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Abstract – The aim of this study was to evaluate the taxonomic and functional diversity of 
corticolous lichens under the influence of different micro-climatic conditions in the Botanical 
Garden of Popayán. We considered 11 contrasting stations distributed in the area, selecting 
five individuals of Cecropia angustifolia per station. We worked with quantitative sampling 
locating a quadrant of 0.50 x 0.20 m2 on the trunk of each tree, where the percentage of cover 
for each species was estimated. Microenvironmental parameters, such as light, temperature 
and relative humidity, CAP and the pH of the bark were evaluated. A total of 63 lichen 
species was recorded. The results showed that light and temperature had positive correlation 
with species richness and cover of fruticose and foliose lichens, while relative humidity was 
negatively related to richness and positively with crustose cover. Lichen distribution at the 
Popayan Botanical Garden is mainly affected by light, temperature and relative humidity 
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INTRODUCTION

Lichens have a slow metabolism and slow growth, and are affected by 
various environmental factors, especially the soil, air quality, and lighting conditions, 
which can restrict their distribution (Marcelli 1992, Barreno & Perez-Ortega 2003). 
Climatic variables such as solar radiation, temperature, humidity, among others 
related to light and water availability, are considered as constraining factors that can 
lead to a major change in the composition and colonization processes of lichens in 
a limited area (Auger & Perez Ortega 2003). Epiphytic lichens are particularly 
sensitive to climate change (Nash & Olafsen 1995; Rivas-Plata et al. 2008, Soto-
Medina et al. 2012), because the factors that have the greatest influence over lichen 
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physiology are abiotic (De los Rios 2003), as well as the substrate to which they 
belong, such as pH, texture and physiognomy (Brodo 1973, Marcelli 1996, Purvis 
2000, Aptroot & Herk 2007, Seaward 2008, Benitez et al. 2013). Human intervention 
alters the microclimate and soil conditions, which affect the growth and distribution 
of lichens (Barreno & Perez-Ortega 2003, Diaz et al. 2016, Benitez et al. 2013). 
Because of this, lichens have been used as bioindicators.

To better understand the response of a community to different anthropogenic 
or natural effects, it is necessary to go beyond the taxonomic diversity and see the 
changes in functional traits of communities and functional diversity (Webb et al. 
2005). These aspects are important because there are rules of assembly within the 
communities which can be understood only by approaching various components of 
communities (taxonomic, functional, and phylogenetic diversity). Furthermore, it 
has been found that environmental gradients act as filters of functional traits in 
plants, which demonstrates the existence of assembly rules (Diaz 1999). Recently it 
has been documented that functional traits and functional diversity respond to 
environmental changes differently than taxonomic and phylogenetic diversity. 
Knowledge of these patterns for lichens is almost absent (Giordani et al. 2012), but 
there are some studies relating lichen functional traits, such as the type of photobiont 
and thallus morphology, to forest structural change (Johansson et al. 2007, Lewis 
and Ellis 2010, Giordani et al. 2012, Koch et al. 2013) and with climate changes 
(Matos et al. 2015). Recent studies show that these traits can act as surrogates for 
the diversity of species as indicators of states of ecological succession, anthropogenic 
disturbance, and air pollution (Koch et al. 2013, Cardenas et al. In press). 

In Colombia, there have been investigations in the study of lichens in 
various fields, such as bioindicators, ecology, biogeography, systematics and diversity 
in nature reserves, urban areas, and rural areas (Lücking 2009, Moncada & Forero 
2006, Sipman et al. 2006, Chaparro & Aguirre 2002, Cáceres et al. 2007, 2008, 
Corner 2011, Soto-Medina et al. 2012, 2015). However, few ecological studies have 
been conducted in Cauca, mainly focused on functional ecology of lichens (Diaz et 
al. 2016). This work is focused on evaluating the effects of microclimate on species 
diversity, species composition, and functional traits of corticolous lichens in the 
Botanical Garden of Popayan (JBP), in order to establish whether the functional 
traits can serve as surrogates for the diversity of lichens.

