampled were 
measured.

Samples were recorded and collected starting from the 
tree top down to the trunk base, along the orientation that 
showed the greatest lichen cover (Pérez-Pérez et al. 2015), to 
maximize the sampling in those tree sections that were not 
easily accessible. The cover of each taxon was measured in 
cm2 (Kuusinen 1994, Kivistö and Kuusinen 2000, Pérez-
Pérez et al. 2011, 2015). The different genera and/or species 
were identified using specialized keys supported by chemical 
testing (10% potassium hydroxide (K), sodium hypochlorite 
(C) and paraphenyldenediamine (P)) (Harris 1984, 1995, 
Marbach 2000, Staiger 2002, Galloway and Thomas 2004, 
Kashiwadani and Nash III 2004, Cáceres 2007, Aptroot et al. 
2008, Rivas Plata and Lücking 2008, Ertz 2009, Lücking et al. 
2009, 2011, Aptroot 2012, Aptroot and Cáceres 2013, 
2014, Moncada  et  al. 2013, Lücking 2014, Nelsen  et  al. 
2014, Breuss and Lücking 2015, Mongkolsuk  et  al. 2015, 
Aptroot and Lücking 2016, Herrera-Campos  et  al. 2016). 
Specimens lacking reproductive structures were identified to 
genus only. Backup specimens were deposited in the herbaria 
XAL (Laboratory of Mycology, Instituto de Ecología, A.C., 
Mexico), ISE (Laboratory of Lichenology, Universidade 
Federal de Sergipe campus Itabaiana, Brazil) and BUAP 
(Laboratory of Plant Biology, Faculty of Biological Sciences, 
Benemérita Universidad Autónoma de Puebla, Mexico).

Data analysis

We analyzed the dissimilarity in species composition across 
the different Johansson zones. We calculated total beta diver-

sity (βcc = +
+ +
b c

a b c
), which was further divided into species 

replacement (β− = ( )
+ +3 2x

b c
a b c
min ,

) and the difference in spe-

cies richness between pairs of zones (βrich =
−

+ +
b c

a b c
); where 

a is the number of species common to both zones, b is the 
number of species exclusive to the first zone, c is the number of 
species exclusive to the second zone and min (b, c) is the mini-
mum number of exclusive species. The values obtained range 
from 0 (when all species occur in both zones) to 1 (when no 
species is shared between zones) (Carvalho et al. 2012, Juárez 
Ramírez et al. 2015). Error bars were constructed at 100% of 
richness and cover as a function of the Johansson zones; these 
were programmed with Fortran. The data on species cover 
and richness recorded for the Johansson zones were com-
pared using non-parametric Kruskal–Wallis tests followed by 
Wilcoxon test for pair-wise comparisons (Rosabal et al. 2010, 
Li  et  al. 2015, Maceda-Veiga and Gómez-Bolea 2017). An 
indicator species analysis (ISA) was used for the five Johansson 
zones in the 15 phorophytes, applying a Monte Carlo test, 
with zone as the clustering variable; species frequency and 
cover data were pooled randomly with 4999 replicates to 
identify any preference of lichens for particular Johansson 
zones (McCune and Grace 2002). The statistical analyses were 
conducted using the programs Statistic 7 (StatSoft 2004) and 
PCord 7.07 (McCune and Mefford 2018).

Figure 1. Location of the sampling site and sampled phorophytes at La Cortadura forest, Veracruz, Mexico. Dots and numbers indicate the 
approximate location of the Quercus laurina Humb. & Bonpl. phorophytes sampled.
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Results

The structures in each Johansson zone differed in diameter 
and showed a gradient of space availability, with zones 1 
and 2 (at the trunk base) having the largest diameter (Z1 
54.91 + 19.66 cm; Z2 43.72 + 14.18 cm, Z3 35.48 + 11.45 cm, 
Z4 27.46 + 10.36 cm, Z5 22.46 + 7.54 cm). However, the total 
available surface area (cm2) was similar, due to the length of 
the trunk segment in each zone (Fig. 2). The vertical gradi-
ent where Johansson zones were located ranged from 2.0 to 
15.21 m in height, suggesting broad ranges in the conditions 
that favor the establishment and growth of lichens.

