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Abstract

Lichens are known to be very sensitive to environmental changes. Quite recently it was shown that they also respond to global
warming.Amappingguideline (VDI 3957 Part20) is underway specifying 45 «climate change indicators», all of which are epiphytic
lichensthat meet certain criteria related to Wirth’s revised ecological indicator figures, i.e. (10-K+T)/2 > 6 with N<7 and F>6, orif no
indicatorfigure hasbeen published, lichens withtemperate-Mediterranean and sub Atlantic-Mediterranean distributionin Europe.
To assess regional ecological consequences of global climate change, in Dusseldorf (Germany) and the surrounding
Mettmann County, long term monitoring programs including epiphytic lichens were launched in 2008 and 2009, respectively,
the results of which can be merged with those of earlier lichen studies done with the same methodology. Thus, the dynamic
change of lichens on phorophytes selected according to VDI 3957 Part 13 could be analyzed over the period 2001 to 2013.
Over the years, a total of 100 species were recorded. While the mean number of lichens per phorophyte increased
only slightly, the mean number of climate change indicators per tree has at least doubled since 2001. The frequency of
nitrophytic lichens (expressed as the proportion of the phorophytes with at least one thallus of the respective species)
remains high, while acidophytic lichens are still declining. The frequency of climate change indicators, however, has been
increasing steadily over the years: Punctelia subrudecta (+2,6 %/year) > P. jeckeri > P. borreri > Flavoparmelia soredians
(+0,6 %lyear) > Hypotrachyna afrorevoluta (+0,1 %/year) just to name a few species. Some of the indicator lichens, e.g.
Parmotrema reticulatum or Physcia tribacioides, have never been recorded previously in Diisseldorf and the urban hinterland.
It is suggested that these observations can, at least in part, be related to climate alterations, because in the area under
investigation, mean annual temperature and the mean annual number of days with more than 25 °C are rising steadily.
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Résumé

Les lichens sont connus pour étre trées sensibles aux variations de leur environnement. Plus récemment, il a été
montré qu'ils réagissent aussi au changement climatique. Une directive (VDI 3957 Partie 20) est en cours et spécifie
45 « indicateurs de changement climatique », qui sont tous des lichens épiphytes qui correspondent a certains criteres
d’indicateur écologique révisé selon Witrh, soit (10-K+T)/2 > 6 avec N < 7 et F > 6, ou si aucun indicateur n'a été publié,
les lichens ayant une distribution méditerranéenne tempérée et sub-atlantique-méditeranéenne sont référencés.
Pour évaluer les conséquences écologiques régionales du changement climatique, a Dusseldorf (Allemagne)
et aux alentours de la région de Mettmann, des programmes de surveillance a long terme, incluant les lichens
épiphytes, ont été lancés en 2008 et 2009, respectivement, et dont les résultats peuvent étre fusionnés avec
ceux des études de lichens antérieures faites avec la méme méthodologie. Ainsi, le changement dynamique des
lichens sur les phorophytes sélectionnés selon VDI 3957 Partie 13 pourrait étre analysé sur la période 2001-2013.
Au fil des ans, un total de 100 espéces ont été enregistrées. Alors que le nombre moyen de lichens par phorophyte n'a
augmenté que légerement, le nombre moyen d’indicateurs du changement climatique par arbre a au moins doublé
depuis 2001. La fréquence des lichens nitrophiles (exprimée en proportion de phorophytes avec au moins un thalle
des espéces correspondantes) reste élevée, tandis que les lichens acidophiles sont toujours en déclin. Cependant,
la fréquence des indicateurs du changement climatique n'a cessé d’augmenter d’année en année : Punctelia
subrudecta (+2,6 %/an) > P. jeckeri > P. borreri > Flavoparmelia soredians (+0,6 %/an) > Hypotrachyna afrorevoluta
(+0,1 %/an) juste pour ne nommer que quelques espéces. Certains des lichens indicateurs, par exemple Parmotrema
reticulatum ou Physcia tribacioides, n‘ont jamais été référencés auparavant dans Diisseldorf et sa périphérie urbaine.
Il est suggéré que ces observations peuvent, au moins en partie, étre liées aux modifications climatiques, puisque dans la
zone étudiée, la température annuelle moyenne et le nombre de jours moyen par an avec plus de 25 °C sont en hausse
constante.
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1. Introduction