MATERIALS AND METHODS

Area of study: The University Foundation of Popayan (FUP), Campus los 
Robles is located 8 km from the city of Popayan, on the road to Timbío, Department 
of Cauca. This area also includes the Botanical Garden, comprising 8 ha of the 46 ha 
held by the institution. It is located on the western flank of the Cordillera Central at 
1850 m, with an average temperature of 18 °C and geographical coordinates 2°23’ N 
and 76°40’ W (Méndez & Vallejo 2003). The area corresponds to the Subandina 
Forest life zone (Cuatrecasas 1958).

Sampling: In total, 11 stations were chosen in different types of vegetation 
within the Botanical Garden and lichens were sampled in 55 phorophytes. Five 
individuals of Cecropia angustifolia Trécul, the most common species in the study 
area were selected in each station. Specimens were collected between March and 
April and a method of quantitative sampling (Cáceres et al. 2007, 2008) was used, 
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in which in each phorophyte a quadrant of 0.50 x 0.20 m2 was placed, 1.3 m high 
from the base (Soto et al. 2012). The thalli were collected using a knife and stored 
in paper bags.

The microclimatic parameters were taken between April and May. In this 
phase the relative humidity, ambient temperature and luminosity were measured, 
with a sampling intensity of three measurements per week (Soto-Medina et al. 
2012). In addition, the diameter at breast height (CBH phorophytes > 20 cm) and 
the bark pH (Portable Waterproof pH meter solid Skin pH Meter) were recorded. 
For light measurements, a spherical densiometer (Forestry Suppliers) was used, with 
four readings per position in north, south, east, and west directions, in each 
phorophyte, and averaging the results (Lemmon 1956; Nascimbene & Marini, 2015). 
Relative humidity and temperature were measured with a Portable Digital Thermo 
bulb (Brixco). The stations were classified as follows:

 Open microsite: Clear areas or open forest. Station 1 – Arboretum, station 
10 – Pasture, station 11 – Pasture.
 Closed microsites: Forest edges to dense forest. Station 4 and 5 – Corazones 
creek belonging to the wooded area, station 6, 7, 8 and 9 – Mano de Oso 
creek belonging to wooded area, Station 2 and 3 – belonging to the Renacer 
creek wooded area.
Identification: The collected specimens were included in the Herbarium 

Alvaro Fernández Perez-AFP, and in the Herbarium of the Universidad del  
Valle-CUVC. The identification was carried out in the laboratory of chemistry at 
the University Foundation of Popayan, where the morphological, anatomical 
characteristics and chemical tests for identification and characterization were studied, 
using available literature, such as Sipman et al. (2006), Lücking et al. (2009), and 
with expert advice.

Data Analysis: Species richness was used as a measure of alpha diversity 
(McCune et al. 2002). To evaluate the efficiency of sampling, a first-order Jackknife 
estimator was used (Gotelli & Colwell 2010). Functional traits were evaluated based 
on literature and field measurements. We evaluated the coverage of crustose, foliose, 
and fruticose lichens, presence of apothecia, perithecia, and lirellae, single spores or 
spores with several septa, ascomata colour. These traits were used as binomial 
variables. To estimate the traits for sampling unit two matrices were used: a matrix 
of species per sampling unit (W) and another of traits by species (B). From these 
matrices, a standard trait matrix was obtained by sampling unit (T), which was used 
to compare open and closed areas. This analysis was made in the Syncsa program 
(Debastiani & Pillar 2012).

