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Artificial substrata colonized by freshwater lichens

Christine KELLER

Abstract: Small clay cubes, fired at different temperatures and mounted with nylon touch and close
fastener (Velcro™) on acrylic glass plates, were used in an experimental design to study colonization
of artificial substrata by lichens. The cubes were exposed in alpine streams for either 5-7 y at five
different sites in the Swiss Alps: Flielatal (three sites) and Brigels (Canton of Graubiinden), and
Eggerberg (Canton of Valais). Only a few cubes were lost, except at two sites, where complete plates
were lost — due to the strong water current and, probably, trampling by cattle. After 3 y, freshwater
lichens had grown at three sites. At the most elevated site, colonization was observed after 4 y; at one
site no lichen growth was recorded. The first colonizers of the new substrata were the locally most
common species. Freshwater lichens preferred the surfaces of clay cubes fired at lower temperature,
whereas exposed pieces of local rocks were less frequently colonized. Improvements in the

experimental design are suggested.
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Introduction

Alpine streams harbour a specific lichen
flora that probably includes more than 50
species adapted to aquatic or amphibi-
ous habitats (e.g. 24 species in Keller &
Scheidegger 1994). Seasonal and short-term
fluctuations of the water level, responsible
for the ruderal character of the stream bed
and for temporary submersion, and a wide
amplitude of daily and seasonal tempera-
tures, are the dominant ecological factors
influencing the lichen vegetation. Lichen
species growing under such climatic con-
ditions presumably have rather low growth
rates. However, most rocks in alpine streams
are, with some exceptions, largely covered
by lichens. It seems that these freshwater
lichens have developed successful strategies
to occupy these disturbed frequently fluc-
tuating environments. Nevertheless, the
colonization of substrata by lichens is still
poorly understood, although studies have
been published on the establishment of
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lichens on rocks (Kristinsson 1970a, b,
1974; Armstrong 1981), the recolonization
of burned areas (e.g., Ahti 1977; Wolseley
1997), the colonization of tree bark and
twigs (Degelius 1964; Jahns er al. 1979;
Hilmo & Séstad 2001) and the establish-
ment and development of foliicolous lichens
(Sanders & Liicking 2002). Moreover, the
lichen community of freshwater streams
has not been investigated in this respect
and appropriate methods have never been
published.

This paper presents a method for the
study of colonization of artificial substrata by
freshwater lichens in natural habitats. Small
substratum units periodically collected
facilitate the observation of lichen establish-
ment and growth both macroscopically and
with dissecting and scanning electron micro-
scopes. Fired clay cubes as artificial sub-
strata for lichens have been used previously
for laboratory (Jahns 1993) and outdoor
culture experiments (Honegger 1993). In
view of the harsh environmental conditions
in alpine streams with seasonal freezing,
temporary submersion and desiccation,
and a time span of several years necessary
to study colonization, it was necessary to
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F1G. 1. Artificial substrata. A—C, clay cubes with differ-

ent top surface structures (c. 1 x 1 X 0.5 cm); D, acrylic

glass plate with 9 cubes type 1280; exposed for three
years at Eggerberg.

design a physically robust experimental sys-
tem. At more or less regular intervals, the
growth of organisms on the exposed artificial
and rock substrata was recorded. The results
document the successful application of
the method, and include observations of
colonizing freshwater lichens and of their
preferences concerning hardness and surface
structure of the substratum.

Material and Methods

The method used in this study was adapted from those
previously described by Schuster ez al. (1985), Jahns
(1993) and Honegger (1993). Chalkfree clay cubes
(c. 1 x1x0-5cm) with different surface structures
on the top face and with smooth sides (Fig. 1A-C) were
used as artificial substrata. Half of the cubes were fired
at 900° C (type 900, softer surface; Mohs hardness 4-5),
the other half at 1280°C (type 1280, hard surface;
hardness 7-5). The bottom of each cube was glued to a
part of a nylon touch and close fastener (Velcro®,
Fastech Europe AG, CH-Seltisberg) using Araldit™
(Vantico AG, CH-Basel). The other half of the
fastener was glued and fixed with rivets onto acrylic
glass plates (Fig. 1D). Series of 9 and 16 cubes were
mounted on plates of 9 X9 cm and 11 X 11 cm, re-
spectively. All cubes on a plate were of the same type;
on the larger plates cubes with four different top surface
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F1G. 2. The experimental site at Flielatal-Siass with
exposed plates.

