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1. Introduction

1.1 Fungal Spores — Aerosol Particles

Aerosols are suspensions of fine solid particlekgord droplets in a gas which are crucial to the
Earth’s atmosphere and environment. Atmospheriosats affect precipitation and cloud
formation as for example cloud condensation andiggei, absorb solar and terrestrial radiation,
as well as affect the abundance and distributioatimiospheric trace gases and therefore influence
the water cycle and global climate. They originfaben various sources including primary particle
emissior, volcanic eruptions, anthropogenic sources, swilsiological materials (Pdschl, 2005).
Biological aerosols in ambient air offer a greatiety of substances including bacteria, viruses,
mircomycete spores, conidia and hyphal fragment&elsas fragments of animals and plants.
Primary biogenic aerosol (PBA) particles and congmis are directly emitted into the
atmosphere. (Lugauskasal, 2003).

PBA particles, such as fungal spores play an inapbrtole in the composition of all aerosol
particles. Recent surveys have shown that fungaiespaccount in tropical rainforest air for up to
45% of coarse particle matter (2.5 — 10 pm) antbup-11% of fine particle matter (P < 2.5

pim) in urban and rural air (Womiloju, 2003). Andyatountings have shown that fungal spores
exceed pollen countings various times (Kuetial, 2002).

Next to their influence on the atmosphere, fungakss can also cause or enhance human, animal
and plant diseases. About 30% of fungi are liviagparasites, most of them as plant parasites and
are therefore crucial to agriculture. Fungal spogeosis can have strong effects on human health,
especially when spores are inhaled into the resigifaaction (PM) and then spread in the body
(Campbell, 2002). Recently, considerable attent®opaid on relevant fungal allergens. Major
fungal allergic manifestations are asthma, rhiniikergic bronchopulmonary mycoses (Kurup,
2002). On the other hand, the climatic role of binig aerosols, such as fungal spores, remains
undetermined and in order to understand theiranbkeffects on the climate (e.g. as ice nuclei for
precipitation) more profoundly, it is important itovestigate in their detection, quantification and
characterization. It is also very important to getlearer picture of their composition, seasonal

fluctuation, regional diversity and evolution (Ggakopoulost al, 2008)

! e.g. biomass burning



1.2 Fungal Diversity

Fungi are one of the most important organisms HerEarth’s ecological system. Due to limited
knowledge, current diversity estimates differ siigaintly for their global fungal species numbers
and various estimations about total global fungakmdity have been suggested (Mueller &
Schmit, 2007).

The most cited fungal diversity figure was hypothed by Hawksworth (1991), who estimated
1.5 million species. The figure is based on thecoled ratio between plant diversity and fungal
diversity in countries where fungi have been stddsafficiently (Finland, Switzerland, UK).
Assumed diversity was then calculated, given arafi 1:5 and compared to the total known
number of plants worldwide (ca. 300 000 species)omder to estimate real diversities
(Hawksworth, 1991). According to this estimate,yoalfraction of about 5% of the total fungal
species has been described and documented (Calr88),

Currently, there are 1000-1200 new fungal speassodered each year, which is a considerable
number, but consequently it would take about 108éry to describe the over 1 million missing

species, if these estimates are correct (Muell&c&mit, 2007).

Hawksworth (1991) also stated that richness of d@lispecies to plant species in tropical areas
might be even higher, than in temperate areas.rGitientists, however, believe that fungi to
plant ratios in tropical areas are lower than estgd, as are insect to plant relationships (insects
the tropical areas use a wider range of hosts coedfa temperate areas). Since the tree diversity
in tropical areas exceeds the one in temperate aredividuals get less distributed, which affects
their selective pressure and consequently theiglmation (May 1991). The resolution of this
issue depends on two critical points in order tovbsfied. Firstly, the ratio of fungal to plant
species should not change when examined at brogmral scales. Secondly, it should be
constant, regardless of the diversity of the ptamhmunity. If either of these assumptions is false,
the ratio estimate would be unreliable (Muller &h8ut, 2007). In order to broaden the
knowledge about the missing species, investigatianwe to be made.

Species richness is a fundamental measurement mimaoaity and regional diversity and the
simplest way to describe it (Gotelli & Colwell, 200

In order to make relevant assumptions about fulsgalcies richness in given areas, various
mathematical and statistical models have been ledted to describe their abundance and
distribution (Unterseheet al, 2008). Recently, there are many developmentsrdeygn the

description of the diversity of mycological commitigs, including molecular tools that enhance



species identification, as well as different estoms and computation applications for species
richness estimation (Colwell, 2006; Untersegieal, 2008).