To compare diversity, functional traits, and microclimatic parameters 
between stations and microsites, t-tests were made. We also performed Spearman 
correlation analysis among climatic variables, functional traits, and species richness. 
Additionally, a non-metric multidimensional scaling (NMS) was conducted to see 
grouping patterns of sampling units according to the microsite. The analysis was 
performed with 100 replicates, with a stability criterion of 0·00001 and 100 iterations 
per replicate (McCune et al. 2002). Microsite preferences by lichen species were 
assessed using an analysis of indicator species (Monte Carlo Simulation) (McCune 
et al. 2002). Correspondence analysis (DCA) was also made with matrix T, in order 
to see if there were differences in traits between areas and relations with the 
environmental variables. All analyses were performed with PC-ORD 5.0 (McCune 
et al. 2002) and Statistica 7.1 (Statsoft 2005).
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RESULTS

Species diversity. A total of 63 morphospecies was recorded, of which 39 
were identified to species, 21 to genera and three were not determined because they 
were sterile. According to the first-order Jackknife estimator of richness, 83 lichen 
species was estimated, indicating a sampling efficiency of 76%. In addition, 62% of 
phorophytes presented between three and seven species of lichens. The sampled 
species were distributed in 29 genera and 17 lichen families; Physciaceae (nine 
species), Parmeliaceae (eight species) and Graphidaceae (seven species) were the 
most representative families.

The highest species richness was found at stations 1, 10 and 11. These 
stations had a higher light intensity, while the remaining stations were more shaded 
and wet (Table 1). Bark pH was between 6.17-7.07. Stations 6 and 8 had the lowest 
DBH, but it was homogeneous among the remaining stations.

Diorygma sp. (42 out of 55 phorophytes), Coniarthonia sp. (30), Herpothallon 
rubrocinctum (22), and Bacidia medialis (19) had the highest frequency, whereas 
Graphis rimulosa (6), Sticta subfilicinella (5), Leptogium phyllocarpum (4), Teloschistes 
flavicans (3), Sticta sp.1 (2), Parmeliella triptophylla (2), Herpothallon rubroechinatum 
and Haematomma flexuosum (1) had the lowest frequency. Thus, most of the samples 
(73%) ranged between 1 and 6 occurrences per phorophyte. In terms of coverage, 
Diorygma sp. (4042 cm2), Coniarthonia aff. cinnabarina (2071 cm2), Graphis scripta 
(756 cm2), Usnea sp. (696 cm2) and Herpothallon pustulatum (628 cm2) were 
dominant. Crustose lichens were dominant with 47.6% (30 species), followed by 
foliose lichens with 36.5% (23 species), fruticose lichens with 6.3% (4 species), and 
gelatinous and squamulose lichens with 9.6% total for both growth forms.

Table 1. Average Richness and microclimatic variables per station

Station Richness (S) DBH (cm) pH Light (%) Temperature (°C) Relative 
humidity

1 9 20 6.92 62 21.9 63.3
2 5 23 7.00 32 21.6 75.5
3 5 20 6.67 29 22.8 67.9
4 4 22 6.79 30 17.3 88.2
5 4 27 6.97 34 19.2 92.2
6 6 9 7.07 38 22.1 64.2
7 5 11 6.69 31 22.1 60.2
8 5 12 6.91 33 21.3 61.8
9 6 19 6.17 38 23.5 56.3
10 10 24 6.74 49 27.4 40.9
11 10 22 6.42 71 28.3 35.7

