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Abstract

The photosynthetic performance of a microalgal biofilm
colonizing a building facade was investigated between
February and July 2004, with an emphasis on changing
water availability and air humidity. The fluorimetric
measurements of the quantum efficiency (Fv/Fm) indi-
cated diurnal activity patterns. At most sampling dates
the algal biofilm photosynthesized particularly in the
morning and substantially less in the afternoon. As long
as liquid water was present, the microalgae exhibited at
least some degree of photosynthesis. However, Fv/Fm

values never exceeded 0.4, pointing to slight photo-
inhibition or damage of the cells. Dried cells without
photosynthesis could recover within minutes after arti-
ficial moistening.

Three microalgal strains were isolated from aeroter-
restrial biofilms and established as unialgal cultures.
Their photosynthesis and growth were characterized
under different air humidities and temperatures. Photo-
synthesis and growth of strain ROS 55/3 (Stichococcus
sp.) showed similar patterns with decreasing relative air
humidity. Positive growth and optimum photosynthesis
were recorded at 100% relative air humidity. At air
humidities below 93%, both processes were strongly
inhibited. All studied strains grew between 1 and 30-C
with optimum rates at 20–23-C, indicating eurythermal
features.

The data indicate that liquid water or 100% air
humidity are the prerequisite for optimum photosynthesis
and growth of aeroterrestrial microalgae. However, when
dried and consequently inactive, these microorganisms
can recover quickly if water is suddenly available, e.g., after
rain events. These physiological capabilities explain well

the ecological success of aeroterrestrial microalgae in
occupying many man-made substrata such as building
facades and roof tiles in urban areas.

Introduction

Aeroterrestrial microalgae typically colonize in biofilms
the interface between all kinds of hard substrata and the
atmosphere. The surface can be of natural origin, e.g., tree
barks, soil, and rocks, or of artificial origin, e.g., roof tiles,
concrete, or building facades in urban areas. Additionally,
some taxa are known as photobionts of lichens [7]. On
man-made surfaces, aeroterrestrial microalgae often
cause aesthetically unacceptable discoloration known as
incrustations and patinas [8, 34]. Whether these partic-
ular microorganisms also actively corrode the materials
being colonized remains controversial [26]. However, the
principal potential to corrode hard substrata is biologi-
cally realized in the green algal genus Ostreobium, which
lives endolithically by boring into the calcified structures
of coral reefs or molluskan shells using organic acids [10,
35]. Acid production is documented for various algal taxa
as the possible underlying mechanism for biodegradation.
The aeroterrestrial green microalga Stichococcus bacillaris
is a growing cryptoendolithic in granite, particularly
found in historic cathedrals and other monuments [26],
indicating at least some deteriorative activity [36].

Although aeroterrestrial microalgae are interesting
and important from an ecological as well as an applied
point of view, their ecophysiology is poorly investigated so
far. The colonization of terrestrial habitats involves
exposure to much harsher conditions, such as desiccation
and high insolation [photosynthetic active radiation
(PAR) and UV], compared to typical freshwater and
marine environments. Although at least 150 unicellular
species of aeroterrestrial Chlorophyta are morphologically
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described [7], neither their adaptation to environmental
conditions nor their phylogenetic relationships are well
understood.

In a recent study, various aeroterrestrial microalgal
species colonizing building facades were investigated for
the presence of UV-absorbing mycosporine-like amino
acids (MAAs) [15], which are considered as highly
effective sunscreen compounds [4, 5]. Green microalgae
that occur in such urban biofilms are often exposed to
high UV radiation and, thus, certain protection mecha-
nisms that may involve MAAs could be expected. Most
interestingly, the aeroterrestrial strains studied produce a
unique MAA that was exclusively found in the green algal
class Trebouxiophyceae [15]. This particular UV sun-
screen was first described in the subaerial green macro-
alga Prasiola crispa ssp. antarctica [12]. These authors
reported high concentrations of a UV-absorbing com-
pound with an absorption maximum at 324 nm, which
was characterized as a putative MAA due to its
chromatographic properties and called it 324 nm-MAA.
Experiments indicated that all species containing this
MAA showed a strong accumulation of the compound
after UV exposure, thus supporting their function as
putative UV sunscreens [15].

