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Summary

Summary

The present thesis was designed to compare theendé of land-use effects on three groups
of cryptogam species, namely the bryophytes, lishand macromycetes. Further topics were
to newly develop an indicator value system for roagrcetes and to compile a broad
overview of functional traits applicable to macrarates. These research topics are intended
to (further) stimulate ecological research usingrmycetes.

In Chapter 2, | present a methodology for Ellenberg indicataalues (EIVs) for
macromycetes, including a new indicator value scake, the substrate openness O.
Furthermore, the hemeroby concept is incorporatethk first time in the system of indicator
values. Based on the newly developed methodologgmipiled EIVs for 10 parameter scales
for a set of nearly 640 macromycete species. Tiahesapplicability of EIVs for this species
group, | analysed the data set by dividing the iggeby Red List classes or by lifestyle
groups. The EIVs light intensity, substrate nutri@vailability, substrate openness, and
hemeroby related to these two classifications Bgamtly differed. Critically endangered
species on average have distinctly higher demasgiding light and substrate openness than
not or less strongly threatened ones, which in am more tolerant to human impact and
have higher demands in nutrient availability. Mybazal species on average have higher
demands on substrate openness and are less tdteragh nutrient levels than saprobiotic or
parasitic species. This pattern clearly highligthis points of threat for many macromycete

species.

Chapter 3 persued a similar approach like Chapter 2. Udnegsame macromycete species
set, | compiled data for 31 functional traits thaver a broad range of features of, e.g., fruit
body morphology, hymenial structure, spore morpgploand propagule dispersal. In a
comparative way, Red List classification and liféstgroups were used to analyse the species
set and to get an insight which traits may be cotatkwith the ecology or endangerment of
species. Red List classification accounted for ifiant differences in three traits, and the
lifestyle types in 28 traits. | describe the difietiations and discuss them against the

background of ecological and morphological research

Chapter 4 was designed to compare the influence of landhistery on vascular plants and
cryptogams. | compared the results of previousiesudn the vascular plant cover of ancient
and recent sites of dry calcareous grasslandsetorifptogam vegetation of these sites. | also



Summary

applied Ellenberg indicator values and the indicajeecies concept. Species numbers and
Ellenberg indicator values were quite similar irciant and recent grasslands. Nevertheless,
we could identify indicator species for both grassl types, withCladonia furcatassp.
subrangiformisand Hygrocybe persistengar. persistensas strongest indicators of ancient
grasslands, anBhytidiadelphus squarrosuss strongest indicator of recent grasslands. The
vascular plant vegetation of the recent grasslafsisincluded arable weeds and crop species,
being residuals of the former land-use type. Thisgon is very useful in distinguishing recent
from ancient sites. However, we found no counterf@r the cryptogam vegetation. Thus,
land-use history seems to have less influence erdmposition of the cryptogam vegetation

in grasslands.

In Chapter 5, | present the first survey of the cryptogam vatieh of the grassland

management project of Baden-Wuerttemberg. Usindhtegjudy sites the cryptogam
vegetation found in the management and succesgiwtalis compared. After a project term
of 37 years, | assessed the effects of differeritimg, mowing, and grazing methods as well
as of undisturbed succession on the cryptogam atget and give recommendations for the
management and establishment of species-rich siths. most species-rich bryophyte
vegetation was found for the management types rmgatvery third year, mowing twice per
year, and, for small acrocarpous species only, ratbel burning. Macromycete species
richness was highest in successional plots. Thesspite the comparably short time for
development, also yielded a surprisingly rich eptjh vegetation. To enhance species
diversity it is recommended to leave old trees tmndewly create situations of high structural
diversity by connecting wooded stands with grasklaiies differing in the intensity of

maintenance.

Chapter 6 is a holistic approach applying the three conceptspecies identity, Ellenberg
indicator values, and functional traits to analyke influence of management and past
draining on the macromycete funga of a calcareens the Sippenauer Moor. | assessed
changes by comparing the present mapping datadaiid from a study carried out in 1998
and 1999. While species numbers were similar far Sphagnumpatches, we found a
considerable loss of species and of red listediepdar the remaining fen area, and only very
few species were found in both studies. Ellenbadicator values and functional traits did
not yield significant differences. However, we fdua considerable increase in the number of
ubiquitous species. These changes in species cdaioposiost probably are caused by an

insufficiant management, tree encroachment, aner-afftects of the past draining. We
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recommend to apply a more adapted management weniréurther species losses and to
maintain the high quality of the fen.



Acknowledgements

Acknowledgements

During my PhD time, many kind people helped me iangn ways — by sharing their
knowledge, their experience, their technical knawhor ‘simply’ their time with me. I'd

like to say “Thank you very much!” to all of you!

First of all, | want to thank my supervisor Profi. Peter Poschlod, for guiding me on a safe
path through my PhD studies, for letting me work'my’ fungi, and for maintaining such a
friendly and homely atmosphere — both intra- antfaegrofessionally. It was a great time,

and I'm especially thankful for your understandahging my times of Lyme borreliosis.

I'm also very grateful for the sustained support atientific input | received from my
mentors, Prof. Dr. Christoph Reisch and Dr. ClaésdBer, and | thank you very much for all

kinds of help.

Several people guided me on the way to further mokpay knowledge of the species and
ecology of fungi and other cryptogams, and theestoespecially want to thank Dr. Helmut
Besl (1), Prof. em. Dr. Andreas Bresinsky, Max Keddner (1), Hans Halbwachs, Wolfgang

von Brackel, and Helmut Zitzmann.

| always could rely on the help of Glunter Kolb aBdbine Fischer, and I'm very much

obliged for this.

Furthermore, I'd like to thank the past and presétor-von-Scheffel-members (Verena
Busch, Annika Sezi, and Sara Saeedi), my past aesept office colleagues (Christina
Meindl, Juliane Drobnik, Daniela Listl, Franziskaudful3, and Judith Lang), and my past and

present colleagues, especially Maria Hanauer aigphpslaab.

Last but not least, | want to thank my family andrids, who always were there for me when

| needed someone.



Motto

Fungi are the grand recyclers of the planet
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Doch die samenlosen Dinger
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Chapter 1 General introduction

Chapter 1 — General introduction

Getting to know the cryptogams

Back in 1735, Carl Linnaeus divided the plantsr{gghis term in the broadest sense to cover
all groups of organisms traditionally treated bydmists) in ‘phanerogams’ and ‘cryptogams’.
He derived these terms from ancient Gregkaneros visible, apparentkryptos hidden,
secret;gamein to mate. Thus, phanerogams are those plantsptioduce clearly visible
mating organs (i.e., flowers that result in seedsy therefore nowadays are referred to as
flowering or seed plants (Spermatophyta). In catiridne term cryptogams subsumes a range
of different taxonomic groups without flowering args and seeds — ferns, bryophytes, fungi
(including lichens), slime moulds, algae, blue-grealgae, and sometimes also non-
photosynthetic bacteria. While ferns, bryophytas] ¢he largest part of the algae, together
with the flowering plants, belong to the Chloropida (LEwis & McCourt 2004), the
remaining groups of cryptogams belong to the anifoalgus, or bacteria kingdomsi(& et

al. 2002). The cryptogams hence are a highly adifigroup without coherant relationships,
united only by the fact that spores are producedhm course of sexual reproduction.
However, comparing the different groups of cryptagahe respective spores and sporangia

also merely are analogousi&: et al. 2002).

Within the artificial group of cryptogams, variolie forms and lifestyles can be found. In
the present PhD thesis only the bryophytes, lichang macromycetes are taken into account,
with macromycetes being those fungi producing foaitlies larger than 5 mm in size (again,
another artificial group!). Also within this subgne of cryptogams a plenty of ecological
adaptations and lifestyles are present, includingarrhizal lifestyles, desiccation or cold
tolerance, epiphytic or endolithic growth, and mangre (BRoOwN & WoOD 1953; DDRFELT
1989; MasucH 1993; RaHM 2001; S$rTE et al. 2002; ORNELISSENet al. 2007; ®RDANI et

al. 2014). Based on these diverse adaptationsfyiés, and ecological demands, cryptogams

can be used as significant indicator organisms.

What are indicator species — and what do they indate?

Indicator organisms are such species that can dx ass a proxy in examining or monitoring

specific ecological conditions, changes, etc. Imyneases, the use of indicator species allows

-1-



Chapter 1 General introduction

at least a rough assessment of the studied faeibthe same time saving time and costs of
more profound measurements or research in the &ch factors may be, e.g.,
phytosociological aspects, air quality, abiotic Studte conditions, climate and climate
change, nutrient availability, primary successioand land-use history or changes
(WINTERHOFF 1992; MLES & WALTON 1993; BTT 1995; $HNEIDER & POSCHLOD 1999;
ELLENBERG et al. 2001; EKMANN 2003; KaRLIK & PoscHLOD 2009; RRAHM et al. 2010;
CHIKISHEV 2013; LcHT 2015; ®scHLoD2015).

Besides the use of species identities, i.e., tlhe pomparison of species or species sets found
at certain sites, another common way to use orgaaigndicators is to apply Ellenberg
indicator values or functional traits. Ellenberdizator values are commonly used to describe
ecological parameters related to climate and saflestconditions (BE.ENBERG 1974;
ELLENBERG et al. 2001). Regarding these parameters, theésedahiche of a species is
assessed and classified using a scale. These ssadédor light intensity, mean annual air
temperature, continentality, and the substrate’ssta@, reaction (pH range), nutrient
availability, and salt content. Furthermore, thisra classification scale for the frequency of
species. For Central Europe, such indicator valaes available for vascular plants
(ELLENBERG 1974; LANDOLT 1977; ELENBERG et al. 2001; WBER 2001), bryophytes (O.L
2001), and lichens (WTH 2001). BRIEMLE et al. (2002) also compiled scales for the
trampling resistance, mowing and grazing resistaaocel fodder value of vascular plants.
Based on the floristic composition or the planterower both, mean indicator values can be
calculated which allows to compare different stgitgs or to analyse temporal shifts (cf.
LANDOLT 1977; HLENBERG et al. 2001). Therefore, this method is widely duse
environmental (impact) assessments or to quickiytifly important environmental filters in

plant, habitat, or landscape ecological studies.

In a similar way, functional traits of species dsntaken into account. These can be compiled
for any part, organ or function of the respectipeaes, such as sizes, colours, temporal
scales, growth types, lifestyles, physiology, gaation characteristics, dispersal, uptake and
usage of water and nutrients, population biologyapulation genetics (e.g.0oBcHLOD et al.
2003; HLL et al. 2007; KEYER et al. 2008). Thus, in contrast to Ellenberg iathc values
that give information on a species’ ecological eictunctional traits give information about a
species’ makeup and function or how they reactntp kand of disturbances, and therefore,
both measures may also be combined to get a coemsi®fe insight in the factors
controlling, e.g., composition of and shifts withépecies sets, or the threat or spread of

species.
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Cryptogams as indicator species

As noted above, Ellenberg indicator values arelabi for bryophytes and lichens; however,
they are still missing for fungi. On the other haridnctional traits are available for
bryophytes, lichens, and fungi (e.g.iLH et al. 2007; BSSLER et al. 2012; BSSLER et al.
2015; HhLBWACHS & BASSLER 2015; BissLER et al. 2016; HLBWACHS et al. 2016), but as
compared to vascular plants this measure is relstirarely used for these species groups.
Thus, there are two major tasks: to newly estalaislygstem of Ellenberg indicator values for

fungi; and to further enhance the use of functiarats for cryptogams.

Although the use of cryptogams as indicator spdogege still is limited in some respects, the
different groups of cryptogams since a comparabhgltime are very valuable tools in
ecology. With the exception of ferns, most cryptogaorganisms have a relatively simple
body structure, e.g. lacking epithelial layers apdcialised vascular tissueTf et al. 2002;
RAVEN & EICHHORN 2013). This simplicity makes them especially rdisep regarding
environmental impacts, such as shifts in tempeeatur hydrology or the deposition of
fertilizing or toxic substances, which in turn gtiek them as indicator species exhibiting a
reliable and relatively fast reaction on the shortmedium-term (BRKMAN 1958; ARNOLDS
1981; ARNOLDS 1983; FAWKSWORTH & HILL 1984; ARNOLDS 1991; WNTERHOFF 1992;
DULL 2001; WRTH 2001; RAHM et al. 2010; IcHT 2015).

Among the topics in which cryptogams most commaalg used as indicator species are
success assessment in restoration ecolo@rEZ & WIEGLEB 2009), phytosociological
applications (BRKMAN 1958; BTT 1995; B=RG & DENGLER 2005), and the evaluation of air
quality using epiphytic species AWKSWORTH & ROSE 1970; NTI & CECCHETTI 2001,
HULTENGREN et al. 2004; RAHM et al. 2010). Another field of research is the aatpof
hemeroby or the past and present land-use on gaptspecies and communities, which
often is studied using coenologicali@@TON et al. 1986; WscHICK & HELFER 2003) and
floristic methods (ENHELLINGER 1976; ENHELLINGER 1977; RKEMAN et al. 1998; GAAE &
SUNDE 2000; DJRHAMMER 2003; VANDERPOORTENet al. 2004; EPENSCHINK 2011; WALZ &
SteIN 2014), or using physiological patterns such asntlyeorrhization rate of plant roots

(WALLENDA & KOTTKE 1998; BERNHARDT-ROMERMANN et al. 2009).

While cryptogams are used as indicator specieshimad range of different topics, only very
few studies take into account several taxonomiwgsoor subgroups. Thus, only in a few
cases it is possible to directly compare, e.g.pphytes, lichens, and fungi regarding their

reaction on ecological and man-made impacts. Howesech comparative studies are

-3-



Chapter 1 General introduction

important in understanding the processes and desnaadtrolling the establishment and
occurrence of different cryptogam groupss@zal & SADOWSKA 1997; BARO et al. 1999;
PHARO et al. 2000; MMPHREY et al. 2002; BBEL et al. 2006; OoR et al. 2006; RiTz et al.
2008).

Thesis outline

The present thesis was designed to compare theendé of land-use effects on three groups
of cryptogam species, namely bryophytes, lichend,raacromycetes. Further topics were to
newly develop an indicator value system for macrosbgs and to compile a broad overview
of functional traits applicable to macromycetese3éresearch topics are intended to (further)

stimulate ecological research using macromycetes.

In Chapter 2, | present a methodology for Ellenberg indicatatues for macromycetes,
including a new indicator value scale, i.e., thdsttate openness O. Furthermore, the
hemeroby concept is incorporated for the first timéhe system of indicator values. Based on
the newly developed methodology, | compiled Ellegbmdicator values for 10 parameter
scales for a set of nearly 640 macromycete spetiedest the applicability of indicator
values for this species group, | used the datdgetorrelating the species to the Red List
classes or to lifestyle groups.

Chapter 3 persued a similar approach like Chapter 2. Udnegsame macromycete species
set, | compiled data for 31 functional traits oésk nearly 640 species. In a comparative way,
Red List classification and lifestyle groups weeed to analyse the species set and to get an
insight which traits may be connected with the egglor threat of species.

Chapter 4 was designed to compare the influence of landhistery on vascular plants and
cryptogams. | compared the results of previousistudn the vascular plant cover of ancient
and recent dry calcareous grasslands to the crgptagegetation of these sites. | also applied
Ellenberg indicator values and, like it was doneha vascular plant studies, the indicator
species concept.

In Chapter 5, | present the first survey of the cryptogam vatieh of the grassland
management project of Baden-Wuerttemberg. Usindhtegjudy sites the cryptogam
vegetation found in the management and succesgiwtalis compared. After a project term
of 37 years, | assessed the effects of grazing,ingpand different mulching regimes as well
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as of succession on the cryptogam vegetation, sedrgcommendations for the management
and establishment of species-rich sites.

Chapter 6 is a holistic approach applying the three conceptspecies identity, Ellenberg
indicator values, and functional traits to analyke influence of management and past
draining on the macromycete funga of a calcareens the Sippenauer Moor. | assessed
changes by comparing the present mapping datadaiid from a study carried out in 1998
and 1999.

Finally, Chapter 7 provides a general discussion and conclusion efstiudies and data
presented in the previous chapters. In form of @ttook, perspectives for further studies are

given.
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Chapter 2 — Ellenberg indicator values for macromyetes — a

methodological approach and first applications

Abstract

In ecological research, Ellenberg indicator val(igB/s) are used to describe the realised
niche of species and habitat parameters. This teagge tool is commonly used for vascular
plants, bryophytes, and lichens, but not yet fargiu Here we provide a methodology for
ElVs for fungi and compiled EIVs for nearly 650 sjgs of macromycetes that have been
thoroughly surveyed in recent studies. We propese new EIV scales, namely substrate
openness (O) and hemeroby (H). We also give thdtsesf two applications and compare
EIV values related to the Red List classificatioithvthose related to lifestyle classification.
The EIVs light intensity, substrate nutrient aviilidy, substrate openness, and hemeroby
related to these two classifications significardiffered. Critically endangered species on
average have distinctly higher demands regardgtg knd substrat openness than not or less
strongly threatened ones, which in turn are moleraat to human impact and have higher
demands in nutrient availability. Mycorrhizal spestion average have higher demands on
substrate openness and are less tolerant to higiemtulevels than saprobiotic or parasitic

species. This pattern clearly highlights the poaitdreat for many macromycete species.

Key words: continentality, light intensity, substrate moigtursubstrate nutrient content,
substrate salt content, substrate reaction, stibsxploitability, mean annual temperature.

Introduction

In Central Europe and adjacent countries, Ellenliatgator values (EIV; e. g.:UEEENBERG
1974; ELENBERG et al. 2001) are commonly used to describe eccdbgiarameters. These
parameters are related to climate and soil comdition addition, in Germany, a frequency
measure of the percentage of occupied fields oftdpegraphical map (1:25,000) is also
given (ELENBERG 2001). Climatic parameters include light intensityean annual air
temperature, and continentality; substrate parasmetelude moisture, reaction (pH range),
nutrient availability, and salt content. The readiiiche of a species is assessed, and EIVs are
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assigned to it using scales that classify the @smeparameters. For Central Europe, such
values have been compiled for vascular plantsLEEBERG 1974; LlanDOLT 1977,
ELLENBERG 2001; WEBER 2001), bryophytes (L. 2001), and lichens (\WtH 2001). In
turn, mean values can be calculated for study aftasrecording the floristic composition or
the plant cover or both, and the mean EIVS of,, ean.temperature and soil moisture of
different study areas can be compared. Thus, Elwsvastudy plots, habitats, or whole
landscapes to be easily characterized, and thishadeis therefore widely used in
environmental (impact) assessments or to quickntifly environmental filters in plant,

habitat, or landscape ecological studies.

However, it should be mentioned that EIVs were tgped only in part from actual
measurements of parameters, such as temperatureasidire (cf. FomPsoNet al. 1993). In
most cases, these values are partially or predaehnsaubjective ratings and thus represent
empirical evaluations — the “expert opinion” — difet author (cf.: ERSCHKE 1994;
ELLENBERG et al. 2001), partly because parameter measursnfentmany species are
lacking. From their inception, EIVs were designedelate to ecological conditions integrated
over the entire year (EENBERG 2001). In many cases, it would often be too cooapéid and
time consuming to make measurements, especialllausec measurements always are
punctual in time or space or both. Although thisifdation of predominantly subjective
opinions instead of measured data could be coresidarweak point of the EIV concept,
several studies have shown a distinct and universaklation between EIVs and actual
measurements of the respective ecological parasm@RmrseN et al. 1998; SBHAFFERS &
SYKORA 2000; ELENBERG 2001; DEKMANN 2003; $MART & ScOTT 2004; FHALBWACHS &
BASSLER 2013; BARTELHEIMER & POSCHLOD 2015), or at least such a correlation within the
same vegetation type (WELINK et al. 2002). EIVs, therefore, are a very usefd! tin

ecological research, but their empirical natureuthde kept in mind.

Fungi comprise a wealth of species important inlcpo and conservation @kLEY 1971;
CARROLL & WICKLOW 1992; WINTERHOFF1992;VAN DER HEIJDEN, M. G. A. et al. 1998yAN

DER HEIIDEN, M. G. A. 2002; BACKWELL & SPATAFORA 2004), but they have not yet been
evaluated using EIVs. This lack of EIVs for fungiutdd be explained by the incomplete
understanding of the lifestyle of many fungal speciand by the high number of species. In
Bavaria (Germany) alone, there are at least 5,Q@@iss of macromycetes AKASCH &
HAHN 2009); worldwide, over 1.5 million fungal speciesght exist (F\WKSWORTH 1991;
HAwkswWORTH 2001). The use of EIVs for fungi could promotetliier ecological research
and help in understanding fungal species.

-7-



Chapter 2 Ellenberg indicator values

We aimed at taking the first step in developing &€fur fungi. We compiled a “classic” set of
EIVs (ELLENBERG 2001) using a dataset of 636 macromycete speeantly ecologically
characterised (@8MeEL 2011a; SumEeL 2011b; SvumeL 2013a; SuMeEL 2013b; SMEL &
KRONFELDNER 2013). We also propose an additional scale foreauation of substrate
openness (i.e., its accessibility and exploitafjiliand another scale that takes into account
the hemeroby concept EZHMEISTER & MOSER2001; KLoTz & KUHN 2002; WALZ & STEIN
2014) for fungi. In addition to these methodoloyj@spects, we present applications using the

Red List category and the lifestyle types of thecsgs.

Materials & Methods
“Classic” ElIVs

We considered the following seven indicator valwésthe EIV system as compiled by
ELLENBERG (2001): L (light intensity), T (mean annual aimigerature), K (continentality), F
(substrate moisture), R (substrate reaction), Nbgate nutrient availability), and S (salt
content of the substrate). We also used the non-EE¢duency measure (M), i.e., the
percentage of occupied fields of a 1:25,000 topugcal map. Scales of six of these values
have 9 tiers; the F scale has twelve tiers (indgdilso 3 tiers for living partially, seasonally,
or completely submerged), and that of S has tea (iecluding also 1 step for intolerance of
elevated salt contents: “glycophytes”); see TabM/8 used these scales for fungi in the same
way as for lichens, bryophytes, and higher plantt) the considerations on L, K, F, and N
given below. To enlarge the ecological spectrumeced by EIVs for fungi, we propose two
additional scales (see “Additional scales”).

When dealing with indicator values for fungi, esplg two aspects should be taken into
account: (i) while “atmospheric” environmental s, such as temperature, have an
influence on both soil-inhabiting species and thtiseving on or in special substrates (cf.
PARTON & LOGAN 1981), the influence of soil parameters, such astare and reaction, is
more or less limited to the soil body itself oitiansmitted to other substrates in a weakened
or altered form; and (ii) fungi can grow on a bragadge of substrates, from soil to dead and

living plants or animals or parts of them.

An indicator value dealing with light requirememgght be considered dispensable for fungi,
as these organisms are saprobionts, mycorrhizéhgyar of green land plants or parasites
without chlorophyll and, therefore, are not primgnpducers (BRROLL & WICKLOW 1992;

LISIEWSKA 1992; BACKWELL & SPATAFORA 2004). However, light is indeed important for
-8-
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fungi. It plays an essential role in mycelial grovand fruit body formation for many species
(MANACHERE 1980; MOoORE 1998; (WRROCHANO & GALLAND 2006; RIRSCHWITZ et al.
2006), and although it is presumably not esseffdiathe formation of primordia (MORE
1998; (MRROCHANO & GALLAND 2006), the further development of fruitbodies stly
depends on light as a stimulus for correct growtly,, inCoprinus cinereugSchaeff. : Fr.)
Gray, which forms only dark stipes in the dark, dne fruitbodies of many species exhibit
phototropism (MNACHERE 1980; MOORE 1998; (RROCHANO & GALLAND 2006).
Moreover, many macromycete species show a preferiamaopen, i.e., well sunlit or dense,
l.e., shaded, habitats. This of course can be mquan part by their nutrition source, e.g.
dead wood is more abundant inside forests and ygrasgstrates are usually commoner
outside forests, but by far not completely. Fornegke, in the case of the genfigaricusL.,
which almost exclusively comprises soil saprobipritke whole range can be seen from
species growing in open grasslands (Ag.campestrid.. : Fr.) to species growing in dense
forests (e.g.A. silvaticusSchaeff.) (@PELLI 1984; KRIEGLSTEINER & GMINDER 2010). For
ectomycorrhizal fungi KMMEL & LOSTROH(2011)found light to be strongly influencing the
community structure. Therefore, we considered l@htan indicator value for fungi. If one
wants to emphasize the non-photosynthetic lifestfléungi, the light value could be re-
interpreted as a “habitat openness” value, for twhilee focus then lies not on increasing

strong solar radiation itself but rather on struesucausing shading (see Table 1).

Table 1. Re-interpretation of the EIV light scale (L) of ELLENBERG (2001) as a habitat openness
scale.

EIV light Habitat openness

In deep shade, may be less than 1% relative

L1 . ;
insolation

In confined sites between high rocks, in cave entrances etc.

L2 Between L1and L3 Inside dense forests with closed canopy and dense young growth or shrub

vegetation
L3  Shade plant, mostly less than 5% relative insolation ~ Between L2 and L4
L4 Between L3 andL5 Inside light woodlands with open canopy
L5 Semi-shade plant, rarely in full light Semi-open at the forest edge, in light hedges etc.
L6 Betweenl5andL7 Between L5 and L7
L7 Plant generally in well lit place, but also in partial In the open landscape, but adjacent to scattered trees, in dense high-grass
shade vegetation, efc.
L8 !.ight-lgving plant, rarely found with < 40% relative Between L7 and L9
insolation
L9 Plantin full light, found mostly in full sun In completely open sites, i.e., distant to trees, shrubs, rocks, etc.

The continentality (K) is expected to play an intpat role in studies on a continental scale
(HEILMANN-CLAUSEN et al. 2014), but is difficult to deal with forrigi in Central Europe

because only few species exhibit a more pronoupceftérence for either an oceanic or a
continental climate. Many macromycete species laavery wide distribution area, pro parte
even throughout the Holarctic or in both the namhand southern hemispheres (e.qg.:
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Chapter 2 Ellenberg indicator values

SERZANINA 1984; WASSER 1990; \ELLINGA 2004 (for Lepiotaceous fungi)). Therefore, K
values of 5, which indicate species seemingly withgreference for an oceanic or continental
climate) and in quite few cases, K values of 4 orwhich indicate suboceanic or

subcontinental species, constitute almost theesKtiscale given in the present study.