The 15 phorophytes of Quercus laurina hosted a total of 
92 lichen species, belonging to 43 genera, 20 families and  
7 orders. The families with the highest richness were Parmeliaceae 
and Graphidaceae, with 30 and 19 species, respectively, while 
seven families were monospecific (Table 1). Only four families 
showed cyanobacteria as photobionts: Coccocarpiaceae (one 
species), Collemataceae (two species), Lobariaceae (three spe-
cies) and Pannariaceae (one species). On average, 18 ± 3 lichen 
species were recorded per phorophyte (n = 15).

The analysis of species richness by zone revealed that richness 
increases from the lowest to the highest zones of the tree (Fig. 3). 

Out of the total number of species, 39 (42%) were unique to 
a single Johansson zone, e.g. Anzia cf. ornata, Catinaria sp., 
Lopezaria versicolor, Myriotrema sp. and Phaeographis cf. leio-
grammodes, 44 (48%) were shared between different zones 
(two to four zones). Nine (10%) species were recorded in 
all Johansson zones with a relatively high cover; these were 
Herpothallon rubrocinctum, Parmotrema sp. 1, Parmotrema sp. 2.  
Ocellularia sp., Usnea cf. brasiliensis, Usnea cf. subfloridana, 
Usnea cf. mexicana, Pertusaria sp. and Punctelia hypoleucites. 
Punctelia hypoleucites was the species with the highest cover in 
the entire lichen community (Table 1).

The average number of species per zone was 5.2 ± 1.9 
(n = 75) (in Fig. 2, the number 3 of each bracket indicates the 
average number of species recorded in each zone); these num-
bers were not significantly different across zones (F = 2.779, 
p < 0.735). As regards the area available in each zone, aver-
ages are lower at the base of phorophytes and increase with 
height toward the crown (in Fig. 2, the number 2 of each 
bracket indicates the average area registered in each zone); in 
spite of this, they were not significantly different because of 
the broad variation observed. However, the Kruskall–Wallis 
test indicates significant differences in species richness and 
cover among the Johansson zones (Fig. 4).

Figure 2. Johansson’s zones (as modified by Gradstein et al. 2003): Each zone shows 1) average height, 2) area of trunk available, as calcu-
lated from the diameter and length of the trunk segment and 3) average number of lichen species.
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Table 1. Total cover and frequency of lichen species, sorted by orders and families, per Johansson zone on Quercus laurina Humb. & Bonpl 
phorophytes.

Families Species Cover (cm2)
Frequency by Zona de Johansson

Total Z1 Z2 Z3 Z4 Z5

Arthoniaceae Cryptothecia lichexanthonica E.L. Lima, Aptroot &  
M. Cáceres

72 1 0 0 1 0 0

Cryptothecia sp. 108 5 3 2 0 0 0
Herpothallon rubrocinctum (Ehrenb.) Aptroot, Lücking & 

G. Thor
684 25 7 8 6 3 1

Brigantiaeaceae Brigantiaea leucoxantha (Spreng.) R. Sant. & Hafellner 48 1 0 1 0 0 0
Caliciaceae Cratiria aggrediens (Stirt.) Marbach 36 2 0 0 1 1 0
Coccocarpiaceae Coccocarpia palmicola (Spreng.) Arv. & D.J. Galloway 4 1 0 0 0 1 0
Collemataceae Leptogium cyanescens (Pers.) Körb. 8 1 0 0 0 0 1