Due to their physiological properties, lichens rapid-
ly respond to physical and chemical habitat changes.
Epiphytic lichens have been widely used as indica-
tors of air pollution and to assess impacts on air qual-
ity by acidous or eutrophicating pollutants and trans-
port related emissions (Nylander, 1866; Hawksworth
et al.,, 1970; Van Herk 1999; Vorbeck et al. 2002;
Franzen et al., 2002). Standardized mapping of ep-
iphytic lichens enables temporal and spatial compar-
isons of lichen vegetation and thus, by implication,
the living conditions for these organisms in a study
area (VDI 3957, sheet 13). Apart from air pollutants,
long-term survival of lichens is largely influenced by
light, humidity and temperature. Therefore, lichens
are also suitable as indicators for biological impacts
of urban climate (Steiner et al., 1955; Stapper et
al., 2012), climate alterations or the global change
(Aptroot, 2009). Changes in the epiphytic lichen flora
of the Netherlands indicate a recent and significant
shift towards species preferring warm circumstances
(Van Herk et al., 2002). Similar observations are re-
ported from Germany (De Bruyn et al., 2009; Stapper
et al., 2011).

In order to make use of lichens as bioindicators
of climate change in a standardized procedure, a
lichen mapping guideline (Draft Directive VDI 3957
Part 20, (VDI 3957, part 20)) is under way specifying
45 so called “climate change indicators’ all of which
epiphytic lichens that meet certain criteria related to
Wirth’s revised ecological indicator figures for lichens
(Wirth et al., 2010), predominantly thermophilic li-
chens which are more or less restricted to Western
or Central Europe (10-K+T)/2 > 6; with K = continen-
tality figure, and T = temperature figure) and adapted
to humid sites (moisture value F>6). To prevent in-
terference with eutrophication, lichens with N figures
above 6 have been excluded. Also included are some
lichens for which no indicator figure has been pub-
lished so far with, however, temperate Mediterranean
and sub-Atlantic Mediterranean distribution in Europe
according to the Dutch lichen checklist (Aptroot et al.,
2009; BLGW, 2011). The frequency of these indica-
tor lichens recorded on phorophytes which are called
standard trees because they have to meet strict se-
lection criteria, is used as measured variable. The
method focusses on temporal changes. Data derived
from previous surveys may be employed as long as
the phorophyte selection criteria have been respect-
ed e.g. they have been performed according to VDI
3799 Part 1 (VDI 3799, sheet 1) or VDI 3957 Part 13
(VDI 3957, sheet 13).

Meanwhile, preliminary versions of this guide-
line have been applied in several field studies in
Germany (Stapper et al., 2011; Windisch et al.,

2012). In Disseldorf and the surrounding Mettmann
County (North-Western Germany), mean annual
temperature has risen by 1,1 K since the 1970s,
and in 2008, long term monitoring programs for the
assessment of regional ecological consequences
of global climate change were launched includ-
ing lichens as monitoring organisms. With declin-
ing sulphur dioxide concentrations, Dusseldorf’s
lichen flora quickly recovered. Instead of only four
in the late 1970s, 73 lichen species were recorded
on standard trees in the 2003 survey (Stapper et
al., 2004; Stapper et al., 2004). In the following, we
report on the dynamic change of epiphytic lichens
in the Dusseldorf area that, since around 2000, is
characterized by an invasion and steep increase of
climate change indicators. We also discuss the suit-
ability of the lichens selected as indicators for the
Draft Directive.

2. Methods

To study temporal changes of epiphytic lichens in
repeated surveys, phorophytes with subneutral bark
(predominantly Acer platanoides, A. pseudoplatanus,
Fraxinus excelsior, Tilia cordata, T. platyphyllos) meet-
ing the criteria of VDI 3957 Part 13 were selected at
four sampling sites in Dusseldorf (figure 1) and at
several rural or suburban locations in the Mettmann
County in 2008. Some trees that had already been ex-
amined in previous studies, among them the 2003 li-
chen survey of Disseldorf (Stapper et al., 2004) and a
comprehensive lichen survey in NRW performed 2000
to 2001 (Franzen et al., 2002) were included if they still
met the selection criteria (e.g. free-standing trees with
inclination less than 10 degrees from the vertical, no
bark wounds).