Many species of fungi, especially lower fungi, havreaquatic lifestyle and grow in or under
water (MUELLER et al. 2004: 513-586). By contrast, higher funigicluding subgroup
macromycetes, are primarily found outside of theewdody itself, but there are also
exceptions, and the EIV scale for substrate maastb) should therefore also range from F1
to F12 for macromycetes. Species suchLastarius lacunarum(Romagn.) J. E. Lange ex
Hora, which grows in fens or on the edge of poolsreeks, have to be classified as F10, and
other macromycetes, e.jibrissea truncorunfAlb. & Schw.) Fr. (ELIS & ELLIS 1997) and
Psathyrella aquatical. L. Frank, Coffan & Southworth g&NK et al. 2010) have nearly or
completely submerged fruit bodies and are thereflassified as F11 or F12.

The substrate nutrient availability value (N) hapeatedly been discussed in the past. Even
ELLENBERG (1974) was unsure about this indicator scale. ¢iddccharacterize the minimum
(N1, N2) and maximum values (N 8, N 9) well andilgaslassify the respective indicator
species, but the gradient in between these valassdifficult to determine. However, most
species revealed tendencies, and at least apprexiroassifications were possible
(ELLENBERG 1974; ELENBERG 2001).

Whereas initially the N value was thought to bdassification refering solely to the nitrogen
content of the soil or rather that available famb (ELENBERG 1974), other authors came to
different results (e. g.: & LER-ELMER 1977; RANK et al. 1990). In their works the
correlation between the N value and the soil cdnta all nutrients (i.e., including
phosphorous, potassium, etc.) was much more didfiran that with only nitrogen. These
authors advocated the use of the N value as “mitvialue” instead of “nitrogen value”, as
done for lichens (M&TH 2001). Such a broader classification also solhesdilemma of
ELLENBERG (2001) of how to achieve indicator scales for tbé sontent of phosphorous,
potassium, sulfur, and calcium, and it reducegtblems of classifying nitrogen availability
as described above because there is no longerdcatoeseparate the influence of nitrogen
alone from that of other nutrients. In additiorshibuld be noted that the amount of accessible
nutrients differs among the various substrateRTW(2001)therefore considered terricolous

lichen species separately from corticolous andcsdouis species.
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Nitrogen is increasingly important due to high, smaade atmospheric depositions (e. g.:
SKEFFINGTON & WILSON 1988; MATSON et al. 2002; RoOENIX et al. 2006). By disarranging
nutrient networks, these depositions lead to simfthe abundance of species and thus to an
increasing number of threatened or extinct spetiesutrient- or nitrogen-poor habitats
(SKEFFINGTON & WILSON 1988; ARNOLDS 1991; 2\LA et al. 2000; MTsSON et al. 2002;
PHOENIX et al. 2006; BscHLOD 2015).

The correlation of N values and nutrient (or nignycontent might still be only a part of the
whole story. For example, Il & CAREY (1997) have shown that biomass yield fits better
than soil nutrient content with N values, and psgzbthe name “productivity values” for N.
BARTELHEIMER & PoscHLOD (2015)even found 16 eco-physiological determinants ofithe

value.

In the present study, these issues were takeragtount as follows. First, the N scale refers
to the available nutrients as a whole. However tertain degree, we focused on nitrogen
because excess nitrogen greatly influences myaairfungi and saprotrophic fungi growing
on nutrient-poor substrates (cf..RROLDS 1991; ESERTONWARBURTON & ALLEN 2000;
LILLESKOV et al. 2002; ANSSENSet al. 2010). Second, we considered the two satlestypes
soil and dead or living plants or animals sepayatdlhird, biomass yield and other
determinants were not considered, because verg Ildata on this topic suitable for

interpretations has been published.

Additional and excluded scales

We propose two additional indicator values for fiung., substrate openness and hemeroby.
The accessibility and exploitability of a substradeof high relevance for newly arriving
fungi. Therefore, we considered substrate open(@sgalue) as an indicator value, where
“substrate” refers to all nutritional sources tbah be used by macromycetes, specifically soil
and dead or living plants or animals or parts afnmh Soil has a quasi infinite spatial
expansion, whereas plants and animals are distidetimited in space and time and in most
cases develop and decay rapidlys(EwskA 1992). We therefore distinguished these two
substrate types and compiled separate scales &n tfTable 2); this distinction is in
congruence with the separation of substrate typeshie N value (see above). Because of
these separations in the O and N scales, speomgingr on soil are not to be directly
compared with those growing on plant or animal sabss. Difficulties in classification were

encountered for fungi growing on special substrdieged in the soil, e.gStrobilurus
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esculentugWaulfen : Fr.) Singelgrowing on spruce cones and deadwood-inhabitingispe
thriving on roots. In such cases, the scale fontpdad animal substrates is to be used despite

of apparent terricolous occurrence.

For soil-inhabiting species, the substrate openrsesde considered two factors: humus
richness, i.e. soil thickness, and soil cover bgiiand ground vegetation. Humus richness is
important in determining the availability and ambuof organic matter as well as
characteristics such as soil structure and watdiglcapacity (AKSTANDORTSKARTIERUNG
1996; Ab-Hoc-AG BODEN 2005; BumE et al. 2010). We adressed it according to the
“Humuszahl” (humus value) of AnpoLT (1977), whereas his “Dispersitatszahl”
(dispersability value) or “Durchluftungsmangelzaldieration deficiency value) was omitted
as it does not yield a good differentiationgi¥R 2002). Soil aeration is explained well by
water saturation and temperatureR(GDMANN et al. 1994; BuMmE et al. 2010) and thus by
the EIVs substrate moisture (F) and air temperaftlije Soil cover by litter or vegetation
(e.g., a dense bryophyte layer) greatly affects abeessibility by dispersal units (spores,
conidia) and also some chemical, physical, andobioal characteristics {®es & GRIME
1981; FACELLI & PICKETT 1991; BUME et al. 2010).

The scale for species growing on other substrated) as living or dead plants or dung, was
compiled based on the classification of wood rages by HILMANN-CLAUSEN et al. (2005)
and RUskA et al. (2011). Both provide a five-step scale, fro®ad but still hard to
completely disintegrated wood. These five stepseveeipplemented by three types of living
and one step for already (pre-)digested substbatesd on remarks bydiewska (1992) and
FRANKLAND (1992).

The impact of human influence was evaluated usingewen-step hemeroby (H) scale
(STEINHARDT et al. 1999; Kotz & KUHN 2002; WALz & STEIN 2014). The hemeroby
concept traces back to ideas ak&prpr (1969) and others. It classifies species, comnasjit
or habitats according to their occurrence compjetethout or with an increasing degree of
human impact (see Table 6). Many species tolenéfereht hemeroby intensities; therefore,
we noted their complete amplitude instead of usingaverage hemeroby or some extreme
value which would remove too much information. Thdadds true also for the EIVs, but these
have always been considered as single-value santeare commonly used and interpreted as
such. For hemeroby, the opposite is the cas&I(8t1z, pers. comm. 2015). Therefore, we

used averaged hemeroby valuegdid only in calculations and not to describe theesg of
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a species or for non-mathematical ecological cormpas. To emphasize the amplitude
character, the Khanformula is given as (XLoT1z, pers. comm. 2015):

Hmean= (X_l X Hy) + (X_l X Hp) + ...,

where x is the number of H values (= size of tharmhplitude) and § Hy, etc. are the single
H values of the respective species. The hemerobgegt is applicable at different levels,
e.g., for individual substrate particles, landscapis, or map grids (&INHARDT et al. 1999;
ZECHMEISTER& MOSER2001; KLOTZ & KUHN 2002; WALZ & STEIN 2014).

Table 2. Compilation of a substrate openness scale (O), which distinguishes the two substrate
types “soil” and “other substrates”, e.g., living and dead plants or parts of them.

Inhabiting soil Inhabiting other substrates

Soil  humus-rich  (raw

01 g2 Living and intact
humus, peat, etc.) £ 3
Soil of medium humus- > § . - . .
02 richness (mull, etc.) 2 5 % Living and pre-injured (e.g., bark fissures, strong drought stress, pest infestation)
Raw soil with only weak § 2 .
03 humus formation o &2  Substrate moribund
04 Soil  humus-rich  (raw 5o Substrate dead and still near intact (wood: still hard, + completely covered with bark,
humus, peat, etc.) E § fresh phloem still present at least in parts; herbs: still green and sappy)
. ; ! S _
05 ﬁc?rzlneosfs (rrrr]ffljlluer:t]c )humus ° e % Substrate dead and weakly disintegrated (wood: quite hard, no fresh phloem left)
s . 7] -
06 Raw soil with only weak g :)')’ Substrate dead and disintegrated (wood: partly decayed and becoming soft; herbs: free
humus formation @ ® > from intact chlorophyll, beginning to lose their shape)
o7 Et?;us I;)L;n;tu Ztr('f; (raw Substrate dead and strongly disintegrated (wood: decayed and soft throughout)
08 Soil of medium humus- % Substrate dead and completely disintegrated (wood: very soft, disintegrating when lifted;
richness (mull, etc.) g herbs: decayed)
09 Raw soil with only weak Substrate (pre-)digested

humus formation

The parameters evapotranspiration and air humigditii play an important role in the growth
and endurance of fruitbodiesdger| 1972; McKNIGHT & ESTABROOK 1990) and, together
with temperature and air velocity, are important $épore release (BERI 1964; ZDOBERI
1972; RASANEN et al. 1991). Furthermore, they are importantegat in the ecology of
parasitic species (Dk 1992; HRscH & BRAUN 1992). However, these two factors are
difficult to handle, in particular at small scalésie to microrelief, shading, wind regime, and

other parameters (e.g., see the calculations dimdag®ns applied by KEYER (1997)).

Classification concepts thus primarily are basedtlom scale of, e.g., water catchments
(ZHANG et al. 2001) or of whole “life zones” @HDRIDGE 1967; LuGo et al. 1999), and
therefore are primarily or exclusively practical latge scales, but hardly for describing a
particular study site. On such a small scale, éime® more reasonable to use a proxy for the
conditions of evapotranspiration and air humiditythe EIV system, light intensity (L), air

temperature (T), and substrate moisture (F), ambally also continentality (K) values
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evaluated together can be used as a substituterefole we did not consider

evapotranspiration and air humidty and do not psepadditional scales.

Table 3. Classification scheme for the hemeroby (H) of different urban and non-urban habitats,
compiled using data from the literature (Sukopp 1969; STEINHARDT et al. 1999; ZECHMEISTER &
MOSER 2001; KLOTZ & KUHN 2002; DIERSCHKE & BRIEMLE 2008; WALZ & STEIN 2014).

non-urban habitats:
woodlands (including
coppices and pioneer
forest)

non-urban habitats:
open landscape

urban habitats

H1

H2

H3

H4

H5

H6

H7

Ahemerobic

Oligohemerobic

Mesohemerobic

B-Euhemerobic

a-Euhemerobic

Polyhemerobic

Metahemerobic

Primary or near-natural
forests (including alluvial
forests, etc.), extensively
used forests (tree stock
in accordance with the
potential natural
vegetation)

Extensively used forests
(tree stock not in
accordance with the
pnv), coppices,
hedgerows, avenues in
extensively used
surroundings

Intensively used forests,
avenues in intensively
used surroundings

Short-rotation plantations
(fuel wood plantations,
rotation time < 20-30
years)

Presumably missing in Central
Europe today due to emmision
input also in high mountain
regions > H2;

otherwise: rock faces, glaciers
and snow regions in still
undisturbed alpine and nival
mountain ranges

Coastal areas incl. tidal flats and
dunes, unimpaired swamps and
bogs, undisturbed alpine
grasslands, salt marshes, sea

(Semi-)natural or grazed nutrient-
poor grasslands, extensive
alpine pastures, orchards, hay
meadows not or weakly fertilized,
heaths, burnt areas, fallow land,
unobstructed waters in intact
surroudings and their water body
Semi-intensively used pastures
and meadows (2-3 cuts per year,
fertilized with solid dung and
artificial fertilizer), impaired
waters and their water body,
vegetation adjacent to
moderately intensively used
plantations or arable land
Intensively used pastures and
meadows (> 3 cuts per year,
fertilizing includes liquid manure),
moderately intensively used
plantations (wine, fruit trees, etc.)
and arable land, vegetation
adjacent to intensively used
plantations or arable land

Intensively used plantations and
arable land

Shrub vegetation, overgrown areas, fallow land
on unimpaired soil (i.e., not impaired by soil
compaction, soil sealing, overburden, etc.),
wooded parts of landscape gardens, arboreta,
undisturbed copses

Green areas cut < 3 times per year, ornamental
shrub plantings in landscape gardens,
disturbed copses, avenues surrounded by
large green areas, multi-annual flower beds

Ornamental lawns not or only weakly fertilized

Scattered settlements/buildings,
flower/vegetable beds replanted = once per
year, ornamental lawns strongly fertilized and
kept clean by weeding and use of herbicides,
areas with partly sealed soil, dumps, quarries,
vegetation adjacent to railway/street tracks (but
excluding track borders themselves = H7)
Dense settlement, industrial areas, harbors,
airports, contaminated ecosystems, borders of
railway/street tracks
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Methods for the classification of species

Altogether, ten different scales were used fordlassification of macromycete species (see
also above): L, T, K, F, R, N, S, M, H, and O.

ForL, T, K, F, R, N, S, and O, macromycete spewiege classified using distributional and
ecological data from the literature, our own unmli®#d observations, and “expert opinions”
of the first and second authors. Especially usefite the five volumes of “Die Grol3pilze
Baden-Wirttembergs” (KEGLSTEINER2000a; KRIEGLSTEINER2000b; KRIEGLSTEINER2001;
KRIEGLSTEINER2003; KRIEGLSTEINER& GMINDER 2010), as they provide an abundant set of

ecological observations for most basidiomycete igigedVe used the following approach:

1. We chose 12 model species with well-known egplagd distribution pattern that
covered a range of different habitats, fruit boglyets, and environmental situations (see
Table 5).

2. Scale values for the example species were wavkedor air temperature (T), substrate
moisture (F), substrate reaction (R), and substnateient availability (N), and the
values were calibrated; this calibration was usedubstantiate the scale values. Mean
values of T, F, R, and N calculated from the vamcplant and bryophyte vegetation
present at the locations of the respective fungesiss (data not shown) thus served as
an additional guideline in the development of Efbisthose species.

3. Based on the results for the example speciesteimaining species were classified in
two steps. First, the ecology of the respectiveciggewas checked against that of the
example species. Second, based on the similaritydifterence) in the ecological
demands, the values for the respective specieschesen;

4. Finally, the species classifications were coragafand reworked, if necessary) in
groups of ecologically similar species, p.p. alsmg additional referencing (see point
2.).

For the preparation of M (frequency) values, weduse different sets of distribution maps:
(i) “Die GrolRpilze Baden-Wuirttembergs” REGLSTEINER 2000a; KRIEGLSTEINER 2000Db;
KRIEGLSTEINER 2001; KRIEGLSTEINER 2003; KRIEGLSTEINER & GMINDER 2010); and (ii) the
floristic mapping of Germany (www.pilze-deutschlashe). These data sets were
complemented by other sources, such as the floristhapping of Austria

(www.austria.mykodata.net) when necessary or usgflg., to obtain an insight on the
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distribution of species in case of obviously incdete German maps). From these maps, the
number of “Topographische Karten” (topographical psal:25,000) occupied by the
respective species were counted. As the M scales uke percentage of occupied
Topographische Karten (EENBERG 2001), the counts could be directly translated sitale

values.

The classification of hemeroby (H) made use ofrtnking scheme given in Table 3. In this
scheme, different habitat and site types are dladsaccording to their degree of hemeroby.
The H values in turn represent the range of habitathe hemeroby gradient in which the
respective species occurs, giving both the minimamd maximum value. This range of
occupied habitats was evaluated using publishedpansbnal mapping data and distribution

maps.

Analysis of the EIV data

The list of EIVs for fungi was explored and compiaely studied in two analyses that used

unweighted mean EIV values.

For this purpose, the species set was divided gspdoan either the species’ Red List status
(Red List of Bavaria; KRASCH & HAHN 2009) or lifestyle, thereby providing an overview
the distribution of EIV values according to thepestive classification. The amplitude of the
EIVs was calculated as absolute and relative diffees. Differentiation between groups was
analyzed using ANOVA and Scheffé’s test as a postiest in SPSS 23.0.0.0 (IBM SPSS
Statistics 2015).

In addition, to visualise the distribution pattem® used line charts (species numbers plotted

against EIV gradients), as also done hyHxBERG (2001) for vascular plants.

Results

We used ten different scales (Tables 1-4) in opr@gch of macromycete classification,
including the newly developed indicator value stdistopenness (O; Table 2) and hemeroby
(H), which was used for the first time for fungih& other EIVs comprise light intensity (L),
air temperature (T), continentality (K), soil maisg (F), soil reaction (R), substrate nutrient
availability (N), and substrate salt content (94 #he frequency measure (M). Based on these
scales, we compiled a list of EIV values for fur(@able 7 in Table Appendix). We

considered a total of 636 macromycete species, aiaghich belonged to the basidiomycetes
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and have a mycorrhizal or saprobiotic lifestyleg(Ffe 1D). Our analyses (Table 6) revealed
almost constant mean values for the EIVs air teatpee (T), continentality (K), and
substrate salt content (S) when Red List endangericiasses were compared € 0.12
units).

Comparing not threatened and increasingly endadggyecies the mean values for the EIVs
light intensity (L), frequency measure (M), subtrapenness (O), and substrate nutrient
availability (N) revealed large differences £ 1,4 units) and large percent differencés=(
15,6 - 38,7 %), with differences being significémt L, N, O, H, (upper boundary of H), and
M. When comparing the species’ lifestyles, sigaifitdifferences were found for the EIVs L,
T,F, R, N, O, H,and M.

Table 4. Definitions of the remaining EIVs used. Taken from ELLENBERG et al. (2001).

Air temperature Continentality
m Indicator of cold conditions, found only in high mountain or K1 Extremely oceanic species, in Central Europe only in a
boreal-arctic regions, mostly in alpine and nival levels few outposts
T2 Between T1 and T3 K2 Oceanic species, mainly in the west, including western
Central Europe
T3 Indicator of cool conditions, mainly subalpine K3 Between K2 and K4
T4 Between T3 and T5 K4 Subocganlc species, mainly in Central Europe, but
spreading eastward
15 Indicator of fairly warm conditions, from lowland to montane, but K5 Intermediate species, weakly suboceanic to weakly
especially in submontane-temperate sites subcontinental
T6  Between T5and T7 K6 Subcontlnentall species, mainly in the east of Central
Europe and adjoining parts of Eastern Europe
T7  Warmth indicator, in warm lowland sites and colline levels K7 Between K6 and K8
T8 Between T7 and T9 K8 Continental species, spregdlng into Central Europe
from the east only exceptionally
Indicator of extreme warm conditions, spreading from the Extremelv continental species. virtually absent from
T9  Mediterranean only into the warmest places of the upper Rhine K9 é P ’ y
valley western Central Europe
Substrate moisture Substrate salt content
F1 .Indlcat.or of xeric conditions, restricted to soils drying out S0 Glycobiont, tolerating fresh water only
intermittently
F2  Between F1and F3 s1 Tolerating certalp salt cpncentratlons, but mostly on
substrates poor in chloride
F3 Indicator of rather xeric conditions, more often found on dry s2 Oligohaline (1), mainly on substrates with very low
ground than on moist places, never on damp soil chloride content
F4  Between F3 and F5 s3 B-quohallne (1), mainly on substrates with low
chloride content
Indicator of mesic conditions, mainly on fresh soils of average a/B-Mesohaline (II/111), mainly on substrates with low to
F5 S4 .
dampness, absent from both wet and dry ground moderate chloride content
F6  Between F5and F7 S5 a-Mgsohallne (111), mainly on substrates with moderate
chloride content
Indicator of rather hygric conditions, mainly on constantly moist a-Meso/polyhaline (lll/IV), on substrates with moderate
F7 . S6 . .
or damp, but not on wet soils to high chloride content
F8  Between F7 and F9 s7 Egggﬁ:me (IV), on substrates with high chloride
Fo Indicator of hygric conditions, often on water-saturated, badly s8 Euhaline (IV/V and V), on substrates with very high
aerated soils chloride content
F10 Indicator of occasionally, but only temporary flooded sites S9 Euhallng o hyperhallne' (V-VI), on substrates with high
and, during drought periods, extreme salt content
F11 Rooting under water, but at least intermittently exposed to the

air, or plant floating on the surface
F12  Submerged, permanently under water or nearly so
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Table 4 continued

Substrate reaction Substrate nutrient availability

R1 Indlgator of gxtremely acidic sustrate, never found on weakly N1  Indicator of sites extremely poor in available nutrients
acidic or basic substrate

R2  BetweenR1andR3 N2 Between N1 and N3

R3 Indicator of acidic substrate, mainly on acid substrate, but N3 Indicator of sites more or less poor in available
exceptionally also on nearly neutral one nutrients

R4  Between R3 and R5 N4 Between N3 and N5

R5 Indicator of moderately acidic substrate, only occasionally found N5 Indicator of intermediate nutrient availability

on very acidic or on neutral to basic substrate
R6  Between R5and R7 N6 Between N5 and N7
Indicator of weakly acidic to weakly basic substrate, never found

R7 - N7  Species often found in places rich in available nutrients
on very acidic substrate

R8  Between R7 and R9 N8 Between N7 and N9

R9 Indicator of basic substrate, always found on calcareous N9 Indicator of extremely rich situations, such as cattle

substrate resting places or polluted rivers

Frequency (occupied squares of topographical map grid)

M1 Extremely rare, only in a few squares

M2  Very rare, in about 1% of the squares

M3  Rare, in about 5%

M4  Moderately rare, in about 10%

M5  Neither rare nor frequent, in about 25%

M6  Between 5 and 7, moderately frequent

M7  Frequent, but not everywhere, in about 50%

M8  Very frequent, in about 75%

M9  Nearly everywhere, lacking only in a few squares

When we plotted species numbers against the ElNigmés (Figure 1 A-C), different

distribution patterns were visible. For the EIVsSK, F, and the upper boundary of H, the
distribution had a marked maximum near or at theegevalue of 5; for L, M, R, S, and the
lower boundary of H the distribution was more skeéw®the left or right. For EIVs O and N,

the distribution was bimodal or more flattenedpezgively.

Discussion

We present the first proposal of Ellenberg indicatalues for fungi. For most of the 636
macromycete species considered, all indicator gakxeept continentality (K) were easy to
classify. However, a certain proportion of fungdHa be classified as “indifferent” (Table 6;
indicated by “x” in the EIV list) at the respectivalue because the ecological behavior of the
species was not distinct or limited enough to dbscit by a single value (cf.: lEENBERG
1974; ELENBERG 2001). The newly introduced indicator value sudistropenness (O) and
the hemeroby (H) — applied to fungi for the finshé —, were also both easy to classify. By
contrast, continentality (K) values were similar olarge part of the species. As described
above many fungus species do not exhibit cleadyble preferences within the gradient of
continentality, probably owing to their wide ditition areas (SRzANINA 1984; WWASSER
1990; VELLINGA 2004), resulting in K values primarily of 5 or assionally 4 or 6.
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Figure 1. Distribution of the macromycete species evaluated in the present study (n = 636) along
the EIV gradients (A-C) and classification according to their taxonomical position and lifestyle (D).

L, light intensity; T, air temperature; K, continentality; M, frequency; F, substrate moisture; R,
substrate reaction; N, substrate nutrient availability; S, substrate salt content; H low/H upp,
lower/upper boundaries of hemeroby; O, substrate openness; taxonomical position (asc,
ascomycetes; bas, basidiomycetes); lifestyle (myc, mycorrhizal; sap tc, saprobiotic-terricolous; sap
sb, saprobiotic on other substrates; par, parasitic; other, other lifestyle, e.g., saprobiotic-parasitic).

We determined the EIV values using mapping data laechture predominantly covering
southern Germany (i.e., from the federal stateseBalfuerttemberg and Bavaria). It thus has

to be tested whether the indicator values presdmteel can be directly applied in other parts
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of Germany and Central Europe, or if they haved@thjusted (ERSCHKE 1994; ELENBERG
2001). Such adjustments, for example, have beemopeal for indicator values of vascular
plants in the former GDR @L.yomi 1989), the Netherland$sgR BRAAK & GREMMEN 1987;
ERTSENet al. 1998), and the Faroe IslandsyEssonet al. 2003).

It has been repeatedly discussed which mathematpadations are allowed for calculating
mean indicator values. Indicator values, stricipgaking, are not cardinal numbers, which
means that mean values cannot be actually caldu{ate also EEENBERG 2001: 44-48 for
further explanations). On the other hand, sevaertiias have concluded that indicator values
can be considered as “quasi-cardinal” numbers Hactcal applications (DRWEN 1982;TER
BrRAAK & GREMMEN 1987; KOWARIK & SEIDLING 1989). We followed this reasoning and
calculated mean indicator values and used coroela@nalyses.

When we compared the mean indicator values of epégiindividual Red List endangerment
classes, marked differences were found for lighensity (L), frequency measure (M),
substrate openness (O), and substrate nutrierlabiidy (N) (Table 6), especially for L and
M, whereé constituted nearly 40% or 30%, respectively, af wWhole amplitude of the factor
(M: 12 steps; L: 9 steps). For the mean values ah@ N (9 steps} constituted nearly 20%
or 15%, respectively, of the whole amplitude of faetor. These four EIVs also showed
significant differences in ANOVA analyses. For Mgse differences of course are because
most endangered species are also rare speciesieCthier hand, rare macromycete species,
in contrast to non-threatened species, seem toufammre intensely sun-lit sites, more
nutrient-poor sites, and a more easily accessiistsate.

Our results obtained for L and N are in accordamitk the data of HELLENBERG (cited in
DIERSCHKE 1994: 229-230), with higher or lower values, respely, for endangered species.
Furthermore, the striking combination of high L a@dvalues and low N values reflects the
habitat range for a high proportion of endangeretnomycete species: (i) open, nutrient-
poor grasslands or habitats (on dry as well as enow peaty soil); (ii) light, nutrient-poor
forests with areas of bare soil; and (iii) largetten deadwood (ANOLDS 1991; BRG et al.
1994; KARASCH & HAHN 2009; BissLERet al. 2012; UDERITZ & GMINDER 2014).