Although aeroterrestrial microalgae are poorly stud-
ied, the ecophysiology of related organisms such as
terrestrial cyanobacteria and lichens is much better
understood [22, 30]. In particular, the responses of
organisms from arid areas indicate that dry green algal
lichens are capable of reactivating an inhibited photo-
synthesis solely by water vapor from the atmosphere,
whereas cyanobacterial lichens rely on fluid water [18].

The aim of the present study was to follow, for the first
time, the physiological status of an aeroterrestrial micro-
algal community growing on top of a building facade over
a period of several months in situ, especially concerning
desiccation and water availability. The effect of water
availability was evaluated using chlorophyll fluorescence
of photosystem II by PAM fluorometry as an indicator for
photosynthetic efficiency. In addition, growth and pho-
tosynthesis of selected aeroterrestrial microalgal strains
were investigated at different controlled air humidities
and temperatures. The results indicate the ability of the
tested isolates to use high air humidities for physiological
processes, as well as their eurythermal nature.

Methods

Study Area. The investigated building is situated in the
town of Rostock (northeast Germany) in a spaciously
arranged estate. Most buildings were constructed using
precast concrete modules in the 1970s and were renovated
in 1993 by adding insulation and artificial resin plaster on
the surface. Only a few years later, these coatings became
conspicuously infested by green microalgae, mainly on the

north and west sides. The facade studied was oriented
toward the northeast, and was protected from radiation by
adjacent trees, i.e., the aeroterrestrial algal community was
never exposed to full solar radiation.

Climatic conditions of the study area are moderate as
a result of coastal influence. Annual mean relative
humidity is 83% in Rostock. The annual temperature
averages at 8.9-C [Deutscher Wetterdienst (DWD),
Warnemünde]. The study period, covering February
through July 2004, was more humid compared to other
years, mainly because of heavier rains. Photosynthetic
efficiency was measured in situ every 2 weeks. (Because the
in situ measurements were part of a diploma thesis of the
first author, it was not possible to cover a longer period).

Abiotic Parameters on the Facade. Aside from
measurement of the physiological state of the microalgal
community, moisture and temperature of the facade,
relative air humidity, and PAR were also determined.
Available water on the facade was estimated by absorption
into a 1 cm2 piece of a commercial nappy (Pampers,
Germany). This measurement was always performed
before recording photosynthesis. The nappy pieces were
dried for 8 h at 45-C, weighed afterwards (MC 210 P,
Sartorius AG Göttingen, Germany), and kept in 15-mL
tightly closed tubes. After pressing the dried nappy pieces
onto the plaster surface for 5 s, it was again placed in the
15-mL tubes. Water content of the nappy pieces was
gravimetrically measured within an hour. The difference
between wet and dry values equaled the area-based
available water on the facade. PAR was determined
before and after each fluorescence measurement by a
light detector (Li 250, Li-Cor, USA). The relative air
humidity and air temperature was directly recorded in
front of the facade and in 1.50 m horizontal distance
from the building, by using a combined temperature/
air humidity sensor (P670, Dostmann, Wertheim-
Reichholzheim, Germany).

Photosynthetic Performance of the Algal Community

in Situ. To check for possible diurnal effects on
photosynthesis, measurements were always undertaken
at four different periods of the day at three measuring
areas. These were 1 h before and after sunrise, at noon, and
1 h before dawn. The physiological status of the algal
community was determined as the photosynthetic
efficiency using a PAM-2000 (Walz, Effeltrich, Ger-
many). The light conductor was placed by a tripod onto
the substrate (141RC, Fa. Manfrotto, Italy) (Fig. 1).
Instead of a leaf clip holder, a distance clip was used. The
light conductor was always fixed onto the substrate with
the same angle of 60- at a distance of 7 mm. It was nec-
essary to keep this angle unchanged to prevent shading
because natural sunlight was used as actinic light source.
By using the saturation pulse method, the minimum (F0)
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and maximum (Fm) fluorescence before sunrise, and the
minimum (F0

0) and maximum (Fm
0) fluorescence after

light acclimation, respectively, were determined. At each
sampling date, 15 light saturation pulses were applied at
each of the same three measuring areas. The first 10
pulses were randomly placed in two semicircles onto the
untreated facade within an area of 400 cm2. The last five
pulses were applied immediately, within seconds, after
moistening the microalgal biofilm by tap water to evaluate
the influence of water stress. In all experiments for the
diurnal and the moistening measurements, different
locations in the algal community were used. Fluores-
cence data were used to calculate the maximum and ef-
fective quantum efficiency of photosystem II according to

Kromkamp and Forster [17]. We also determined the
growth rates of samples taken from the measuring area
according to Karsten et al. [13].