To record lichens on the tree trunk according to
the proposed guideline VDI 3957 Part 20, the use
of monitoring quadrats is not mandatory. Instead,
all lichen species occurring on the trunk between
50 and 200 cm height above the ground have to
be noted. This procedure imports a certain loss of
standardization, it is, however, beneficial with re-
gard to the rareness of many climate change indi-
cator lichens. An illuminated 10x magnifying hand
lens was used for field work. Samples for chemical
or microscopic assessment were only taken if nec-
essary and to an extent that allows future examina-
tion of the lichens on the phorophyte. All data of the
tree locations, e.g. position, altitude, land use, influ-
ence by traffic, night temperature which are suitable
for subsampling and the subsequent data analy-
sis, were registered in the database. Preferentially,
paired data from subsequent examinations of iden-
tical phorophytes were analyzed with nonparamet-
ric statistical methods.
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3. Results and Discussion

Since the mid-1990s, lichen species diversity on
standard trees in Dusseldorf and the Mettmann County
is in constant change. A quick reinvasion of early colo-
nizers, among them many nitrophytes, and a rapid de-
cline of the former dominant Lecanora conizaeoides
(figure 2) was followed by a steep increase of more
or less thermophilic lichens at around 2003. Most of
these lichens used to be very rare or had never been
recorded so far in the Rhineland (Heibel et al., 1999),
among them Parmotrema reticulatum, Punctelia bor-
reri and Schismatomma decolorans. Hyperphyscia
adglutinata, rediscovered close to the Dutch border
in 2003, and Candelaria concolor, which used to be
very rare in the 19th century, both became very com-
mon within the last ten years (figure 2). Meanwhile, 24
climate change indicators according to the proposed
guideline VDI 3957 Part 20 have been recorded, 14
of which also occur on standard trees in Disseldorf
(table 1). While most acidophytic lichens are still re-
ceding and nitrophytic ones remain essentially un-
altered (data not shown), the frequency of climate
change indicators is constantly rising. The three local
Punctelia species show the quickest increase (figure 2
and table 1). Overall, this observation is broadly con-
sistent with the findings of van Herk and colleagues in
the Netherlands, who suggested climate change as a
reason. With regard to mean temperature Dusseldorf,
Duisburg and the lowlands west of the Rhine valley
belong to the warmest parts of Germany, and mean
annual temperature and the number of days with more
than 25 °C are steadily rising (Genssler et al., 2010).

Included in table 1 are some lichens which are poten-
tially suitable as climate change indicators due to their
distribution area in Europe as given in the Dutch lichen
checklist (#). Their behavior is also respected in tables
3 and 4. Some of them, the nitrophytes Hyperphyscia
adglutinata, Physconia grisea and the still very rare
Phaeophyscia endophoenicea have been excluded
from the VDI guideline proposal in order to prevent in-
terference with eutrophicating pollutants.

About half of the VDI-climate change indicator
species recorded in Disseldorf so far are regarded
as not threatened in the red data book of lichens
in North Rhine-Westphalia (NRW; (Bultmann et al.,
2010)). Most probably due to the fact, however, that
for most of these lichens Dusseldorf is located close
to or beyond the border of their former distribution
area many of them are categorized as threatened or
extinct if they have, based on historical observations,
been listed at all.

Observations in NRW and published data from Lower
Saxony and Saarland suggest that, at present, climate
change indicators are typical for lowlands in north-west-
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ern Germany (Franzen et al., 2002; De Bruyn, 2009;
Stapper et al., 2013). But also in Bavaria, they have
become more frequent, in particular at sampling sites
along the warm Main valley in North-Western Bavaria.
Recalculation of the data of a comprehensive lichen
survey in NRW performed 2000 to 2001 (Franzen et al.,
2002; Stapper et al., 2011) show that even at this time
climate change indicators, almost lichens of the genera
Flavoparmelia, Parmotrema and Punctelia, were sig-
nificantly more frequent in the western half of the fed-
eral state, although in the eastern half, lichen species
diversity on the average was higher and air pollution
impact had always been lower in the past (Stapper et
al., 2011).This result is most probably based on climat-
ic differences, as it is suggested by the recent obser-
vation in the Mettmann County, where the number of
climate change indicators is significantly lower on trees
at geographically higher locations in the north-eastern
sampling sites (1,67 indicator species per tree; table
3) as compared to the western sites (3,05) which are
located close to the Rhine valley north of Dlsseldorf.
As given in table 3, the VDI-climate change indicator
species with the highest average altitude in the 2013
Mettmann survey was Hypotrachyna revoluta with 126
m above sea level. This does, however, not mean that
e.g. Punctelia borreri (116 m) could not be recorded
at higher altitudes, but, altogether, the data in table 3
indicate that the indicator lichens indeed gather in the
lower altidude classes as one would expect for suitable
indicators of global warming.

