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Abstract: Conventional techniques for structural studies under light microscope and scanning electron microscope
were employed to describe the histology of thallus in Canoparmelia texana, a lichen with wide distribution in
open environments and fairly common in the cerrados and urban areas of Brazil. This study describes a new type
of cortical organization for the family Parmeliaceae, in C. texana the upper cortex is lacunar, showing a large
quantity of small intercellular spaces or lacunae. The anatomical features including medulla thickness, hyphal
orientation pattern, rhizines thickness and crystals inclusions have an important adaptive role for the success of
C. texana in Brazilian cerrado, a savanna-like ecosystem.
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Resumo: Técnicas convencionais para estudos anatdmicos em microscopia de luz e microscopia eletronica de
varredura foram utilizadas para descrever a histologia do talo de Canoparmelia texana, um liquen com ampla
distribuicio em ambientes abertos e bastante comum nos cerrados e em dreas urbanas no Brasil. Este estudo
descreve um novo tipo de organizagdo cortical para Parmeliaceae. Em C. texana o cortex superior € lacunar
mostrando uma grande quantidade de pequenos espacos intracelulares. As caracteristicas anatomicas incluindo a
espessura da medula, o padrdo de orientagdo das hifas, espessura das rizinas e inclusdes de cristais aparentemente
possuem um importante papel adaptativo para o sucesso de C. fexana nos cerrados brasileiros.
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Introduction

Parmeliaceae represents the largest family within Lecanorales
with more than 2000 species in about 90 genera and includes
taxa with different growth forms. Crespo et al. (2007) have tested
morphology-based grouping using DNA sequence data and
concluded that this family is strongly support as monophyletic
and six well-supported main clades can be distinguished within
Parmeliaceae. The parmelioid group is the largest clade within
the family, and is characterized by foliose thallus, rhizines on the
lower surface, laminal apothecia, Lecanora-type asci and simple
hyaline ascospores (Crespo et al. 2001). However, the current
generic concepts in this are in need of revision because polyphyly
of some genera, such as Canoparmelia, has been detected (Crespo
et al. 2007).

Canoparmelia texana (Tuck.) Elix & Hale is a foliose lichen
with wide distribution in open environments and fairly common
in the cerrados and urban areas of Brazil (Nagaoka & Marcelli
1989). This species is found mainly on bark and has been studied
because of its potential as bioindicator of air pollution (Saiki
et al. 2003). It is characterized by the presence of soredia formed
in rounded soralia, conspicuous maculae and the presence of
atranorin in the upper cotex and divaricatic acid in the medulla
(Elix et al. 1986).

The aim of the present investigation is to make a precise study of
the anatomy of the Canoparmelia texana with emphasis on the upper
cortex anatomy. This work is the continuity of a project started in 2003
as part of the master’s dissertation of Barbosa (2004) which aimed
to the description of a protocol for anatomical studies in species of
Parmeliaceae (Barbosa et al. 2009a).

Material and Methods

Thalli of Canoparmelia texana (Tuck.) Elix & Hale were collected
in February to April 2004 from the bark of different trees occurring
in a cerrado community located in the Municipalities of Pratania
(22°48°50.2” S and 48° 44’ 35.8” W) and Botucatu (22° 48° 55.5” S
and 48° 31’ 26.1” W), both in Sdo Paulo State, Brazil.

Longitudinal and transversal sections of 0.5 x 1.0 cm long were
taken from the median region of three different thalli and were
processed for light and scanning electron microscopy analysis. Three
blocks were prepared for each sampled thallus and at least four slides
of each block were obtained.

For light microscope analyses, the material was prepared
according to the protocol established by Barbosa et al. (2009a) for
Parmeliaceae. Samples were fixed in formalin-acetic acid-alcohol
50 (FAA 50) for 48 hours (Johansen 1940), dehydrated in a graded
ethanol series, and embedded in plastic resin (Leica Historesin).
Serial sections (2-5 um thick) were sectioned in both transverse
and longitudinal orientations with a steel knife on a semi-automatic
rotary microtome and stained with toluidine blue O 0.05%, pH 4.7
(O’Brien et al. 1964). Permanent slides were mounted in synthetic
resin and were photographed under a Zeiss photomicroscope, with
and without polarizer filter, using Pro Image 100 film.

For scanning electron microscopy analyses, air-dried samples
were attached to aluminum stubs and coated with gold (10 nm). The
samples were then examined under a FEI Quanta scanning electron
microscopy at 20 kV.