Due to the fact that in fungal communities a coasatlle part of unexplored species is expected,
these tools become more prominent for accessingespachness (Untersehetral, 2008)
Additionally species groups like fungi, with a higlumber of undescribed species, often show
sample sizes with considerably high numbers oflstogg (Mao & Colwell, 2005). The greater
the number of singletons in a dataset, the morelyiikt is that there are many species not
represented in the dataset. (Gotelli & Colwell, 200

The aim of this work is to test different suggdstpecies richness estimators in order to get
comprehensible estimates for the real species eghiof the obtained data. Because estimated
figures by mycologists often exceed the sampleadispenumbers by times, calculated numbers
for the species data in this work are expectecetmbich higher than the actual fungal spore count
showed. Furthermore, it is expected that the higimlyer of singletons has significant impact on

the calculation of fungal species richness.

1.3 Temporal patterns

Fungal variety depends on various factors, suchinas of the day, meteorological parameters,
seasonal variation, regional topography and thegbeet type of vegetation. Fungal spore
abundances in the atmosphere are also influencedhthyopogenic sources including agricultural
operations, such as watering, weeding, harvestarg] various other factors like vehicle
movement or mechanical disturbances that are srifi¢co deliberate particles (Oliveirt al,
2005; Lugauskaset al 2003). Consequently the concentration, of fung@abres and other

atmospheric aerosol particles are in general teallyaand spatially highly variable.

Temporal patterns in abundances of airborne fusgates may also have temporal affects on
plant ecology and human health (Larsen, 1981). ddaristudies have shown that fungal peak
times are mostly from early summer (June) untilueut (October) (Oliveira, 2005). Due to

external factors like temperature humidity and piéation fungal growth can be enhanced so that
species show higher occurrences when external r&acce fortunate for their development

(Larsen, 1979). The beginning process of seasoeehyd of vegetative matter may explain
summer and autumn peaks. Lowest airborne fungalroences are mostly to be found in the

winter season, which could be due to snow covdowrtemperatures that prevent sporulation

2 Species that only occur once during the whole sampling effort
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(Li & Kendrick, 1995; Oliveira, 2005). According tdarvey (1972), warm and dry summers favor
high spore concentrations. Other surveys have shbanairborne fungal appearance showed
highest values in spring (Lugauskas, 2003). Howeseasonal occurrences of fungal spores

always correlate with the environmental circumsésnaf that area.

In many recent and past studies, the ge@lalosporium which next to being a saprophytic
species also represents a human pathogen, coumtdtef highest fungal species occurrences
annually. For example cool summers decre@smlosporiumoccurrences which has impact on
humans having asthma (Hyde, 1972). Since tempaiié¢nms of fungal occurrence differ from
place to place, the impact on plants and humaier dikewise.

In this study, a principle component analysis (PG#gs used to show possible correlations
between species and their annual patterns. Furtrerrthe question was if there is a correlation

between temporal fungal occurrence and their eambgdaptation.

1.4 Size distribution

Airborne fungal spores are primary biogenic aerdB®A) particles. They are ubiquitous to the
Earth’s atmosphere and thereby influence humantheahe biosphere, the climate and
atmospheric chemistry as well as physics. Finesaénarticles, such as fungal spores, also have
the potential to efficiently scatter and absorbasaladiation or function as ice nuclei for
precipitation (POschl, 2005). Furthermore they péay important role for the propagation of
biological organisms and can evoke human, animdipdant diseases (Poschl, 2005).

Normally aerosol sizes range from 0.001 to 100 RBA particles like fungal spores are usually
collected in two different size categories finetpatate matter with a size 25 um (PM;) and
total suspended particulates (TSP; >2.5 um).

Especially fungal spores in the range of fine pattite matter (Pis. <2,5 pm), are of medical
importance since they can reach the human respir&taction. Particles with an aerodynamic
diameter of below 10 um can reach into the brorahitbee and thereby cause lung diseases
(Riedikeret al, 2000). To assess and minimize airborne fungkkrie human health, as well as
their atmospheric behavior, it is important to depea better understanding of the dynamics of
these PBA patrticles in the air. (Kanaabal, 2007).