Hemeroby (H) classification involves two valuesmady the minimum and maximum level
of hemeroby under which the respective speciesrecdine minimum level of hemeroby for
most of the species studied was similar because ofoe species occurr in forests and
grasslands that are not or extensively used. Byrasin the maximum levels significantly

differed, with a5 of 10%, pointing out a certain gradation with o the Red List classes.
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Specifically, non-threatened species on averagehesh higher hemeroby values than
endangered species.

When we compared lifestyle guilds, substrate maast(F), substrate reaction (R), and
frequency measure (M) only weakly differedl € 15 %), whereas the differences of light
intensity (L), substrate nutrient availability (\ynd substrate openness (O) were greater (
17 %; Table 6). For these six EIVs as well as fortemperature (T) and hemeroby (H),
ANOVA showed significant differences. Soil-inhahii and parasitic species on average had
higher demands on light intensity. Saprobiotic angtorrhizal fungi depend on the presence
of suitable substrate (e.g., dead wood) or partseecies (mostly woody species),
respectively; therefore, the lower L values obtdifar these guilds can at least in part be due
to their occurrence in, e.g., forests and undetteseal trees. Both mycorrhizal and parasitic
species also seemed to favour more nutrient-poaditons than species of the other guilds.
This is in accordance with conclusions of otherdsts and thereby confirms nutrient
enrichment as a main factor causing the declinengtorrhizal macromycete species (see
overview in ARRNOLDS (1991)). The lower substrate openness (O) valoepdrasitic species,
and the higher values for saprobionts can be exgdaby the substrate status, with low O
values for fungi growing on living organisms.

In some respects, the distribution of species aliveg EIV gradients (Figure 1 A, B) is
similar to the distribution graphs of vascular ptaof Germany given in IEENBERG (2001:
42). This is especially true for the EIVs substrateisture (F), substrate reaction (R), and
substrate salt content (S), for which the distidiutgraphs of vascular plants and fungi are
identical. For the EIVs air temperature (T) andtowntality (K), the distribution graphs of
vascular plants and fungi have a similar form, are shifted to higher or lower values,
respectively. For plants, the maximum indicatoruesl are around 6-7 (T) and 4 (K),
respectively, whereas the maximum indicator valfegsfungi are both around 5. These
similarities in the EIVs T, K, F, R, and S for vakr plants and fungi are very likely based
on their comparable history in Central Europea. &ample, the present richness in plants
preferring base-rich soils is thought to be theiltesf a Pleistocene and Holocene dominance
of calcareous soils (& TRY et al. 2003; ALD 2003).

By contrast, the distributions of vascular pland &mngal species along the gradients of light
intensity (L) and substrate nutrient availability) (differ. The distribution of vascular plants
distinctly peaks at low N levels with a broad pesitskew, whereas that of fungi is more
flattened with a vague peak around the middle. IEahe distributions of plants and fungi

were almost the opposite. Thus, the demands of afdbe fungal species, especially for the

-21-



Chapter 2 Ellenberg indicator values

light regime but also for nutrient levels, cleadiffered from the demands of vascular plants.
These differences can probably be best explaingtidoputotrophic or heterotrophic lifestyle
of vascular plants and fungi, respectively.

As both lower and upper boundaries of hemeroby Fidgure 1C) exhibited a marked
maximum, the fungal species studied here seemue tamparable limitations dealing with
the human influence. The distribution of fungal@ps with regard to substrate openness (O)
was bimodal. For both hemeroby and substrate ogsnrieshould be tested using larger
species sets whether the patterns found in theepreudy are caused by the selection of
species or whether they reflect a general rule.d;osuch a rule could be that soil-inhabiting
macromycetes prefer either soils “closed” by veyataand/or litter (O value of 2) or more
open (O value of 5-7), and that other species pigafang substrates (O value of 1-2) or

disintegrated substrates (O value of 5-7).

Outlook

As was said in the introduction, the present stisdthought to be only a first step in the

development of EIV values for fungi. With about @)0species of macromycetes in Germany
alone, the EIV list for fungi needs to be expandafith such a large number of species, the
further development of indicator values for additib species, calibrations, and proposals
from other researchers would be welcomed.

Other topics for future studies include, e.g.,ti¢ correlation of soil nutrient content, fruit

body mass, and the N value, (i) small-scale measants of evapotranspiration and
humidity in comparison to mycelial and fruit bodyoperties, and (iii) the deduction or

adjustment of conservation measurements baseceanditator values of fungal species.
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Table 5. Ecology and fruit body morphology of twelve species from two taxonomic groups
chosen as examples in the preparation of EIV lists. Taxonomic groups: a, ascomycete; b,

basidiomycete.

Species Taxomonic Habitat, ecology Lifestyle Fruit body type
group
f\anr:cus campestris b Pastures, extensive grasslands Terricol-saprobiotic ﬁ\\?eadncmd, fleshy, short-
Albatrellus ovinus ! . .
(Schaefr.: Fr) Kol & b Nutrient-poor and often quite dry Terricol-mycorthizal Boletmd, fleshy, short-
forests lived
Pouzar
Armillaria ostqyae b Living and dead coniferous trees Irlgrlwlcol-paraS{tlc,' Agancmd, fleshy, short-
(Romagn.) Herink lignicol-saprobiotic lived
Bovista pusilla b Nutrient-poor, mostly calcareous Terricol-saprobiotic Gastroid, fleshy, short-
(Batsch : Pers.) Pers. and dry grasslands P lived
Elaphomyces . .
muricatus a Woodlands not too rich in nutrients ~ Hypogeous-mycorrhizal ClelstqtheC|aI, fleshy,
Fr short-lived
Fomitopsis pinicola b Dead wood of numerous tree Lianicol-sanrobiotic Pileate (*bracket”),
(Sw. : Fr.) P. Karst. species 9 P woody, long-lived
HereI.Ia lacunosa a Base- and humus-rich woodlands Terricol-saprobiotic Apothemal, fleshy, short-
Afzel. : Fr. lived
Hygrocybe . .
persistens b Pastures, extensive grasslands T.e rrlcol,'most probably Agancmd, fleshy, short-
. . biotrophic lived
(Britz.) Sing.
Hymenochaete Deadwood of abies in the airspace, - _ Corticioid, tenacious,
cruenta b mostly in humid sites Lignicol-saprobiotic long-lived
(Pers. : Fr.) Donk y 9
Sarcodon imbricatus Nutrient-poor, light forests, often on . . Hydnoid, fleshy, short-
b . Terricol-mycorrhizal .
(L) P. Karst. sandy soil lived
Thel'e;.) hora Light woodlands, mostly base-rich ! . Ramarioid, tenacious,
penicillata b Terricol-mycorrhizal .
) and wet short-lived
(Pers. : Fr.) Fr.
Tricholoma auratum Nutrient-poor, bright forests, often . . Agaricoid, fleshy, short-
i . b . Terricol-mycorrhizal .
(Paul. ; Fr.) Gill. on sandy soil lived
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Table 6. Comparison of the ten indicator scales dealt with in the present study.

n L T K F R N S 0 Hi Hu M
amp min 636 2 4 2 2 2 1 0 1 2 3 1
max 636 9 7 7 11 9 9 1 9 3 6 9
A units] 7 3 5 9 7 8 1 8 1 3 8

O[% 7778 3333 5556 075 77.78 8889 10  88.89 1429 4286 88.89
x total 636 16 2 4 67 149 88 0 2 0 0 0
% 636 252  0.31 063 1053 2343 13.84 0 0.31 0 0 0

RL  allspecies 636 395 495 48 554 621 486 0.03 4.95¢ 2a 3,945 6,51¢
notthreat. 553 3.752 495 487 556 622 4.99bc (003 488« 2a 4,01° 6,862
R+G+D+V 31 448 497 48 572 627 493 (006 5.073c 2030 3522 419
3 34 5450 497 479 534 583 359 0 5.18c 2032 3350 4530
142 16 6.5° 5 4.75 5 6.6 3.63c  0.06 6.5 2ac 3,312 3,38

Afunits] 275 005 012 072 077 14 006 162 0.03 0.7 348

d[%] 3056 056 133 6 856 1556  0.67 18 0.43 10 3867

ANOVA F-value 199 004 035 1.7 1.05 816 079 503 494 222 388
significance level b n.s. n.s. n.s. n.s. b n.s. b ** b >

Ist mycorrh 203 347° 4772 4942 558 5572 393 0.01 459 22 379 6372
saprob soil 185 5012 504> 485b 5142 59 5216 005 559 22 401t  6.32
saprobsub 216 341 5020 477> 58 668> 567° 002 55 22 4p 6.822
paras 8 443 513 488 586 58P 483 0 1.75¢ 213> 4130 55
other 24 409 5210 496 619 6822 58  0.04 4zc 22 4042 658

Afunits] 1.6 045 018 105 125 188 005 3.84 013 034 132

0[%] 177 502 205 874 139 208 054 4263 179 481 14.7
ANOVAF-value 392 846 287 755 150 347 174 333 223 53 175
Significance |eve| *kk *kk * *kk *kk *kk n.S. *% *kk *kk *kk

In the upper third, the size of the amplitude used for the species set (amp) is characterised by the
respective minimum and maximum values. The number of “indifferent” species (x) and their
percentual share of all cases are given.

In the middle and lower third, mean unweighted EIVs calculated for different Red List
endangerment classes (RL; KARASCH & HAHN 2009) and for different lifestyle types (Ist) are given.

n, number of species from the present study in the comparison or in the respective class; H/H,,
lower/upper boundary of H levels; A, amplitude (difference between highest and lowest value); 6,
percentual difference [6 = (A/5)*100], with s being the scale size [s = 12 (F), 10 (S), 7 (H), 9
(remaining EIVs)]; n.s., not significant; significant differences between groups are indicated using
superscript letters.

Endangerment classes: not threatened; R, extremely rare; G, degree of endangerment uncertain;
D, data deficient; V, near threatened; 3, vulnerable; 2, endangered; 1, critically endangered.
Lifestyle: mycorrh, mycorrhizal; saprob soil, saprobiotic on soil; saprob sub, saprobiotic on other
substrates; paras, parasitic; other, other lifestyle.
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Chapter 3 — Lifestyle and threat of macromycetes are there any
functional traits correlated with?

Abstract

Regarding the functional traits of macromycetes,pasent there are only few studies
available, and these mostly deal with more spegiestions or single traits. In the present
study we are interested in if any functional tragy explain the lifestyle and threat of these
fungi. For this purpose, a database on 31 trads ¢bver a broad range of features of, e.g.,
fruit body morphology, hymenial structure, sporerptmlogy, and propagule dispersal of 636
macromycete species was assembled. Lifestyle andpécies’ Red List classification were
used to detect differences in functional trait dadpn of species. Lifestyle types accounted
for significant differences in 28 traits, Red Lgsassification only in three traits. We describe
the differentiations and discuss them against #dekdround of ecological and morphological

research, including the causes of threat and radagtation.

Key words: cystidia; fruit body longevity; fruiting season; mgnium area; lifestyle type;

Red List; spore ornamentation; surface index; traralume index.

Introduction

Unlike other indicator systems like Ellenberg iradar values (EIVS) that are based on
ecological observations regarding the target spet@imctional traits are based on the features
of these species themselves. These include, @atiakcharacteristics (e.g., leaf size, root
depth), temporal (e.g., flowering time, longevity the propagule bank) or reproduction
characteristics (e.g., occurrence of vegetativeodyrtion, number of seeds) (cfo$cHLOD

et al. 2003; H.L et al. 2007; KEYER et al. 2008). Thus, functional traits allow indiglmto

the adaptations and demands of species, and theeetsycan be used to assess the influence
of ecological, abiotical, and man-made parametReggarding vascular plants, functional
traits are used, e.g., to address general ecolagiesations (MGILL et al. 2006), the effect of
ecological filters (nz et al. 1998), the influence of management andession (KHMEN et

al. 2002; KaAHMEN & PoscHLOD 2004), or “simple” questions such as the seedduityg in
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soil seed banks @KER et al. 1998). The basic requirements for thoséyaes, however, are
available databases on traits such as in the dasssoular plants BIOPOP @3cHLoD et al.
2003) and LEDA (KEYER et al. 2008).

Concerning bryophytes and lichens, functional srailso are applied, and respective trait
databases already existi(H et al. 2007) which were already applied to answere special
guestions (e.g. IlEIs & CopPPINS 2006; SOFER et al. 2006). However, as compared to
vascular plants, functional traits are quite raraBed in cryptogam research, which is
especially true for fungi, e.g. macromycetes. Thotlgere is a number of studies or reviews
on the traits of mycorrhizal structures or of mioyeetes, only few publications deal with
functional traits of the macromycete lifecycle. Mover, these few publications mostly
describe single elements within the fungal lifeeyduch as carbon sequestration or
exploitation (e.g. MELLER et al. 2014; ERNANDEZ & KENNEDY 2015), the genetic basis of
fruiting (e.g. SAHL & ESSER 1976), or the features of ballistospores formedalggrics
(HALBWACHS & BASSLER 2015). So far, no comprehensive database on amattitraits of

macromycetes exists.

To encourage further research in this field thipgrais the first attempt to build up a
functional trait database as it was done for vascplants and bryophytes. The database
PILZOEK (BRESINSKY et al. 2007) already points in the right directiincomprises data on
ecological and morphological features of fungalcsg®e However, we try to further extend
and customise it regarding data retrieval. This ldloenhance its value and to use also

macromycetes in conservation management or regtonaianning in the future.

To get a closer insight which functional traits nmeyespecially worthwile in practical use we
made a comparison of 31 functional traits for 66cses of macromyctes. This species set
also was used i@hapter 2. We used the species’ lifestyle type and Red dlassification to

find out if any of the 31 functional traits may éxip respective patterns.

Materials and methods
Selection of traits

We took into account a broad selection of macroey@haracteristics including traits of
mycelia, fruit bodies, spores, and dispersal, utiegset of 636 species assemble@apter
2. As there are quite few studies on functionaltd$raf macromycetes (see above) we were

forced to compile most of the classification scheraed of the trait data by ourselves. After
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an intense literature screening we chose a set s (Table 8 and 9) mainly based on data
from HANSEN & KNUDSEN (1992; 1997; 2000), WTERHOFF (1992), KRIEGLSTEINER (2000a;
2000b; 2001; 2003), KEGLSTEINER & GMINDER (2010), and WLBWACHS & BASSLER
(2015). Most of these traits were handled or cleskiaccording to the data given in
identification books or monographs on the respectgroup, and thus they are self-
descriptive. For the traits that were classifiedainmore specific way explanations are

Table 8. Description of 31 functional traits used in the present study.

Trait Description Calculation Classes
Myc longv Mycelium longevity - 3
Frb longv Fruit body longevity - 3
Frb size Fruit body size mean fruit body height (or width) x fruit body type -
Frb nr Fruit body number - 3
Frb cons Fruit body consistency - 5
Frb loc Fruit body location - 6
Frb type Fruit body type - 5
Frb vel Fruit body velum conditions - 4
Frb col Fruit body colour - 4
Frt seas Fruiting season - 5
Nutr type Nutrition type - 5
Sub type Substrate type - 5
Sub nr Number of substrates/mycorrhizal partners - 3
Hym type Hymenophore type - 6
Hym area Hymenium area - 5
Surf Surface index (surface of hymenium : total fruit

urfi b - 3

ody surface)
Volume index (volume of hymenium : total fruit
Voli - 3
body volume)

Sp size Spore size mean spore length x spore shape -
Sp shape Spore shape - 5
Sp surf Spore surface - 7
Sp col Spore colour - 4
Sp wall Spore wall - 3
Sp pore Spore porus - 3
Sp disp Spore dispersal - 3
Sp nr Spore number per basidium/ascus directly the number -
Anam Presence of anamorphe - 3
CystH Cystidial conditions hymenium - 4
Cyst adpt Cystidial adaptations - 5
CystF Cystidial conditions fruit body - 4
Hyph type Types of hyphae present - 3
Clamp Presence of clamps - 3

given in the following, also including explanatioos two traits that were omitted from the

present study.

Fruit body colour: Based on the results presenie@UEVARA & DIRZO (1999) we classified
colours in dull and bright shades. To get an idea the colour of fruitbodies is seen by
animals in contrast to the background, e.g. baiteosteaf litter, we also distinguished colour

shades similar or different to the background colou

Surf and Vol: We used these two indices to express the rel&@igtween the total surface or
volume of the fruit body and the surface or voluthat is made up by the hymenium. As
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calculation would be difficult owing to the varioshapes of fruit bodies and hymenophores
we used a first approximation by giving three rgitio

Fruit body size and spore size: The shape of froities and also the shape of spores is often
quite complicate to describe by mathematical teespgcially for spores that have wrinkles,
ridges, or protuberations. Therefore, we used aypfor the calculation of sizes, which was
achieved by multiplying the largest spatial expandii.e., fruit body height or width; spore
length) with the respective class of fruit bodyeygr of the spore shape.

Odour and volatiles: There are quite many studieshe perception and effect of fungal
volatiles on fungivores, especially insects (e.gDHUND et al. 1995; ELDT et al. 1999;
GUEVARA et al. 2000). However, as these studies throughiolytdeal with one or few animal
groups there seems to be no broader understantimgre general effects of these volatiles;
furthermore, very little is known concerning thepact of fungal volatiles on vertebrates,
with the one exception of truffles and other hypmge species. A very common volatile
present in most fungal species is 1-octen-3-ol lvisicongly attracts mosquitosARKEN &
KLINE 1989). Due to this very incomplete data situatie omitted this trait type from the

present study.

Toxicity: Regarding toxicity the data situation gsiite similar as for volatiles. While the
constituents that are toxic to humans or mammadsveell known, the perception (and
avoidance) of toxic fungal substances especialipvertebrates is studied only rarelyH{Sv

1992). Thus, we also omitted this factor from thespnt study.

Analysis of the trait data

The list of FTs for fungi was explored and compardy studied in two analyses that used

unweighted mean trait values.

For this purpose, the species set was divided gpdoan either the species’ Red List status
(Red List of Bavaria; KRASCH & HAHN 2009) or lifestyle, thereby providing an overview

the distribution of trait characteristics accordinghe respective classification.

Differences between groups were analysed using AN@¥d Scheffé’s test as a post-hoc
test in SPSS 23.0.0.0 (IBM SPSS Statistics 2015).
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Results

We included 31 functional traits in the presendsgt(Table 8 and 9). These cover a broad
range of ecological and morphological charactesstincluding mycelial factors, growth and
qualities of the fruit body, nutritional factorgycaspore characteristics. We compiled data on
these 31 traits for 636 species (Table 12 in TAplgendix).

When we divided the trait data by the species’stifiee (Table 10) we found significant
differences for 28 functional traits. The strongdiffierentiation (ANOVA F-value > 15) was
detected for the twelve traits longevity, consistgnocation (i.e., position in respect to the
soil surface), and type of the fruit body, velumpdyfruiting season, hymenium area, surface
and volume indices, spore surface, cystidia typesgnt in the hymenium, and hyphal types
in the fruit body.

Saprobionts on special substrates on average Ingérkiived fruit bodies than species from
other guilds, and these were also tougher, moraraty located in aboveground substrates,
and more commonly formed during autumn and sprindusing the whole year than that of
mycorrhizal and soil-saprobiotic species. Furtheandhe fruit bodies of saprobionts on
special substrates had more commonly no or onlgraap velum than mycorrhizal and soil-
saprobiotic species. Saprobionts on special substi@nd parasites more often had simple
fruit bodies (e.g., resupinate, effuso-reflex, &eatal) as compared to other species.

The fruit bodies of mycorrhizal species on averhgd a larger hymenial area and a higher
ratio of the volume index, while saprobiotic spsa® special substrates and parasitic species
had the smallest hymenial area and the lowest wltato. On the other hand, mycorrhizal
species and soil-saprobionts had a higher ratithefsurface index as compared to other

species.

Mycorrhizal species on average had more commorgyrptystidia or both pleuro- and
cheilocystidia and also more strongly structuredrep than species of other guilds, while
saprobionts on special substrates more commonlycdhatdo- or no cystidia and mostly
smooth spores. Mycorrhizal species and saprobiontspecial substrates, as compared to
soil-saprobionts, more commonly had a complex hlymtaucture including skeletal or

binding hyphae.

When we analysed the trait data using the speéted List classification (Table 11) we
found only few significant differences. Not threa¢d species on average more commonly
fruited during autumn and spring or the whole yeaind, while critically endangered species

produced fruit bodies predominately in the ‘typics¢ason (i.e., autumn and winter). The
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strongly endangered species in turn used more coymsoil as substrate, the less
endangered and not threatened species instead amwm@only subsisted on living or dead
substrates. Threatened species had significanthg moften spores with a sculptured surface,

whereas not threatened species had smooth spores.

Discussion

In our analysis of the species’ lifestyles we fowanghificant differences for 28 traits. In the
discussion we address only those twelve traits wighstrongest differentiation as given by
the highest F-values (ANOVA F-value > 15).

Table 9. Classification used for the functional traits described in Table 8.
Red List classification: 1, critically endangered; 2, endangered; 3, vulnerable; V, near threatened;

R, extremely rare; G+D, data deficient; n.t., not threatened.

Trait Classes
m)r,é;v perennial annual temporary
Frb perennial annual temporary
longv
Frb
size values
Frbnr  many several one-few
E;t:]s woody tenacious cartilaginous soft, dry soft, aqueous
Frb N . . in substrate in substrate
high air space low air space soil surface subterranean
loc aboveground belowground
Frb . effuso-reflex, clavarioid, ga§tr0|d, ) agarlcpld,
type resupinate apothecial ramarioid clellstothlemal, bplgtqld,
perithecial dimidiate
Frb Ve]um Velum . -
universale + : Velum partiale missing
vel partiale universale
Frb darker than like substrate lighter than brightly
col substrate substrate coloured
Frt all year round spring * autumn winter other
seas autumn
Nutr mycorrhizal saprobiotic saprop!otlc * parasitic other
type parasitic
tsyl:)t; living substrate  dead substrate  dung soil other
Subnr  many several one-few
Hym spines or similar, gastroid,
tubes lamellae, ridges . P near smooth smooth perithecial,
type coralloid or similar . .
cleistothecial
Hym .
area very large large medium small very small
Surfi +1 <1 << 1
Voli +1 <1 << 1
:ige values
Sp I - curved, bean- .
shape elongate cylindric ellipsoid shaped sperical
Sp smooth fine warts coarse warts spines ridges, net-shaped protuberations
surf grooves
. weakly
Sp col  hyaline coloured strongly coloured £ black
3‘;" thin thick doube layer
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Table 9 continued

Trait Classes

Sp
pore
Sp without
disp adaptation
Spnr  values

big and distinct ~ small + missing

epizoochorous  endozoochorous

Anam & separate associated with missin

fruit body teleomorphe 9

pleurocystidia + . . .
CystH cheilocystidia pleurogystlda c.he'llocystldla (or missing

(or similar) (or similar) similar)
Cyst larger or other containing oils

basidium-like form than thick-walled encrusted
adpt - etc.

basidia

pileocystidia + . - - -
CystF caulocystidia pileocystidia caulocystidia missing
Hyph  generative generative + generative +

type hyphae only skeletal hyphae skeletal + binding

hyphae
present * only
Clamp throughout ;L:gikl):rsildlal (or (%) missing

Compared to the fruit bodies of terricolous (mybaral or saprobiotic) fungi, the fruit bodies
of saprobiotic species on special substrates vwergel-lived, tougher, and more commonly
produced in autumn and spring or during the whelaryFurthermore, they had no or only a
partial velum, and more commonly were located iovaliground substrate. The first three
traits clearly are interrelated, since the fruitdies can survive longer due to their tougher
structure, and due to their longer durability thafien are found the whole year round. In
contrast to soil, special substrates are limitedsize, and thus, when feeding on such
substrates it seems to be reasonable and economioduce tougher and longer surviving
fruit bodies instead of repeated production of sheed fruit bodies. Soil-inhabiting species
feed on a more infinite nutrient source (in theecamycorrhizal species including additional
nutrients supplied by the vascular plant host),clwhis why they can afford it to repeatedly
produce fruit bodies at times, when the host'svagtialso is highest (cf. ALBWACHS &
BASSLER2012).

Many wood-inhabiting species of polypores and oftiC@aceae s.l. most actively sporulate in
the winter half year (e.g.UdicH 1984; R'VARDEN & GILBERTSON 1993; KRIEGLSTEINER
2000a), which is why the fruit bodies of many specmainly are found from autumn to
spring. Sporulation during the winter may have tadvantages. Firstly, at least in species
forming ballistospores sporulation is most activeuad midnight, when temperature reaches
its lowest and humidity its highest valuesiqbLD 1966; KRAMER 1982; HALBWACHS &
BAsSSLER2015). Referring to a whole year, the same patteachieved during the winter, and

thus circumstances for spore dispersal then are $esondly, since there are various insect
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species feeding even on tough and woody fruit sofkey. BLDT et al. 1999; SHIGEL et al.
2006), sporulation during the winter may minimip®e loss by avoiding the times of insect
activity (cf. Bobby & JONES 2008). The velum characteristics as well as teatlon of fruit
bodies in aboveground substrates may simply refleainomical circumstances since these
traits are closely linked to the taxonomical grabpt a species belongs toA@ILE et al.
2001; MUELLER et al. 2004), and the velum characteristics alsdeatly are linked to fruit
body complexity (see next paragraphs).

In a similar way, the species living as parasitea® saprobionts on special substrates we
dealt with in our study on average had simplertfioodies than the other guilds, and they had
lower values of Vgland smaller hymenium areas than mycorrhizal spe¢iaving simple
fruit bodies obviously is an advantage for speteesling on limited nutrition sources such as
living or dead plants; in different taxonomicaldages similar anatomical reductions can be
observed, leading to fruit bodies with reduced estipand velum or to bracket-like or
resupinate fruit body types, and the same holds riegarding gasteromycetationiNBER et

al. 2005; HBBETT 2006; HAWKSWORTH & LAGRECA 2007; WLSON et al. 2011; WLBWACHS

et al. 2016). Thus, our findings unequivocally eeflthe data from the literature. However,
fruit body simplification also leads to a reductiohthe hymenophore, and as a consequence,
hymenium area and the ratio of Ydecome smaller. The opposite is the case with
mycorrhizal species since these produce relatigetyplex fruit bodies with comparatively
large hymenia and high \Malatios (cf. BissLeEr et al. 2015). Due to the high complexity the
fruit bodies of mycorrhizal and soil-saprobioticesges also have higher Surtios than
those of other guilds.