structures were combined. The plates were anchored
with tent pegs and cable binders in the stream bed (Fig.
2); both firing types and the different top surfaces were
placed at the sites. Three of the five selected locations
were relatively undisturbed alpine streams in Switzer-
land, in the area of earlier studies (Fluelatal, 1980—
2240 m a.s.l.; Keller & Scheidegger 1994); one of the
sites was chosen with almost permanent submersion of
the plates. The fourth location was a rather disturbed
subalpine stream (Brigels, 1400 m; pasture) and the
fifth an artificial watercourse in the montane zone
(Eggerberg, 870 m). Local rocks (phyllite) at the
Flielatal-Siss site were brushed, sterilized, broken into
pieces of roughly 1 X 1 X 1 cm and similarly fixed on
plates of 9 X9 cm. The rock fragments serving as
controls were exposed at four locations. The sites were
visited every year from 1991 to 1996; cubes with traces
of lichen growth (hand lens, X 10) were collected. At
two locations the experiment ran until 1998.

Results

Experimental design

The standardized size of the clay cubes
facilitates preparation for and fits well into
the SEM-chamber. Also, the cubes are of
uniform composition and, after firing, free of
contaminating organisms. During the first
five years of the study, only 45 (7%) of
all clay and rock cubes were lost. Four
additional clay cubes (Eggerberg) and a
second plate of controls (Brigels) were lost in
the subsequent two years. A number of
cubes were found detached in the first
months of the experiment and were fixed on
the plates again for the rest of the investi-
gation period. The detached cubes showed
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no obvious differences when compared
(hand lens) with cubes on the plates. The
glue adhered better to the touch and close
strips than to the clay cubes; after five years,
some cubes had fallen off the plates leaving
the glue on the strips, namely at Flielatal-
Schiferen. Several cable binders were partly
or almost worn through after three years and
had to be replaced.

Colonization, lichen growth and
substratum preferences

Four months after the start of the experi-
ment many cubes were more or less covered
by a biofilm including algae, diatoms, fungal
hyphae, spores and bacteria (Fig. 3A). How-
ever, the first colonization by lichens was
observed at three locations after three years
(Table 1), and at Fluelatal-Karlimatten after
four years. The artificial substrata at the
Flielatal-Sass site (Fig. 2) were not col-
onized within the five-year period. Lichens
were detected with thallus sizes of 0-5-1 mm
diameter. Their paraplectenchymatous struc-
ture suggested that they were Verrucariaceae
(Fig. 3E), but the development of perithecia
was not observed at the alpine sites. The
largest thallus measured after three years
was ¢. 0-5 cm?, with mature perithecia and
ascospores (Verrucaria funckii (Spreng.)
Zahlbr; Fig. 3B & C; Brigels). The maxi-
mum lichen cover on a cube reached almost
2 cm? after seven years and consisted of
several confluent thalli. Stzaurothele sp. (Fig.
3D) covered 3 mm? after three years
at Flilelatal-Schiferen; it measured 7 mm?
after five years. The largest thallus at Egger-
berg (Verrucaria hydrela Ach.) was slightly
smaller after three years.

The first colonizers of the artificial sub-
strata were among the most common lichen
species at each respective site. Lichen
growth was observed on the top and the
vertical surfaces of the cubes, but also on the
glue, the touch and close strips and on a
single acrylic glass plate. The soft surfaces of
the clay cubes fired at 900°C were clearly
favoured, only a quarter of all colonized clay
cubes was of the type 1280. This preference
is obvious in Table 1, although the numbers

Colonization by freshwater lichens—Keller

F1G. 3. Colonization of fired clay cubes. A, diatoms
(mostly fragments) and a layer of Nostoc sp., on rill
surface of a cube type 900, Flielatal-Karlimatten;
B, Verrucaria funckii, on smooth surface of a cube type
1280, Brigels (cube ¢. 1 X 1 cm); C, detail of B, spread-
ing prothallus; D, small thalli of Staurothele sp., on
vertical side of a cube type 900, Fluelatal-Schiferen;
E, thallus section of cf. Staurothele (cube type and
location as D). Scales: A=10 pm; C=1 mm; E=10 pum.

were not otherwise statistically analysed. In
contrast, preferences concerning the struc-
ture of the surface were much less pro-
nounced because many lichen thalli grew on
the vertical sides of the cubes (Fig. 3D) and
thallus counts on the differently struc-
tured horizontal surfaces were not signifi-
cant. However, it can be concluded that the
lichens prefer the unstructured smooth sur-
faces of the clay cubes. The number of
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TABLE 1. The extent of colonization of clay cubes and rock fragments after 3, S and 7 years at the different experimental sites (as % of all cubes or rock pieces present at each
time, and as absolute numbers of colonized cubes)