Fine particles have long atmospheric residence stintgpically on the order of weeks, and
therefore they can be transported over long disataenicke, 1980). Rust fungi for example can
be aerially dispersed over very long distances umxaheir spores are comparatively robust

against environmental damage (Brown & HovmolleQ20
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PBA particles, like fungal spores, include a widage of organic matter with a large degree of
variability in their physical and chemical charaidics such as size, shape, phase, composition,
structure, volatility, hygroscopicityand surface properties. Scientific investigatiom BBA
particles mainly concentrated on the detection emameration. Measurements of shape, optical
and surface properties have been developed, howeeee is no technique available that manages
to acquire their physical complexity (Georgakopsbal, 2008).

Because of the importance of atmospheric partieutastter, such as fungal spores, many air
particle size fractionators have been designedlieat size-fractioned samples (Solomeial.
1983). High-volume virtual impactors are able teeam a high amount of airflow from an
acceleration nozzle to a collection nozzle andetherfilter fine particles (< 2.5um) and coarse

particles (>2.5 um).

As mentioned before, biogenic aerosol particlds fungal spores, present high variability in

their physical and chemical characteristics, whcight influence their aerodynamic behavior,

once they are sampled by virtual impactors (Soloetad, 1983).

Consequently, this work tries to draw a relatiopshetween airborne fungal spores that were
sampled into the coarse and fine filters and thetiual spore size. It will be studied, whether spor

size or shape and ornamentation are influencing shenpling separation.

2. Materials & Methods

It has to be noted that the data of this work hadnbobtained by Frohlich et al. (2009), who
installed and acquired the filter samples, condiitihe DNA isolation and later matched the data
to create a list of species, that represents thecealata for this work. In order to understand the

origin of the analyzed data, the steps towardsigp@haracterization will be explained.

2.1 Filter Samples

Over a period of one year (March 2006 — April 20@@josol samples were collected by using
dichotomous high-volume samplers (HVFS) on glaberfifilters (Solomoret al, 1983). The
sampling station was positioned on a mast at theotdhe Max-Planck Institute for Chemistry in
(MPIC) Mainz (130 meter above sea level, 5 m alineeflat roof of the MPIC on top of the 3
story building) on the campus of the UniversityMdinz (49°59’31.36”N 8°14’15.22"E). The air

3 Ability of a substance to absorb water molecules from the surrounding environment
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masses investigated at the institute are charaeteiby a mix of urban and rural continental
boundary layer air masses in central Europe. Againatamination, the filters were baked at
500°C over night. Loaded filters were stored af&30ntil DNA extraction (Frohlich, 2009).

2.2 DNA Extraction, Quantification and Amplificatio

After sampling, DNA extraction, quantification, alfigation, cloning and sequencing was
applied by Frohlictet al (2009). The samples were lysed and extracteddmyramercial soil DNA
extraction kit. The DNA was dissolved and measuRmlymerase Chain Reactions (PCR) were
performed for Terminal Restriction Fragment Lendgtblymorphism (T-RFLP) and sequence
analyses. For DNA sequence determination, ampiifioa products were transferred into
Escherichia coliand DNA sequences of single clones were determif@thlly, the DNA
sequences were compared to the GenBank datababe dfational Center for Biotechnology
Information (NCBI) (Froéhlich 2009).

2.3 Experimental Design

With the provided information on species names téxenomical data was generated by Fréhlich
et al (2009). Sampling units of fine and coarse pari¢te each day were merged and the total
amount of species calculated. 368 species weregathwhereof 260 were singletons (ca. 70%)
and 45 doubletons (ca. 12 %) (Table 1).

The whole data set was organized to display tharoeace times of species in respect to different
variables (months, seasons, spore sizes and egolGgyonological division into months and
seasons was conducted in order to test differeandscorrelations between temporal patterns of
fungal spores. By distinguishing the spore sizaiepns between distributions were observed. For
further comparison the ecology of important fungisnchecked on Mycobank. For many species
there was no distinguished NCBI recavtdich made it difficult to identify some specimes®vn

to the species. However, for most of the speciesdidita was sufficient so that they could be
compared evenly. The ecological variables inclugeant pathogen, human pathogen and
saprophytic.

(Ecological information and spore sizes were foumd the fungal database Mycobank :

http://www.mycobank.org/)



Table 1. Shows the occurrences of total species obseAsthmycota (AMC), Basidiomycota
(BMC), Fungi incertae sedis (FIS) and other notiraif species. Singletons (ST) accounted for
about 70%. Species that occurred more often thantfimes (>4) and species that occurred more
often than ten times (>10). The percentages otiera the values in their columns. Coarse and
fine spore occurrence percentages orientate otothlevalue of individuals.