Mycorrhizal species on average more often had oeméed spores and also more often had
pleurocystidia or pleuro- and cheilocystidia thae@es from other guilds, which in turn
more often had smooth spores and only cheilocygstidno cystidia at all. In the reproduction
of mycorrhizal species it is a crucial step to tipetir spores placed near the roots of their host
species. Thus, strong ornamentation of the spoost probably is an adaptation to enhance
dispersal by animals (BINDRETT 1991) or by precipitation water trickling throutife forest
soil and along the root channelsrRg&ORY 1973; MALLOCH & BLACKWELL 1992). Regarding
animals, mammals and small soil-dwelling arthroppdsbably are the most efficient spore
vectors (®HNSON 1996; LLLESKOV & BRUNS 2005; FALBWACHS & BASSLER 2015), the
latter also concering deposition of spores neardbés of host species IILESKOV & BRUNS
2005; HALBWACHS & BAssSLER 2015). Hymenial cystidia commonly are thought éawdnthree

main functions that can be found in different comaltions (cf. ALBWACHS & BASSLER
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2015), i.e., to function as spacers keeping thesla® (or pore walls) sufficiently apart (e.g.
BULLER 1924; MooRE et al. 1998), as collectors of air humidityAHGENT et al. 1978), or as
defence against sporophagous animals (esgLER 1909; NnKAMORI & Suzuki 2007). Since
mycorrhizal fungi produce relatively complex frbibdies (cf. BssLErR et al. 2015) this most
probably is the reason why they more commonly haleeiro- and/or cheilocystidia than
species of other groups, as they have to supparipastect comparatively larger hymenial

areas.

Compared to the fruit bodies of soil-saprobiontspse of mycorrhizal species and of
saprobiontic species on special substrates mosn dfad a di- or trimitic hyphal system.
While monomitic trama consists only of generatiypliae and, therefore, in most cases is
relatively soft, the additional presence of skéletgphae or of skeletal hyphae and binding
hyphae (i.e., dimitic or trimitic trama with two dhree hyphal types) leads to a more
tenacious or woody texture. Mycorrhizal speciesengtown to have bigger ABSLER et al.
2015) and more complex fruitbodies (see above) th@cies from other guilds. Thus,
strengthening of the fruit bodies by dimitic omiriic trama very likely relates to their size
and complexity. In saprobiotic species on speaiaktates fruit bodies are more long-lived
than in species belonging to other guilds (Table T@is pronounced longevity commonly is
caused by a tenacious or woody texture that irdibit retards degradation by physical or
biological influences, e.g. frost or predators (d.gsIEWSKA 1992; HboD 2006; KUES &
NAVARRO-GONZALEZ 2015). In both mycorrhizal species and saprobisgiecies on special
substrates the strengthened trama thus improvegrthguction of big or long-lived fruit
bodies and, thereby, the amount of spores prodhygethese due to the comparably larger
hymenium or prolonged fruiting time. Since both miybizal species and saprobionts on
special substrates are connected to (mostly woeasgular plants, the resinous incrustation
of skeletal and binding hyphae found in di- andhitic hyphal systems (as well as resinous
surfaces, which are commonly found in bracket fumgay play an important role in the
disposal of phenolic substances received from thedy host tissues.

When we compared the species using their Red lassification we could show that not

threatened or only weakly endangered species tipivare characterised by smooth spores,
occurrence on living or dead substrates, and figiitiuring autumn, spring, or the whole year.
On the other hand, strongly endangered speciesat{ypinhad sculptured spores, subsisted on

soil, and fruited during autumn and winter.
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Table 10. Comparison of 31 functional traits dealt with in the present study using unweighted
mean values calculated for different lifestyle types.

n, number of species from the present study in the respective class; n.s., not significant; significant
differences between groups are indicated using superscript letters.

Lifestyle types: myc, mycorrhizal; soil, saprobiotic on soil; sub, saprobiotic on other substrates; par,
parasitic; other, other lifestyle.

The three traits nutrition type, substrate type, and number of substrates were omitted from the

analysis due to their close relationship to the lifestyle guilds.
F, ANOVA F-value; sig, significance level.
myc  soil sub par  other F  sig
n 203 185 216 8 24

Myclongv  1.00 112 112  14bc {64  *
Frblongv  3.02 302 21bc 28c 28 835 **
Frb size 2942 20.8> 20.5%¢ 10.3% 228% 65 ***
Frb nr 200 202 220 23%¢ 21¢ 133
Frb cons 492 492 33% 39¢ 43¢ 831
Frb loc 3.0 3228 35c 36 300 1563
Frb type 322 312 200 2.3 202 429 ™

Frb vel 350 362 3.9 40xc 30> 180 **
Frb col 3.1 3.0 2.9 2.9 2.8 30 ns.
Frt seas 302 328 23  30¢ 312 412
Nutr type - - - - - - -
Sub type - - - - - - -
Sub nr -

Hymtype 2.02 26 27 342 21a 9f  ***
Hymarea 212 31b  38e 644 28be 207 ***
Surfi 29 28 21t 200 27x §70
Vol; 292 26> 21cd  2(Qce 24bde 591
Sp size 298 275 254 373 316 35 ns.
Sp shape 3.2 3.2 3.0 25 31 40 ns.
Sp surf 28 18  11c  0.9¢ 130 372
Sp col 162 15% 13bcd QQad 15 48  **
Sp wall 122 12ac q{qbed QQad 10 48 **
Sp pore 302 26vd 28  26d 28ad 122
Sp disp 1.0 1.0 1.0 0.9 1.0 1.7 ns.

Sp nr 400 42%  47%¢  40¢  40c 30 *
Anam 3.00 302 209 28c 209 68
CystH 222 324 28 2Q,d  DQad 475
Cystadpt 202 1.0% 13> 08¢ 15¢ 120 **
CystF 342  37%¢ 39  33¢c 37 92
Hyphtype 132 10 132  10x 12 155 **
Clamp 218 17k 174 15¢  18¢ 58

The differences in spore ornamentation clearly da@i considerable differences in the
species’ ecological strategy. Spore ornamentatias shown to allow a long dormancy
(GREGORY 1973) and to support spore dispersal by wind,drajps, mist, and invertebrates
(DAVIES 1961; RIDDICK & WILLIAMS 1972; ENNINGS & LYSEK 1999; LLLESKOV & BRUNS
2005; DIKSTERHUIS & SAMSON 2007; DDRFELT & RuUskE 2010; GuBE & DORFELT 2011;
HALBWACHS & BAsSSLER 2015). Furthermore, ornamented spores frequeldty l@ave thick
and melanised walls. Thick walls increase the tesce of the spore against environmental
influences and thereby also allow a long dormarf@yeGORY 1973; FAWKER & MADELIN
1976; Dx & WEBSTER 1995; GRNICA et al. 2007), while melanisation enhances the
resistance against desiccation, UV radiation, a3t |(BL.OOMFIELD & ALEXANDER 1967;
GARNICA et al. 2007; ERNANDEZ & KOIDE 2013; FALBWACHS & BASSLER 2015).
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Thus, primarily soil-inhabiting species mostly seeirto be adapted to specific dispersal
vectors and to have a persistent spore bank tlmvsathem to survive unfavourable times

and disturbance. On the other hand, species wittogmspores as a rule did not exhibit a
stronger specialisation regarding a long dormanayeaain dispersal vectors. However, both

the species with ornamented and those with smqmihes can be classified as ruderals (cf.
GRIME 1979; ANDREWS 1992; KLoTz & KUHN 2002). Since special substrates often are
available only for a short time at a given sites thissing of a more pronounced dormancy in

species colonising these substrates also seenmadds.

Table 11. Comparison of 31 functional traits dealt with in the present study using unweighted
mean values calculated for different Red List endangerment classes (RL; KARASCH & HAHN 2009).
n, number of species from the present study in the respective class; n.s., not significant; significant
differences between groups are indicated using superscript letters.

Endangerment classes: n.t., not threatened; R, extremely rare; G+D, data deficient; V, near
threatened; 3, vulnerable; 2, endangered; 1, critically endangered.
F, ANOVA F-value; sig, significance level.

RL all nt R+GHD+V 3 142 F  sig
n 636 553 31 34 16

Myclongv 1.0 1.1 1.0 1.0 1.0 09 ns.
Frblongv 27 27 2.8 30 29 23 ns.
Frb size 234 235 22.9 241 187 02 ns.
Frb nr 2.1 2.1 2.1 2.1 20 03 ns.
Frb cons 43 43 4.7 47 48 23 ns.
Frb loc 32 32 3.1 3.1 32 09 ns.
Frb type 24 23 24 35 40 28 ns.
Frb vel 37 37 35 38 38 05 ns.
Frb col 30 30 29 32 29 11 ns.
Frt seas 28 280 2,93 32 35 50 *
Nutr type 1.8 1.8 1.6 1.6 18 12 ns.

Subtype  3.18 3,03 3.4abc 3.7¢ 3.§b° 71
Sub nr 1420 142 1.7 12¢  06° 36 *
Hymtype 24 24 2.2 23 23 05 ns.

Hym area 3.1 341 25 25 23 15 ns.
Surf;i 26 25 2.7 28 29 29 ns.
Voli 25 25 2.7 27 28 22 ns.
Sp size 2718 279 249 283 288 03 ns.
Sp shape 3.1 31 3.2 34 33 17 ns.
Sp surf 1.820 1720 2. 4ec 3.0c 22x 64
Sp col 15 1.5 1.6 15 1.7 07 ns.
Sp wall 1.2 1.2 1.2 1.1 12 03 ns.
Sp pore 28 28 2.9 29 28 06 ns.
Sp disp 1.0 1.0 1.0 1.0 1.0 01 ns.
Spnr 43 43 39 39 42 07 ns.
Anam 30 30 3.0 30 30 03 ns
CystH 27 27 2.6 28 33 10 ns.
Cystadpt 14 1.5 1.7 1.2 11 07 ns.
CystF 37 37 3.6 35 38 06 ns.
Hyphtype 1.2 1.2 1.2 1.2 1.0 09 ns.
Clamp 1.8 1.8 1.6 2.0 18 06 ns.

Soil-inhabiting species seem to have a more comapdeperiod of fruiting. Phenologies of
fungus species were shown to interact with thanafals (FANski 1989). Fungi thereby may
be able to avoid predation of their fruit bodie®@®Y & JONES2008) or to make fruit bodies
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in time with the highest acitivity of their main aters (HALBWACHS et al. 2016).
Furthermore, the group of soil-inhabiting fungi qamses a high number of mycorrhizal
species, and these have considerably shortemiguiteriods than species on other substrates
(BoDDY et al. 2014). The high share of mycorrhizal speeaied the timed fruiting thus very
likely are the reasons of the more compressedirfguperiod observed for soil-inhabiting

species.

The high share of soil-inhabiting species withie tiroup of strongly endangered species
seems to reflect a general rule, as 78 % of theally endangered fungi in the Red List of
Bavaria (KARASCH & HAHN 2009) use soil as substrate. The main threatduiogi are
deposition of nitrogen and other substances andadatjon or destruction of suitable sites
(ARNOLDS 1991; KARASCH & HAHN 2009), which also are the main threats in vasquikamts
(e.g. FOMERMANN et al. 2008). In addition, it is more difficult fonycorrhizal and soil-
saprobiontic macromycete species to reach newditeso three trait characteristics that have
a negative effect in this respect: strong speandts in specific dispersal vectors, need of
suitable soil conditions, and short fruiting pesodn contrast, less specialised species or
species with a prolonged fruiting time are at amaadage to reach new sites and to tolerate

the impact of eutrophication and similar processes.

Outlook

Referring to the lifestyle types, 28 out of 31 ftiogal traits showed significant differences.
Thus, it would be worthwile to have a closer lodksmaller sets of related factors, and the
present study may be used as a basis of futuraradsedy giving hints in which fields the

biggest differentiations (and, in consequencesth@ngest adaptations) are to be expected.

In contrast, in the comparison of Red List clasaiiion only three functional traits showed a
significant differentiation. This result impliesathspecies’ traits play only a minor role in

their vulnerability, except the nutritional statfghe substrate.
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Chapter 4 — Does the cryptogam vegetation of calcanus

grasslands reflect land-use history?

Abstract

This study was designed to compare the influencéad-use history and continuity on
vascular plants and cryptogams. Two study areasryfcalcareous grassland were chosen
where ancient and recent calcareous grassland beuttifferentiated. Ancient was defined
that there was a continuous grazing history sintdeast 200 years. Recent was defined that
these grasslands have developed from arable fidloigg the last 200 years. In these
grassland sites, we studied the terricolous crygtogvegetation (bryophytes, lichens,
macromycetes) regarding species composition, cecoer of endangered species, and the
applicability of the indicator species concept &flienberg indicator values. Species humbers
and Ellenberg indicator values were quite similar ancient and recent grasslands.
Nevertheless, we could identify indicator species foth grassland types, witBladonia
furcata ssp.subrangiformisand Hygrocybe persistengar. persistensas strongest indicators
of ancient grasslands, ar@hytidiadelphus squarrosuas strongest indicator of recent
grasslands. This was in contrast to the vascudartplegetation where recent grasslands could
be differentiated through many species such adeavededs and crop species, being residuals
of the former land-use type. Thus, land-use hisw@ggms to have less influence on the

composition of the cryptogam vegetation in grasidan

Key words: bryophytes; calcareous grasslands; Central Eurgjpenberg indicator values;
fungi; historical ecology; indicator species; liclse macromycetes; vascular plants;

woodlands

Introduction

In Europe there is a long tradition of studies lo@ Yegetation of habitats with different age
and land-use history. A great number of these stutticusses on woodlands (ciEri1y et

al. 1999). One major topic is to compare ‘anciemtt more ‘recent’ or variously managed
sites of the same habitat type with respect ta tpemeral species pool and the occurrence of
rare and endangered taxe&e(PRKEN 1974; RTERKEN & GAME 1984; BRNAES & BRUUN
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1995; WULF 1997; B®scHLOD et al. 1998; HRMY et al. 1999; RSE 1999; BSCHLOD &
WALLISDEVRIES 2002). In this context, ancient sites have a owmwotis habitat history, but
may be altered in structure or species compositjoman, while recent sites have been newly
established displacing other habitat types a getiaie ago.

Mainly because of their continuity, ancient sites thought to hold more rare or threatened
species and to be richer in species typical forpmticular habitat (BRNAES & BRUUN 1995;
GRAAE & SUNDE 2000; RITzZ et al. 2008). However, there is little consistemeywhere
exactly to draw the line between ‘ancient’ and &t (EJRNAES & BRUUN 1995; HERMY et

al. 1999). The distance between the sites compagarding their age or history also is a
point of much discussion, as recolonisation of ryeedtablished habitats from old ones is
easier when these are adjacent. Surveys using-lclosées therefore sometimes tend to
detect less differences SNEIDER & POSCHLOD 1999; (WusINS et al. 2009). Seeds may,
nonetheless, be dispersed over comparably lar¢ggndes in the course of transhumance and
similar husbandry types (cHLoD et al. 1998; BscHLoD 2015) or by rare long-distance
effects (MTHAN 2006), thereby linking the vegetation of distates Species traits also can
explain some patterns in the dispersal and coltarsgrocess, as species with infrequent
seed production or heavy seeds are at a disadeatdagach newly created sites owing to
their limited dispersal potential @amy et al. 1999). On the other hand, seeds and other
propagules suitable for long-distance dispersapersistent in soil seed banks can have a
pivotal role in the re-colonisation of disturbedesi (NGoLD 1971; RITWAIN & GILLHAM
1990; $/1TH 1993; R'DGREN et al. 1998; KLAMEES & ZOBEL 2002; NanTHAN 2006).

While vascular plant vegetation is a recurrent dopi ecological studies, cryptogam
vegetation often is neglected due to the sporactamence and minute size of the species or
owing to problems in determination and taxonomytgea lichen and bryophyte species are
among the cryptogam groups more frequently scre@nstudies of sites of different age or
management (BMPHREY et al. 2002; bBBEL et al. 2006; RiTz et al. 2008). Fungi, in contrast,
are surveyed very rarely, except macromycetes gpwn deadwood (GoR et al. 2006;
NORDEN et al. 2007) and in dry grassland9fEAES & BRUUN 1995). Thus, the effects of
history and management on soil-inhabiting vascplants and cryptogams can hardly be
compared, as there are very few studies on botlpgro

Against this background our work aimed on the campa of the terricolous vegetation of
vascular plants and cryptogams, studying the cggtovegetation (i. e., bryophytes, lichens
and macromycetes) of nutrient-poor calcareous gnads. Comparing recent and ancient

grasslands we addressed the following questiohsAr@ there any differences in species
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richness, species composition, and Ellenberg inalicaalues of cryptogams? (ii) Is it possible
to identify cryptogams as indicator species fortifpes? (iii) Are there comparable results for

cryptogam and vascular plant vegetation?

Materials and methods
Study sites

Our study was carried out in two areas locatechenGerman part of the Jurassic mountains
(Swabian Alb, Franconian Alb; Figure 2). Both studseas comprise sets of calcareous
grasslands of different land-use history (Table Y8hile ancient grasslands were pastures at
least since 1830, recent grasslands were formed &mble land after this time ARLIK
2008; KaRrLik & PoscHLOD2009). The grassland sites of both study areas aleracterised
regarding main abiotic propertiesAKLiK 2008; KARLIK & POSCHLOD2009).

KARLIK & PoscHLOD(2009) proposed three age groups within the regexgslands, namely
very old (ca. 160 years old), old (ca. 65-160 yedd3, and young grasslands (less than 65
years old). Due to only minor differences regardimg cryptogam vegetation we united these
three types of recent grasslands in one and comhplaeen as a whole with the ancient sites.

Kallmiinz
"

S* = R
Kaltes Feld

km

Figure 2. Location of the two study areas Kaltes Feld and Kallminz in southern Germany.
M, Munich; R, Regensburg; S, Stuttgart.
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Vegetation survey and data analysis

For all grassland sites, we compiled separate spests of the terricolous species of
bryophytes, lichens, and macromycetes by seardhimgotal extent of each site. We did not
use vegetation relevés, mainly owing to the strprigbterogeneous distribution of the
cryptogam species. We recorded the bryophyte aeni vegetation using the abundance-
dominance scale by Braun-Blanquet (e.@eH3CHKE 1994) and the macromycete vegetation
by counting the sporocarps. Vegetation data ofaepous mosses also were considered in
separate analyses because of their indicator vatuweell-managed dry calcareous grasslands,
where they grow in gaps of the vascular plant \egg®et or on exposed ground RING
1979; RAHM 2001). Information on Red List taxa were takemfrBAUER & AHRENS (2005)

for bryophytes, WRTH (2008) for lichens, and ARAscH & HAHN (2010) for macromycetes.
We used the Red List of macromycetes of Bavaridhaslast one published for Baden-
Wuerttemberg (WWTERHOFF & KRIEGLSTEINER 1984) is too old and a later compilation by
GMINDER was left unpublishedNomenclature follows ®RaHM & FREY (2004) for bryophytes,
WIRTH (1995) for lichens, and the Index Fungorum (wwdexfungorum.org) for
macromycetes.

Species lists were analysed by univariate and wauisite tests. Univariate analyses were
performed in SPSS 17 (SPSS 2009) as comparison eainsn (Mann-Whitney U test).
Multivariate analyses were performed in PC-Ord §MI€CUNE & MEFFORD2011) as DCA
(Detrended Correspondence Analysis) with rescaliigaxes using 26 fragments. We
calculated fidelity values for each species in JBIICO (TicHy 2002) to find indicator species
for the grassland types. According teR{ik & PoscHLOD (2009) we used the Phi coefficient
as measure of fidelity and calculated significaottBdelity on basis of presence/absence data
with Fisher’s exact test (P < 0.05).

Based on the species lists we calculated meanl#gtgnndicator values (EIV) to find out if
of ancient and recent sites have similar ecologioaperties or differ. Owing to their different
lifestyle, we did separate analyses for macromygcated for bryophytes and lichens; while
terricolous bryophytes and lichens use the soilnigair exclusively as a basis to grow on,
terricolous macromycetes depend on the soil andusumaterial (HWKSWORTH & HILL
1984; RAHM 2001; MUELLER et al. 2004; GFFINET & SHAW 2008). For the comparison of
EIVs we used the values of L (light intensity), figan annual temperature), F (soil moisture
content), R (soil pH value), N (soil nutrient aadility), Hnax (maximum value of hemeroby),
and O (habitat openness). Note that values fgixHand O are available only for

macromycetes, and that values for N are not aeilfds bryophytes. EIV data were taken
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from DULL (2001;bryophytes)WIRTH (2001; lichens), andiSmEL et al. (2016; se€hapter
2). We consider as meaningful only percentual diffees> 5 %.

Table 13. Environmental data of the two study sites “Kaltes Feld” and Kallmilnz, and number of
study sites. While “ancient” sites were grasslands since at least 1830, “recent” sites have a habitat
tradition of < 170 years. Data compiled from BAUMANN et al. (2005), KARLiK (2008), KARLKK &
PoscHLOD (2009), and POSCHLOD & BAUMANN (2010).

“Kaltes Feld” Kallmiinz

Altitude (m a.s.l.) 650-780 340-440
Mean annual precipitation (mm) 1.050 649
Mean annual temperature (°C) 7 74-7.8
Main geological substrate Upper Jurassic Bedrock  Upper Jurassic Bedrock
Main soil type Rendzina Rendzina

. . Mesobromion s.l., partly
Vegetation type Mesobromion s.. tending to Xerobrormion
N recent sites 12 7
N ancient sites 10 8

Table 14. Mean species numbers (N) of terricolous bryophytes, lichens, macromycetes and Red
List cryptogam species in plots of ancient and recent grasslands of the study areas “Kaltes Feld”
and Kallmlnz. Additionally, mean proportion of acrocarpous mosses of all bryophytes is given.
Mann-Whitney U test: U, U-value; p, p-value.

N N % Acrocarpous N N N
Total Bryophytes mosses Lichens Macromyc Red List
Kaltes Feld
Ancient 1.5 8.4 215 1.7 14 27
Recent 10.6 8.4 1.7 0.3 1.9 1
MW U 55.000 59.000 26.500 4.500 54.000 9.000
MW p 0.740 0.947 0.026 0.000 0.680 0.001
Kallmiinz
Ancient 14.5 8.25 20.21 1.88 4.38 2.63
Recent 13.57 8.57 15.48 1.14 3.86 2.1
MW U 23.500 27.000 21.500 18.500 25.000 25.000
MW p 0.600 0.905 0.445 0.242 0.723 0.718
Results

We could observe only few differences between ttyptogam vegetation of ancient and
recent calcareous grasslands, with three signifidéferences regarding the “Kaltes Feld”
(Table 14). Ancient grasslands held significantigher numbers of lichen species, of Red
List species, and a higher proportion of acrocaspoosses of all bryophytes compared to the
total number of bryophytes. For Kallmiinz, we did fiod any significant differences (Table
14).

In the DCA ordination of the grasslands of the ‘t€alFeld”, ancient and recent sites were
quite strongly intermingled in the diagram centég(re 3). Main differentiation is explained
by the first axis (39.6 %), with an SD of 3.3 ahadig an almost complete species turnover.
The gradients oflygrocybe virgineaPleurozium schreberRhytidiadelphus squarrosuand
Rhytidium rugosunexhibit the strongest correlation with the firgisa The second axis only

accounts for a minor differentiation of 10.3 %.
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Figure 3. DCA biplot of ten ancient (A) and twelve recent (o) grassland sites of the study area
“Kaltes Feld” with the vegetation data of bryophytes, lichens, and macromycetes. Axis titles give
the accounted-for variance. Length of gradient: 3.3 SD; cut-off r%: 0.4; data set: 22 sites, 55
species. Correlation (Pearson’s r) with 1./2. axis for the displayed species: Amblystegium serpens
(0.2/0.6), Cladonia furcata ssp. subrangiformis (0.2/0.6), Dermoloma cuneifolium (-0.2/0.5),
Hygrocybe virginea (0.7/-0.04), Lactarius deliciosus (-0.2/0.1), Pleurozium schreberi (0.6/0.3),
Rhytidium rugosum (-0.6/-0.3), Rhytidiadelphus squarrosus (0.8/-0.04).

Ancient and recent grassland sites were quite weflarated in the DCA ordination of
Kallmiinz (Figure 4). Main differentiation is exphtaid by the first axis (34.1 %), with an SD
of 2.7, while the second axis only accounts for imam differentiation of 14.9 %. The
gradients oBryum rubensand Omphalina pyxidataxhibit the strongest correlation with the
first axis.

Table 15 gives the species with significant fidelh ancient or recent grasslands. These
species can be considered as indicator speciesh&otiKaltes Feld”, no fungi with significant
fidelity could be identified. The strongest indimatspecies of ancient grasslands was
Cladonia furcatassp.subrangiformis missing in recent grasslands.
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Figure 4. DCA biplot of eight ancient (A) and seven recent (o) grassland sites of the study area
Kallminz with the vegetation data of bryophytes, lichens, and macromycetes. Axis titles give the
accounted-for variance. Length of gradient: 2.7 SD; cut-off r?: 0.37; data set: 15 sites, 64 species.
Correlation (Pearson’s r) with 1./2. axis for the displayed species: Bryum rubens (0.69/-0.2),
Cirriphyllum piliferum (0.6/-0.16), Entodon concinnus (0.6/-0.55), Entoloma lanicum (0.6/-0.16),
Entoloma sericeum (0.12/-0.45), Hygrocybe persistens var. persistens (-0.5/-0.6), Omphalina
pyxidata (0.65/-0.39), Phascum cuspidatum (0.6/-0.16).

Similarly, the strongest indicator species of réogmasslandsRhytidiadelphus squarrosus
did not occur in ancient grasslands. For Kallmipon]y indicator species of ancient
grasslands could be identified. These were themaoromyceteégaricus xanthodermand
Hygrocybe persistensar. persistensboth missing in the recent grasslands.

Results of the EIV analysis are given in Table A@. both the “Kaltes Feld” and Kallmiinz,
the EIV values of bryophytes and lichens hardly anawith those of macromycetes. This
holds true also regarding the differences companmegent and ancient grasslands as
calculated for these two groups. We found no strdiffgrences> 5 % for the bryophyte and
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lichen vegetation. Regarding the macromycete véigataneaningful differences were found
for the L, N, Hhax and O values (“Kaltes Feld”), and for the L and@ues (Kallmtinz).

Discussion

Comparing the recent and ancient grasslands, in stody areas total species richness and
richness in bryophyte and macromycete species gete similar. At the study site Kallminz
also the richness in lichen species and in Reddgsties and the proportion of acrocarpous
mosses of all bryophytes did not significantly eiffFor the grasslands at the “Kaltes Feld”
we found significant differences regarding theseeehfactors, with higher values found
throughout for the ancient grasslands. Howevespasies numbers in general were quite low
these differences should not be overrated.