Description of the species follows the protocol developed by
the Group for Lichenological Studies of Instituto de Botanica, in
Sédo Paulo city, adapted for anatomical data by Barbosa (2004).
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Results

1. Anatomical description

Canoparmelia texana (Tuck.) Elix & Hale (Mycotaxon 27(4): 279.
1986). (Figures 1a-f, 2a-c)

Epicortex 0.75-2.00 pm high, pored (Figures 1b, 1c). Upper
cortex lacunar, formed by the juxtaposition of apical cell(s)
of hyphae that protrude from the medulla 1-3 cells height
(5.00-20.00 pm), with small slightly elongated cells of thick walls,
(5.00-) 7.50-10.00 x 2.50-3.75 (-5.00) um, with small intercellular
spaces frequently 2.50-10.00 um diam. (Figure 1c), and with
a conspicuous continuous layer of birefringent crystals. algal
layer 1-3 cells height (7.50-32.50 um), with round cells (5.00-)
7.50-10.00 pm diam., thick walls and heterogeneous cell content;
hyphae cells (5.00-) 7.50-10.00 x 2.50 (-7.50) um (Figure 1c).
Medulla 100.00-150.00 um height, hyphae in a predominantly
horizontal arrangement, transversal horizontal hyphae mainly in
the medulla lower part, with elongated cells (10.00-) 17.50 x 1.25
(-2.50) um (Figures 1c, d). Crystals in median part of the medulla
yellowish, resembling small grains dispersed among the hyphae,
many of them morphologically resembling a string of beads
around the hyphae. (Figures 1d, 1f). Soralia 120.00-150.00 um
diam. (Figures 1d, 2a), roundish soredia 2.50-7.50 pm diam., with
1-6 algal cells, formed from the medullary hyphae, sometimes
showing remains of upper cortex, or developed into totally
corticate granules. (Figures 2a, b). Isidia absent. Lower cortex
prosoplectenchymatous 1-3 cells height (5.00-25.00 um), with
small round cells (2.50-) 5.00-12.50 um diameter, formed from
the juxtaposition of longitudinal horizontal hyphae (Figure 2c);
rhizines simple, sometimes with forked apices, corticated only
on the base, formed from cortical tissue and medullary hyphae,
constituted of a bundle of agglutinated parallel hyphae coated
with a layer of prosoplectenchymatic cortex only on the base,
10.00-30.00 um diameter, equivalent to 10-20 parallel hyphae
of 2.50-3.75 um diam. each one (Figure 2c).

Discussion

Studying the thallus anatomy of Canoparmelia texana we
found a new type of cortical organization for Parmeliaceae. In this
species the upper cortex is lacunar, showing a large quantity of small
intercellular spaces or lacunae. The cortical cells are more or less
vertically arranged and present elongate lumina in vertical sections,
agreeing with Hale (1981) and Elix (1993) who consider this type of
cortex as a palisade plectenchyma. However none of them observed
the cavities shown here.

As pointed by Divakar et al. (2007) and Barbosa et al. (2009b)
for anatomical investigations of upper cortex is essential to make
sections in both perpendicular (transverse) and parallel (longitudinal)
to the growth direction of the lobe. With this kind of analysis we
could distinguish the type of upper cortex found in C. texana from
the type of Parmotrema cortex visualized by Hale (1981), Barbosa
et al. (2009b) and Barbosa & Marcelli (2010).

According to Barbosa et al. (2009b) and Hale (1981) in
P. tinctorum, the upper cortex is very thick and hyphal cells are
agglutinated, but there are small interstices which may act together
with epicortical pores in gas exchanges; the cortex high thickness can
act as a barrier to water diffusion, lengthening the thallus saturation
time, as observed by Hale (1981) in other Parmeliaceae species.
The cortex of Parmotrema tinctorum showed a thick-walled palisade
prosoplectenchymatous tissue appearing similar in the two kinds of
sections (transversal and longitudinal), formed by the juxtaposition of

http://www.biotaneotropica.org.br/v10n3/en/abstract?article+bn028 10032010



Biota Neotrop., vol. 10, no. 3 151

Thallus anatomy of Canoparmelia texana

Figure 1. a) General view of Canoparmelia texana; b) Scanning electron microscopy - showing epicortex (ep), pores (pr) and soredia (so); c-f) Light microscopy
- transversal sections; ¢) Detail of the upper cortex (uc), showing epicortex (ep), lacuna (la) and algal layer (al); d) Transversal section showing soredia (so)
and medulla (me); e) Detail of medulla (me) with crystals of lichen acids (arrow) under polarized light; f) Detail of crystals (arrows) in the medulla under
normal light.
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Figure 2. Light microscopy - transversal sections. a) Transversal section showing soralia with soredia (so), upper cortex (uc) and algal layer (al); b) Detail of
granules showing the presence of cortex (co); ¢) Detail of lower cortex (Ic) and rhizine (ri).

apical cells of hyphae that protrude from the medulla and irregularly
branched through the layer. In C. fexana the presence of the regular
intercellular spaces makes the upper cortex with a lacunar appearance.
The presence of these lacunae may be associated with the thallus
water uptake and CO, diffusion capacity and perhaps act together
with the pored epicortex, as considered by Hale (1981) for other
Parmeliaceae species.