The four sampling sites in Dusseldorf largely differ
with regard to soil sealing and urban overwarming
(figure 1). Total lichen species diversity is significantly
lower in the city (9,8 species per tree in 2013) than
at the suburban sampling stations north and south
of the town (14,4 and 14,6 species per tree, respec-
tively). Also, the mean number of VDI-climate change
indicators on the trees is higher at the suburban sites.
The change of these values, however, is higher at
the warmer sites (City, Harbour) as compared to the
colder suburban stations (figure 1).

While nitrophytic lichens are gathering at the bot-
tom end of table 4 among the lichens with low aver-
age numbers of accompanying species on the pho-
rophytes (ecological factor, EF) which also seem to
be better adapted to warm locations (high mRNT
values; mRNT = average night time temperature at
2 m height above the ground), acidophytic lichens
behave oppositely. The VDI-climate change indica-
tors, however, span the whole spectrum of EF- and
mRNT-values, suggesting that the selected spe-
cies are well suitable to monitor effects based on
climatic changes in an urban environment and that
there is indeed no interference with eutrophica-
tion. As in the rural to suburban Mettmann County
(table 3), Hypotrachyna revoluta again turns out as
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the indicator lichen predominantly recorded at cool-
er locations within the survey. The very low mRNT
of the sampling station North is based on the fact
that at least half of the standard trees examined
there are standing in a depressed area where, ac-
cording to the Dusseldorf climate analysis (City of
Dusseldorf, 1995), a lake of cold air is formed at
night time. Even under these conditions, climate
change indicators became clearly more frequent

within the past decade (p<0,05; Wilcoxon signed-
rank test).

Altogether, the reported observations suggest
that it is indeed possible to assess temporal climate
variation with epiphytic lichens as sensitive moni-
toring organisms, and that proper indicator species
were selected for the proposed lichen mapping
guideline to monitor climate change in Germany.

Tables and Figures

Table 1. List of lichens suitable as indicators of climate change in Germany.

(1) Species name according to Wirth (2010). (2) Climate change indicator according to VDI Draft Directive as
amended on February 12, 2014 (VDI 3957 Part 20). (3) Species suitable as climate change indicator based
on biome zone as detailed in Dutch checklist of lichens (Aptroot et al., 2009; BLWG, 2011); gme = temperate
Mediterranean; ssg = sub Mediterranean/Atlantic-temperate; in case of empty cells another biome zone
applies or the species is not listed in the Dutch checklist. (4) Red data list status in North Rhine - Westphalia
(Bultmann et al., 2010); 0 Extinct, 1 Critically endangered, 2 Endangered, 3 Vulnerable, V Near threatened,
R Rare, D Data deficient, * Currently not threatened (Least Concern), n.d. unlisted. (5) R indicates lichens
that have, after 2000, been recorded by the authors or colleagues in Disseldorf or the western part of North
Rhine - Westphalia. (6) Change of frequency of this lichen in Dlsseldorf between 2003 and 2013; frequency
is given as percentage of 119 standard trees on which the species was recorded in 2003 and in annually
repeated surveys from 2008 to 2013. Numbers in brackets for records on trees added to the study in 2008.

Liste des lichens utilisables comme indicateurs du changement climatique en Allemagne.