While mean EIV values of the bryophyte and lichegetation for recent and ancient sites did
not considerably differ in neither of the two studyeas, we could find at least some
differences for the macromycete vegetation. Thenesites at the “Kaltes Feld” yielded
higher L, Hnax, and O values, but a lower R value than the ahgeasslands. The difference
in light intensity is contradicting the PDSI meamuents of KRLIK & PoscHLOD (2009),
who found significantly higher insolation values fine ancient sites. Perhaps the spatial
distribution of the scattered trees may have aruereffect in this respect. In contrast, the
difference in solil reaction is in line with the phieasurements. The differences in both.,H
and O values met the expectations, as they mostaply relate to the different land-use
history of ancient and recent grasslands (&fCHMEISTER & TRIBSCH 1999; RiHS 2001,
KIEDRZYNSKI et al. 2014). Regarding the study area Kallmumezdifferences in the L value
are in line with the actual measurements (chRKK 2008), while differences in habitat
openness do not match with land-use history. Howdkiey may be due to the differences in
moss and stone cover found byR{ik (2008).

In the DCA ordination for the “Kaltes Feld”, the malifferentiation is explained by the first
axis, with the two mosseRhytidium rugosunand Pleurozium schrebercharacterising this
separation. Thus, they point out a strong gradresbil pH as the EIV R foR. rugosumand

P. schreberiis 7 and 2, respectively (oL 2001). This gradient is contradicting the
measurements of ARLIK & PoscHLoD (2009) who found almost identical pH values for
ancient and recent sites. However, soil samplethaf study were taken from the main
rooting horizon, i.e., from a depth of 5-10 cm. Byophytes are in contact only with the
topmost soil layer there may in fact be a gradiersoil reaction due to eluviation and similar
processes affecting mainly the upper soil. Separatlong the second axis is of minor effect.
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ExceptLactarius deliciosusbeing simply a mycorrhizal partner of tRenus sylvestrigrees
growing scattered on the sites, all further spearscommon on calcareous and/or acidic
grasslands Rhytidiadelphus squarrosuand Hygrocybe virgineaalso tolerate grasslands
somewhat richer in nutrients, while especidlgrmoloma cuneifoliunand Cladonia furcata
ssp.subrangiformisprefer nutrient-poor conditions (MEGLSTEINER2001; NEBEL & PHILIPPI
2001; WRTH 2001). Thus, there may be a weak gradient in enttravailability along the
second axis although there is no signal for sudjraalient in the main rooting horizon
(KARLIK & PoscHLOD2009).

Concerning their demands in soil pH and nutrieslability there are three groups of species
in the DCA ordination for Kallmiinz (BBEL & PHiLIPPI 2000; DiLL 2001; KRIEGLSTEINER
2001; NeBEL & PHILIPPI 2001; KRIEGLSTEINER 2003; SMMEL et al. 2016; see alBhapter

2). The first group comprises species preferring enately acidic to calcareous and relatively
nutrient-poor soils Entodon concinnysEntoloma lanicum Hygrocybe persistenyar.
persistensOmphalina pyxidatp the second group species that prefer also weadilyic to
calcareous, but more nutrient-rich soi@r¢iphyllum piliferum Phascum cuspidatymBoth,
Bryum rubensand Entoloma sericeupconstituting the third group, are widely indiéet to
soil pH and nutrient content. As members of aleéhgroups are intermixed in the biplot, no
distinct ecological gradients are visible. Thisc@nsistent with KRLiK (2008) who found
only minor differences comparing recent and ancéss.

Species with significant fidelity could be detectied both ancient and recent grasslands of
the “Kaltes Feld”. Indicator species of ancientsgtands were two lichens and two mosses,
three of which are typical species for dry, nutripaor and calcareous grasslands. The fourth
speciesFissidens taxifoliusalso is more common on calcareous soil, butusdoin a wide
range of dry and wet habitats including forestsgil & PHiLIPPI 2000). Indicator species of
recent grasslands were the mos&ésgiomnium affineand Rhytidiadelphus squarrosus
which are both quite indifferent and common spe¢isseL & PHIiLIPPI 2001). However,
other common species prefering base-rich and mitpeor habitats likébietinella abietina

or Entodon concinnu@NEBEL & PHILIPPI 2001) were equally distributed in ancient and méce
grasslands. For Kallminz, indicator species weilg tund for ancient grasslands. These
were two fungiAgaricus xanthodermand Hygrocybe persistengar. persistenswvhich both
are typical species of neutral to basic and nubpeor grasslands @PELLI 1984,
BOERTMANN 1995; KRIEGLSTEINER 2001; KRIEGLSTEINER & GMINDER 2010). Like for the
“Kaltes Feld”, other species with comparable ecwmlalg demands are more equally

distributed, or are even more common in the regeagslands. Thus, regarding grasslands the
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indicator species listed in Table 15 may in factthe indicators of history; however, the
‘history’ gradient showed very low correlation vatuin the ordination analyses (see below),

which again is highlighting the weak influence loé tsite age.

Table 15. Synoptic table of bryophyte, lichen, and macromycete species with significant fidelity
(i. e., indicator species) in ancient (AN) and recent (RT) grasslands in the study areas “Kaltes Feld”
and Kallmunz. Fidelity measure (presence/absence data) given as Phi coefficient (P < 0.05, Fisher’s
exact test).

Kaltes Feld Kallmiinz
Frequency Fidelity Frequency  Fidelity
Species AN RT AN RT AN RT AN RT

Bryophytes
Abietinella abietina 80 75 - - 100 100 - -
Entodon concinnus 60 42 - - . . - -
Fissidens taxifolius 60 8 545 - . . - -
Homalothecium lutescens . . - - 57 88 - -
Hylocomium splendens . . - - 14 63 - -
Hypnum lacunosum . . - - 100 88 - -
Plagiomnium affine s. str. 20 67 - 471 86 63 - -
Rhytidiadelphus squarrosus . 50 - 57.7 . . - -
Rhytidiadelphus triquetrus 50 67 - - . . - -
Rhytidium rugosum 100 58 513 - 71 50 - -
Scleropodium purum 60 58 - - 57 88 - -
Thuidium philibertii 80 83 - - . . - -
Lichens
Cladonia furcata ssp. subrangiformis 70 . 734 - 71 25 - -
Cladonia rangiformis 60 8 545 - 71 25 - -
Fungi
Agaricus xanthoderma . . - - 57 . 632 -
Hygrocybe persistens var. persistens . . - - 71 . 745 -

Despite the near neighbourhood of the survey sitethe study areas “Kaltes Feld” and
Kallmiinz, KaRLIK & PoscHLOD(2009; 2016) found considerable differences invhgcular
plant vegetation of recent and ancient grasslam@®ih areas. Both abiotic habitat properties
and history, i.e. former use as arable land inrdeent grasslands, significantly influenced
species composition. Furthermore, the ‘history’digat was strongly correlated with the
ordination axes of the RDA analyses done ARKK (2008) and KARLIK & POSCHLOD
(2009). Recent grassland sites were clearly distegpd by their phytosociological
heterogenity and the occurrence of arable weedkgrall grassland plants, and crop plants.
Ancient sites instead held a homogendtestuco-Brometearegetation cover typical for
calcareous grasslands. Indicator species with tdghity values were found for both ancient
and recent grasslands. While there were former plapts such a®nobrychis viciifoliaand
arable weeds as well as typical calcareous grasspacies among the indicators of recent
sites, the latter were almost exclusively foundnaicators of ancient sites. Thus, even after
150 years former arable fields could clearly bdimjsished from continuous grasslands.
Concerning the cryptogam vegetation, we found nthsstrong differences as ancient and
recent sites were quite strongly intermingled ie CA biplot (Figure 3); the ‘history’
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gradient was correlated with the DCA axes very WeéRearson’s r < 0.15; data not shown).
Only few species frequent in one and missing indter type were found (Table 15). Even
though arable weed species and the like are stilling in the sites of recent grassland, land-
use history seems to have much less influence assignd cryptogams.

EJRNAES& BRUUN (1995) found habitat age to be one of the mosbimapt factors regarding
species composition in grassland and Hggrocybe virgineaand Fissidens adianthoideas
indicators of old, nutrient-poor grasslan&hytidiadelphus squarrosu€jadonia furcataand
others are classified by them as occasional sphenag other main habitats than grasslands.
In our study area “Kaltes Feld”, the sspbrangiformisof C. furcataoccurred frequently and
exclusively in the ancient grasslandidygrocybe virgineaand Rhytidiadelphus squarrosus
were commonly found in the recent grasslands, dlterl also exclusively. BFFITH et al.
(2002) give considerably short times for the recpvef nutrient-poor and species-rich
grassland. Less demanding species of waxcHggrocybespec.) may already appear ten
years after abandonment of fertilized grasslandsrable fields and subsequent grazing.
However, more demanding species are not likelyetorn before 30 or more years (see also
BOERTMANN 1995). In the case of the study areas “Kaltes"Faid Kallmiinz,160 years were
not sufficient for a considerable part of the vdacylant species typical for calcareous
grassland to resettle the adjacent former arabldsfi(KarRLIK 2008; KARLIK & POSCHLOD
2009). However, various rare and endangered speciesred in both ancient and recent
grasslands (KrRLiK 2008). In contrast, JBNAES & BRUUN (1995) could find threatened
vascular plants exclusively in grassland sites ngl@ughed or fertilized. Land-use history
and abiotic conditions in summary are influencipg@es composition and species numbers
of both vascular plants and cryptogams, but notsdrae way. BBEL et al. (2006), using
fitted generalised linear mixed models, could shioat the two factors soil pH and percential
cover of bare rock affected the species richnesbrgdphytes and lichens in a markedly
different pattern than the richness of vasculantpfpecies. Moreover, the different lifestyles
of species also should be taken in account. Coraitie differences can be seen, e.g., in the
nutrition modes (autotrophic, heterotrophic, pareysior the organisation levels (mycelial,
thallus-like, cormophytic) (e.g. AVKSWORTH & HiLL 1984; RAHM 2001; MUELLER et al.
2004; GFFINET & SHAW 2008), and comparing such groups regarding thesctron on
abiotic and historical effects may be an intergstasue in future research.

Due to their small size the dispersability of prgpes produced by cryptogam species in
general is considered to be higher than that otwas plant propagules N6oLD 1971,
HAWKSWORTH & HiLL 1984; MALLOCH & BLACKWELL 1992; RAHM 2001; ®FFINET &
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SHAw 2008). This enhanced dispersability is confirmgdhe comparably large distribution
areas of various cryptogam specie§RE\NINA 1984; WASSER 1990; LRmI 1999; RRAHM
2001; ELLINGA 2004; FEUERER & HAWKSWORTH 2007) which in many cases considerably
exceed the areas of phanerogamsMiU1999; FEUERER & HAWKSWORTH 2007). Like seeds
and fruits, cryptogam propagules may be dispersed lbroad range of vectors. These
include, e.g., wind, animals living abovegroundsabterranean, clouds of smoke, and also
more specialised ways like splash mechanisms oppndic dispersal GoLD 1971;
HAWKSWORTH & HiLL 1984; ArLOR 1990; MALLOCH & BLACKWELL 1992; R'DGREN et al.
1998; RAHM 2001; MMs & Miwms, Il 2004; LLLESKOV & BRUNS 2005; BDFFINET & SHAW
2008; TELLO et al. 2013). Although there is a certain timesetf cryptogams forming soil
crusts and ruderal species like the bryophibetula ruraliformis can reach suitable sites
comparably fast (ANGHANS et al. 2010). Thus, the relatively high uniformétggncerning the
occurrences of cryptogam species found in our stgdypot as surprising. Furthermore,
propagule banks very likely also have an effecttlon spatial and temporal distribution of
cryptogam species (cf. IMS & WALTON 1993; STH 1993; R'DGREN et al. 1998; Rss
DAvis & FREGO 2004), but owing to insufficient knowledge suckeefs can not be properly
assessed at present.

Conclusion

In the grasslands of the study areas “Kaltes Falti Kallmiinz, land-use history strongly
influenced the vascular plant vegetation, and feorarable fields were distinctly separated
from continuous grasslands. Even 150 years aftenddnment arable weeds still occurred in
the recent sites, and they also held rare and gedas species. Regarding cryptogams we
observed much less differences and only very feecisg may be suitable as indicators of
land-use history. Terricolous cryptogam vegetatioarefore seems to be less affected by
history, given a certain time of recreation andcgsgsion. Rare species were found in ancient
and recent grasslands in both, ancient and reaasslgnd sites. Thus, ancient and recent
grassland sites considered in this study have alasirnonservation value, and species
maintenance measures and landscape managemere earthwile in all of these grassland

sites.
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Table 16. Mean Ellenberg indicator values and species numbers of the bryophyte and lichen
vegetation and of the macromycete vegetation of ancient and recent grasslands in the study areas
“Kaltes Feld” and Kallmunz.
L, light intensity; T, mean annual temperature; F, soil moisture content; R, soil pH value; N, soil
nutrient availability (not available for bryophytes); Hma, maximum value of hemeroby; O, habitat
openness. Species data on bryophytes and lichens taken from DULL (2001) and WIRTH (2001),
species data on macromycetes taken from Chapter 2.
A, difference in units; 6, percentual difference [6 = (A/s)*100], with s being the scale size [s = 7
(Hmad; =9 (L, T, R, N, 0); s =12 (F).

L T F R N Hmax O  Nspecies

Kaltes Feld
Bryophytes+lichens
Recent 68 37 41 61 23 25
Ancient 69 40 38 64 23 24
A 00 03 03 -03 01
5 04 35 26 -30 09
Macromycetes
Recent 61 49 48 65 48 44 68 14
Ancient 47 50 47 70 43 40 56 7
A 14 01 01 -05 04 04 12
5 151 08 05 -51 46 51 133
Kallmiinz
Bryophytes+lichens
Recent 72 41 38 60 23 26
Ancient 71 38 40 60 20 26
A 01 02 -01 00 03
5 09 24 10 00 28
Macromycetes
Recent 58 51 45 67 43 39 52 18
Ancient 69 50 47 68 47 41 6.1 20
A 11 02 -02 -01 -04 -02 -08
5 119 18 13 12 49 -22 91
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Chapter 5 — The cryptogam vegetation of grasslandster 37
years of management and succession — bryophyteshiens, and
macromycetes of the “grassland management projectf Baden-

Wuerttemberg

Abstract

After a time span of 37 years, the cryptogam vegetaf eight study sites of the grassland
management project of Baden-Wuerttemberg was sedvéy the first time. Composition of

the terricolous, saprobiotic, and epiphytic cryptog vegetation is described. The most
species-rich bryophyte vegetation was found forrtamagement types mulching every third
year, mowing twice per year, and, for small acrpoas species only, controlled burning.
Macromycete species richness was highest in theessinal plots. These, despite the
comparably short time for development, also yieldesurprisingly rich epiphytic vegetation.

To enhance species diversity it is recommendede&vd old trees and to newly create
situations of high structural diversity by connaegtiwooded stands with grassland sites

differing in the intensity of maintenance.

Key words: Black Forest; hemeroby; Hohenlohe; land-use; satesbpenness; Swabian Alb;

vegetation mosaic.

Introduction

Since 1975 different management treatments to @naiispecies-rich grasslands are tested in
the network of the “grassland management projeftBaden-Wuerttemberg. Thus, this
project is one of the most prosperous long-termegrgents in Europe ($REIBER et al.
2009). At 14 sites, distributed over the major are& Baden-Wuerttemberg, management
methods such as grazing (traditional managementraefedence), mowing, mulching, and
controlled burning (alternative management treats)eswre applied at adjacent survey plots.

As another reference, in an additional plot, susioesis allowed to take place. Vascular plant
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cover of each survey plot is mapped in a 4-yearval to record changes, and thereby the
influence of the management treatmentsHEEIBER 2009). Additionally, effects of the
management treatments on various taxonomical grotipeimals, as well as on specific soil

characteristics, were analysectc(BeIBER et al. 2009).

Whereas the vascular plant cover and its changesoatinuously studied, cryptogam species
(i.e., bryophytes, lichens, and fungi) so far weoé recorded at all. Moreover, there seem to
be quite few studies on the influence of long-tdamd use or grassland management on
cryptogams, and these, in turn, often focus on nspecific issues like the influence on
mycorrhizal species @iNI et al. 2007; BRNHARDT-ROMERMANN et al. 2009) or sporocarp
production (SRAATSMA et al. 2001). On the other hand, at least somdiestudeal with
species composition and related issuesT(® & ESSEEN 2003; GeRKEN et al. 2008;
JESCHKEet al. 2008).

Therefore, in the present study we surveyed thptogam vegetation at eight sites of the
grassland management project in differently manggets. To analyse the effect of the
management treatments on cryptogams we addresdolibgving questions: (i) Which
management treatments promoted the most speckesiyptogam vegetation? (i) Which
management treatments promoted the most speclesaacromycete funga? (iii) Are there
differences between the cryptogam vegetationseofritanaged plots and the succession plots?
(iv) How species-rich is the epiphytic vegetatiand are there differences between various

host tree species?

Based on these issues, we also give recommendébioosnservational measures.

Materials and methods
Study sites and management measures

In the present study we surveyed eight sites of gtessland management project that
comprise a broader set of management treatmentsREBER 2009). Figure 5 presents the

geographical setting within Baden-Wuerttembergessdre compared regarding some abiotic
and biotic features in Table 17. Table 18 lists th@nagement treatments applied on the
respective sites. Four plots managed by controfiedcession (i.e., removal of surface

biomass of woody species, but otherwise free sga@swere included since no application

of the actual management had been done so far.
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Figure 5. Map of the eight study sites, displaying their location in southwestern Germany.
M, Munich; R, Regensburg; S, Stuttgart. Sites: B, Bernau; E, Ettenheimmunster; F, Fischweier; H,

Hepsisau; O, Oberstetten; P, Plattig; R, Rangendingen; S, St. Johann.

Table 17. Site-specific and vegetation data of the eight study sites (data from SCHREIBER 2009b).

Study site Region Height Mean annual values  Vegetation type before initiation of the
a.s.l. (m) Temp. Precipit. project
(°C) (mm) .
Oberstetten Muschelkalk-Tauberland ca. 380 8.5-9 ca. 700 Moclier.ately dry Salvio-Arthenatherefum
elatioris, lowland type
Hepsisau Mittlere Voralb ca. 560 7.5-8 ca. 900 Mountainous Arrhenatheretum
St. Johann Mittlere Kuppenalb ca. 760 6-6.5  ca. 1000 Weakly developed Gentiano-Koelerietum
Rangendingen Hecken- und Korngau ca. 460 7.5-8 ca. 750 Mesobrqmetum, p.p. including early
successional stages
Fischweier Nordwestliche Schwarzwald- ca. 220 8-8.5 ca. 950 Wetland meadows
Randplatten
Plittig Grinden-Schwarzwaldund . 745 665 ca.1900  Ranunculo aconitifolii-Filipenduletum
Enzhohen
EtF_enhelm- Lahrer Schollen 260-290 8-8.5 ca. 900 Arrhenatheretum
munster
Bernau Hochschwarzwald ca. 1100 ca.5.5 ca. 1800 Festuco-Chamaespartietum sagittalis

Table 18. Overview of the management treatments applied at the respective study sites.

Undisturbed succession (US), controlled succession (CS); grazing (G); mulching twice a year (2M),
mulching once a year applied early (1Me) or applied late (1MI), mulching every second year (M2),
mulching every third year (M3); mowing twice a year (2Mo) or once a year (1Mo); controlled
burning every year (1B) or every second year (B2).

Study site Succession Grazing Mulching Mowing Burning
Us CS G 2M 1Me 1MI M2 M3 2Mo 1Mo 1B B2

Oberstetten X X X X X X X X

Hepsisau X Sheep X X X X

St. Johann X X Sheep, horses  x X X X X X X X

Rangendingen X X X X X X X X X

Fischweier X X X X X X X

Plattig X X X X X

Ettenheimmiinster X X X X X X X X X

Bernau X X Cattle X X X X X X

-52-



Chapter 5 Grassland management

Survey of cryptogam species

We recorded the terricolous, saprobiotic, and egiplvegetation of bryophytes, lichens, and
macromycetes. ‘Macromycetes’ in this context refersall fungus species producing fruit
bodies > 5 mm in size. Small parasitic fungi (ergst fungi, smut fungi, powdery mildews,
downy mildews) were excluded from the study, evéough they sometimes cause
conspicuous damage patterns.

To analyse the vegetation data concerning occuggeotendangered species we used the Red
Lists of bryophytes/lichens of Baden-WuerttembéBpUER & AHRENS 2005; WRTH 2008)

and the Red List of macromycetes of BavariaARKSCH & HAHN 2009). We used the
macromycete list of Bavaria, instead one of Badareifemberg, as the last one published
for this federal state is outdated IWERHOFF & KRIEGLSTEINER 1984) and a later

compilation of MINDER was left unpublished.

Terricolous species; macromycetes on deadwood agleedus substrates, and litter

Within the survey plots cryptogams most often wietend in very small and isolated patches.
Regarding fungi this is due to sporocarp formatibnf also because the populations of
bryophytes and lichens often consisted of only onéew indivuals. Survey squares, being
commonly used in vegetation and succession mappiegefore were not applicable in a
reasonable way. It seemed in fact to be more usefsarch the whole survey plot. In doing
so, we walked over the plots in a narrow zigzagepat recording the small-scale (ca. 20 x 20
cm) cryptogam vegetation after a few steps eachlitidhally, based on the species lists we
calculated the abundance of small and acrocarpoysplyte species. These are species
growing in + loose turfs mostly reaching less tHaem in height (see Figure 6).URING
(1979) classifies these species to be fugitives, colonistsannual to short lived shuttle
species. Thus, as these species prefer sites witbpan and sparse vegetation poor in
competitors (see alscrEHM 2001), they can be used as indicators of habgahwess. We
also recorded the total cover of bryophytes anldels, given as percentage of the whole
survey plot area, and estimated the proportionazhespecies. By estimating the species’
proportion to the total cover of bryophytes antidios, and not to the total vegetation cover, it
Is easier to evaluate the less frequent speciegeisWe used the scale ofERTEL (1974),
giving the species’ proportion in percent with neb&o the total cover of bryophytes and

lichens. These species proportion can be transfbriime absolute cover values by
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multiplication with the total cover, and then caa blassified in the scales ofRBUN-
BLANQUET, LONDO, etc. (e.g., see IBRSCHKE 1994)

Compared to the records of bryophytes and licheosvigg year-round, detection of the
mostly short lived sporocarps of macromycetes msugh more demanding task. As we had
only one season for species recording, our studyg dot represent a complete macromycete
survey which would take at least a few year®NALDS 1992b; SRAATSMA et al. 2001,
MUELLER et al. 2004). Abundances of species are givenhasnumber of fruit bodies
according to the scale ofieL (2011b). Survey plots comprising areas differingsoil

humidity as well as in species composition wereiddiet up, and separate species lists

(including abundance estimations) for the differam@as were compiled.

) v - & ~ h . '{.A.
Figure 6. Sparse ‘short turfs’, consisting of small acrocarpous bryophytes, in a vegetation gap.
Displayed are: Bryum argenteum (tight, bud-like foliage), Bryum rubens (protruding dark green
leaves), and Ceratodon purpureus (protruding light green leaves). Photo: J. Simmel. Image width
ca. 20 cm.

Epiphytic species

We studied epiphytic bryophytes and lichens onlyhe succession plots for two reasons.

First, except of few tree or shrub individuals gnagvalong the edge of different survey plots,
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host species are present only in the successido#d; secondl only there the situation

regarding disturbance is comparable. As comparetenacolous species, abundances of
epiphytic bryophytes and lichens are more diffidoltrecord due to the irregular form of

branch and stem surfaces, and due to differens sind ages of tree individuals. Moreover,
the number of trees as well as host species idEnate unequally distributed within the study
sites. We recorded therefore the epiphytic spelsiescanning all trees and shrubs of the
respective survey plot up to viewing or reachingghe classifying the species abundances

using to the scale byMvEL (2011b) and separate recordings for each hostespec

‘Individuals’ were defined as single plants (liveamts and pleurocarpous bryophytes), as
single plants or cushions up to 1 cm in diametero@arpous bryophytes), or as single thalli
(lichens) (see BRKMAN 1958; WRTH 1972; HERTEL 1974). Regarding their position on the
host, we classified the occurrences of speciesour £cological groups: (i) stem base,
including exposed roots; (ii) stem; (iii) branci{esl0 mm thick and/or bark deeply fissured);
(iv) branchlets £ 10 mm thick and bark smooth). The stem base wésedkeas the zone
between soil level and the upper end of the rogs.l&Referring to the ‘higher cryptogams’, in
Central Europe as a general rule only lichen anpiryte species are seen as epiphytes,
while fungi are excluded. In the case Stenocybe pullatulaclassification is quite unsure.
Due to its growth type and fruit body form it ixcinded in the work of WRTH et al. (2013),

which is the reason why we also recorded it.

Indicator value analysis using epiphytic lichens

Based on the mapping of epiphytes (see above) wapited an additional analysis of
Ellenberg indicator values (EIVs), using the valuwdsT (mean annual temperature), F
(substrate moisture), R (substrate reaction), Nqsate nutrient availability), and To (toxi-
tolerance) as given by MfH (2001). In this analysis we could not meaningfudfyply the
current guidelines [VDI guideline 3957 sheet 13;-EttestBIOTA method (both described
by FRAHM et al. (2010)], as there are considerable diffezsno number, species, and size of
the woody host plants among the study sites. Tiusctual mapping of the air quality could
be done. Instead of this we calculated mean ElWeslbased on the data from the
successional plots, separated by host speciescahagecal groups (stem, branch, branchlet;
occurrences at the stem base were excluded, asdftes are overgrown by taller plants and

enriched in nutrients by the run-off water from #tem).
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Data analysis

Graphical analyses are given for all parts of thesent study. Statistical analyses were not
reasonably applicable due to an uneven distribudsfomumbers and types of the survey plots

as well as due to species occurring very rarelstiquaarly true of macromycetes).