Microclimate effect on diversity and species composition

The results show that the variables of light and temperature, had a positive 
correlation with species richness (Table 2), while relative humidity was negatively 
correlated. Thus, phorophytes with more light and lower relative humidity tended to 
have higher species richness. The pH and DAP had not correlate significantly with 
richness.
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The non-metric multidimensional scaling (NMS) showed some associations 
between stations, but were most notable between closed and open microsites (Fig. 1); 
this means that the sampling units tended to cluster more because they had similar 
conditions of light and humidity, due to their spatial proximity. Significant correlations 
between the variables light, temperature, and relative humidity, with the axes of the 
NMS, indicate that these clusters are related to these variables. Canomaculina sp., 
Heterodermia leucomela, Hypotrachyna sp. 1, Herpothallon sp., Physcia sp. 2, 
Lecanora sp., and Usnea sp. preferred open microsites, whereas Coccocarpia 
palmicola, Coccocarpia sp. Phyllopsora sp. 2 and Sticta subfilicinella preferred 
closed microsites. Similarly, nine species showed marginal preference (0.05 < p < 0.1), 
such as species, Graphis aurita, Graphis cf. rimulosa, Haematomma sp., Heterodermia 
pseudospeciosa, Heterodermia japonica, Physcia sp. And Haematomma sp. for open 
microsites and Coniarthonia aff. cinnabarina, Herpothallon rubrocinctum and 
Phyllopsora nigrocincta for closed microsites.

Microclimate effect on functional traits

With regard to functional traits, we found that the microsites presented 
contrasting patterns: closed microsites tended to have a greater cover of crustose 
lichens, while in open sites, foliose and fruticose lichens dominated (Table 4). With 
regard to color of ascomata, it was found that in the open area there was a higher 
incidence of ascomata with dark colors and hyaline spores, while in closed microsites 
lirellate lichens predominated. Light and temperature were positively correlated with 

Fig. 1. NMS for the sampling units based on species composition. Lichen communities of open areas 
(open triangles) are separated from the closed sites (closed triangles). T° is temperature, S richness and 
HR relative humidity.
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the incidence of dark ascomata and foliose and fruticose thalli, while the crustose 
and lirellate lichens presented a negative relationship (Table 2). The DCA indicates 
that trees are grouped according to the microsite and these clusters were correlated 
with light, temperature and relative humidity (Fig. 2). Thus, functional traits 
evaluated in this study correspond to differences in microclimatic parameters.

Table 2. Correlations between microclimatic parameters, lichen species richness and functional 
traits

Crustose Foliose Fruticose S Light (%) Temperature Relative 
Humidity

>1 septa  0.37 –   0.52 –   0.34 –   0.36 –   0.23 –   0.19  0.17
Hyaline spore –  0.40  0.14  0.34  0.44  0.42  0.31 –   0.31
Ascoma  0.15 –   0.40  0.04 –   0.06 –   0.01  0.09 –   0.04
Ascoma Color –   0.45  0.33  0.11  0.25  0.27  0.33 –   0.28
Lirellae  0.62 –   0.47 –   0.36 –   0.59 –   0.43 –   0.35  0.39
Perithecia –   0.01  0.13 –   0.02  0.15  0.06  0.21 –   0.15
Crustose –   0.78 –   0.46 –   0.59 –   0.46 –   0.42  0.37
Foliose –   0.78 *  0.23  0.61  0.45  0.43 –   0.41
Fruticose –   0.46 * 0.23  0.49  0.53  0.51 –   0.44
Richness –   0.59 *  0.61 * 0.49 *  0.61  0.60 –   0.64

* significant correlations

Table 3. Results analysis of indicator species for microsites. Importance value index (IV), standard 
deviation (S.Dev) and probability associated with the montecarlo test (p)

Species Group IV S.Dev p
Herpothallon sp. Open 12 5.87 0.0006
Canomaculina sp. Open 13.3 5.82 0.0014
Usnea sp. Open 21.7 4.45 0.0016
Physcia sp. 2 Open 12.5 4.2 0.0044
Lecanora sp. Open 14.9 4 0.0044
Haematomma flexuosum Open 14.9 4.78 0.0048
Phyllopsora sp.2 Closed 17.3 6.19 0.005
Coccocarpia sp. Closed 13.1 3.69 0.0108
Hypotrachyna sp.1 Open 14.5 3.9 0.0286
Sticta subfilicinella Closed 14 5.82 0.0302
Heterodermia leucomela Open 13 3.13 0.038
Coccocarpia palmicola Closed 15.2 3.18 0.0446
Heterodermia japonica Open 19.4 3.25 0.0614
Graphis cf. rimulosa Open 13.1 3.37 0.0632
Herpothallon rubrocinctum Closed 18.6 3.54 0.0656
Coniarthonia aff. cinnabarina Closed 15.5 6.16 0.0672
Heterodermia speciosa Open 13 2.07 0.0724
Physcia sp.1 Open 13.2 2.07 0.0724
Graphis aurita Open 15.3 3.74 0.0738
Phyllopsora nigocincta Closed 16 3.99 0.0778
Haematomma sp. Open 19.2 2.27 0.0782
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Fig. 2. DCA for functional traits, showing that the phorophytes grouped according to ligth, temperature 
(T°) and relative humidity (HR).