% of

Species % Individuals % Coarse % of total |Fine total
Total 368 100 956 100 519 54 437 45
AMC 124 34 370 39 188 19 183 19
BMC 238 65 579 60 325 34 253 26
FIS 4 1 2 0 4 1
Other 2 1 5 2 0 0
ST 260 71 260 27 114 146
>4 31 8 496 42 331 175
>10 16 386 32 194 115

2.4 Coarse and Fine spores

PM, s (<2.5um) and PMo (< 10 um) were often simultaneously collected into finel aarse
filter systems at the same sampling unit. The aecwe of species in both filters was calculated
for further spore size comparison. Species witlh lugcurrence in both filters and such that show
large differences between the two sizes (coarsm&) fvere looked at and possible explanations
provided.

2.5 Statistical analysis

The statistical analyses were performed using MizitoOffice Excel 2007 for Windows Vista,
Species richness estimator EstimateS Version &Bv@l, 2009) and SPSS for Windows Version
16 (SPSS Inc, 2007).

2.5.1 Species Richness

Sample based data was used for calculating theiesperchness throughout the year with
EstimateS Version 8.2 (Colwell, 2009). The sped@sess was calculated and compared with 5
different estimators. As estimators, the incidebased coverage estimator (ICE) (Cletoal,
2000), first-order Jackknife richness estimatoklaife 1 (Burnham & Overton, 1979), Chao2



richness estimator (Chao, 1987), Bootstrap richnesttmator (Smith & Belle, 1984) and

Michaelis-Menten richness estimator (Raaijmakeg87) were chosen. The different estimators
were compared to their projection of species rissnand their Standard Deviation (SD). The
mentioned estimators have been successfully applregiously to the species estimation of

fungal diversity (Untersehet al,, 2008). Graphs of the results were created angaced.

2.5.2 Principle Component Analysis

Data of the obtained species was merged into thpdeal sections. A principle component
analysis (PCA) was carried out on 368 species ufiiegstatistical analytic program SPSS
(Version 16, SPSS Inc., 2007). The analysis induskasonal and monthly variations of species
during the year (total sampling effort). Speciesuirded for the dependant variables and the
temporal occurrence for independent variables. ¢@mparison, a PCA was performed for
different groups (All data, >4 and >10) in resptxtheir time of occurrence. The results were
summarized and compared by using Total Varianceldewistinguishing components, Scatter-
and Scree-plots and Component Coefficient MatriCNg. With comparison of the different
Eigenvalues (EV) of the Total Variance Explaindw significance of species and timeframe was
established. Possible correlations between speoses concluded and visually displayed. The
CCM showed the coefficients of species towardsediiit components that can explain and
determine the distribution of the other speciese Hataset was reduced due to values of the
components displayed in CCM and relevant specigggied onto a graph. Annual pattern graphs
were created for better comparison of statistizallarities in CCM of the species that explain the

componential behavior of most of the data.

3. Results

3.1 Species Richness Estimation

The species richness estimation was successfutlijeapand results generated. The real number
of observations was 368 species and the highedilp@sestimation (including the SD) was
calculated by the Chao2 estimator (~ 1288 speci€le whole species richness calculation data

output can be seen in the Appendix A.

-10 -



3.1.1 The Estimators

The number of observed species was 368 for all ahle 1). Strong similarities of estimated

values could be observed between incident-baseerage estimator (ICE), and Chao2 richness
estimator, as well as between the first-order Jaib&lestimator (Jackl) and the Michaelis-Menten
estimator (MM). The Bootstrap richness estimatavvatd the lowest estimated values but the
nearest towards the actual data set. The standavdtivns (SD) varied strongly between the

estimators (Table 2)

3.1.2 Species richness

The estimated species richness for the data wa8.A4.{ +27.17 SD) for ICE, 1136.18 ( +
152.51 SD) for Chao2 , 621.81 26.74 SD) for Jackl, 469.34 (4t56 SD) Bootstrap and 684.13
for MM. ICE, Chao2, Jackl, Bootstrap and MM estionaturves show different progressions
towards the observed species (comp. Fig. 1). Eaoipkng unit represents 7 days of sampling
approximately. After a total comparison, the vasiastimations were compared with the Sobs.