Results
Terricolous species

The results regarding the terricolous species esepted in the Figures 7 and 8. We found
the highest mean species numbers of bryophytdseiplbt types M3, 1Mo, US. and CS, and
the lowest in the plot types 1Me, 1MI, M2, 2Mo, 18)d B2. Terricolous lichens only were
present in successional plots, which also were spaties-rich in macromycetes. While the
total cover of cryptogams reached values of 20 #raare in the plot types 2Mo and CS, the
respective values of the plot types G, 1B, and B below 5 %. The proportion of
acrocarpous mosses was highest in the plot typ#&43G1B, and B2. We found only few red

listed species, and these grew in the plot typesWe, and 1B.

Macromycetes on herbaceous or woody substrates

We found only few lignicolous or herbicolous funggr plot type. Species numbers were

highest in the successional plots (Figure 9).

Epiphytic species

On average, we found nearly 20 species of licherts about five species of bryophytes
growing epiphytic per successional plot (Figure, I!@sulting in a total of 68 species of
epiphytes. 50 species of this total number weredoon Fraxinus excelsigrwhile only one
species was found dBetula pendulgFigure 11). The proportion of endangered spewias
highest in the epiphyte communities growing eraxinus excelsiorand Malus domestica
s. lat. We found the most diverse epiphyte commesito grow onFraxinug Malus and
Pyrus communisregarding both the total species number and thpagption of endangered
species(Figure 12). In contrast, no endangered species vi@ind onPrunus spinosa
Analysing the niches that epiphytes can colonisedrost plant (Figure 13), most species
lived on stems, branches, or branchlets. Of thiessetniches, the proportion of endangered
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species was highest for branchlets, while no engla&agspecies were found at the stem base
of the host plants.

Analysis of Ellenberg indicator values of epiphyitben vegetation

The values we calculated for the EIVS T, F, R, NJ &o are listed in Table 19. Considerable
differences are found for the EIVs R, N, and T, levlthere are quite similar results for F and
To.

Table 19. Results of the mapping of Ellenberg indicator values using lichens, given as adjusted
mean values of T (temperature value), F (moisture value), R (reaction value), N (nutrient value), and
T (toxi-tolerance) according to WIRTH (2001).

For abbreviations of the study sites, see Table 17 and Figure 5. Site P (Plattig) is divided in an open
(0) and an fenced (f) part.

0 H S R F B E Po Pf

T 471 496 52 458 506 518 4.03 482 451
F 316 331 321 328 333 309 35 322 325
R 494 525 529 487 463 45 38 49 491
N 409 421 42 421 366 378 304 431 457
To 653 618 63 62 614 626 672 641 647

Discussion
Terricolous species

Cover values of the bryophyte and lichen layer weghest in the plot type 2Mo, lowest in
the plot types G, 1B, and B2, and reached aroun@01% in the remaining plot types. On
average, in the more species-rich plot types W&, CS, M3, 1Mo) we found about seven
species of bryophytes, while we found lichens inyawo US plots at all. This pattern
roughly is in congruence with the results of otsterdies, except of the low values found for
the G plots. These should be much more speciessribnopyhytes due to various favorable
factors like the presence of extensive areas of lsarl and the disturbance by trampling
(GERKEN et al. 2008; gscHkE et al. 2008). In the G plots, grazing intensityghtibe too low

so that a relatively dense vascular plant vegetatimracteristic for pastures has established
(PoscHLoDet al. 2009) hindering an additional establishnuériiryophytes.

In contrast, the high cover values in the mowngplotet the expectations. Mowing at regular
intervals guarantees suitable light conditions tlee bryophytes growing close to the soil
surface, thereby promoting especially the largenolearpous species AMDERPOORTENEL al.
2004; EscHkeet al. 2008). Mowing twice a year still seems ¢éontoore suitable than mowing
only once; however, as we could study but one 1Mt generalisation is hardly possible.
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The negative effects of a mulching regime on crgatos (cf.vON BRACKEL et al. 2008) are
well demonstrated by generally quite low cover ealin the respective plots. Decomposition
of the mulch material takes around three to fouekseduring the summer half-year (i.e.,
first/early mulching), but may last up to severabnths during the winter half-year (i.e.,
second/late mulching) @3cHLoD et al. 2009). During this time the mulch matensl
covering and shading the soil. At least in indiatloases, but probably also more often, the
mulch material keeps covering the soil even longarticularly at wet sites (Figure 14).
While vascular plants can grow through the mulgfetaguite well, small cryptogam species
are not able to do so and suffer from the coveongthe long term. This situation is
confirmed by the high mean species numbers founithenM3 plots. Due to the infrequent
application of the management, processes simil@ingaconditions in the successional plots
can be observed: occurrence of tall grasses, bugioachment, and increasing patchiness of
the lower vegetation. Thus, the species numbersmaith those found in the successional
plots. Solely the 1Mo plot also reaches this sgeciamber.

The proportion of acrocarpous mosses generally lessand their occurrence was largely
restricted to disturbance sites like, e.g., molehdt soil disturbances caused by the mulching
or mowing vehicles. Therefore, no coincidence with respective management treatments
could be detected, except of the burned plots.elyetation gaps caused by fire, acrocarpous
mosses regularly can be found, even though only feaw species occur together at a time.
Moreover, the regular application of burning causdsss compact turf which is suitable for

the growth of small cryptogam speciesogeHLoDet al. 2009).

In the course of shrub and tree encroachment amédtablishment of tall grasses and herbs
in the successional plots, a quite species-riclofinyte vegetation has formed, consisting of
pleurocarpous and procumbent acrocarpous specigs Rdagiomniumspec.). As these
species throughout are rather tolerant to shadingn after full development of the canopy
hardly any changes in species composition arepecxThe question why terricolous lichens
solely were found in successional plots remainsleamcbased on the present data. Most
probably, these lichen individuals had establistlegbdy before the project was initiated.

The distribution of terricolous macromycetes clgsakets the expectations. Species numbers
were considerably higher in successional than imaged plots, owing to the additional
occurrence of, e.g., mycorrhizal species or saprabigrowing on leaf humus. However, the
time available for the mapping of macromycete gggewias restricted to one season, whereas

several years and mapping runs all year round ezessary to record at least the main part of
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the macromycete inventory RAOLDS 1992b; SRAATSMA et al. 2001; MELLER et al. 2004).

Thus, the present data do not constitute an investatistically evaluable.

Regarding both bryophytes and fungi, we found oy few rare or endangered species. It
can be assumed that these species also occur medner surroundings of the study sites and

have spread into the plots since the initiatiothefproject.

Finally, it should be noted that the sites surveiyethe present study are representing mainly
the mesophilic grassland, which in general is matheor in bryophytes and lichens
(ELLENBERG 1996; DERSCHKE & BRIEMLE 2008), and that these are reacting on
environmental impacts largely independent fromtieeb layer (HRBEN 1987; FHARO et al.
1999).

Macromycetes on herbaceous or woody substrates

Except for the successional plots, we could findly arery few lignicolous or herbicolous
species throughout. Regarding lignicolous specdes gossibilities for establishment are
widely restricted due to the lack of dead wood -staj the trees and shrubs have only grown
up after inception of the project. When the treesajder, the habitat situation for fungi on
dead wood will increasingly improve. Regarding hestous species we found fruit bodies in
several plot types. However, due to the short stirdg some plot types are rather under-
represented, which certainly does not reflect tltuad situation. Therefore, further
observations should be carried out, especiallyndgugutumn and early winter when larger

amounts of dead herbacous material are availableofonisation.

Epiphytic species

We found, on average, 25 species of epiphytes ymressional plot, nearly 20 of which are
lichens. Numbers of epiphyte species and of phorepkpecies show, at least, a rough
correlation; the plots most species-rich in hotds aeld the most epiphytic species, with the
study site Bernau as one exception. While therenlg one phorophyte species present in
Bernau Picea abie¥ the number of epiphytic species still reacheawrage value. The high
relevance oPicea abiesas a host tree also was shown hyuKINEN (1996); with increasing
age the communities still may become more spewbs-rat least regarding lichens
(KUUSINEN & SITONEN 1998; NasCIMBENE et al. 2010).
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Another striking fact ist that the proportions afytyphytes of all epiphytic species strongly
vary. At the site Hepsisau nearly half of the eptghspecies are bryophytes, while they are,
nevertheless, constituting one third of all epigsytat the sites Fischweier and
Ettenheimminster. In contrast, at the other sites faund only very few epiphytic

bryophytes. This pattern is not reasonably expthioye the number or identity of phorophyte
species at the respective sites. Thus, composdiothe epiphytic vegetation perhaps is

affected by certain climatic influences or by diéfet regional species pools.

Though most of the phorophyte individuals are natpeung (due to establishment after
initiation of the project in most cases) they baaurprisingly rich epiphyte florarFz et al.
(2008), studying-agus sylvaticaon average found twelve epiphytic species (sixelid) six
bryophytes) per host tree, with a maximum of 34cise OnFraxinus excelsigrJoHANSSON

et al. (2007) on average could detect about 12 Zoeiphytic lichen species per tree
individual, and KIUSINEN (1996) recorded 17 to 28 epiphytic species Pieea abiestree
individual. In the present study we found quite iBmspecies numbers. Ten phorophyte
species yielded 19 or even more epiphytes, threehidh Fraxinus e, Malus domestica
Pyrus communjsbore up to more than 25 species. The compargtstcies-rich epiphyte
flora probably is due to rich floras in the surrdings of the respective sites. With increasing
age of the phorophytes further increases in speuiesbers of epiphytes are to expect, in
particular regarding lichens (SINEN & SHTONEN 1998; ©HHANSSON et al. 2007;
NASCIMBENE et al. 2010) and rare and endangered specieg{$sonet al. 2007; RiTz et

al. 2008). However, this is not only related to there age of the host individuals (and thus
an increasing time span available for establishjnént likewise with an increasing number
of microhabitats formed by, e.g., a fissured barkdaring the development of a closed
canopy (B\RKMAN 1958; dHANSSONet al. 2007). Most of the endangered speciesesepi
are found on thin branchlets, which is explained thg pioneer character or the low
competitive power of various red listed speciesnTdranchlets at the margin of the canopy
thus are the most favorable sites due to the logv Gfgthe branchlets and the comparably
harsh ecological conditions. Compared to thickanbhes or stems, branchlets at the margin
of the canopy on the one hand receive more ligttpecipitation, but on the other hand are
exposed to less constant conditions regarding wiadliation, and temperatures (cf.
BARKMAN 1958; lRaHM 2001).
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Analysis of Ellenberg indicator values of epiphyithen vegetation

We found a quite interesting pattern of Ellenbardicator values. The largest differences
among the respective study sites can be seen rigpet@ture values, reaction values, and
nutrient values. In contrast, moisture values axétblerance values are quite similar. This is
surprising because the sites we studied have d gagation of surrounding environments
(e.g., humid river valleys vs. dry southern slopgese to vs. far from settlements). Thus,
most probably the similarity in moisture valuescdaused by quite similar ages of the
phorophytes; the bark of the majority of the hostividuals still is + smooth or only weakly
structured, and only few individuals of, e.@inus sylvestris already have developed a
fissured or scaly bark. As smooth bark hardly mvpting different microhabitats @E&RKMAN
1958; HhwKkSWORTH & HiLL 1984), it promotes the establishment of a quitdoum set of
epiphyte species adapted to smooth and ratherattkydnirfaces. The toxi-tolerance values do
not exhibit a correlation with the nutrient valugsthe distance of the sites to settlements,
which is why the relatively small differences se&mbe independent from fertilising or
harmful airborne depositions, but probably may loe do different stocks of phorophyte
species or different microclimates at the site Tmperature values clearly reflect the mean
annual temperatures calculated from actual meamnts, but, interestingly, in reverse order.
Thus, the temperature values probably reflect tifleence of air humidity at the respective
site. In contrast, the reaction values and nutriealues are in congruence with the
composition of the set of phorophyte species atrdspective sites. The highest values
therefore are found for the sites Hepsisau andd®iann, where the tree stock is rictAirer
andFraxinuswhich both have a base-rich bark, while the lowestes are found for the sites
Bernau and Ettenheimmunster, whBreea(Bernau) oiQuercusandCastaneaare the sole or

the dominant tree species, which all have acidikdbésee WRTH 1995).

Implications for the conservation practice

In the present study, after 37 years of managemmesticcession, the bryophyte layer shows
the highest cover values in the 2Mo plots, whiles itnost species-rich in the plot types M3
and 1Mo. For maintenance of grasslands rich in finytes, these three management
treatments thus have proved best. Regarding sroedcapous species, the two types of
controlled burning (1B, B2) performed best; if apglintensively enough also grazing (G)
can be a good alternative, perhaps in combinatith more disturbing treatments such as

milling (PoscHLoD 2009). We clearly must advise against the appboatof frequent
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mulching (2M, 1M, M2) which, however, is recommedd&hen taking into account only
vascular plant vegetation gBcHLOD et al. 2009). Accordingly, a recent meta-analysis o
grassland management experiments came to the sontlthat grazing is generally better

than mowing concering diversity of vascular plaege&tation (RLLE et al. 2016).

Species numbers of macromycetes are highest atwite moasic-like patches of open and
dense vascular plant vegetation. It thus may bentaresting option (i) to connect older
(and/or younger) trees already present by a locsebnged set of small ‘succession islands’
intermingled with managed plots, or (ii) to createclose arrangement of grassland plots
differing in their use intensity. The latter alsautd be applied in bryophyte conservation (see
above, combining the measures 2Mo, 1Mo, and M3).

Despite the relatively low age of the phorophytibgse held a surprisingly rich epiphyte

flora. Therefore, also single trees or smaller ¢assion islands’ (see also above) can
substantially contribute to the conservation anahption of epiphyte floras, including rare

or endangered epiphytic species (ciINFER et al. 2016).
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Figure 7. Species numbers of terricolous bryophytes, lichens, and macromycetes in the respective

plot types.
For abbreviations of the plot types, see Table 18.
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Figure 8. Total cover values (in %) of the terricolous cryptogam vegetation, and species numbers

of small acrocarpous bryophytes in the respective plot types
For abbreviations of the plot types, see Table 18.
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Figure 9. Species numbers of lignicolous and herbicolous macromycetes in the respective plot
types.

For abbreviations of the plot types, see Table 18.
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Figure 10. Species numbers of epiphytic lichens and bryophytes, and of phorophyt species
present at the respective sites. US, mean value of all US plots.
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Figure 11. Species numbers of epiphytic species (lichens + bryophytes) and of Red List species
thereof, given by their occurrence on the respective phorophyte species. The ten phorophyte
species bearing 19 or more epiphyte species (see dashed line) are treated separately in Figure 12.
Abbreviations of species names: Ab, Acer pseudoplatanus;, Ac, Acer campestre; Al, Alnus
glutinosa; Ap, Acer platanoides; Bp, Betula pendula; Cb, Carpinus betulus; Ce, Castanea sativa,
Cr, Crataegus spec.; Cs, Cornus sanguinea; Fe, Fraxinus excelsior; Lv, Ligustrum vulgare; Md,
Malus domestica ss. lat.; Pa, Picea abies; Pi, Pinus sylvestris; Pr, Prunus avium; Ps, Prunus spinosa;
Py, Pyrus communis ss. lat.; Qr, Quercus robur; Qu, Quercus rubra; Rc, Rosa canina; Sa, Sorbus
aucuparia; Sc, Salix caprea; Sn, Sambucus nigra; Sp, Salix purpurea; Ti, Tilia spec.; VI, Viburnum
lantana.
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Figure 12. Species numbers of epiphytic species (lichens + bryophytes) and of Red List species
thereof, given by their occurrence on the ten phorophyte species bearing the most species-rich
epiphytic flora (cf. Figure 11). Mean values and standard deviation are shown for phorophytes
with three or more occurrences (Ab, Fr, Ps, Qr).

For abbreviations of the species names, see Figure 11.
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Figure 13. Species numbers of epiphytic species (lichens + bryophytes) and of red listed species
thereof, given by their occurrence in four niches on the phorophytes.

Stem base (between soil level and the upper end of the root angles, including exposed roots);
stem; branch (> 10 mm thick and/or bark deeply cracked); branchlet (< 10 mm thick and bark
smooth).
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Figure 14. Dense and strongly matted layer of mulch material in the plot 1Ms at the study site
Fischweier. While taller plants can grow through this layer, the soil in between is nearly completely
covered. Mulching is applied at this study site around the end of August or the begin of

September, the mulch layer thus dates back to the year 2012. Photo: 18.07.2013, J. Simmel.
Image width ca. 110 cm.
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Chapter 6 — Shifts in species composition of macroynete
assemblages in the nature reserve “Sippenauer Moor* an
assessment using species identities, Ellenberg icaior values,

and functional traits

Abstract

In the present paper we present the results ofratanmg on the macromycete vegetation of
the nature reserve “Sippenauer Moor”, a calcardenscomprising areas of different mire
types which was affected by land-use changes indudarinage and a nearby quarry
pumping groundwater for limestone extraction. Wedua fungus mapping from 1998 and
1999 as a basis for the comparison and assessexpéloees identities, Ellenberg indicator
values, and functional traits. While species nummbvegre similar for thé&phagnunpatches,
we found a considerable loss of species and ofistztl species for the remaining fen area,
and only very few species were found in both stdi€llenberg indicator values and
functional traits did not yield significant diffarees. However, we found a considerable
increase in the number of ubiquitous species. Tlbs@ges in species composition most
probably are caused by an insufficient managentex@,encroachment, and effects of the past
drainage and groundwater pumping. We recommeng@pty @ more adapted management to

prevent further species losses and to maintaihitifequality of the fen.

Key words: draining; fen meadow; karst water; percolation eniPruno-Fraxinetum;

Sphagnetum magellanici; spring mire; transitionakm

Introduction

Concerning issues of ecology, restoration ecol@gnd nature conservation, wetlands are
regarded as very important ecosystems since thayider habitats for numerous specialised
plant and animal species AKFER & PoscHLOD 1997; WEDER & VITT 2006; RDIN &

JEGLUM 2013). Furthermore, they also have more generalogical functions such as
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buffering floods and balancing temperature fluatureg (ELLENBERG 1996; R'DIN & JEGLUM
2013). In ecological and geological respects, weldaare classified by their hydrological
status, and in a first step, swamps can be disshgd from mires. While the latter are
constantly waterlogged, the former also experigoltases of desiccation. Thus, only mires
can accumulate peat, whereas the dead organicrnsatt®re or less completely decomposed
in swamps (KPFER & POSCHLOD 1997; $EGEL & GLASER 2006; RDIN & JEGLUM 2013).
Mires therefore are important sinks of organic oarbwhich makes them valuable buffers
concerning climate and global change researergZ & WIEGLEB 2009; R'DIN & JEGLUM
2013).

There are several types of mires that can be @lgdy the origin and pH status of the water
that feeds them. Being fed by water originatingrfrthe mineral soil, fens are distinguished
from bogs that are fed exclusively by precipitatioater (KAPFER & POSCHLOD 1997; R/DIN

& JEGLUM 2013). Therefore, fens are strongly affected by dquality of the mineral soil
water, especially regarding its nutrient and bamgent. Besides peat mining, fens also were
used in agriculture, e.g. as hay meadows or Iitteadows, which is why large proportions of
fen areas have suffered from draining, fertilizatior even tillage (EEENBERG 1996; KAPFER

& POScHLOD1997; ®SCcHLOD 2015).

Though it is still in a rather good condition, charg land-use but also drainage and pumping
of groundwater in a nearby quarry until the begignof the 21 century affected the habitats
and their respective biodiversity in the “SippermaM@or”, a calcareous fen southwestern of
Regensburg. It has a high rarity value owing to tagais. Firstly, it is the only mire in Bavaria
that is fed by sulphuric water, and secondly, & isombination of alluvial forest, forest mire,
percolation mire, spring mire, and transitional enfWARNEKE 1993; BRESINSKY 1999;
KRIEGLSTEINER 2002), being the last fen in relatively good siatéhe catchment area of the
Bavarian part of the Danube. Due to its speciebngss and its unique hydrology, the
“Sippenauer Moor” was established as a nature vesgready in 1939 (B=SINSKY 1999).
Traditional land-use types were given up in theQi®6 to 1980ies and step by step replaced
by an artificial grassland management which trzsitmulate the traditional management.
Since the end of the #@century some rare plant species showed a dectieven became
extinct (BRESINSKY 1999; BRESINSKY 2001), and as the main cause the lowering of
groundwater due to the pumping activities in tharbg quarry was identified. As a result of
litigations regarding this matter, the lime workavh to operate a karst water injection and
other hydrological protective measureREBINSKY 2001; HMIDT 2009). Fortunately, these
measures are successful in keeping the water ahlbleonstant level (5IMIDT 2009).
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Since considerable changes in the composition @fptant and bryophyte vegetation of the
“Sippenauer Moor” have been foundREBSINSKY 2001;KRIEGLSTEINER2002), in the present
study we wanted to investigate if there are similaanges in the macromycete vegetation.
Therefore, we did a repeat study of the fungus nmgppy KRIEGLSTEINER (2002). To
analyse if there are changes in species numbergiespecomposition, and species
characteristics of the macromycete vegetation, seduhree different assessment schemes,

which were (i) species identities, (ii) Ellenbenglicator values, and (iii) functional traits.

2. Materials and methods
Study site

The nature reserve “Sippenauer Moor” is situatedthat border of the natural regions
Franconian Jura and Lower Bavarian Upland at c@-3® m a.s.l. (Figure 15). Its main area
iIs a complex of percolation mire, spring mire, drahsitional mire (RIEGLSTEINER 2002).
Within Bavaria it is unique in being fed by sulplouwwater (BRESINSKY 1999), which mainly
pours out of slit springs in the underground, bgré is also one large aerial spring
(WARNEKE 1993; BRESINSKY 1999). While wet to seasonally flooded alluviaiefst and forest
mire (Pruno-Fraxinetumas well as fen shrubs are occupying the periplffierent types of
fen meadows are found in the central parts of itee Bhese mainly belong to the associations
Orchio-SchoeneturandJuncetum subnodulgsand also comprise a few small occurrences of
Sphagnetum magellanitiummocks (WRNEKE 1993). In the southeastern part there is a

small spruce plantation which was excluded frompfesent study.
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Figure 15. Location of the study site “Sippenauer Moor” near Regensburg (R).
M, Munich.

Macromycete surveys

The present study was designed as a comparison avithorough survey of fungi by
KRIEGLSTEINER(2002).This author mapped the funga of macromycetes, mgcetes, and
myxomycetes in the years 1998 and 1999, while weechout our repeat study in 2010 to
2012. Due to practical reasons, we mapped onlyntheromycete funga, which is why we
adapted the species list provided byigGLSTEINER(2002)to our selection of species groups.
Species lists were published byRIKGLSTEINER (2002) and #amEL (2011a;2013b). Like
KRIEGLSTEINER we did not use plots but searched the whole sitenéxXexcept of the spruce
plantation, see above). For every occurrence of earomycete species we noted the
affiliation to a plant community and data regardsupstrate, fruit body number, and habitat

quality.

Nomenclature follows BsL & BRESINSKY (2009) for basidiomycetesand HANSEN &

KNUDSEN (2000) for ascomycetes.

Data analysis

We analysed the species composition found IREELSTEINER (2002) and in the present

study by comparing the species set (i) of the whulee area and (ii) of three separate
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habitat/phytosociological units. These three urefsresent largely homogeneous habitats as
we chose th&phagnetum magellani¢sP), the fen meadows at the central fen area (FM),

and thePruno-Fraxinetum(PF) stands around the central spring.

In both comparisons we used the total number ofromagcete species, the number of
endangered species (as classified RASCH & HAHN (2009)), the number of species for
which Germany has a global responsibility)fERITZ & GMINDER 2014), and the number of
species exclusively or primarily growing in fenslwgs. For the latter assessment we used
ecological descriptions given in the literatureg(e-HANSEN & KNUDSEN 1992; HANSEN &
KNUDSEN 1997; FANSEN & KNUDSEN 2000; KRIEGLSTEINER 2000a; KRIEGLSTEINER 2000Db;
KRIEGLSTEINER 2001; KRIEGLSTEINER 2003; KRIEGLSTEINER & GMINDER 2010). In
comparison (ii) we also used Ellenberg indicatdues (EIV) and functional traits (FT) of the
macromycete species (s€&hapter 2 and 3). We included the EIVs L (light intensity), T
(mean annual temperature), F (substrate moistureiet), R (substrate reaction), N (substrate
nutrient availability), O (substrate openness), ddfrequency measure), and omitted the
ElVs K (continentality), S (substrate salt contear)d H (hemeroby) as these factors are not
useful in the analysis of the fen vegetation anhgls site (see alsoLEENBERG et al. 2001 and
Chapter 2). Differentiation between groups was analysed gidann-Whitney U test in
SPSS 23.0.0.0 (SPSS 2009).

Table 20. Comparison of the macromycete mapping by KRIEGLSTEINER (2002) and by SIMMEL
(2011a; 2013b). Numbers of all species, of red listed species, of German responsibility species, and
of species exclusively or primarily growing in fens or bogs. See also Table 4.
Mapping of the whole site extent (All), of the Sphagnetum magellanici (SP), of the fen meadows
(FM), and of the Pruno-Fraxinetum (PF).

Site/habitat All SP FM PF
Author Kr  Si Kr Si Kr Si Kr Si
No. species 368 195 4 4 35 10 21 19
No.RL 50 13 3 3 2 5 10 2
No. responsib. 4 2 1 1 2 2 2 0
No. fen species 12 7 2 2 5 3 1.0

Table 21. Comparison of mean Ellenberg indicator values calculated for the macromycetes of the
Sphagnetum magellanici (SP), fen meadows (FM), and Pruno-Fraxinetum (PF) habitats, and the
results of Mann-Whitney U test analysis (n.s., not significant; *, p < 0.05; ***, p = 0.000).
Kr, mapping by KRIEGLSTEINER (2002); Si, mapping by SIMMEL (2011a; 2013b). EIVs: L, light
intensity; T, mean annual temperature; F, soil moisture content; R, substrate moisture content; N,
substrate nutrient availability; O, substrate openness. For further explanations, see text.

Habitat SP FM PF

Author  Kr Si U p Kr Si U p Kr Si U p

L 6.50 750 -087 ns. 642 644 -027 ns. 452 416 070 ns.
T 5.75 450 3.27 n.s. 500 460 152 ns. 485 500 -095 ns.
F 8.00 6.67 092 n.s. 6.57 667 -015 ns. 742 641 219 *

R 6.50 767 -0.77 ns. 536 543 -007 ns. 550 567 -026 ns.
N 300 375 -0.74 ns. 341 440 -185 ns. 510 471 078 ns.
0 133 725 -1455 ** 531 610 -096 ns. 480 484 -0.07 ns.
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Table 22. Comparison of mean functional trait values calculated for the macromycetes of the
Sphagnetum magellanici (SP), fen meadows (FM), and Pruno-Fraxinetum (PF) habitats, and the
results of Mann-Whitney U test analysis (n.s., not significant; *, p < 0.05). Statistical analysis was
done exclusively for comparisons with a difference > 5 %.

