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Abstract

T

his paper describes the lichen species that colonize the
walls of the Hassan Tower, a historical monument of Morocco. The lichen species identified as Caloplaca flavescens, C.
Vitellinula, Rocella phycopsis and Xanthoria calcicola are distributed differently on the walls of the tower. In addition to other
environmental factors, such lichen species encountered are
involved in one way or another in the deterioration of building materials of the Hassan Tower.
Keywords: Morocco, Hassan Tower, monument, lichens, deterioration.

Introduction
The Imperial city of Rabat (capital city of Morocco) hosts
famous monuments built during the Almohad era (1128 to
1269AD). The Hassan Tower, Oudayas, Chellah, are some notable examples of the Arab-Islamic architecture of the XII-XIII
centuries. Hassan Tower is a symbolic feature representing the
city (El Azhari, 2009).
According to Caillé (1954), Hassan Tower is the minaret of
an incomplete mosque in Rabat. The construction of the tower in
1195 AD, was intended to be the largest minaret in the world
along with the mosque. In 1199, Sultan Yacoub Al-Mansour died
and the construction on the mosque stopped. At the time, the tower only reached 44 m, about half of its intended 86 m height.
Instead of stairs, the tower is provided with ramps which would
have enabled the muezzin to ride a horse to the top of the tower
to call for prayers.
The tower, made of red sandstone along with the remains of
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the mosque and the modern Mausoleum of Mohammed V, forms
an important historical and tourist complex in Rabat.
The historical monuments of Rabat show many signs of weathering. The scientific works on the weathering process of these
monuments all agreed that the causes of deterioration are anthropogenic origin (Bellitir 1987, Alaoui et al., 2006, Zaouia et
al., 2006, Asebriy et al., 2007, 2009). The climate of Rabat is
characterized by high humidity and high salt content of marine
origin. Added to climatic, the exhausts of vehicles on the arterial
roads of the city induce further deterioration (El Azhari, 2009).
Lichen species also play an important role in the process of deterioration of a wide range of building materials. This is attribute to their capacity to grow on a variety of substrate under
a wide range of environmental conditions (Nimis et al., 1987,
1996). The present work focuses on lichens of Hassan Tower.

Materials and Methods
The study of the lichens involved their identification both in
the field and in the laboratory. The lichen samples collected
from the walls of Hassan Tower were examined using light microscopes. Free-hand sections were made using a razor blade
and mounted in water and cotton blue. Tissue and ascospore
measurements were made in water. Granulation of tissues was
observed in polarized microscopes. Spot test reactions of thalli, apothecial margins, medulla and discs were tested with the
standard reagents, Potassium hydroxide 10% (K) and Sodium
hypochlorite (C). A comparison was then made with the information available in various analytical keys and guides (Harmand,
1913; Wade, 1965; Mayrhofer and Poelt, 1979; Steiner and
Poelt, 1982; Laudon, 1992; Arup, 1994; Wetmore and Karn78
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felt, 1998; Lindblom et al., 2005; Soun and Vondrak, 2008;
Gaya et al., 2008). The specimens are kept in the herbarium of
the Laboratory of Botany and Plant Protection, Faculty of Sciences, University Ibn Tofail, Kénitra, Morocco.

Results
The results of this study showed the presence of four lichen
species: Caloplaca flavescens, Caloplaca vitellinula, Roccella phycopsis and Xanthoria calcicola detailed as follows:

- Caloplaca flavescens (Huds) Laundon: Thallus crustose, forming closely adpressed rosettes, yellow to orange up to 1-2 cm
in diameter. Rosettes of thalli single or grouped, whitish at the
centre which often disintegrates and falls out with age (Fig. 1 A).
Lobes at the margin of thallus 0.5 -1.5 mm long and 1 mm wide,
convex and sometimes overlapping. Cortex present and a continuous layer visible in polarized light (Fig. 1C). Apothecia up
to 0.8-1mm in diameter, orange, mainly confined to the centre
of the thallus; disc flat to convex. Spore broad, lemon, up to 10
µm long and 6 µm wide (Fig. 1E), 8 per ascus (Fig. 1D). Reac-
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Figure 1. Caloplaca falavescens: Thallus (A), K+: red- purple (B), thallus transversal section visualized under polarized light (C), Ascus
(D), spore (E).
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tions of thallus and apothecia K+: red - purple. (Fig. 1B). Habitat:
saxicolous on earth of the Hassan Tower.
- Caloplaca vitellinula (Nyl.) H. Olivier: Thallus crustose, reduced
to little orange-yellow granules (Fig. 2A). Apothecia yolk; they
are rare or sometimes many, scattered or grouped in the center
of the thallus; they are large below 0.5 mm, thin margin, the
disc more or less covex, epithecium golden yellow. Paraphyses
simples to branched, with the top, 2 or 3 short articles and unevenly swollen (Fig. 2C). Ascus ellipsoids; spores 8 per ascus,
polaribilocular, ellipsoid, hyalines, sometimes very close together
in boxes, spores 8.9 µm long 5.49 µm wide (Fig. 2D). Test color:
K+: red- purple (Fig. 2B). Habitat: saxicolous on the tower’s wall.
- Rocella phycopsis (Ach.) Ach.: Thallus fruticulose, up to 5 cm
long, grey branches round or slightly compressed, 1 to 2 mm
thickness, smooth, pruinose, subsimple or dichotomously divided
(Fig. 3A, 3B and 3C) ; medulla of the spike yellow (Fig. 3E);
soralia many, whitish, tubercled to globose; apothecia absent.
Cortex: C+ red (Fig. 3D) then turns into orange, then yellow and
disappears; medulla and soralia C-, KOH -. Habitat: saxicolous
on the Tower’s wall of Hassan (substrate type: calcarenite).
- Xanthoria calcicola Oksner: Thallus foliose, rigid, up to 3 cm
long, upper side yellow orange, granular, warty (presence of
large convex isidia towards the center of thallus), underside
simple white rhizines; lobes overlapping and corrugated (Fig.