% of colonized clay cubes % of colonized rock pieces Numbers of colonized replicates of the different substratum types  Period

Cubes Cubes Rocks/
3 years 5 years 7 years 3 years 5 years 7 years type 900 type 1280 controls
Fluelatal-Karlimatten 0 24-8 — 0 12-5 — 25 11 2 1991-96
Fluelatal-Sass 0 0 — — — — 0 0 — 1991-96
Flielatal-Schiferen 36-0 75-9 — 0 11-8 — 34 26 2 1991-96
Brigels 4-2 19-6 38-8 0 0 (lost) 17 7 — 1991-98
Eggerberg 0-8 (n.v.*) 43-8 0 (n.v.*) 0 53 3 0 1991-98
Total colonized cubes 129 47 4

*not visited.
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colonized rock pieces after five years was
unexpectedly small, corresponding to less
than 10% of the remaining controls.

Discussion
The method

The experimental design proved to be
stable enough for studies in alpine streams
over several years; the loss of exposed artifi-
cial substratum (cubes and plates) was mod-
erate. The use of small substratum units is
suitable for SEM analyses of the early stages
of lichen development as has been demon-
strated previously in studies of juvenile epi-
phytic lichens (Schuster 1985; Schuster er al.
1985; Ott 1987a, b, ¢; Scheidegger 1995;
Hilmo & Sastad 2001). Fired clay as a
substratum for outdoor experiments was
used by Honegger (1993). The most serious
problem in the experimental design was the
fastening of the clay cubes onto the acrylic
glass plates, which should be both firm and
reversible. The use of Velcro™ fastener
proved to be suitable; the removal (collec-
tion) of cubes and the replacement were
easy, particularly when checking submerged
plates. However, some clay cubes fell off the
plates, either because of the freezing of water
between the nylon strips or weathering of the
glue. The latter occurred only on repeatedly
dried plates exposed to full sunlight (e.g.
Fluelatal-Schiferen). The loss of plates by
weathered or abraded cable binders could be
minimized by either periodically replacing
the binders or by using a higher quality
binders.

A disadvantage of the present method is
that the anatomical details of thallus devel-
opment are difficult to observe using light
microscopy. For this purpose, a method
similar to that described by Sanders & Liick-
ing (2002) for foliicolous lichens might be
employed, whereby thin transparent acrylic
platelets (the size of microscope slides)
could be exposed, together with the clay
cubes, as artificial substrata. The acrylic
platelets might then be placed directly under
the microscope.

Colonization by freshwater lichens—Keller

361

Colonization of the artificial substrata

The rate of colonization varied from site
to site; lichen growth was first visible in the
subalpine zone at Brigels, but relatively few
cubes were colonized there within seven
years. About four months later, small lichen
thalli were observed at Fluelatal-Schiferen,
growing on a third of the exposed cubes.
Most of these cubes were occupied by
several thalli. A year later, colonization at
Flielatal-Karlimatten followed; the delay
possibly due to the high elevation and
harsher climate of the site. However, an
effect of altitude was not otherwise evident
in this experiment; for example, the rate of
colonization at Eggerberg, the lowest site,
was not especially high during the first three
years. The complete absence of lichen devel-
opment at Flielatal-Siss is most probably a
consequence of the strong water current
and the almost permanent submersion of
the artificial substrata. Under these circum-
stances, the natural lichen vegetation is
reduced or sparse.

The period of 3-4 years until the first
lichen thalli appeared on the new substrata
was similar to the time reported by Degelius
(1964), Kristinsson (1974), Ahti (1977) and
Armstrong (1981) for terrestrial lichens.
However, it must be stressed that the time
between the colonization of the sub-
stratum by the symbionts and the time of
microscopical and macroscopical detec-
tion of the lichens may differ considerably.
Interestingly, colonization of the clay cubes
was faster and more extensive compared
with the exposed controls prepared from
local rocks. It is not known whether this is
due to the physical properties of the clay
(e.g., the rather soft, smooth and porous
surfaces) or to its chemical composition.
Further investigations are now necessary
to discover the effect of environmental fac-
tors on the rate of lichen colonization and to
describe the first stages of thallus develop-
ment.
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