Isolation and Cultivation of Algal Strains. The algal
strains used in this study were taken in May and June
2002 from infested facades in Rostock und Wolfsburg
(Germany) (Table 1). Although none of these algal
isolates were directly taken from the studied facade,
strain ROS 47/4 originated from a nearby building. The
samples were scratched from the surface and put in
0.85% NaCl solution immediately. After the cell
suspension was photographed (Olympus BX 51
equipped with a digital camera SIS Color View 12) at
200–400� magnification, each sample was diluted and
spread on agar plates (modified Bolds Basal Medium
with 1.5% Agar [32]). These plates were incubated at 22–
25 mmol photons m

_2 s
_1 (continuous light) and 15-C for

ca. 2 weeks. Cells were picked from separate green colonies
by using micropipettes and transferred to culture tubes
filled with modified Bolds Basal Medium in 1.5% agar.
The strains were kept in climate cabinets (Vinothek,
Liebherr, Germany) at 15-C and ca. 20–25 mmol photons
m

_2 s
_1 in continuous light (Osram Lumilux Deluxe

Daylight).
The 18S rDNA region ([15]; Friedl, pers. comm.) of

each strain was sequenced. Strains ROS 55/3 and 47/4
were identified as species of the genus Stichococcus and
ROS 77/1 as Chlorella luteoviridis.

Photosynthesis and Growth of Selected Algal Strains

Under Different Relative Air Humidities. Sealed
polyethylene chambers were used to investigate the
influence of relative air humidity on photosynthesis and
growth of strain ROS 55/3 (Stichococcus sp.). Adjustment
of the different relative air humidities was achieved by
tap water and saturated salt solutions of NaCl, KNO3,
Ca(NO3)2, MgCl2, and AgNO3 [37]. Thus, atmospheres
of 100, 93, 85, 76, 55, and 33% relative air humidity were
provided, respectively. To produce a dry environment,
Silicagel was placed into the containers instead of the salt
solutions (Kramer & Martin GmbH, Germany).
Perforated metal grilles were placed on top of four glass
columns ca. 2 cm above the fluid level to support the test

Figure 1. Fluorometric measurement of photosynthetic efficiency
in situ of an algal community growing onto a building facade in
Rostock (Germany) using a PAM 2000 (Walz, Germany). The light
conductor was always fixed on a tripod (Manfrotto, Italy) at a
constant angle of 60-.

Table 1. Sampling locations (building type, address, orientation, surface, and dates), where the investigated strains originated

Strain no. Taxonomic affiliation Building Address Orientation Surface Date

ROS 47/4 Stichococcus sp. Apartment building Galileistr. 16,
Rostock (Germany)

WNW Concrete
plaster

May 2002

ROS 55/3 Stichococcus sp. Residential building Graf-Schack-Str. 6,
Rostock (Germany)

N Artificial
resin plaster

May 2002

ROS 77/1 Chlorella luteoviridis Residential building J-F-Kennedy-Str. 77,
Wolfsburg (Germany)

NO Concrete June 2002

Strain numbers of the University of Rostock (ROS) culture collection of aeroterrestrial algae.
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material. To record the conditions inside the chambers a
combined sensor (humidity/temperature) was employed
(P 670, Dostmann, Wertheim-Reichholzheim, Germany).
This experimental design prevented any uncontrolled
moistening of the algal cells by condensation water. Glass
fiber filters were used as a hard substrate for the algae (;
25 mm, Sartorius GMF 5, Germany). The algae were
taken from precultures that always grow at logarithmic
phase (day 7). Cell suspensions (1–5 mL) were filtered
onto the filters followed by the careful addition of 0.1 mL
Bolds basal medium to each filter in 10-mL increments.
Three replicate filters were always prepared, which were
afterwards air-dried in a clean bench for 30 min, then
placed in the chambers, and kept in climate cabinets
(Vinothek, Liebherr, Germany) at 40–55 mmol photons
m

_2 s
_1 (light/dark rhythm: 12:12 h L:D using an Osram

Lumilux Deluxe Daylight) and 17-C. The experiments
lasted 10 –12 days.