Table 4. Comparison of functional traits between open and closed microsites

Open mean Closed mean t-value df p

> 1 septa 0.60 0.72 – 1.48 53.00 0.14

Hyaline spore 0.72 0.47 3.33 53.00 < 0.05 *

Apothecia 0.84 0.85 – 0.21 53.00 0.84

Ascoma Color 0.26 0.13 2.62 53.00 0.01 *

Lirellae 0.14 0.44 – 4.64 53.00 < 0.05 *

Perithecia 0.05 0.04 0.19 53.00 0.85

Crustose 0.48 0.84 – 5.02 53.00 < 0.05 *

Foliose 0.32 0.08 4.82 53.00 < 0.05 *

Fruticose 0.12 0.00 4.25 53.00 < 0.05 *

Richness 9.73 4.93 8.22 53.00 < 0.05 *

pH 6.69 6.78 – 0.66 53.00 0.51

Light (%) 60.77 33.18 9.95 53.00 < 0.05 *

Temperature 25.83 21.24 6.36 53.00 < 0.05 *

Relative humidity 46.63 70.81 – 5.84 53.00 < 0.05 *
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DISCUSSION

With 6.3 species/phorophyte, the average richness of lichen species per 
phorophyte found in the area of the Botanical Garden of Popayan is high compared 
with other sites with higher sampling areas, similar to studies of Cáceres et al. 
(2007) in Brazil (8.6 species) in an area of 50 ha and Soto-Medina et al. (2012) in 
Colombia (5.4 species) in 14 ha. Similarly, the report highlights a new record for 
the Neotropical species Graphis inversa RC Harris, which is distributed in seven 
states in the United States (Lücking et al. 2009).

A likely explanation for the high diversity of crustose lichens is that with 
decreasing altitude, these lichens to have an adaptive advantage to the high humidity in 
these areas (Sipman & Harris 1989, Lakatos et al. 2006). The physiological adaptations 
presented by these thalli to the high concentrations of humidity and low light intensity, 
include layers that repel water to prevent it from overwhelming the thallus and permit 
normal photosynthesis (Lakatos et al. 2006, Rincón-Espitia et al. 2011).

The high number of species of foliose lichens of the families Parmeliaceae and 
Physciaceae is explained by they are optimally adapted to forests of middle elevations 
in sub-Andean and Andean regions (Aguirre 2008, Rincon-Espitia et al. 2011), in open 
microsites. Furthermore, the presence of foliose corticolous lichens is correlated with the 
complexity of the environment (Méndez & Vallejo 2003). Similarly, the presence of the 
families Lobariaceae and Collemataceae in closed microsites is explained by their 
preference for areas of high humidity and low light intensity, typically at the bottom of 
the phorophytes (Aptroot & Sipman 1997, Diaz-Escandón et al. 2016).

Microclimatic variables that influenced the distribution of lichens in the 
JBP were light and temperature, in accord with the statement made by De Los Rios 
(2003), which supports the idea that factors, such as light, humidity and temperature, 
have the greatest influence on lichen physiology. McCune et al. (2002) state that 
lichens are strongly influenced by both macro and micro environmental variables 
that affect their richness, abundance, and distribution at different scales.