The several different lichen morphologies occurring in nature
are associated with the requirements to expose sufficient area with
photobionts to light for photosynthesis (Hale 1983, Crespo et al.
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2007). Anatomically, many lichens have a structure that remember
the plant leaves, interpreted as an evolutionary convergence of
totally different leafy organs in direction to photosynthesis efficiency
(Sanders 2001): like an epidermis, the upper cortex of lichen protects
the photosynthetic cells bellow, slowing evaporation and filtering
harmful or excessive radiation with the assistance of pigments and
secondary substances (Hale 1983, Rikkinen 1995).

A large quantity of morphological structures and secondary
metabolites are believed to have an important adaptive role for
the success of lichens (Sanders 2001, Blanco et al. 2006, Barbosa
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et al. 2009b). Morphological traits include cortical layers composed
of fungal hyphae that protect photosynthetic partners from high
insolation (Jahns 1973, Blanco et al. 2006) and pores of different
kinds and sizes that facilitate gas exchange through the cortex (Hale
1981).

Foliose lichens develop a variety of taxonomically and
functionally important complex tissues in the upper and lower
cortices (Ozenda 1963, Hawksworth et al. 1995, Divakar et al. 2006,
Barbosa et al. 2009b). The structure of the upper cortex is used in
family delimitation, e.g. Ramalinaceae (Bowler 1981), as well to
distinguish genera, such as Anaptychia and Physconia (Moberg 1977),
Bryocaulon, Coelocaulon and Cornicularia (Kirnefelt 1986), and
Parmelia from Punctelia (Modenesi 1987).

Nevertheless, a molecular study made by Divakar et al. (2006) in
order to evaluate the morphological characters used to circumscribe
parmelioid genera, such as the cortical anatomy, demonstrated only
minor value in identifying monophyletic groups in Hypotrachyna clade
of Parmeliaceae, concluding the necessity of more morphological
and anatomical analysis in this group.

The definitions found in literature for different types of
lichens tissues are not congruent (Ozenda 1963, Hale 1976, Elix
1993, Hawksworth et al. 1995) showing the necessity for detailed
anatomical studies as this study has shown. In this particular
point, Ozenda (1963) stated that both upper and lower cortices are
prosoplectenchymatous with thin-walled cells in Parmeliaceae,
while Hale (1976) asserted that cortical layers in Parmeliaceae
are a pachydermatous paraplectenchyma. Elix (1993) considered
that the genera of the family would be characterized by palisade—
plectenchymatous upper cortex, including the Canoparmelia species.
Nevertheless, the data obtained here evidently showed that the upper
and lower cortices in Canoparmelia texana have different patterns of
organization. The upper cortex is lacunar while the lower cortex is
prosoplectenchymatous formed by the juxtaposition of longitudinal
horizontal hyphae with small round cells.

The birefringent crystals observed on upper cortex in C. texana
are possibly formed by atranorin, a common depside that appears
in many lichens, and like other lichen compounds, is fluorescent
(Hale 1961). It may be helpful as accessory light absorbs in lichen
thallus, it may increase the ability of the lichen alga to use light of
smaller wavelengths and thus permit maximum utilization of low
light intensities (Rao & L& Blanc 1965).

The medulla, the thickest layer in C. texana, is made of
hyphal filaments formed by elongated cells. Usually, there are
colored substances deposited among or on the hyphal cell walls in
lichenized fungi (Peveling 1973, Hale 1976, Barbosa et al. 2009a,
b). In C. texana, the crystals of lichen acids occur mostly on median
region of the medulla, and probably these crystals are composed by
divaricatic acid; it is this depside that also absorbs solar radiations
and act mostly as growth regulator and against herbivores (Bjerke
et al. 2002).

The rhizine constitution is controversial in Parmeliaceae (Barbosa
et al. 2009b). For several authors rhizines are generally composed
of more or less parallel arrangement of aligned and agglutinated
hyphae, constituting a direct prolongation of the lower cortical
tissue, with no participation of the medulla (Ozenda, 1963; Jahns,
1973). Only Beltman (1978) and Barbosa et al. (2009a, b) considers
Parmeliaceae rhizines formed of both cortical tissue and medullary
hyphae, as observed in Canoparmelia texana, showing that the
structure of rhizines can be complex and probably associated with
the size thallus and their adherence to substrate. Like Parmelinopsis
minarum, C. texana is highly adhered to the substrate and there is no
need of a supporting tissue.

http://www.biotaneotropica.org.br/v10n3/en/abstract?article+bn02810032010

In summary, the anatomical features and crystals inclusions
probably have an important adaptive role for the success of C. texana
in Brazilian cerrado, a savanna-like ecosystem, which has a large
structural and physiognomical heterogeneity (Coutinho 1978). This
environment is characterized by distinct wet and dry seasons with
very few rainfall events and a long period with high precipitations.
Evaporative demand is substantially higher during the dry season
because of lower ambient relative humidity. The combination of
higher evaporative demand and low precipitation during the dry
season makes the cerrado a potentially stressful environment (Bucci
et al. 2008). So, these features, combined with the anatomical traces
founded in C. texana, are essentials for this lichen success since
lichens in general require alternating periods of wetting and drying
of the thallus (Pearson 1970).
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