Cell numbers were quantified every 24 h on each
filter by counting at least 200 cells on 20 subareas per
filter via epifluorescence microscopy (Olympus BX 51,
green excitation WG, 200� magnification). Photosyn-
thetic efficiency was measured on the first two of the
three replicate filters using the PAM 2000. Samples were
incubated for 5 min in the dark. F0 was determined by a
pulsed measuring beam (ca. 0.3–0.4 mmol photons
m

_2 s
_1, 650 nm), followed by short pulses of saturating

white light (0.6–0.8 s, 2000–5000 mmol photons m
_2 s

_1)
for recording Fm (distance light conductor: 1 mm,
angle: 90-). Fv/Fm values were calculated according to
Kromkamp and Forster [17].

For comparison of growth rates, increase in biomass
of strain ROS 55/3 was determined in aerated and
nonaerated modified Bolds basal medium (35–40 mmol
photons m

_2 s
_1, light/dark rhythm 12:12 h L:D).

Growth of Selected Algal Strains as a Function of

Temperature. Five aluminum blocks, each with
openings for four cuvettes, were placed on a light bank.
The outer block was heated by circulating hot water and the
other outermost side was cooled by water from a cryostat
(WK 450, MW Lauda, Lauda-Königshofen, Germany).
This provided a temperature gradient from 1 to 35-C
across all units. The gradient was adjusted by placing plastic
sheets between different blocks. Through this ar-
rangement, six different temperatures in two separate
experiments were achieved: 1, 7, 15, 24, 28, and 35-C.
The algae were incubated in 30-mL polyacryl (transparent,
nontoxic) cuvettes (Kleinfeld, Germany) filled with Bold’s
basal medium at 55–60 mmol photons m

_2 s
_1 (light/dark

rhythm: 12/12 using an Osram Lumilux Deluxe Daylight
tubes). Every 24 h, increase in biomass was measured as
F0
0 by using an in vivo fluorimeter for phototrophic

microorganisms [13]. Growth rate (m) was calculated by
iterative optimization of the exponential (A) and logistic

(B) growth curves, respectively. On the basis of these
rates an optimum curve was fitted after [2] (C).

Nt ¼ N0e�t ðAÞ

Nt ¼
KN0e�t

K þ N0 e�t � 1ð Þ ðBÞ

� Tð Þ ¼�max
Tmax � T

Tmax � Topt

� ��

exp �� Tmax � T

Tmax � Topt
� 1

� �� � ðCÞ

Results

Photosynthesis of Aeroterestrial Algae in Situ. Diurnal
changes in the photosynthetic efficiency of an
aeroterrestrial microalgal biofilm growing onto a facade
depend above all on the surface moisture (Fig. 2). The
maximum photosynthetic efficiency (Fv/Fm) measured in
situ never exceeded 0.4. The highest values of pho-
tosynthetic activity were often measured in the morning.
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Figure 2. Diurnal changes in the photosynthetic efficiency (Fv/Fm)
of an aeroterrestrial microalgal community growing as a biofilm
on a facade and surface moisture at different days within the
investigation period in 2004 (Germany, Rostock, Südring 22).
Data represent mean values T SD (n = 10).
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Fv/Fm values decreased until noon, followed by some
recovery in the late afternoon. This diurnal pattern in
photosynthetic activity correlated with the amount of
moisture available on the facade. Maximum quantum
efficiency was higher with more available water.
However, depending on the season, two response
patterns, related to changing abiotic parameters during
a day, could be distinguished. Although on cold and wet
days (e.g., March 2, 2004; Fig. 2) high Fv/Fm values were
measured in the morning, before and after sunrise, as
well as in the evening, strong depression was only
observed at noon. This activity pattern is typical for
days in winter and spring. In contrast, on warm days
with elevated irradiances, high Fv/Fm rates could only be
measured in the morning (May 27, 2004; Fig. 2),
followed by strong inhibition of photosynthesis for the
rest of the day. Besides these two typical activity patterns,
changes in photosynthesis could be observed after special
events such as strong rains (July 8, 2004; Fig. 2), which
lead to immediate recovery of the algal photosynthesis.
This observation was further supported by measurements
of algal photosynthesis on the facade before and
immediately after artificial moistening of the biofilm
(Fig. 3). On most dates, the addition of water stimulated
photosynthesis, except on February 20 and March 3,
2004. On these days, temperatures were below freezing
point, which prevented moistening of the substrate. The
highest increases in photosynthetic efficiency were
observed on March 15 and July 8, 2004. Fv/Fm values
increased by 300 and 600%, respectively, after adding
liquid water to the facade. However, at other days the
differences were usually smaller, between 20 and 30%.