Comparison of Estimators
1400

1200 // 1178.05
1000 /,/;‘/f// 1136.18
" _— 684.13
600 = 621.81

L= _—— 469.34
o ;z’ ‘/:7’_/// o
> {’\’//*

1 3 5 7 9 11 15 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Species Observed

Sampling Units

Sobs ICE Chao2

Jackl Bootstrap MM

Figure 1 . Comparative view of the five different estimatorsdathe observed species (Sobs). The lowest score
(368), the actual species observed (Sobs), sectimellBootstrap method calculated score of 469.8¢isp richness,
Jackknife species estimator (Jackl) with an eséichaalue of 621.81 species, Chao2 richness estiraatbincident-
based coverage estimator (ICE) calculated muchehighlues of 1136.18 and 1178.05, respectively.

Figure 1 demonstrates that the graphs show sitgsrbetween the estimators. The ICE and
Chao2 estimations are starting at higher valuesh(lad 242.08) than estimations of Jackl,
Bootstrap and MM (20.68, 20.68 & 0). After 50% bktsampling effort (21 SU) ICE already
reaches (761.4) the maximum values of Jackl, Baptsind MM. Chao2 after 23 SU (703.08).
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Table 2. Estimated species richness
(ESR), Standard Deviation (SD)

Michaelis-Menten Estimator ESR SD

1400

Total 368
1200
1000 ICE 1178.05 29.38
800 Chao 2 1136.18152.51
600 A e

o — MM 684.13
400
200 / ___— Bootsrap 469.34 4.56

Jack 1 621.81 20.74

0 TTTTTIT T T I T T I T T T T I T T T I T T I I T I I T TTITTITITT

1 4 71013161922252831343740

ICE Chao?2

1400 1400
1200

— 1200 o
1000 1000
800 / 200 /
600 / 600 /
400 / 400 /
200 200 N

0 TTTTTTTIT T I T T I T T T T T T T T T T T I T T ITTITrTTT 0 TTTTT T T T T T T T T T T T T T T T T T T I T T I T T I T I 7T I T7TTT1
1 4 71013161922252831343740 1T 4 71013161922 2528313453740
Jackl Bootstrap
1430
1400
1200
1200
1000 1000
800 800
e
400 400 //’
200 — 200
0 TTTTTTTTTTTTITTITTIT I IT T I T T T TITTITTTITTTTITTTTT O TTTTT T IT T I T T I T T I T T I T T I T T I T T T T IrrITrIrrIol
14 71013161922252831343740 1 4 7 1013161922252831343740

Figure 2. Show the various estimators (red) against theisp®bserad (blue). Table 2 shows their values at
end of calculation and the standard deviations

The other three estimators show proximities towdh#s Sobs values.In this case the Bootstrap
estimator shows the strongest similarities in estioms towards the Sobs with 469.34 and 368,
respectively. At the beginning of the MM estimatitrere are three different peaks (424.61,

663.95, 484.66), where the second shows a simdlrevto the final estimation (684.13). After
-12 -



those peaks the values stabilize and nearly ruallphto Sobs. Interestingly, the ICE estimator
(1178.05), indicates a slight flattening at the efdhe sampling with stabilizing values. Chao2,
however, shows no sign of converging at its maxim1t36.18). Table 2 lists the different

Estimation maxima and also shows their SD.

3.2 Principle Component Analysis

The data was divided into different sections. Téragoral succession was taken as the source of
comparison and divided into species occurrencagspect to months and seasons. All species
(all), species with more than four occurrences (@4d species with more than ten occurrences

(>10) were analyzed due to these ratings.

3.2.1 Total Variance and Eigenvalues

The PCA for the species (all, > 4 and > 10) catewdldall (12 — 1) components for months and 3
(4 — 1) components for seasons, respectively,aohra Total Variance (TV) of 100 %. The initial
Eigenvalues (EV) of the components represent tietien of species that describe the variance of
the Components. The sum of Eigenvalues explaiesnthmber of species observed for all data
(368), the species with more than 4 occurrencey 488 more than 10 occurrences (16)(comp.
Table 1). For comparison, the Cumulative percentggeerated by the different components was
looked at C1 and C2 which represent the highestriviglues of all components. Cumulative EV
were marked at 75 % which represents ¥ of the efaf@able 3-8).