(1) Le nom des espéces selon Wirth (2010). (2) Indicateur de changement climatique selon le projet
de directive VDI tel que modifie le 12 février 2014 (VDI 3957, partie 20). (3) Les espéces indicatrices du
changement climatique basées selon leur répartition écologique, comme détaillé dans la liste lichénique
néerlandaise (Aptroot et al., 2009 ; BLWG, 2011) ; gme = méditerranéen tempéré ; ssg = subméditerranéen/
atlantique tempéré ; dans le cas ou les espéces ne sont pas référencées dans la liste néerlandaise, une
autre répartition écologique s’applique alors, et les cases du tableau sont laissées vides. (4) Statut
de la liste rouge en Rhénanie du Nord-Westphalie (Biiltmann et al., 2010) ; 0 Disparue, 1 En danger
critique, 2 En danger, 3 Vulnérable, V Quasi menacé, R Rare, D Données insuffisantes, * Actuellement
non menacée (préoccupation mineure), n.d. non déterminé. (5) R indique les lichens qui ont, aprés
2000, éte repertoriés par les auteurs ou des collégues de Diisseldorf ou de la partie occidentale de la
Rhénanie du Nord-Westphalie. (6) Changement de la fréequence de ce lichen a Diisseldorf entre 2003
et 2013 ; la fréquence est donnée en pourcentage sur les 119 arbres standards sur lesquels I'espéce
a eté recensée en 2003 et de facon reguliére lors des enquétes annuelles de 2008 a 2013. Les chiffres
entre parenthéses correspondent aux recensements sur les arbres ajoutés lors de I’'étude en 2008.

(1) (2) (3) 4) (5) (6)

Indicator Bio me Red list Recorded Change of

Species species zone NRW in the frequency

VDI-GL NL-SL Rhineland (% / year)
Punctelia subrudecta VDI gme * R 2,63
Hyperphyscia adglutinata gme * R 1,98
Physconia grisea gme * R 1,62
Punctelia jeckeri VDI * R 1,08
Punctelia borreri VDI ssg D R 0,88
Flavoparmelia caperata VDI gme * R 0,56
Flavoparmelia soredians VDI ssg 3 R 0,56
Parmotrema perlatum VDI gme * R 0,51
Bacidina neosquamulosa VDI * R 0,26
Lecanora barkmaniana ssg D R 0,21
Hypotrachyna revoluta VDI gme 3 R 0,11
Hypotrachyna afrorevoluta VDI ssg n.d. R 0,07
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(1) (2) (3) 4) (5) (6)
Indicator Bio me Red list Recorded Change of
Species species zone NRW in the frequency
VDI-GL NL-SL Rhineland (% / year)
Diploicia canescens VDI gme 3 R (0,05)
Melanohalea laciniatula VDI gme 2 R 0,05
Pleurosticta acetabulum gme 3 R 0,04
Phaeophyscia endophoenicea gme 1 R (0,03)
Parmotrema reticulatum VDI ssg D R 0,02
Physcia tribacioides VDI gme D R 0,02
Flavopunctelia flaventior gme n.d. R 0/ const.
Melanohalea elegantula VDI * R 0/ const.
Arthonia pruinata VDI gme 0
Arthonia ruana VDI 3 R
Bactrospora dryina VDI 0
Collema fasciculare VDI 0
Coniocarpum cinnabarinum VDI 0
Degelia plumbea VDI n.d.
Fellhanera bouteillei VDI gme 1 R
Fuscidea lightfootii VDI gme 0
Graphis elegans VDI ssg 0 R
Halecania viridescens VDI gme * R
Hypotrachyna laevigata VDI n.d.
Jamesiella anastomosans ssg * R
Lecanographa amylacea VDI 0
Lecanora hybocarpa VDI gme n.d.
Micarea adnata VDI gme D
Micarea viridileprosa VDI gme D R
Nephroma laevigatum VDI 0
Opegrapha ochrocheila VDI ssg 2 R
Opegrapha vermicellifera VDI gme 3 R
Parmelia submontana VDI gme 2
Parmelina quercina VDI gme 0
Parmotrema pseudoreticulatum VDI ssg D R
Parmotrema stuppeum 1 R
Pertusaria hymenea VDI gme 1
Pertusaria trachythallina VDI 0
Phaeographis inusta VDI gme 0
Physcia tribacia gme 0
Porina leptalea VDI gme * R
Pyrenula nitida VDI 2
Pyrenula nitidella VDI 1
Ropalospora viridis VDI *
Schismatomma decolorans VDI ssg n.d. R
Scoliciosporum gallurae gme D
Strigula affinis gme 0
Strigula jamesii ssg *
Thelotrema lepadinum VDI 1
Usnea florida VDI 1
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Table 2. Mean number of climate change indicators recorded per standard
tree in lichen mapping surveys between 1996 and 2013.