Samples of biofilms were taken to the laboratory to
determine the growth rate, doubling times, and duration
of the lag phase (data not shown). There were no obvious
differences in growth rates over the course of the
sampling. All rates varied between 0.45 and 0.71, with
doubling times of 25–37 h and lag phases always shorter
than 1–2 days (data not shown).

Dependence of Microalgal Growth and Photosynthesis

on Relative Humidity in Vivo. Growth of the aero-
terrestrial microalgal strain ROS 55/3 was determined
under submersed conditions in medium, both aerated and
not aerated. Although under aerated conditions a
maximum growth rate of 0.9 day

_1 was measured, the
nonaerated culture grew at only 0.6 day

_1 (data not
shown). On solid substrate (glass fiber filters), which
represents a more natural situation, the growth rate was
0.4 day

_1 in water-saturated atmosphere (100% relative
air humidity) (Fig. 4). A decrease in relative humidity
to 93% led to the inactivation of half of the cells after
11 days. Further decrease in humidity to 85% increased
the percentage of nongrowing algae. All algal cells were
inactive after 6 days. However, adding liquid water to
such algae led to growth again (Schumann, unpublished
results). Similarly, the photosynthetic efficiency (Fv/Fm)
was almost unchanged in water-saturated air over 11 days
(Fig. 5). However, under 93 and 85% relative humidity,
photosynthesis strongly decreased after the start of the
experiment. Although after 4 days at 93% humidity
10% of the maximum photosynthesis could be re-
corded, at 85% humidity no activity was detected after the
first day.

Dependence of Algal Growth on Temperature in

Vivo. To evaluate the growth performance of three
aeroterrestrial microalgal isolates, submersed cultures
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Figure 3. Changes in the photosynthetic efficiency (Fv/Fm) of an
aeroterrestrial microalgal community growing as a biofilm on a
facade (Germany, Rostock, Südring 21) measured before sunrise in
situ and after moistening and surface moisture (mL m

_2) during
the investigation period February–July 2004. Data are mean
values T SD (n = 10).
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were exposed to different temperatures. All isolates were
able to grow at relatively high rates of ca. 0.2 day

_1

(doubling time: ca. 3.5 days) already at the lowest
temperatures tested (1–2-C), as well as at about 30-C.
The optimum temperature for both Stichoccocus species
ROS 47/4 and ROS 55/3 was 21-C, and that for C.
luteoviridis ROS 77/1 was 24-C (Fig. 6). Maximum
growth rates were different between strain ROS 55/3 and
ROS 47/4, with values of 0.82 day

_1 (doubling time 20 h)
and 0.50 day

_1 (doubling time 33 h), respectively (Fig. 6),
although both isolates are almost genetically identical
[15].

Discussion

Photosynthesis in Situ. Exposure of aeroterrestrial
algae to the atmosphere results in dehydration of the
cells, which strongly affects photosynthesis and growth.
The degree of water loss is generally related to external
factors such as temperature and air humidity, but also to
internal factors such as the algal surface/volume ratio or
morphological features. For example, small organisms
are more susceptible and thicker cell walls lead to a
higher resistance against water loss [23]. To evaluate
possible desiccation stress impinging on the algal
community in situ, water availability, air humidity, and
temperature have to be recorded. However, the climate
data from the building facade studied from February to
July 2004 indicate the typically increasing temperatures
but scattered rainfall without any significant trend over
the course of several months (data not shown). Con-
sequently, water availability on the facade was highly
variable at each sampling date, which is also well re-
flected in the fluctuating photosynthetic activity pat-
terns. However, the nappy method applied to measure