Kr, mapping by KRIEGLSTEINER (2002); Si, mapping by SIMMEL (2011a; 2013b). FTs: RL B, Red List
status for Bavaria (KARASCH & HAHN 2009); Long M, longevity of mycelium; Long F, longevity of
fruit body; Season, fruiting season; N type, nutrition type; Frb type, fruit body type; Frb size, fruit
body size; Frb col, fruit body colour; H type, hymenium type; Vol;, fruit body volume index; Sp size,
spore size; Sp sh, spore shape; Sp su, spore surface structure; Sp col, spore colour; Sp pore, type
of spore pore; Sp disp, spore dispersal mode; Cyst H, cystidial types in hymenium; Cyst F, cystidial
types of fruit body. For further explanations, see text.

Habitat  SP FM PF

Author  Kr Si U p Kr Si U p Kr Si U p
RLB 325 400 -0.36 ns. 477 540 -065 ns. 648 763 217 ns.
LongM 100 100 - - 1.07 110 - - 1.05 105 - -
LongF 300 300 - - 300 300 - - 300 300 - -
Season 3.00 300 - - 296 300 - - 295 295 - -
N type 200 200 - - 183 156 168 ns. 124 167 -203 ns.

Frbtype 325 100 100 ns. 226 150 047 ns. 189 163 029 ns.
Frbsize 2231 1250 072 ns. 1820 1858 -0.06 n.s. 1543 16.33 -0.29 ns.
Frbcol 275 350 -134 ns. 309 340 099 ns. 329 321 037 ns.
H type 300 200 100 ns. 257 190 140 ns. 248 216 101 ns.

Vol 200 300 -245 * 263 280 -0.79 ns. 276 279 020 ns.
Spsize 250 250 - - 226 230 - - 250 263 - -
Sp sh 450 300 300 * 351 290 151 ns. 305 295 052  ns.

Sp su 575 475 053 ns. 346 330 016 ns. 252 168 173 ns.
Sp col 175 200 -052 ns. 185 190 -0.16 ns. 162 153 046 ns.
Sppore 3.00 250 1.00 ns. 283 240 178 ns. 305 3.00 095 ns.
Spdisp 1.00 100 - - 1.00 100 - - 1.00 100 -
CystH 375 3.00 300 * 326 260 162 ns. 310 284 078 ns.
CystF 400 325 100 ns. 386 3.60 1.09 ns. 371 358 064 ns.

Results
Species numbers and identities

As compared to KIEGLSTEINER (2002) we found lower numbers of species, of isted

species, and of typical fen or bog species forttha species mapping and for both the FM
and PF site¢Table 20). In contrast, we found exactly the sapecies numbers for the SP
sites. As can be seen from Table 23, there arefemlyFM, PF) or even no species (SP) that

were observed in both studies.

Ellenberg indicator values and functional traits

Table 21 gives the results of the EIV comparisonly@wo comparisons showed significant
differences which were the O values of the SP sitekthe F values of the PF sites. Thus, the
present macromycete vegetation of the SP sites ltasisiderably higher O value, while the
present vegetation of the PF sites displays a I&welue. For all other comparison we found
no significant differences.
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Similarly, only three comparisons concerning thes Ehowed significant differences (Table
22). These were the fruit body volume index, thergpshape, and the types of hymenial
cystidia. As compared to the mapping bRrIEGLSTEINER (2002) the present macromycete
vegetation thus is characterised by a lower hymmanitotal volume ratio of the fruit bodies,
more elongate spores, and a higher proportion @aciep with cheilocystidia and/or

pleurocystidia.

Discussion
Species numbers and identities

With the exception of the SP sites we almost thinowd found lower numbers (and percential
shares) of species, of red listed and responsilspecies, and of typical fen or bog species
than KRIEGLSTEINER (2002) did. Most of the species were found eitheKRIEGLSTEINER OF

in the present study, while only very few speciesenfound in both mappings. Thus, there
seems to be a considerable species loss goingnoogmbination with a strong species
turnover — in the course of only 12 to 14 years.bAth studies lasted hardly more than two
seasons they most probably did not record the cete@pecies set actually present, since
macromycete studies should extend over a few terakyears, if possible @oLbs 1992b;
MUELLER et al. 2004). However, due to the loss of recetisspecies as well as of species
typical for fens or bogs, the macromycete vegatatibthe FM and PF sites and of the whole
fen area seems to suffer a considerable loss iciespdiversity. A certain proportion of the
species loss is compensated by the new appeardnoestly quite common species like
Bolbitius vitellinus Laccaria tetrasporaand Mycena pura A similar development can be
observed regarding bryophytes, with a strong declin typical fen species like
Drepanocladus cossoniHomalothecium nitensand Plagiomnium elatummwhile common
species likeCalliergonella cuspidatdbecome more frequent @EEGLSTEINER 2002 and own
observations). Both macromycetes and bryophyte®fttre prove a quite strong vegetation

shift driven by an increase in ubiquitous specred @n decrease in specialised species.

Concerning the SP sites, despite of a completdespaanover we observed exactly the same
numbers of species, of red listed species andexfiep typical for fens and bogs. The SP sites
therefore seem to be more or less stable regattigig ecological situation — even though
significant species shifts took place. This ecatagstability probably is best explained by a
widely independent hydrology and nutrition of tlhagnumhummocks due to their

development towards a more rainwater fed peatladrNEKE 1993; RDIN et al. 2006;
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RYDIN & JEGLUM 2013) which might be also supported by acid ra&apasitions until the end
of the 20" century (DLLER & SELLDORF 1989). This development very likely is the main
factor causing the observed species turnover (seebalow), even though a certain shift in

species composition is observed also in other agtyipes (SRAATSMA et al. 2001).

Using a sequence of excursions comparable in numbierthat applied by KIEGLSTEINER
(2002) and in the present studyNEELLINGER (1976; 1977) in different Upper Bavarian fens,
transitional mires, and bogs found between 181 @@ Bacromycete species, while
WINTERHOFF& BEGENAT (1993) even found nearly 480 species in the Hibkrr Ried, a fen
bordering Lake Constanze. However, in the lattadystalso some drier and less fen-like
habitat types were included; if corrected for tlaspund 380 species were left. The species
composition found by KIEGLSTEINER (2002) with 368 macromycete species thus equals
those found in other studies, while the specieshbirfound in the present study only reaches

quite low values.

Ellenberg indicator values and functional traits

Despite the extensive species shifts (see abovejowkel observe only very few significant
shifts in EIVs or FTs. The shifts in FTs obviouglye only caused by the changes in the
species richness of the respective genera pregetiteasites; thus, they should not be
overrated. The O values of the SP rose by neaxlyrsis, thus indicating an increase in bare
soil or in vegetation gaps. Very probably the ocemce of such gaps is due to the
development ofSphagnumhummocks within the SP patches, since this devetopralso
leads to a structured surfaceAfcER & PoscHLOD 1997; RDIN & JEGLUM 2013). This
tendency also is proven by a (non significant) dase in the F value. However, as the R and
N values are (non significantly) rising, eitheriaknitrogen deposition seems to have a strong
effect on the bog vegetation or the managementdying does not remove enough nutrients
or both. It should be tested in some years by @atgtudy whether this is an actual
development; if so, great shifts in vegetation cosifpon of bryophytes, vascular plants, and
macromycetes are to be expected, also includingabaideralisation effects (cf.e&kTset al.
1992; ARNOLDS 1992a; WNTERHOFF & BEGENAT 1993; AERTS et al. 2001; BRENDSEEt al.
2001; umPeNS et al. 2003). A similar trend can be seen forRMe with increasing N and O
values, and increasing numbers of ubiquitous speaieeady having been detected by
KRIEGLSTEINER(2002).
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The F values of the PF show a decrease of arouadioih Since the water table is held at a
stable height by the karst water injectiorc{®IDT 2009) it is unlikely that a decline of the

water table occurs. However, drainage already oedun the past owing to the groundwater
pumping activities by the limestone quarry in Saall. Donau. Probably this former drainage
has after-effects leading to the decrease in thelle. In the same way, some vascular plant

and bryophyte species typical for the wetter pafrfens also still are declining (see above).

Taken as a whole, though the water table is heltstamt, some others factors also may
influence the vegetation of the Sippenauer Moog. esuperficial drainage and the
management applied to maintain the fen meadowsthegswere used as litter meadows in
the past they are managed by mowing during thealatiemn or winter. However, application
of the actual management varies from year to yeay, when some patches cannot be
accessed properly due to flooding (data from RBG1@}). Actually, there are various
patches where obviously litter is accumulating §pesbserv.) and where younginus
glutinosatrees have established. Litter accumulation mapags the low-growth vegetation
(including bryophytes and fungi). Furthermore, whiltter accumulationAlnusFrankia
symbiosis, andAlnus mycorrhiza lead to a nutrient enrichmentgRReY 1978; BENSON &
SILVESTER 1993; KBLAD & HussDANELL 1995) which probably is enhanced even more by
aerial nitrogen depositions, thalnus trees also enhance the evaporation due to the
enlargement of the plant surface and thereby leadsuperficial draining, as afforestation can
lead to an increase in evaporation of about 80 gmtras compared to open grasslands
(NoseTTO et al. 2005). All of these three hypotheses angpsded by the increase in
ubiquitous species such as the bryophy#dliergonella cuspidataThis moss species is an
indicator for wetland sites rich in nutrients arttel, and in contrast to typical fen species that
demand open and strongly illuminated sites, itigely tolerant to shading as it also occurs in
forests (NEBEL & PHILIPPI 2001).

Thus, most likely the vegetation shift (i.e., anrease in ubiquitous species and a decrease in
specialised species) is a greater threat to thermawe of rare and demanding species in the
“Sippenauer Moor” than changes in hydrology (se® &RIEGLSTEINER (2002)), making it
necessary to take actions against the ongoing aggetshift. Such measures could be, e.g.,
(i) a more regularly and probably also more frequeawing to remove both the litter and the
Alnus encroachment, (i) mowing once per year in the Eigng or early summer, which
showed very positive effects regarding nutrient geah and the creation of an open
vegetation structure, including germination sit€aH{MEN & POSCHLOD 1998; S HREIBER et

al. 2009; SvmEL et al. 2016), (iii)) an (artificially) raised watével to compensate for the
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superficial drainig using nutrient-poor calcareaser (e.qg., karst water), or (iv) the creation
of vegetation gaps to promote the establishmerdgnadll or low-competitive species (e.qg.

TIMMERMANN et al. (2009)).

Conclusion

In our study of the “Sippenauer Moor” we could de¢teonsiderable shifts and losses in
species composition of the macromycete vegetaggarding both species typical for fens
and red listed species. These changes in specieposition clearly prove a negative
influence by ruderalisation processes, most prgbeblised by an insufficient management,
tree encroachment, and after-effects of past drginfo maintain the high quality of the fen
vegetation and to prevent further species loskesntanagement should be adapted in a more
specific way, e.g., using a more regular mowingmegapplied earlier in the year, combined

with the artificial creation of vegetation gaps.
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Table 23. Species lists for the mapping of the Sphagnum magellanici (SP), fen meadow (FM), and
Pruno-Fraxinetum (PF) habitats by KRIEGLSTEINER (2002; Kr) and SIMMEL (2011a; 2013b; Si).
*, species exclusively or primarily growing in fens or bogs.

SP FM PF
Kr  Bovista paludosa* Agrocybe paludosa* Amanita friabilis
Entoloma cuspidiferum*  Bovista paludosa* Clavulina rugosa
Entoloma queletii Camarophyllopsis foetens Cortinarius alnetorum
Entoloma undatum Camarophyllopsis phaeophylla  Cortinarius anomalus
Clavaria falcata Cortinarius bibulus
Clavulinopsis helveola Cortinarius helvelloides
Clavulinopsis luteoochracea Entoloma dysthales
Entoloma chalybaeum Hygrocybe cantharellus
Entoloma conferendum Hygrocybe conica
Entoloma corvinum Lactarius camphoratus
Entoloma cuspidiferum® Lactarius lilacinus*
Entoloma exile Leotia lubrica
Entoloma longistriatum Lepista flaccida
Entoloma mougeotii* Naucoria alnetorum
Entoloma poliopus Naucoria melinoides
Entoloma queletii Naucoria scolenica
Entoloma rhombisporum Naucoria striatula
Entoloma sericellum Paxillus filamentosus
Entoloma sericeum Rhodocollybia butyracea
Entoloma serrulatum Russula alnetorum
Geoglossum cookeianum Trichoglossum hirsutum
Gyrodon lividus
Hygrocybe cantharellus
Hygrocybe conica
Hygrocybe miniata
Hygrocybe subminutula
Laccaria tetraspora
Leccinum scabrum
Leccinum variicolor
Leotia lubrica
Naucoria bohemica
Panaeolus reticulatus*
Psathyrella prona
Suillus bovinus
Trichoglossum hirsutum
Si  Entoloma chalybaeum  Bolbitius vitellinus Clitocybe rivulosa
Entoloma mougeotii* Cantharellus aurora Cortinarius decipiens
Laccaria tetraspora Entoloma chalybaeum Cortinarius helvelloides
Panaeolus reticulatus*  Entoloma mougeotii* Cortinarius obtusus
Hygrocybe cantharellus Galerina clavata
Lactarius lilacinus* Gymnopus dryophilus
Lactarius torminosus Hebeloma senescens

Leccinum variicolor
Panaeolus foenisecii
Panaeolus reticulatus*

Hygrocybe cantharellus
Laccaria tetraspora
Leotia lubrica

Lepista flaccida
Marasmius cohaerens
Mycena pura

Mycena rosea
Naucoria melinoides
Naucoria scolenica
Naucoria striatula
Paxillus filamentosus
Tricholoma fulvum
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Chapter 7 — Conclusions and perspectives

Applicability of Ellenberg indicator values for macromycetes

In ecological research, Ellenberg indicator val(e/s) are an easy-to-use tool used to
describe the realised niche of species and hgiaraimeters. IChapter 2, | present the first
proposal of EIVs for fungi, including two new El\tales, i.e. substrate openness (O) and
hemeroby (H). With the exception of continentalitge majority of macromycete species
considered could be classified easily using thes'sic’ and new scales.

In most ecological research and species mappingrggence of a species is proven by the
presence of its fruit bodies AdvE & KoTiAHO 2012). The same holds true in theoretical and
applied issues such as conservation planning dhenevaluation of, e.g., rehabilitation or
restoration measures. Moreover, a broad range @ ttmlay is gained through Citizen
Science or other public activities IEXINSON et al. 2010; HEOBALD et al. 2015). Thus, most

studies on the ecology and distribution of macrostes indeed are based on fruit bodies.

However, when dealing with ecological niches ofcsg® it is very important to take into
account all relevant occurrences of these species, all occurrences with established
individuals. Mycelia are more or less completelgid@n inside their substrate, and therefore
can be detected only by using a markedly highemp$fiageffort, e.g. sequencing community
DNA (O'BRIEN et al. 2005; INDAHL et al. 2013); however, these methods utilise @lrees

of DNA, including propagules, very young mycelighges, and inactive or dead mycelia
(RAJALA et al. 2011; @ASKAINEN et al. 2013; BssLEr et al. 2016). As long as no molecular
technique can differentiate the types of DNA sosiytiee ecology of macromycetes at present
is best assessed by ‘traditional’ means, which g/ W also used the fruit body-based
approach. Future research may yield new technigppBcable in the way described above,
which then can be used to review the ecologicdlesof species.

Significance of Ellenberg indicator values and funitonal traits for macromycetes

In Chapters 2 and 3, | studied the significance of EIVs and functioniedits (FTs) for
macromycete species belonging to different lifestyguilds or different Red List

endangerment classes.
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Comparing lifestyle guilds, eight out of ten EIV8da28 out of 31 FTs showed significant
differences. Regarding EIVs, the strongest diffeation was found for light intensity (L) and
substrate nutrient availability (N). Terricolougssabiotic and parasitic species on average
had higher demands on light intensity, while mybmal and parasitic species favoured more
nutrient-poor conditions than species of the othelds. The gradient in light intensity may
simply attribute to different niches in open ordsted areas. On the other hand, the preference
for nutrient-poor conditions is in accordance wdbnclusions of other studies and thus
confirms nutrient enrichment as a main factor aagigine decline of mycorrhizal species (e.g.
ARNOLDS 1991). Regarding FTs, characteristics of the foaitly, trama, hymenium, spore-
producing cells, and spores were relevant in erigidifferences between species belonging
to different lifestyle guilds. These are, besideanyn others, the endurance, size, and
complexity of fruit bodies, sporulation periodigitgccurrence of species types of cystidia,
and spore ornamentation, which in turn have effeatswtrient utilisation, spore predators,

and directed spore dispersal.

Comparing Red List classes, four out of ten EIVd #mee out of 31 FTs showed significant
differences. Regarding EIVs, light intensity (Lpbstrate nutrient availability (N), substrate
openness (O), and maximum level of hemerobygHexhibited a strong differentiation. A
high proportion of endangered species is charaetrby the combination of high L and O
values and low N values, thus clearly reflecting thspective habitat range: open, nutrient-
poor grasslands (or similar habitats); light, reritipoor forests with areas of bare soil; large,
rotten deadwood (ANOLDS 1991; BERG et al. 1994; KRASCH & HAHN 2009; BissLER et al.
2012; WDERITZ & GMINDER 2014). Furthermore, not threatened species orageereached
markedly higher maximum levels of hemeroby thanamggred ones. Regarding FTs, spore
ornamentation and fruiting periodicity exhibitedfeliences connected to the Red List classes.
In contrast to not threatened or only weakly enéagag species, strongly endangered species
typically were characterised by sculptured sponed a fruiting time during autumn and
winter. While spore ornamentation is a factor alluydong dormancy and spore dispersal by
specific vectors (e.g. REGORY 1973; LLLESKOV & BRUNS 2005; FALBWACHS & BASSLER
2015), the compressed fruiting time is likely to duge to a timed fruiting adapted to times
when the activity of specialised vectors is high@pDy et al. 2014; HLBWACHS et al.
2016). However, both the strong specifity in dispérvectors and the compressed fruiting

time are among the main reasons accounting fosgkeies’ rarity or endangerment.
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In conclusion, both EIVs and FTs can explain sdvaspects of the ecology and adaptations
of macromycete species, and thus, both measures &avgh significance for respective

studies, particularly regarding endangered spexigspecies on special substrates.
Influence of past and present land-use on cryptogasn

The influence of land-use history on terricolougdmhytes, lichens, and macromycetes was
studied inChapter 4, using ancient and recent dry calcareous grasslasdtudy sites. Past
land-use seemed to have only a minor or virtually eifect on the present cryptogam
vegetation, while abiotic factors as well as suuetand composition of the vascular plant
vegetation exhibited a stronger influence. Speow@sibers and EIVs were quite similar in
ancient and recent grasslands, and rare or endahgpecies were found in both ancient and
recent sites. Only very few species may be suitablendicators of land-use, e.Gladonia
furcata ssp. subrangiformis Hygrocybe persistenvar. persistens and Rhytidiadelphus

squarrosus

Chapter 5 focussed on present land-use and its influencthercryptogam vegetation, also
using grasslands as study sites. The bryophyte Ehye@ved the highest cover values in plots
managed by mowing, while it was most species-rittplots managed by mowing or by
mulching only every third year. Burning and intemgsigrazing performed best for the
maintenance of small acrocarpous mosses. Frequappljed mulching clearly had negative
effects on the bryophyte layer due to the relayivehg-lasting cover by mulching material.
Regarding macromycetes, highest species numbers feend at sites with mosaic-like

patches of open and dense vascular plant vegetation

After-effects of past draining and maintenance mess used in the management of a
calcareous fen were studied @hapter 6 regarding their influence on the macromycete
funga. Except the Sphagnetum magellanici patchesnaiderable loss of species, including
Red List species, seems to take place, while thebeu of ubiquitous species increases.
Furthermore, in several parts of the fen intensiee encroachment can be observed. Thus,
both tree encroachment and shifts in the compaositd the macromycete funga most

probably are caused by an insufficient managemahpast draining.

In conclusion, given a certain time of recreation duccession, regarding cryptogams past
land-use hardly is an obstacle in colonisation @sses, with the exception of very invasive

measures such as wetland draining. By contrasseptdand-use significantly influences the

cryptogam vegetation. In most cases, it will bevitable to specifically adapt the

management treatments. However, combining diffetezdtments in a mosaic-like pattern
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also may often be a reasonable solution. If possglch mosaics should include successional
sites, as even quite young phorophytes may hoddbsivrely rich epiphytic flora.

Outlook

Especially regarding the use of EIVs, but also & For macromycetes, the present thesis
was intended to be a basis and a catalyst fordutgearch. As there are at least 6,000 species
of macromycetes in Germany, both the lists of EiM & T values have to be continued on a

large scale.

Further research topics may be, e.qg., (i) compagaticological studies on fungi, lichens,
bryophytes, and vascular plants with respect toagament and succession processes, (ii)
studies on the biological meaning and backgroundaits not well understood at present, (iii)
integration of fungi in planning tools such as \erhbility analyses or restoration plans, and
(iv) the development of molecular techniques tleat differentiate established mycelia from
other DNA sources.
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Table Appendix

Table 7 (Chapter 2). Ellenberg indicator values for 636 macromycete species.
Indicator scales: L, light intensity/habitat openness; T, mean annual temperature; K, continentality; F, substrate
moisture content; R, substrate reaction; N, substrate nutrient availability; S, substrate salt content; M,
frequency value; H, lower boundary of hemeroby; H,, upper boundary of hemeroby; O, substrate openness.

Species Nomenclatural information (where necessary) L T S H  Hu
Abortiporus biennis

Agaricus aestivalis A. albosericellus

Agaricus bitorquis A. edulis

Agaricus campestris A. flocculosus

Agaricus silvaticus A. haemorrhoidarius (p.p.)
Agaricus silvicola A. essettii

Agaricus xanthoderma

Agrocybe dura A. molesta

Albatrellus ovinus

Aleuria aurantia

Aleurodiscus amorphus

Amanita battarrae A. fuscoolivacea, A. umbrinolutea

Amanita citrina
Amanita excelsa
Amanita fulva
Amanita muscaria
Amanita pantherina
Amanita phalloides
Amanita porphyria
Amanita rubescens

A. mappa
A. ampla, A. spissa

A. viridis

Amanita vaginata s. str.
Amylostereum areolatum
Antrodia serialis
Antrodiella semisupina
Armillaria borealis
Armillaria gallica
Armillaria mellea s. str.
Armillaria ostoyae
Ascocoryne cylichnium
Ascocoryne sarcoides
Astraeus hygrometricus
Aurantiporus fissilis
Auricularia auricula-judae
Auricularia mesenterica
Auriscalpium vulgare
Baeospora myosurus
Basidioradulum radula
Bisporella citrina
Bjerkandera adusta
Bjerkandera fumosa

A. plumbea

Korhonen "Species A"

A. bulbosa ss. Romagn., A. lutea, Korhonen "Species E"

Korhonen "Species D"

A. obscura, A. polymyces ss. auct. eur., Korhonen "Species C"

Coryne sarcoides

Tyromyces fissilis

Hyphoderma radula

Bolbitius vitellinus
Boletus edulis s. str.
Boletus erythropus
Boletus luridus

Boletus pulverulentus
Bovista limosa

Bovista plumbea
Bovista pusilla
Bulbillomyces farinosus
Calloria neglecta
Calocera cornea
Calocera furcata
Calocera viscosa
Calocybe carnea
Calocybe gambosa
Calvatia excipuliformis
Calvatia utriformis
Calyptella capula
Cantharellula umbonata

Cantharellus cibarius var. c.

B. fragilis, B. titubans, incl. B. lacteus, B. variicolor
B. luridiformis, B. miniatoporus, incl. B. junquilleus

Xerocomus pulverulentus

B. dermoxantha

C. palmata, C. striata

C. cornea f. furcata

C. flammea, C. stricta

C. persicolor, Rugosomyces carneus
Tricholoma georgii, T. graveolens

C. saccata, Handkea excipuliformis
Handkea utriformis

Cyphella capula

Cantharellus cibarius var.
amethysteus
Cantharellus tubaeformis
Ceriporia reticulata
Ceriporia viridans
Cerrena unicolor
Chalciporus piperatus

Chlorociboria aeruginascens
Chondrostereum purpureum

Chroogomphus rutilus
Clavaria fragilis

C. amethysteus

C. infundibuliformis, incl. var. lutescens

Daedalea unicolor, Trametes u.
Boletus piperatus
Chlorosplenium aeruginascens
Stereum purpureum

C. vermicularis
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Table Appendix

Table 7 continued

Species

Nomenclatural information (where necessary)

<

Clavariadelphus pistillaris
Clavulina cinerea
Clavulina coralloides
Clavulina rugosa
Climacocystis borealis
Clitocybe candicans
Clitocybe clavipes
Clitocybe ditopa
Clitocybe fragrans
Clitocybe gibba
Clitocybe glareosa
Clitocybe metachroa
Clitocybe nebularis
Clitocybe odora
Clitocybe phaeophthalma
Clitocybe phyllophila
Clitocybe rivulosa
Clitocybe subspadicea
Clitocybe vibecina
Clitocybula platyphylla

Clavaria herculeana
Clavulina grisea
Clavulina cristata

Spongipellis borealis
C. tenuissima, incl. C. gallinacea

C. suaveolens, excl. C. obsoleta
C. infundibuliformis ss. auct.

C. bresadoliana ss. auct.

C. decembris, C. dicolor

Lepista nebularis

C. hydrogramma

C. cerrusata, C. pithyophila

C. augeana, C. dealbata, C. ruderalis

C. umbilicata (Schaeff.) Singer ss. auct. plur., non ss. Fr.

Megacollybia platyphylla

Clitopilus prunulus

Collybia cookei

Colpoma quercinum
Conocybe aporos
Conocybe arrhenii
Conocybe dumetorum s. lat.
Conocybe lactea

Conocybe mesospora
Conocybe pilosella
Conocybe pulchella
Conocybe semiglobata
Conocybe tenera

Conocybe vestita

Coprinus atramentarius
Coprinus comatus
Coprinus lagopus

Coprinus leiocephalus
Coprinus micaceus
Coprinus plicatilis
Cordyceps ophioglossoides

Pholiotina aporos, Pholiota togularis ss. Lange
Pholiotina arrhenii, C. blattaria ss. auct.