A

4A). Apothecia scarce or absent; disc orange, 0.8 mm across
with, frequently notched warty edge; Ascus spores, hyaline, polariloculaire, up to 10.82 µm long and 6.82 µm wide (Fig. 4C).
Test color: K+: red- purple (Fig. 4B). Habitat: saxicolous on the
tower’s wall.

Discussion and Conclusion
Calcareous stones, known as beige calcarenite (“Stone of
Salé”), plio-quaternary age (El Azhari, 2009), were used in
the construction of the Hassan Tower. The calcarenite is richer in
quartz grains and shows a very high porosity (EL Amrani, 2009).
The high porosity of the rock salt facilitates the infiltration of
fluids whose speeds are altered (El Azhari, 2009). This process
of rock weathering facilitates the development of some lichen
species (Kofler, 1954).
The lichen species found on this monument are calcicolous.
They were reported in the north-west and central region of
Morocco (Egea, 1996; Alonso and Egea, 1997). They were not
described and sometimes their substrates were not specified;
many factors (historical, topographic, temporal, access, edaphic,
climatic, ecological) influence the establishment of mural vegetation. However, Lisci et al. (2003) reported that the distribution
of the encountered lichen species depends on humidity. Roccella
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Figure 2. Caloplaca vitellinula: Thallus attached to the wall Tower Hassan (A), K+: red purple ( B), paraphyse (C), spore (D).
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Figure 3. Roccella phycopsis: Thallus attached to the wall Tower Hassan (A), (B) & (C), Spot test reaction of thallus C +: red (D),
medulla of the spike: yellow (E).

phycopsis represents the most abundant species. It is very common on the exposed face northwest of the tower and covers several meters above the ground. Rocella phycopsis is almost always
fixed vertically to the substrate (Lisci et al., 2003). In Morocco
this species was reported by Alonso and Egea (1997) on Pistacia
lentiscus (Al Hoceima), Tetraclinis articulata (Dar-Mter) and Arga81

nia spinosa (Agadir)
Caloplaca vitellinula is less abundant and forms an association
with Rocella phycopsis whereas Caloplaca flavescens abounds on
the cement ground near the tower. The latter is considered as
more frequent not only on pure limestone but also on other calcareous or alkaline rocks and artificial substrata such as con-
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Figure 4. Xanthoria calcicola: Thallus attached to the wall Tower Hassan (A), K+: red- purple (B), spore (C).

crete, mortar, roofing tiles and monuments but very rarely on the
dusty bark of trees near quarries (Laundob, 1992).
Xanthoria calcicola colonizes the walls of the terrace of the
tower. It was reported on calcarenite rocks (Anonymous, 2005)
accompanying Rocella phycopsis (Kinalioglu, 2007) and is well
known for its accumulation of trace metal at high ratio (Uluoglo
et al., 2007).
Although lichens are excellent atmospheric pollution bioindicators (Rigamonti, 2008). They may produce much worse
damage, such as major alterations of stone surfaces through
biogeophysical and biogeochemical processes. Biogeophysical
alterations are caused by the penetration of fungal hyphae beneath the stone surface and by the contraction and expansion of
the lichen subsequent to desiccation and rehydration (Seaward,
1988). The chemical alterations lichens produce are due to three
substances they secrete (Nimis, 2001) which carbon dioxide, li-

chen compounds with complex properties, and oxalic acid carbon.
In fact, according to Rigamonti (2008), if on the one hand
lichens can be considered as being a disturbance that must be
eliminated because chemical-physical deterioration and chromatic alteration that some species cause. On the other hand, following a naturalistic approach, they can act as a useful indicator
as to the condition of the place.
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