water availability will only estimate excess water, i.e.,
water outside cells, cell walls, and any mucoid layers, such
as condensation water, rain, or snow. If such excess water
can be determined, it is reasonable to assume that under
these conditions all algal cells will be fully hydrated and
hence physiologically more or less functioning. Because
long-term in situ investigations on photosynthesis in
aeroterrestrial microalgal communities are missing, the
data can only be compared with other related algal sys-
tems such as lichens, which also experience diurnal and
seasonal changes in relation to water availability [21]. The
cyanobacterial lichen Peltigera rufescens and the green
algal lichen Usnea antarctica were photosynthetically ac-
tive only 50% of the time over the course of 1 year [21,
31]. These authors identified water content of the lichen
as the ecological key factor for the seasonally changing
activity in the organisms. In the present study, due to
methodological considerations (i.e., to keep the micro-
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algal biofilm undisturbed during the investigation peri-
od) the surface moisture on facades was chosen as an
equivalent for the water status. From mid-March until
the beginning of April, lower surface moistures com-
pared to the whole investigation period were determined,
which correlated with the decrease in Fv/Fm values. From
our data, we suggest that a minimum of 10 mL liquid
water per m2 facade surface should be present to enable
photosynthesis. However, even during days without
measurable surface moisture, the Fv/Fm values in the
algal community were between 0.12 and 0.18, indicating
at least some minor activity and a photosynthesis appa-
ratus not damaged through the dry conditions. It seems
that mucoid substances excreted by some aeroterrestrial
strains [6, 11] may hinder evaporation and hence sup-
port at least some photosynthetic activity, perhaps to
guarantee a maintenance metabolism under desiccation.

At each sampling date, diurnal measurements on
photosynthetic efficiency were carried out, of which three
representative examples are shown in Fig. 2. At 10 out of
11 sampling dates, highest photosynthetic efficiencies
were recorded in the morning, and in four out of 11
dates at noon and in the evening. The high morning
activity of the algal community correlated with the
presence of condensation water on the facade. With
increasing solar radiation this water film evaporated, the
microalgae became more desiccated, and hence photo-
synthesis was inhibited. These diurnal patterns are in
accordance with those on the aeroterrestrial filamentous
green alga Trentepholia odorata [25] and various lichens
[19, 21, 28]. The ecological consequence of diurnally and
seasonally changing, i.e., regularly inhibited, photosyn-
thesis is a reduced primary production. Moistening the
microalgal biofilm on the facade led, in most cases, to an
immediate increase in photosynthetic efficiency (Fig. 3).
These data indicate that (1) the algae were under
desiccation stress before moistening, and (2) photosyn-
thesis can quickly recover after applying water. Similar
results have been reported for lichens [18] and the green
alga Pleurococcus sp. growing on tree bark [1]. A
conspicuous observation was the fact that in the micro-
algal community the Fv/Fm values over the whole
measuring period never exceeded 0.4 in situ. Typical Fv/
Fm values of physiologically intact green algae under
optimum conditions are in the range of 0.8 [3], which
supports the view that on facades the algal cells, for most
of the year, were—at least to some degree—photoinhib-
ited. Similar data were reported for P. rufescens [18],
apart from very wet days. The low Fv/Fm values point to
a situation of continuous stress for the aeroterrestrial
microalgal biofilm.

As a best-case scenario, we roughly estimate that the
algal community on the studied facade will be productive
for only 50% of the time, when sufficient solar radiation
for photosynthesis is available.

Temperature is another important abiotic factor for
regulating the activity of phototrophic algae. However,
there was no correlation between low or high tempera-
ture and the photosynthetic efficiencies. During the
investigation period, a temperature range between _3.9
and 21.7-C was measured. At all sampling days,
photosynthesis of the microalgae could be documented,
at least after moistening the facade. Therefore, it can be
assumed that temperature is not the limiting factor for
photosynthesis at the facade, but rather the availability of
liquid water.

At all sampling dates, algal material was taken from
the facade to the laboratory to check for growth as an
important indicator of vitality. All growth rates measured
varied between 0.50 and 0.65 day

_1, except in the middle
of March (0.9 day

_1) (data not shown). These data
indicate that the microalgal biofilm was always in a
physiological status good enough to allow an immediate
growth response following a sudden supply of water, e.g.,
after rain. Consequently, it seems that aeroterrestrial
microalgae are not getting completely desiccated over a
longer period. Although irregularly available, water is
more or less constantly present on the facade, i.e., in the
form of condensation water, snow or rain, fog, or high
air humidity—which explains the strong infestation of
many buildings with green microalgae. Only longer dry
periods in summer should have an influence on the
growth and photosynthesis of the aeroterrestrial algal
community.