Bolbitius albipes, Conocybe a., C. huijsmanii

C. piloselloides
C. pseudopilosella

(Schaeff. : Fr.) Fayod, non ss. Lange
Pholiotina vestita
Coprinopsis atramentaria

Coprinopsis lagopus, Coprinus phlyctidosporus
Coprinus galericuliformis p.p., Parasola leiocephala
Coprinellus micaceus

Parasola plicatilis

Cortinarius acutus
Cortinarius albovariegatus
Cortinarius alboviolaceus
Cortinarius alnetorum
Cortinarius anomalus s. str.
Cortinarius bibulus
Cortinarius bulbosus
Cortinarius caninus
Cortinarius caperatus
Cortinarius cinnamomeus
Cortinarius croceus
Cortinarius decipiens
Cortinarius delibutus var. d.
Cortinarius flexipes
Cortinarius helvelloides
Cortinarius hemitrichus
Cortinarius hinnuleus
Cortinarius infractus
Cortinarius obtusus
Cortinarius orellanus

C. acutorum

C. iliopodius ss. auct.

C. americanus, C. pulchellus

Rozites caperata

Dermocybe cinnamomea

C. cinnamomeoluteus, Dermocybe crocea

(Pers. : Fr.) Fr., non ss. Lange

C. paleaceus ss. auct., C. paleiferus

Cortinarius purpureus

Cortinarius sanguineus
Cortinarius semisanguineus
Cortinarius sertipes
Cortinarius speciosissimus
Cortinarius torvus
Cortinarius traganus
Cortinarius varius
Cortinarius vibratilis
Craterellus cornucopioides
Crepidotus applanatus
Crepidotus cesatii

Crepidotus epibryus

C. phoeniceus ss. auct., Dermocybe purpurea, Dermocybe sanguinea var.
vitiosa

C. puniceus, Dermocybe sanguinea

Dermocybe semisanguinea

C. henrici, C. rubellus

C. scalaris ss. Ricken

C. sphaerosporus, C. subepibryus

(Bull. : Fr.) Quél., non ss. Moser; C. chioneus, C. graminicola, C. herbarum,
C. hypnophilus, Pleurotellus herbarum
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Table Appendix

Table 7 continued

Species

Nomenclatural information (where necessary)

M

<

Crinipellis scabellus
Crucibulum laeve
Cudoniella clavus
Cyathus olla

Cyathus striatus
Cyphellostereum laeve
Cystoderma amianthinum
Cystoderma carcharias
Cystoderma granulosum
Cystoderma jasonis
Cystolepiota bucknallii
Cystolepiota hetieri
Cystolepiota seminuda
Dacrymyces lacrymalis
Dacrymyces stillatus
Daedalea quercina
Daedaleopsis confragosa

Daedaleopsis confragosa var.

tricolor
Datronia mollis

C. stipitarius
C. vulgare

C. laevis
C. hirsutus

C. amianthinum var. longisporum
Lepiota lilacina

Lepiota hetieri, L. langei, L. rufescens
excl. C. sororia

>

_
—_

X X X OANNoOWPRroaOa,wNOOOOAZ

Delicatula integrella
Dendrothele acerina
Dendrothele alliacea
Dermoloma cuneifolium
Diatrype bullata

Diatrype disciformis
Diatrype stigma
Diatrypella favacea
Echinoderma asperum
Elaphomyces muricatus
Entoloma cetratum s. str.
Entoloma chalybaeum
Entoloma conferendum
Entoloma exile
Entoloma griseocyaneum
Entoloma lampropus
Entoloma lanicum
Entoloma mougeotii
Entoloma nitidum
Entoloma politum

Mycena integrella

D. atrocinereum, D. fuscobrunneum

Lepiota acutesquamosa, L. friesii

E. chalybaeum var. lazulinum, E. lazulinum
E. staurosporum
E. pyrospilum

Entoloma prunuloides
Entoloma rhodopolium
Entoloma sericeum
Entoloma turci

Exidia cartilaginea

Exidia glandulosa

Exidia plana

Exidia recisa
Flammulaster granulosus

Flammulina velutipes s. str.

Fomes fomentarius

E. autumnale, E. inocybeforme, E. inopiliforme
E. nidorosum

incl. var. pithya
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Fomitopsis pinicola
Galerina clavata G. heterocystis (ss. auct. eur.)
Galerina hypnorum G. decipiens
Galerina marginata
Galerina mniophila
Galerina pumila G. mycenopsis
Galerina triscopa
Galerina vittiformis s. . (incl. G. vittiformis var. atkinsoniana, G. rubiginosa ss. auct., G. 6 x 5

subannulata)
Gamundia striatula ggllybia pseudloclusilis, Fayodia leucophylla, Fayodia p., Gamundia p., 4 5 5 4 2 4 0 4 2 4 2

odocybe striatula

Ganoderma applanatum x 5 5 x x x 0 8 2 4 5
Ganoderma lucidum 4 6 5 x 8 5 0 5 2 4 5
Geastrum fimbriatum G. sessile 4 5 5 5 7 6 0 7 2 4 6
Geastrum nanum G. schmidelii 9 6 4 2 6 2 1 2 2 3 7
Gloeophyllum abietinum 3 5 5 4 x x 0 5 2 6 4
Gloeophyllum odoratum Osmoporus odoratus 3 4 7 x 6 x 0 7 2 4 6
Gloeophyllum sepiarium x 5 5 4 x x 0 7 2 6 5
Gloeoporus dichrous 6 7 5 6 7 4 0 3 2 4 4
Gomphidius glutinosus Leucogomphidius glutinosus 3 4 5 6 6 4 0 8 2 3 1
Gymnopilus penetrans G. hybridus, G. liquiritiae 3 56 5 x 6 x 0 9 2 4 7
Gymnopilus picreus G. satur 2 5 5 8 4 3 0 3 2 4 7
Gymnopus aquosus Collybia aquosa var. aquosa 3 6 4 6 x 5 0 7 2 4 2
Gymnopus confluens Collybia confluens, C. ingrata 3 5 5 5 4 3 0 9 2 4 2
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Species Nomenclatural information (where necessary) F R N | u
Gymnopus dryophilus Collybia aquosa var. dryophila 6 x 6
Gymnopus peronatus Collybia peronata, C. urens 6 5 4
Hapalopilus nidulans H. rutilans 5 x ?
Hebeloma crustuliniforme (Bull. : Fr.) Quél., non ss. Ricken, Bres. 5 x 4
Hebeloma edurum H. senescens, H. sinuosum ss. Ricken, ss. Konrad & Maubl. 4 8 3
Hebeloma helodes 8 7 6
Hebeloma incarnatulum H. bryogenes, H. longicaudum ss. auct. p.p. 8 3 1
Hebeloma mesophaeum H. fastibile ss. auct. p.p., non Lange, Bruchet 6 x 6
Hebeloma radicosum Myxocybe radicosa 5 7 4
Hebeloma sinapizans 5 8 5
Hebeloma theobrominum H. truncatum 6 7 4
Helvella lacunosa 6 8 7
Helvella macropus 5 7 71
Hemimycena cucullata H. gypsea 6 6 5
Hemimycena delectabilis Omphalia nitrosa 6 x 5
Hemimycena lactea H. delicatella 6 5 5
Hemimycena pseudolactea 5 5 4
Heterobasidion annosum 5 x x
Heteromycophaga « 2 9
glandulosae o
Humaria hemisphaerica

Hydnum repandum incl. var. rufescens

Hygroaster asterosporus
Hygrocybe cantharellus
Hygrocybe colemanniana
Hygrocybe conica var. c.
Hygrocybe insipida
Hygrocybe persistens
Hygrocybe pratensis
Hygrocybe psittacina
Hygrocybe virginea
Hygrophoropsis aurantiaca
Hygrophorus chrysodon
Hygrophorus discoxanthus
Hygrophorus hypothejus
Hygrophorus latitabundus
Hygrophorus olivaceoalbus
Hygrophorus penarius
Hygrophorus pustulatus
Hymenochaete cruenta

H. lepida
Camarophyllus colemanniana

H. reai var. insipida, H. subminutula
Camarophyllus pratensis

Camarophyllus virginea, Hygrophorus v., incl. var. fuscescens

H. chrysaspis, H. cossus, H. eburneus var. discoxanthus

H. mougeotii

Hymenochaete rubiginosa
Hymenoscyphus calyculus
Hymenoscyphus caudatus
Hymenoscyphus fructigenus
Hymenoscyphus lutescens
Hypholoma capnoides
Hypholoma fasciculare
Hypholoma lateritium
Hypholoma polytrichi
Hypholoma radicosum
Hypoxylon cohaerens
Hypoxylon deustum
Hypoxylon fragiforme
Hypoxylon fuscum
Hypoxylon howeianum
Hypoxylon rubiginosum
Inocybe adaequata
Inocybe auricoma

Inocybe bongardii var. b.
Inocybe corydalina

H. dispersum ss. Bres.
H. epixanthum ss. Ricken

Kretschmaria deusta, Ustulina d.

I deducta, I. jurana, I. rhodiola
|. pallidipes

Inocybe flocculosa
Inocybe fuscidula
Inocybe geophylla var. g.

Inocybe geophylla var. lilacina

Inocybe glabrescens
Inocybe glabripes
Inocybe godeyi
Inocybe griseolilacina
Inocybe hirtella
Inocybe hirtelloides
Inocybe lacera
Inocybe mixtilis
Inocybe muricellata
Inocybe napipes
Inocybe nitidiuscula

incl. var. crocifolia, incl. var. ferruginea

|. abietis, |. metrodii
| microspora, |. parvispora

|. personata

. trechispora ss. Bres.
. scabella ss. auct. plur., |. scabelliformis

1. friesii, |. tarda
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Inocybe petiginosa
Inocybe phaeocomis
Inocybe rimosa

Inocybe sindonia
Inocybe splendens var. s.
Inocybe splendens var.
phaeoleuca

Inonotus radiatus

Irpex lacteus
Ischnoderma resinosum
Junghuhnia nitida
Laccaria amethystea
Laccaria proxima
Laccaria tetraspora
Lacrymaria lacrymabunda
Lactarius acerrimus
Lactarius aurantiacus
Lactarius blennius
Lactarius camphoratus
Lactarius deliciosus

. cincinnata, incl. var. major

I. eutheles ss. auct., I. kuehneri
|. alluvionis

I. brunnea ss. auct.

|. benzoinum

L. amethystina

L. laccata var. proxima
L. laccata var. pallidifolia
Psathyrella velutina

L. mitissimus, L. aurantiofulvus
L. viridis

L. cimicarius

L. lateritius

®© oo~~~

Lactarius deterrimus
Lactarius fuliginosus
Lactarius glyciosmus
Lactarius helvus
Lactarius hortensis
Lactarius lacunarum
Lactarius lignyotus
Lactarius lilacinus
Lactarius pallidus

Lactarius pubescens var. p.

Lactarius pyrogalus
Lactarius quietus
Lactarius rufus
Lactarius scrobiculatus
Lactarius subdulcis
Lactarius tabidus
Lactarius torminosus
Lactarius turpis
Lactarius vellereus
Lactarius volemus

L. deliciosus var. piceus
(Fr.) Fr., non ss. Bon, L. romagnesii, L. speciosus
L. mammosus, non ss. Fr.

L. pyrogalus (Bull. : Fr.) Fr. ss. auct. plur., non ss. Bull.
L. decipiens var. lacunarum

L. cyathula

L. albus, L. blumii
(Bull. : Fr.) Fr. ss. Fr., L. circellatus Fr. ss. auct. plur., non Fr.

L. hradecensis

Fr. ss. auct., L. theiogalus

L. necator (Bull. : Fr.) Karst. p.p.

L. necator (Bull. : Fr.) Karst. p.p., L. plumbeus

(Fr.) Fr., non ss. Romagn., L. albivellus, L. velutinus
L. ichoratus

Laeticorticium roseum
Laetiporus sulfureus
Leccinum aurantiacum
Leccinum duriusculum
Leccinum variicolor
Lentinellus vulpinus
Leotia lubrica

Lepiota alba

Lepiota castaneas. str.
Lepiota clypeolaria
Lepiota cristata

Lepiota ignivolvata
Lepiota subincarnata s. str.
Lepista flaccida

Lepista nuda

Lepista panaeolus

Lepista saeva

Lepista sordida
Leucoagaricus leucothites
Leucogyrophana mollusca

Corticium roseum

L. leucopodium, L. rufum ss. auct.
L. nigellum

L. oxydabile

incl. L. piceinum

incl. L. erminea
excl. L. ignicolor ss. auct. p.p., excl. L. rufidula, excl. L. ignipes

L. gilva, L. inversa

L. naucinus, L. pudicus
L. pseudomollusca

Lycoperdon echinatum
Lycoperdon lividum
Lycoperdon molle
Lycoperdon perlatum
Lycoperdon pyriforme
Lyomyces sambuci
Lyophyllum decastes
Lyophyllum fumosum
Lyophyllum gangraenosum

Lyophyllum ozes

Lyophyllum putidum
Lyophyllum rancidum
Macrocystidia cucumis
Macrolepiota excoriata

L. fuscum, L. spadiceum Pers., non (Schaeff. : Pers.) Poiret

L. gemmatum, L. hirtum

L. serotinum

Hyphoderma sambuci, Hyphodontia s.
L. loricatum

L. leucophaeatum

(Fr.) Singer ss. GroRpilze Baden-Wiirttembergs 3, Tephrocybe ozes ss.

Ricken, Moser
Tephrocybe putida
Tephrocybe rancida
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Macrolepiota procera var.
fuliginosa
Macrolepiota procera var. p.

Macrolepiota rachodes s. str.

Macrotyphula fistulosa
Marasmiellus perforans
Marasmiellus ramealis
Marasmius alliaceus
Marasmius androsaceus
Marasmius bulliardii
Marasmius cohaerens
Marasmius limosus
Marasmius oreades
Marasmius rotula
Marasmius scorodonius
Marasmius wettsteinii
Marasmius wynnei
Melanoleuca brevipes s. str.
Melanoleuca grammopus

M. fuliginosa, M. procera f. permixta (p. p.)

Chlorophyllum rachodes, incl. C. olivieri (= M. r. var. olivieri), excl. C.
brunneum (= M. r. var. hortensis)

Clavariadelphus fistulosus, M. rigida

Micromphale perforans

Setulipes androsaceus

M. bulliardii f. acicola

(Bull. : Fr.) Pat. ss. Konrad & Maubl., Kiihner, Miinzmay
(Bull. : Fr.) Pat. ss. Bres. efc.

~ ~ |3

x

Melanoleuca kuehneri
Melanoleuca polioleuca
Melanoleuca stridula
Meripilus giganteus
Meruliopsis corium
Merulius tremellosus
Morchella esculenta
Mucronella bresadolae
Mycena abramsii
Mycena acicula
Mycena aetites

Mycena aurantiomarginata
Mycena capillaripes
Mycena cinerella
Mycena crocata
Mycena diosma
Mycena epipterygia
Mycena filopes

Mycena flavescens
Mycena flavoalba

M. exscissa
M. melaleuca ss. auct. plur., M. oreina, M. vulgaris

(Fr.) Singer ss. Fr., Kiihner, Fontenla & al., M. graminicola ss. auct. p.p.

Byssomerulius corium

M. alba
M. nitrata

Mycena galericulata
Mycena galopus
Mycena haematopus
Mycena hiemalis
Mycena inclinata
Mycena leptocephala
Mycena metata

Mycena mirata

Mycena niveipes
Mycena olida

Mycena pearsoniana
Mycena polyadelpha
Mycena polygramma
Mycena pseudocorticola
Mycena pura

Mycena rosea

Mycena rubromarginata
Mycena sanguinolenta
Mycena speirea
Mycena stipata

(Fr.) P. Kumm., non ss. Kiihner

Delicatula polyadelpha

M. corticola Schumacher p.p.

M. alcalina ss. auct. plur.

Mycena tintinabulum
Mycena vitilis

Mycena zephirus
Naucoria bohemica
Naucoria melinoides
Naucoria scolenica
Naucoria striatula
Nectria cinnabarina
Nectria episphaeria
Oligoporus caesius
Oligoporus fragilis
Oligoporus guttulatus
Oligoporus ptychogaster
Oligoporus stipticus
Oligoporus subcaesius

Alnicola bohemica

(Bull. : Fr.) P. Kumm. ss. Kiihner, Alnicola escharioides, Naucoria e.
(Fr.) Quél. ss. Romagn., Alnicola scolenica

Orton, non ss. Reid, Alnicola paludosa, Alnicola striatula

Postia caesia, Spongiporus c., Tyromyces c.
Postia fragilis, Tyromyces f.

Tyromyces guttulatus

Ptychogaster albus, P. fuliginoides

Postia stiptica, Spongiporus s., Tyromyces s.
Postia subcaesia, Spongiporus s., Tyromyces s.
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Omphalina pyxidata
Orbilia delicatula
Orbilia xanthostigma
Otidea alutacea

Otidea onotica

Otidea umbrina
Oudemansiella mucida
Oxyporus corticola
Panaeolus fimicola
Panaeolus foenisecii
Panaeolus papillionaceus
Panaeolus reticulatus
Panellus mitis

Panellus serotinus
Panellus stipticus
Paxillus filamentosus
Paxillus involutus s. str.
Peniophora incarnata
Peziza badia

Peziza succosa

0. ravidus
Panaeolina foenisecii
P. sphinctrinus

P. uliginosus

Sarcomyxa serotina

P. rubicundulus

Phaeolus spadiceus
Phallus impudicus
Phanerochaete sanguinea
Phellinus ferruginosus
Phellinus igniarius s. str.
Phellinus punctatus
Phlebia radiata

Phlebia rufa

Pholiota alnicola
Pholiota flammans
Pholiota flavida

Pholiota lenta

Pholiota lucifera
Pholiota mutabilis
Pholiota squarrosa
Phylloporus pelletieri
Phyllotopsis nidulans
Physisporinus vitreus
Piptoporus betulinus
Pleurotus ostreatus

P. schweinitzii
excl. var. pseudoduplicatus

Fuscoporia ferruginea
Ochroporus igniarius

Fomitiporia punctata
P. aurantiaca, P. merismoides

ss. GroRpilze Baden-Wirttembergs 4

Kuehneromyces mutabilis
P. rhodoxanthus var. europaeus, Xerocomus pelletieri

Rigidoporus vitreus

Plicatura crispa

Pluteus cervinus
Pluteus pellitus

Pluteus plautus

Pluteus podospileus
Pluteus romellii

Pluteus thomsonii
Polyporus alveolaris
Polyporus arcularius
Polyporus brumalis
Polyporus ciliatus
Polyporus leptocephalus
Porostereum spadiceum

Porphyrellus porphyrosporus

Psathyrella candolleana
Psathyrella conopilus
Psathyrella piluliformis
Psathyrella prona s. lat.
Psathyrella spadiceogrisea

Pseudoclitocybe cyathiformis

P. faginea, Plicaturopsis crispa

P. minutissimus

Favolus europaeus, P. mori

?P. subarcularius

P. lepideus

P. elegans, P. varius

Lopharia spadicea

P. pseudoscaber, Tylopilus porphyrosporus
P. appendiculata

Parasola conopilus

P. hydrophila

Pseudohydnum gelatinosum

Psilocybe montana
Psilocybe semilanceata
Pycnoporus cinnabarinus
Radulomyces confluens
Radulomyces molaris
Ramaria gracilis

Ramaria myceliosa
Ramaria stricta
Resupinatus applicatus
Rhizopogon roseolus
Rhodocollybia butyracea
Rhodocollybia butyracea f.
asema

Rhodocollybia maculata

Trametes cinnabarina
Cerocorticium confluens
Cerocorticium molaris
R. palmata

R. obtextus, R. rubescens
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Table 7 continued

Species

Nomenclatural information (where necessary)
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Rhodocollybia prolixa
Rhodocybe gemina
Rhodocybe nitellina
Rhodocybe popinalis
Rickenella fibula
Rickenella swartzii
Rimbachia arachnoidea
Ripartites tricholoma
Russula adusta
Russula aeruginea
Russula alnetorum
Russula amara
Russula atrorubens
Russula azurea
Russula badia
Russula cyanoxantha
Russula decolorans
Russula densifolia
Russula emetica s. str.
Russula fellea

incl. var. distorta
R. truncata p.p.
R. cuprea

R. mundula

R. setipes ss. auct., non Fr.
Mniopetalum globisporum
incl. R. helomorphus, R. metrodii

R. graminicolor (Secr.) Quél. nom. illeg.

R. pumila

R. caerulea (Pers.) Fr. ss. auct.

R. fragilis ss. Melzer, R. laccata, R. olivaceoviolascens

R. friesii

R. densissima, ?R. fuliginosa

Russula foetens s. str.
Russula fragilis
Russula grata
Russula mairei
Russula nigricans
Russula ochroleuca
Russula olivacea
Russula paludosa
Russula puellaris
Russula queletii
Russula rhodopus
Russula rosea
Russula sanguinaria
Russula sylvestris
Russula turci
Russula variegatula
Russula velenovskyi
Russula velutipes
Russula vesca
Russula vinosa

R. emetica var. fragilis
R. laurocerasi
R. fageticola

R. alutacea (Pers.) Fr. ss. auct., non Fr.
R. elatior

R. lepida, R. rosacea (Pers.) Gray, non Fr.
R. rosacea Fr., R. sanguinaria

R. emetica var. sylvestris

R. amethystina

R. aurora

Russula virescens
Russula viscida

Russula xerampelina
Rutstroemia echinophila
Sarcodon imbricatus
Schizophyllum commune
Schizopora flavipora
Schizopora paradoxa
Schizopora radula
Scleroderma areolatum
Scleroderma citrinum
Scutellinia scutellata
Scutellinia subhirtella
Serpula himantoides
Simocybe centunculus
Simocybe haustellaris
Sistotrema confluens
Skeletocutis amorpha
Skeletocutis nivea
Skeletocutis subincarnata

R. ameonipes, R. atrosanguinea, R. erythropus

S. cameolutea
Irpex deformis

S. lycoperdon, S. verrucosum ss. auct. p.p. (ante 1966)
S. aurantium ss. auct.

Ramicola centunculus
Crepidotus haustellaris, Ramicola rubi, Simocybe r.

Gloeoporus amorphus
Incrustoporia nivea, |. semipileata

Sparassis crispa
Steccherinum fimbriatum
Steccherinum ochraceum
Stereum hirsutum
Stereum rameale
Stereum rugosum
Stereum sanguinolentum
Stereum subtomentosum
Strobilomyces floccopus
Strobilurus esculentus

Strobilurus stephanocystis

Strobilurus tenacellus
Stropharia aeruginosa
Stropharia coronilla
Stropharia cyanea

S. strobilaceus

ss. auct. plur., S. caerulea
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Table 7 continued

Species

Nomenclatural information (where necessary)
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Stropharia squamosa
Suillus fluryi

Suillus granulatus
Suillus grevillei

Suillus luteus

Suillus variegatus
Tapinella atrotomentosa
Thelephora palmata
Thelephora penicillata
Thelephora terrestris
Trametes gibbosa
Trametes hirsuta
Trametes multicolor
Trametes pubescens
Trametes versicolor
Trechispora hymenocystis
Tremella foliacea
Tremella mesenterica
Trichaptum abietinum
Tricholoma album s. str.

incl. S. thrausta
S. collinitus ss. auct., S. roseobasis

S. elegans, S. flavus ss. auct.

Paxillus atrotomentosus

T. mollissima, T. spiculosa

T. laciniata

Pseudotrametes gibbosa

Coriolus hirsutus

Coriolus zonatus, T. ochracea, T. zonatella
Coriolus pubescens

Coriolus versicolor

T. mollusca

T. lutescens
Hirschioporus abietinus
excl. Tricholoma pseudoalbum, T. stiparophyllum

Tricholoma argyraceum
Tricholoma atrosquamosum
Tricholoma auratum
Tricholoma fulvum
Tricholoma saponaceum
Tricholoma stiparophyllum
Tricholoma sulfureum
Tricholoma terreum
Tricholoma ustale
Tricholoma vaccinum
Tricholoma virgatum
Tricholomopsis decora
Tricholomopsis rutilans
Tubaria furfuracea
Tulostoma brumale
Tylopilus felleus

Typhula erythropus
Vascellum pratense
Volvariella gloiocephala
Volvariella pusilla s. str.

incl. Tricholoma inocybeoides, T. scalpturatum

(Paul. : Fr.) Gill. . str., T. equestre p.p.
T. flavobrunneum, T. nictitans ss. Fr.

T. pseudoalbum

incl. T. hiemalis
T. mammosum, T. pdeunculatum

Lycoperdon pratense, V. depressum
V. speciosa

Vuilleminia comedens s. lat.
Xerocomus badius
Xerocomus chrysenteron
Xerocomus porosporus
Xerocomus pruinatus

Xerocomus rubellus

Xerocomus subtomentosus
Xeromphalina campanella
Xerula radicata

Xylaria hypoxylon

Xylaria longipes

Xylaria polymorpha

Boletus badius

X. truncatus ss. auct. eur.
Boletellus pruinatus, X. fragilipes

(Krombh.) Quél. ss. auct. plur., Boletus sanguineus, B. versicolor, X.

communis, X. quercinus

Oudemansiella radicata, O. pseudoradicata
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Table 12 (Chapter 3). List of functional trait data of 636 macromycete species.

For nomenclatural information on species, see Table 7 (Table Appendix). For abbreviations and descriptions of functional traits, see Tables 8 and 9 (Chapter 3).

Hyph clamp
Hyph type
Cyst type F
Cyst form
Cyst type H
Ana/Teleo
Spnr

Sp disp

Sp pore

Sp wall

Sp colour
Sp surf

Sp shape

Sp size

Vol index
Surf index
Hym area
Hym type
Subst nr
Nutr subst

Nutr type

Fruit season

Frb colour
Frb velum
Frb type
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Frb size
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Armillaria borealis
Armillaria gallica
Armillaria mellea s. str.
Armillaria ostoyae
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Aurantiporus fissilis
Auricularia auricula-judae
Auricularia mesenterica
Auriscalpium vulgare
Baeospora myosurus
Basidioradulum radula
Bisporella citrina
Bjerkandera adusta
Bjerkandera fumosa
Bolbitius vitellinus
Boletus edulis s. str.
Boletus erythropus




Table 12 continued
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Table 12 continued
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