Location, altitude above sea level (m) and the number of examined standard trees is given for each study.
Original data and published results. (1) Data from Franzen et al. (2002). (2) Data from trees west vs. east
of GK-R 2590000 in NRW. (3) Paired data from Stapper et al. (2012) and unpublished. (4) Paired data
from 37 trees in the Mettmann County (ME) that have been examined repeatedly after 2001. (5) Data from
trees in different sampling areas in ME. (6) Data from Stapper et al. (2013). Significances: (*), p<0,05,
(**), p<0,0005, Mann-Whitney-U-Test and (#), p<0,005, Wilcoxon-Test for paired data, comparison of
consecutive results obtained with identical standard trees; (n.s.), not significantly different (p>0,05).

Nombre moyen d’indicateurs du changement climatique répertoriés par arbre
standard, dans les études cartographiques lichéniques entre 1996 et 2013.

Le lieu, I'altitude au-dessus du niveau de la mer (m) et le nombre d’arbres standards examinés sont
donnés pour chaque étude. Les données brutes et les résultats publiés (1) Données de Franzen
et al. (2002). (2) Données d’arbres d’ouest vs. est selon GK-R 2590000 en Rhénanie du Nord-
Westphalie. (3) Données couplées de Stapper et al. (2012) et non publiées. (4) Données couplées
de 37 arbres dans la région de Mettmann (ME) qui ont été examinés a plusieurs reprises aprés 2001.
(5) Données provenant d’arbres dans différentes zones d’échantillonnage dans ME. (6) Données
de Stapper et al. (2013). Significations : (*), p <0,05, (**), p <0,0005, Mann-Whitney U-test et (#),

p <0,005, test de Wilcoxon pour les données couplées, comparaison des résultats consécutifs
obtenus avec des arbres standards identiques; (n.s.), non significativement différent (p> 0,05).

Study year

Location 2001 2003 2007 2009 2011 2013

Altitude, Number of trees

(Number of climate change indicators recorded per tree)

North Rhine-Westphalia (NRW)

NRW, eastern part (1)
(R<2590000), Mean alt. 0,29
197 m, 1028 trees

NRW, western part (1) 053
(R<2590000), Mean alt. ’(2)
110 m, 787 trees

Dusseldorf (3)

# # #
35 m; 119 trees (all sampling sites) 1,03 1,50 1,89 2,33

Mettmann County (4)

# ns
40 - 300 m, 37 trees 1,05 1,92 2,16

Mettmann, North-East (5)

Mean alt. 210 m, 36 trees 1,61 1,67

Mettmann, North-West (5)

Mean alt.112 m, 41 trees. 2,82 3,05

Saarland

Saarlouis and Dillingen (6)

180 m, 43 trees. 2,03
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Table 3. Influence of altitude on the frequency of lichens and the occurrence of climate
change indicator lichens on standard trees in Mettmann County.

(1) Number of records as the number of trees on which the species was recorded; only data for species observed on at least 5
trees. (2) Average altitude above sea level (m) of trees on which this lichen was recorded (sorting criterion). (3) and (4) Reaction
and Nutrition figure, respectively Wirth et al. (2010). (5) and (6) climate change indicator species as given in the legend to table 1.

Influence de laltitude sur la fréquence des lichens et la présence de lichens indicateurs du changement climatique sur les
arbres standards dans la région de Mettmann.

(1) Nombre d’arbres recensés sur lesquels les espéces ont été répertoriées ; seules les données concernant les espéces

observées sur au moins cinq arbres sont prises en compte. (2) Altitude moyenne au-dessus du niveau de la mer (m) pour

les arbres sur lesquels ce lichen a été recensé (critéere de tri). (3) et (4) indices de réaction et de nutrition selon Wirth et al.
(2010). (5) et (6) espéces indicatrices du changement climatique comme indiqué dans la Iégende du tableau 1.