Leptogium sp. 52 1 0 0 1 0 0
Graphidaceae Diorygma sp. 56 3 0 0 1 1 1

Graphis caesiella Vain. 116 2 0 0 0 1 1
Graphis cf. distincta Makhija & Adaw. 16 1 0 0 0 1 0
Graphis mexicana (Hale) Kalb, Lücking & Lumbsch 92 3 1 1 1 0 0
Graphis cf. streblocarpa (Bél.) Nyl. 56 1 0 0 0 0 1
Graphis cf. subdisserpens Nyl. 44 1 1 0 0 0 0
Graphis sp. 68 3 1 0 0 1 1
Hemithecium sp. 108 3 0 0 1 1 1
Melanotrema sp. 108 2 0 0 1 1 0
Myriotrema sp. 32 1 0 1 0 0 0
Ocellularia albocincta (Hale) Divakar & Mangold 108 1 1 0 0 0 0
Ocellularia columellata Zahlbr. 48 2 0 0 2 0 0
Ocellularia sp. 816 14 4 4 2 3 1
Phaeographis dendritica (Ach.) Müll. Arg. 24 2 0 0 1 0 1
Phaeographis cf. leiogrammodes (Kremp.) Müll. Arg. 8 1 0 0 0 0 1
Phaeographis cf. tortuosa (Ach.) Müll. Arg. 60 2 0 0 1 1 0
Pseudochapsa cf. dilatata (Müll. Arg.) Parnmen, Lücking & 

Lumbsch
24 1 0 0 0 0 1

Thelotrema conveniens Nyl. 208 6 1 2 1 1 1
Thelotrema foveolare Müll. Arg. 180 2 1 1 0 0 0

Lecanoraceae Lecanora tropica Zahlbr. 56 1 0 0 0 0 1
Lecanora sp. 56 2 2 0 0 0 0

Lobariaceae Sticta beauvoisii Delise 684 8 0 2 2 1 3
Sticta aff. cometiella Vain. 140 3 0 1 1 0 1
Sticta aff. limbata (Sm.) Ach. 24 1 1 0 0 0 0

Malmideaceae Malmidea hypomelaena (Nyl.) Kalb & Lücking 48 2 0 0 0 0 2
Malmidea sp. 76 2 1 1 0 0 0

Opegraphaceae Opegrapha sp. 72 1 1 0 0 0 0
Pannariaceae Parmeliella clavulifera P.M. Jørg. 16 1 0 0 0 1 0
Parmeliaceae Anzia americana Yoshim. & Sharp 40 2 0 0 0 1 1

Anzia cf. ornata (Zahlbr.) Asahina 8 1 1 0 0 0 0
Flavoparmelia cf. rutidota (Hook. F. & Taylor) Hale 628 8 1 0 0 4 3
Hypotrachyna cf. brevirhiza (Kurok.) Hale 176 4 0 1 1 1 1
Hypotrachyna cirrhata (E. Fr.) Divakar, A. Crespo, Sipman, 

Elix & Lumbsch
20 1 1 0 0 0 0

Hypotrachyna cf. imbricatula (Zahlbr.) Hale 108 3 0 2 0 1 0
Hypotrachyna cf. neodissecta (Hale) Hale 116 2 1 0 0 1 0
Hypotrachyna cf. pseudosinuosa (Asahina) Hale 96 3 0 2 0 1 0
Hypotrachyna cf. pulvinata (Fée) Hale 112 2 1 0 0 0 1
Hypotrachyna cf. sublaevigata (Nyl.) Hale 328 9 3 1 1 4 0
Hypotrachyna vexans (Zahlbr. ex W.L. Culb. & C.F. Culb.) 124 5 4 1 0 0 0
Hypotrachyna sp. 44 2 1 1 0 0 0
Parmotrema arnoldii (Du Rietz) Hale 372 8 0 4 1 2 1
Parmotrema cristiferum (Taylor) Hale 296 2 0 1 0 0 1
Parmotrema flavescens (Kremp.) Hale 124 1 0 0 0 0 1
Parmotrema cf. grayanum (Hue) Hale 20 1 0 0 0 1 0
Parmotrema mellissii (C.W. Dodge) Hale 203 3 0 0 0 2 1

(Continued)
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Likewise, the lower zones (Z1 versus Z2) had lower rich-
ness than the higher zones (Z4 versus Z5). In Fig. 5 the spe-
cies richness between pairs of zones is shown in detail, as well 
as the percentage of species that corresponds to each of them, 
as well as the percentage of shared species. Differences in spe-
cies composition among the five Johansson zones were very 
high, with total dissimilarity values (βcc) between pairs of zones 
around 0.60 (60%). Dissimilarity in species composition 
between zones can be explained by species replacement given 
that replacement values (β−3) ranged from 50 to 59% (Fig. 6).