Growth and Photosynthesis of Selected Aero-

terrestrial Strains Under Different Air Humidities and

Temperatures. Strain ROS 55/3 (Stichococcus sp.)
grew well at 100% relative air humidity with a rate of
0.4 day

_1 (Fig. 4), indicating for the first time its principal
capacity to support this important physiological process
by solely taking up vapor from the surrounding air.
Growth of this strain on top of a hard substratum must be
rated as high, because similar rates (0.5 day

_1) have been
described for phytoplankton green algae such as Scene-
desmus sp. under optimum conditions [29]. Under de-
creasing air humidities, growth in ROS 55/3 was
inhibited. Although considerable literature exists on the
ecology, distribution, and taxonomy of aeroterrstrial mi-
croalgae (e.g., [7]), ecophysiological data on these inter-
esting organisms are still scarce.

Compared to growth pattern, photosynthetic effi-
ciency in strain ROS 55/3 showed similar responses
under different air humidities, i.e., highest activity at
100% relative air humidity and inhibited photosynthesis
with decreasing air humidities (Fig. 5). Similar results
have been described for the aeroterrestrial green micro-
alga Apatococcus lobatus [1], as well as for green algal
lichens from Utah (USA) [20] and cryptoendolithical
lichens from hot and cold desserts [27]. However,
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although ROS 55/3 showed already at 93% relative air
humidity a strong decrease in photosynthetic efficiency,
A. lobatus was able to take up CO2 down to 68% relative
air humidity [1]. Green algal lichens differ physiologi-
cally from cyanobacterial lichens by the fact that
although the former are able to photosynthesize in the
presence of water vapor, the latter are dependent on
liquid water [18]. In addition, both lichen types exhibited
different speeds in restitution of the photosynthetic
apparatus after sudden hydration of dry thalli by liquid
water, i.e., the green algal lichen recovered significantly
faster, and hence resemble, in this respect, the green
microalgal biofilm studied in situ. However, the under-
lying mechanisms are not well understood.

Growth rates as a function of temperature clearly
showed a wide ecological range for the strains ROS 55/3,
47/4 (Stichococcus sp.), and ROS 77/1 (C. luteoviridis). All
isolates grew with relatively high rates between 1 and
30-C, with optimum rates at 21–24-C, indicating
eurythermal features. The observed growth optimum
temperatures are similar to the optimal CO2 uptake rates
at 18–20-C determined for A. lobatus [1]. Because the
aeroterrestrial strains isolated from facades grew at 0-C,
they should be able to grow and photosynthesize well in
winter, as long as water is available. This assumption is
supported by regular inspection of various buildings in
Rostock during the cold season and by irregular
determination of Fv/Fm during the growth experiments,
always yielding values of between 0.63 and 0.80 (unpub-
lished results).

Conspicuous was the difference in maximum growth
rates of strain ROS 55/3 and 47/4. The first isolate grew at
a rate of 0.82 day

_1, whereas the second grew at 0.5 day
_1

(Fig. 6). Both strains are almost genetically identical in
the coding region of the 18S rDNA, except for one
nucleotide (Friedl, pers. comm.), and both were investi-
gated under identical, controlled conditions. Therefore, it
is possible that strains ROS 55/3 and ROS 47/4 represent
separate ecotypes. Ecotypes evolve under the influence of
natural selection in response to very local variations in
the environment, when the necessary genes of adaptive
value are present in or available to the population. The
capability of a single species to exist under a wide range
of abiotic parameters has been reported for many aquatic
micro- and macroorganisms [14, 24, 33].

Our planet is currently facing global warming due to
enhanced CO2 emissions. One result for Europe seems to
be milder winters, i.e., less days with freezing temper-
atures. In addition, due to the introduction of efficient
filter systems into power plants burning coal, less sulfur
is emitted and hence pollution of the atmosphere has
been reduced. Both factors may further stimulate the
growth of aeroterrestrial microalgae on building facades
[9, 16].
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