Species (1) (2) 3) (4) (5) (6)
Number mAlt Biome
Records | (m) R N MEIHES
Caloplaca obscurella 7 7 8
Candelariella xanthostigma 14 5 5
Bacidia adastra 5
Physcia dubia 15 7 8
Melanelixia glabratula 17 3 4
Lecanora dispersa 16 8 8
Lepraria incana 58 3 5
Xanthoria parietina 101 7 8
Ramalina farinacea 38 5 4
Physconia grisea 19 6 8 gme
Candelaria concolor 107 6 7
Hypotrachyna afrorevoluta 26 126,4 4 4 VDI m
Physcia tenella 127 124,9 6 8
Parmelia sulcata 115 124,6 5 7
Hypogymnia physodes 47 123,9 3 3
Phaeophyscia orbicularis 114 121,2 7 9
Evernia prunastri 84 120,8 3 4
Candelariella reflexa 114 120,8 5 7
Punctelia subrudecta 99 119,3 4 5 VDI gme
Lecanora chlarotera 7 118,4 6 5
Lecanora hagenii 9 118,1 8 7
Parmotrema perlatum 31 117,6 5 4 VDI gme
Melanohalea exasperatula 43 115,9 5 6
Punctelia borreri 25 115,6 5 6 VDI
Xanthoria candelaria 53 115,6 6 8
Hypogymnia tubulosa 24 114,9 5 4
Punctelia jeckeri 98 112,3 4 6 VDI
Phaeophyscia nigricans 11 112,0 8 9
Lecidella elaeochroma 5 110,8 6 5
Xanthoria polycarpa 22 110,5 7 8
Lecanora barkmaniana 17 108,9 _
Physcia adscendens 73 108,9 7 8
Physcia caesia 54 108,9 8 9
Amandinea punctata 51 108,6 5 7
Cladonia spp. 7 107,1 3 3
Flavoparmelia caperata 52 106,1 5 4 VDI me
Flavoparmelia soredians 16 104,8 6 5 VDI h
Melanelixia subaurifera 85 104,7 6 5
Lecanora expallens 34 100,5 4 5
Hyperphyscia adglutinata 33 97,3 7 7 gme
Cladonia coniocraea 5 93,0 4 3
Melanohalea elegantula 9 80,0 4 5 VDI
Strangospora pinicola 6 74,2 3 5
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Table 4. Influence of urban warming on the frequency of lichens and the average
number of accompanying species on standard trees in Dusseldorf 2013.

(1) Number of records as the number of trees on which the species was recorded; only data for species observed on at least 5

trees. (2) Average night time temperature at the location of the tree (Stadt Disseldorf, 1995); data in four classes, the darker the

background color, the colder. (3) and (4) Reaction and Nutrition figure, respectively Wirth et al. (2010). (5) and (6) climate change

indicator species as given in the legend to table 1. (7) EF, ecological factor, average number of accompanying lichens (sorting
criterium). For a correlation analysis of the data confer table 5.

Influence du réchauffement urbain sur la fréquence des lichens et le nombre moyen d’espéces de lichens sur les arbres
standards a Diisseldorf en 2013.

(1) Nombre d’arbres sur lesquels les espéces ont été répertoriées ; seules des données concernant les espéces observées

sur au moins cinq arbres sont considérées. (2) Moyenne des températures nocturnes sur le site de I'arbre (ville de

Ddisseldorf, 1995) ; données selon quatre classes définies par un code couleur du plus foncé au plus clair. (3) et (4) indices

de réaction et de nutrition, selon Wirth et al. (2010). (5) et (6) Espéces indicatrices du changement climatique telles qu’elles

sont indiquées dans la Iégende du tableau 1. (7) EF, facteur écologique, nombre moyen de lichens présents (critére de tri).
Pour une analyse de corrélation des données, se référer au tableau 5.