The indicator species analysis (ISA) and the Montecarlo 
test revealed that the species with significant values were 
Hypotrachyna vexans (indicator values: IV = 17; p = 0.02) and 
Parmotrema subisidiosum (IV = 19; p = 0.05), which showed 

Families Species Cover (cm2)
Frequency by Zona de Johansson

Total Z1 Z2 Z3 Z4 Z5

Parmotrema rampoddense (Nyl.) Hale 28 1 0 0 1 0 0
Parmotrema reticulatum (Taylor) M. Choisy 120 1 0 0 0 0 1
Parmotrema subisidiosum (Müll. Arg.) Hale 838 12 2 6 0 2 2
Parmotrema sp. 1 1268 24 4 3 6 4 7
Parmotrema sp. 2 412 11 3 4 1 2 1
Punctelia cf. bolliana (Müll. Arg.) Krog 92 2 0 0 0 1 1
Punctelia hypoleucites (Nyl.) Krog 2260 30 1 2 10 10 7
Remotrachyna cf. costaricensis (Nyl.) Divakar & A. Crespo 276 4 2 0 1 0 1
Usnea cf. brasiliensis (Zahlbr.) Motyka 712 18 1 2 6 5 4
Usnea cf. filipendula Stirt. 268 5 1 1 2 1 0
Usnea cf. mexicana Vain. 1004 20 1 6 3 5 5
Usnea cf. subfloridana Stirt. 912 16 1 4 4 3 4
Usnea sp. 16 1 0 0 0 1 0

Pertusariaceae Pertusaria cf. dilatata Müll. Arg. 76 2 0 0 0 1 1
Pertusaria velata (Turner) Nyl. 36 2 0 0 1 0 1
Pertusaria ventosa Malme 48 3 0 1 0 1 1
Pertusaria sp. 760 20 1 3 5 8 3

Physciaceae Heterodermia cf. granulifera (Ach.) W.L. Culb. 68 1 0 0 0 0 1
Heterodermia cf. tropica (Kurok.) Sipman 64 2 0 0 0 0 2
Heterodermia sp. 20 1 0 0 0 1 0
Leucodermia appalachensis (Kurok.) Kalb 140 3 1 1 0 1 0
Physcia cf. caesia (Hoffm.) Hampe ex Fürnr. 4 1 0 1 0 0 0

Pilocarpaceae Eugeniella sp. 72 1 0 0 1 0 0
Pyrenulaceae Pyrenula dermatodes (Borrer) Schaer. 184 6 0 3 2 1 0
Ramalinaceae Micarea sp. 40 2 1 0 1 0 0

Catinaria sp. 8 1 0 0 1 0 0
Crocynia gossypina (Sw.) A. Massal. 56 1 0 0 0 0 1
Crocynia pyxinoides Nyl 24 1 0 0 0 1 0
Lopezaria versicolor (Flot.) Kalb & Hafellner 4 1 0 0 0 1 0
Phyllopsora cf. ochroxantha (Nyl.) Zahlbr. 92 2 0 1 1 0 0
Phyllopsora sp. 48 1 0 1 0 0 0
Ramalina cf. sinaloensis Bowler & Rundel 100 4 0 0 1 0 3
Ramalina sp. 44 1 0 0 0 0 1

Roccellaceae Syncesia psaroleuca (Nyl.) Tehler 184 1 0 1 0 0 0
Syncesia sp. 8 1 1 0 0 0 0

Trypetheliaceae Astrothelium coccineum Córdova-Chávez,  
Aptroot & M. Cáceres

58 2 0 0 0 1 1

Bathelium degenerans (Vain.) R.C. Harris 396 11 0 1 3 3 4
Polymeridium catapastum (Nyl.) R.C. Harris 80 2 0 0 1 1 0
Polymeridium sulphurescens (Müll. Arg.) R.C. Harris 36 3 0 1 1 0 1

Figure 3. Species richness of lichen species grouped by growth form 
in each Johansson’s zone on Quercus laurina Humb. & Bonpl. 
phorophytes.