Species richness was related to the intensity of light and humidity; the 
phorophytes that had more light intensity and lower relative humidity had the highest 
species richness. This is possibly because the lichens are photophilic and shaded 
sites with high relative humidity are scarce; in the shaded sites, bryophytes dominate, 
which have high water requirements and are very sensitive to high solar irradiation 
(Sillett & Antoine 2004, Gradstein 2008, Benitez et al. 2012, Pardow & Lakatos 
2013, Soto-Medina et al. 2015, Benitez et al. 2015). The patterns observed in the 
NMS suggest that the composition of lichens in open and closed microsites are 
different and that these patterns match the parameters of light intensity and relative 
humidity. There are species or genera typical of each microsite; in open microsites 
the families Arthoniaceae, Parmeliaceae, Physciaceae and Ramalinaceae, typical of 
sites of high solar irradiation, were dominant, while in the closed microsites 
Coccocarpiaceae, Collemataceae, Pannariaceae and the genus Phyllopsora, typical 
of sites of high penumbra and relative humidity, were dominant (Sipman & Harris 
1989). This is also supported by the analysis of indicator species, which showed that 
12 species of lichens of different kinds of development showed significant preferences, 
and nine showed marginal preferences for different microsites. Preferences for open 
microsites of fruticose species of lichens, such as Ramalina, Usnea and Teloschistes 
flavicans, can be explained, since this type of development is adapted to solar 
radiation, wind and low relative humidity (Rosabal et al. 2012, Cabrera-Amaya 
et al. 2015).
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Regarding functional traits, it was found that lichens of closed microsites 
differ in some traits relative to open microsites. The DCA suggests a functional 
gradient related traits irradiance and relative humidity. In open microsites, where the 
temperature is higher and the relative humidity is low, with foliose and fruticose 
lichens predominated. This is because these types of thallus are favoured under high 
light and low water, and capturing more efficient water from the environment by 
having a larger area of contact with air (thallus raised of substrate, presence of cilia 
and rhizines). In addition, the foliose and fruticose thalli loose moisture faster in 
open microsites, preventing the thallus becomes supersaturated and thus inhibits 
photosynthesis. On the other hand, the crustose lichens have a higher tolerance for 
low light conditions and high relative humidity of closed microsites (Sipman & 
Harris 1989, Koch et al. 2013). This is because these lichens have adaptations in the 
shape of water repellent layers which prevent the thallus become saturated with 
water (Lakatos et al. 2006).

With regard to reproductive traits, it was found that in open sites ascomata 
was dominated by dark colors and hyaline ascospores, whereas in closed places 
there was a higher incidence of lichens with lirellae. A greater abundance of lichen 
with reproductive structures of dark colors may be due to the presence of 
photoprotective compounds (e.g. melanine) that protect the spore DNA in hymenial 
tissue from damage by harmful radiation (Rikkinen 1995, Boustie et al. 2011). 
Although it has been found that lirellae are associated with open areas (the lips 
protect spores and light is required for the dispersal of spores) (Koch et al. 2013), 
the increased incidence of lirellae in closed sites in this case may be caused by the 
greater cover of crustose lichen on these sites.

In conclusion, a significant difference was observed in diversity, functional 
traits and composition of lichens when comparing open stations with closed dense 
forest stations, because of the marked differences between variables of light, 
temperature and relative humidity. Foliose and fruticose types preferred areas of 
high solar radiation and low relative humidity or open microsites; in contrast, the 
crustose lichens were more abundant in sites with high moisture concentrations and 
low light intensity or closed microsites. The pH and DAP showed no significant 
correlation with richness, therefore, the distribution of lichens in the Popayán 
Botanic Garden is affected by light, temperature and relative humidity. This highlights 
the importance of lichenized fungi as environmental indicators, both in terms of 
taxonomic diversity and functional traits.
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