Species (1) (2) (3) (4) (5) (6) (7)
Numb | mRNT Biome
Rec (K) R N VDI-GL Zone EF
Parmelia saxatilis 5 3 3 17,60
Hypotrachyna revoluta 7 5 4 VDI gme 16,29
Candelariella xanthostigma 6 5 5 16,17
Hypogymnia tubulosa 21 5 4 15,71
Melanelixia glabratula 10 3 4 15,20
Hypogymnia physodes 57 3 3 15,16
Melanohalea elegantula 13 4 5 VDI 15,15
Lecanora compallens 6 15,00
Lecanora hagenii 7 8 7 14,86
Flavoparmelia soredians 42 6 5 vDl I 476 |
Xanthoria candelaria 53 6 8 14,70
Ramalina farinacea 36 5 4 14,67
Flavoparmelia caperata 79 5 4 VDI gme 14,34
Lecanora expallens 49 4 5 14,20
Lecanora barkmaniana 10 14,20
Hypotrachyna afrorevoluta 11 4 4 VDI 14,18
Melanohalea exasperatula 33 5 6 14,15
Physcia caesia 34 8 9 14,15
Evernia prunastri 87 3 4 14,14
Lepraria incana 46 3 5 14,11
Melanelixia subaurifera 106 -0,24 6 5 13,91
Parmotrema perlatum 33 -0,09 5 4 VDI gme 13,73
Xanthoria polycarpa 36 -0,86 7 8 13,22
Punctelia borreri 42 0,62 5 6 vDl I 317 |
Punctelia jeckeri 133 -0,08 4 6 VDI 13,16
Amandinea punctata 89 -0,28 5 7 13,15
Lecanora chlarotera 7 6 5 13,14
Punctelia subrudecta 144 -0,06 4 5 VDI gme 12,72
Candelariella reflexa 142 0,01 5 7 12,66
Physconia grisea 59 0,8 6 8 gme 12,63
Parmelia sulcata 152 0,1 5 7 12,61
Lecanora dispersa 5 0,4 8 8 12,60
Physcia tenella 158 0,01 6 8 12,34
Hyperphyscia adglutinata 60 0,43 7 7 gme 12,27
Candelaria concolor 159 0,29 6 7 12,16
Candelariella vitellina 8 1,88 5 8 12,13
Physcia adscendens 154 0,18 7 8 11,88
Xanthoria parietina 154 0,42 7 8 11,73
Physcia dubia 10 0,9 7 8 11,60
Bacidia neosquamulosa 5 1 5 6 VDI 11,40
Phaeophyscia orbicularis 145 0,91 7 9 10,66
Phaeophyscia nigricans 20 1,85 8 9 10,55
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Table 5. Correlation analysis of the data given in table 4.
For an explanation of the abbreviations used confer legend to table 4.

Analyse de corrélation des données indiquées dans le tableau 4.
Pour une explication des abréviations utilisées, se référer a la Iégende du tableau 4.

Spearman’s rang correlation (R,); significant values in bold italics (p<0,05)
Number of | BaNT (K) R N EF
records

Number of records 1,00 0,32 0,06 0,25 -0,40
mRNT (K) 0,32 1,00 0,48 0,72 -0,86
R 0,06 0,48 1,00 0,77 -0,50
N 0,25 0,72 0,77 1,00 -0,72
EF -0,40 -0,86 -0,50 -0,72 1,00
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Figure 1. Development in the frequency of climate change indicator lichens on
standard trees at sampling sites in Diisseldorf from 2003 to 2013.

Frequency is given as the percentage of standard trees on which climate change indicator lichen species
according to the VDI guideline 3957 Part 20 were recorded during the surveys from 2003 to 2013. The
location of the sampling stations is shown on the map on the left. For each station, the average night time
temperature at 2 m height above the ground (mRNT in Kelvin) (City of Dusseldorf, 1995) is indicated.

Variation de la fréquence des lichens indicateurs du changement climatique sur les
arbres standards a des sites d’échantillonnage a Diisseldorf de 2003 a 2013.

La fréquence est donnée comme le pourcentage d’arbres standards sur lesquels les espéces
de lichens indicateurs du changement climatique ont été recensés lors des études, selon la
directive VDI 3957 partie 20. Lemplacement des stations d’échantillonnage est indiqué sur
la carte a gauche. Pour chaque station, la température moyenne nocturne prise a 2 m de
hauteur au-dessus du sol (MRNT en Kelvin) (ville de Diisseldorf, 1995) est indiquée.
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Figure 2. Change in the frequency of selected lichen species from 2001 to 2013.

Frequency is given as the percentage of standard trees on which the lichen species was recorded
during the survey. 2001: data from Franzen et al. (2002) obtained on examination of 787 standard
trees in western NRW with location at GK-R < 2590000. 2003 to 2013: lichen frequencies on
1015 (2003) and 211 to 200 trees (2008 to 2013) at the four sampling sites in Diisseldorf.

Changement de la fréquence des espéces de lichens sélectionnés de 2001 a 2013.

La fréquence est donnée comme le pourcentage d’arbres standards sur lesquels les espéces
de lichens ont été répertoriées au cours de I'étude. 2001 : données de Franzen et al. (2002)
obtenues sur I'étude de 787 arbres standards dans I'ouest de la Rhénanie du Nord-Westphalie
localisés au GK-R <2590000. 2003-2013 : fréquences des lichens sur 1015 arbres (en 2003) et
211 4200 arbres (de 2008 a 2013) sur les quatre sites d’échantillonnage a Diisseldorf.
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