Table 1. Continued.
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preference for zones 1 and 2, respectively; Hypotrachyna cf. 
sublaevigata (IV = 19; p = 0.04) and Pertusaria sp. (IV = 24; 
p = 0.03) preferred zone 4; and Ramalina cf. sinaloensis 
(IV = 16; p = 0.05) showed preference for zone 5. However, 
none of them was unique to a particular zone.

Discussion

There are several factors that determine the vertical distribu-
tion of the lichen community, such as microclimate (solar 
radiation and humidity), exposure time (phorophyte age), 
habitat quality (bark texture), height above the ground, 
growth form, reproductive potential of the species and even 
successional processes (opportunity of colonization and dis-
persion) (Pirintsos et al. 1993, Campbell and Coxson 2001, 
Marmor et al. 2012, Merinero et al 2014, Sales et al. 2016). 
Campbell and Coxson (2001) indicated that the driving fac-
tors are light and moisture availability. On the other hand, 
the time required for colonization has also been considered 
relevant (Yarranton 1972, Boch  et  al. 2013), as tree zones 
are of different ages. Johansson et al. (2010) indicate that in 
Quercus phorophytes, the oldest part of the trunk is at 2 m 
height; it is in the oldest parts of the phorophyte that succes-
sion processes can take place (Freiberg 1996).

One of the distinctive features of the mountain cloud for-
ests is the temperate climate, with a high moisture content 
as mist (Rzedowski 1978), which undoubtedly favors the 
presence of lichens (Normann et al. 2010, Obregon et al. 
2011). In the case of Q. laurina, the older parts of the 
trunk are from the ground level to 5 m in height, which 
correspond to zones 1 and 2. These areas present the larg-
est diameters and have been available for colonization and 
development of the lichen community for a longer time. 
However, our results showed that the highest species rich-
ness and cover were found in zones 4 and 5. This may be 
due to the heterogeneity of the micro-habitats along tree 
trunks, given by the different height of phorophyte zones, 
as pointed out by various authors (Kuusinen 1994, Freiberg 
1997, Fanning et al. 2007, Li et al. 2015) and, due to the 
intrinsic species restriction.

Armstrong and Welch (2007) consider that an additional 
factor that defines the community structure of lichens is the 
distribution of each individual species in relation to their 

Figure 4. Lichen species richness (A) and cover (B) present in the 
Johansson’s zones (see text to explanation above the zone numbers). 
Different letters indicate significant differences between zones, after 
Wilcoxon nonparametric One-way ANOVA: Richness: χ2 = 12.22, 
DF 4, p = 0.0158; Cover χ2 = 17.91, DF 4, p = 0.0013.

Figure 5. Species richness between pairs of Johansson’s zones (Z), 
the percentage of species that corresponds to each zone is indicated, 
as well as the percentage of shared species.

Figure 6. Total dissimilarity between pairs of Johansson’s zones, the 
proportion resulting from species replacement, and the difference in 
species richness in the comparison of species composition among 
five Johansson’s zones.
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growth forms. In our study, although foliose lichens (espe-
cially those in the family Parmeliaceae) had higher overall 
cover than the crustose lichens (dominated by the family 
Graphidaceae), the latter exhibited the highest species rich-
ness. Johansson et al. (2010) considered that the abundance 
of macrolichens decreases with tree age; hence, it is not 
uncommon that the highest abundance is observed in the 
higher zones, as non-scaly and fissured bark is more suitable 
for colonization (Normann et al. 2010). On the other hand, 
Fanning et al. (2007) indicated that fruticose lichens are less 
diverse than crustose and foliose lichens along the vertical 
gradient of trees, dominating in the highest zone because of 
their higher light requirement (Giordani et al. 2012). This is 
the case of the genera Ramalina and Usnea, although the lat-
ter was found in all Johansson zones. McCune et al. (1997) 
indicated that foliose lichens which have cyanobacteria as 
photobionts (e.g. Lobariaceae) are more sensitive to light, 
while those with green-algae photobionts grow well all along 
the vertical gradient (e.g. Parmeliaceae).

Other authors consider that the presence or absence 
of lichens in phorophytes sharing homogeneous condi-
tions within a forest (environmental and/or characteristics) 
is related to the distance between them and the disper-
sal ability of lichens; therefore, phorophytes separated by 
greater distances may display differences in species richness 
(Gradstein et al. 1996, Pérez-Pérez et al. 2011). In this study, 
the average number of lichen species per phorophyte was 18 
of 92 total species, indicating that phorophytes shared only 
a few species; by contrast, the average number of species 
between Johansson zones was 5, that is because at this scale 
the high species turnover is strongly evident along the gradi-
ent of the trunk of Q. laurina phorophytes.

The pattern of vertical distribution of the lichen commu-
nity observed in this study is consistent with the proposal by 
Li  et  al. (2015), who suggested that a common pattern in 
the tropics is that lichen species richness and cover tend to 
increase from the base of the tree to zones higher up in the 
trunk. It is important to mention that the family Parmeliaceae 
is the largest of lichen-forming fungi, with a cosmopolitan 
distribution (Blanco et al. 2006), followed by Graphidaceae, 
one of the largest families of tropical crustose lichens (Rivas 
Plata  et  al. 2012); consequently, it is not unusual to find 
both families in the cloud forest in La Cortadura, Veracruz, 
Mexico.

Several studies illustrate the importance of the diver-
sity of phorophytes of different ages, along with canopy 
height and architecture, for the vertical diversity of lichens 
(Freiberg 1997, Fanning et al. 2007, Johansson et al. 2010, 
Hauck 2011). Other authors, however, suggest that differ-
encies in vertical distribution pattern are related to the time 
of exposure and the space available for the establishment of 
lichen communities, which vary according to the particular 
conditions of each ecosystem (geographical location, alti-
tude, topography) where phorophytes thrive, the history of 
the forests and the particular ecological demands of each 
species (Hinds 1970, Pirintsos et al. 1995, McCune et al. 

1997, Freiberg 1999, Freiberg and Freiberg 2000, Liu et al. 
2000, Sillet and Rambo 2000, Holz et al. 2002, Holz and 
Gradstein 2005, Hauck 2011, Pérez-Pérez  et  al. 2011, 
Cazzolla Gatti  et  al. 2017). The results obtained in this 
study suggest that a set of variables including DBH, height, 
zone of the tree trunk, and lichen growth forms, do con-
tribute to define the vertical distribution of the lichen com-
munity on Quercus laurina.

Conclusions

This study shows the existence of a highly diverse lichen com-
munity associated with Quercus laurina phorophytes, as well 
as the vertical distribution and cover of lichen species along 
Q. laurina trunks, and our results are consistent with a num-
ber of studies conducted at various latitudes throughout the 
world. In particular, some lichen species displayed a wide 
tolerance range, being very frequent and abundant in pho-
rophytes, while others showed a relatively restricted distribu-
tion. However, long-term studies that record microclimatic 
conditions in specific zones of the trees will be needed to pro-
vide more conclusive information about the characteristics 
that either foster or restrain the establishment and growth 
of lichen species. On the other hand, the present study is 
a relevant contribution to the knowledge of lichens associ-
ated with woody vegetation, as it addresses lichen richness 
and distribution beyond the lower portions of phorophytes 
trunks (ca 2 m height). The lichen community inhabiting the 
mountain cloud forest at La Cortadura, Veracruz, Mexico, is 
a well-preserved relict. Thus, detailed studies of species and 
processes in this region can provide relevant information 
about Neotropical lichens in general.
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