In the total variance analysis of months, the da&tafor all species showed Eigenvalues (EV) of
61.997 for C1 and 51.074 for C2, from a total 08.36umulatively, they explain 31 % (numbers
rounded) of the total variance (Table 3). Aftertomponents the values reached cumulative EV of
78% (numbers rounded). Species with > 4 occureshewed EV of 7.298 for C1 and 7.229 for
C2, from a total of 31 and explain 47% of the tataliance with five components needed to reach
cumulative EV of 77% (Table 4). Species with >1@uwcences showed EV of about 5 for C1 and
4 for C2, from a total of 16 and explain 55% of tbh&l variance. After 4 components the values
reached cumulative EV of 78% (Table 5).

In the TV analysis of seasons, the data set fosdcies showed EV of 160 for C1 and 118 for

C2, from a total of 368 which explains cumulative/ Bf 76% (Table 6). Species with > 4

occurrences showed EV of 13 for C1 and 11 for @#nfa total of 31, which explains cumulative

EV of 79% (Table 7). Species with > 10 occurrensleswed EV of 8.5 for C1 and 5.5 for C2,

from a total of 16, which explains cumulative EV 8% (Table 8). It is to be noted that the
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percentages of cumulative Eigenvalues always iser@een less species are observed, which is

due to the dataset being reduced and since leasigatbserved, less information is needed to

explain the whole data. The Scree Plots (SP) visrdifferent EV of components (months 11-1,

seasons 4-1) and the number of factors observe86@| >4:31, >10:16). They shows the fraction

of total variance in the data as explained or regmeed by each PC. To have a better visualization

of differences between individual components, tiie gdve an idea where the most important

components cease and the least important startyellsas where the significant points of

separation are located.

Table 3. Eigenvalues & Screeplot of all species regardiagy occurrences during all months.

Months & all species
Initial Eigenvalues
Comp. | Total | % of Variance | Cumulative %
1 61.997| 16.847 16.847
2 51.074| 13.879 30.726
3 44.435| 12.075 42.801
4 37.814| 10.276 53.076
5 34.138| 9.277 62.353
6 30.002| 8.153 70.505
7 28.508 | 7.747 78.252
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Table 4. Eigenvalues & Screeplot of species with more #haccurrences during the months.

Months & species> 4
Initial
Eigenvalues
Comp.| Total | % of Variance Cumulative %
1 7.298 |23.541 23.541
2 7.229 |23.318 46.860
3 3.855 [12.435 59.295
4 3.028 | 9.767 69.062
5 2.454 17.917 76.979

Seasons & all species

Initial
Eigenvalues
Comp.| Total % of Variance Cumulative %
1 160.309 43.562 43.562
2 118.264 32.137 75.699
3 89.427 | 24.301 100
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Table 6. Eigenvalues & Screeplot of all species regardegy occurrences during the seasons.

Months & species> 10

Initial Eigenvalues

Comp.| Total % of Variance | Cumulative %
1 4.929 |30.808 30.808

2 3.784 |23.651 54.459

3 2.238 | 13.985 68.444

4 1.531 |9.57 78.015

Table 7. Eigenvalues & Screeplot of species with

Seasons & species> 4

Initial
Eigenvalues
Com. |Total % of Variance Cumulative %
1 12.904 | 41.624 41.624
2 11.442 [36.911 78.536
3 6.654 |21.464 100

Table 8. Eigenvalues & Screeplot of species with more th@wccurrences during the seasons.

Seaons & species> 10

Initial
Eigenvalues
Comp.| Total | % of Variance | Cumulative %
1 8.584 |53.649 53.649
2 5.578 |34.865 88.514
3 1.838 |11.486 100
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3.2.2 Coefficient Matrix and Species

Component Coefficient Matrix (CCM) and Componentt®I(CP) results showed the possible
correlations of variables (var.), which is alsaeneisting for an ecological analysis since the gata
merged and better accessible. All the 16 species identified at least to genus level so that they
provided enough information for a further ecologicamparison (Table 10). The results were
compared by their values in the CCM (Table 9). Tike highest values for each timeframe
(months, seasons) were observed and graphicallyaized in order to display the most
representative species of the principle compongmé. CP graphs showed the representation of
variables (species) in relation to C1 and C2. Teéarer they stand towards each other, the more
they show similarities in their behavior towards &id C2. Possible clusters indicate correlations
between the variables. Ecology aspects (plant gatihosaprophytic or human pathogen) were

added for further ecological comparison of the sgefcomp. fig. 8 and 9).

3.2.3 Representative Component Coefficients

CCM for the analysis of monthly and seasonal oenges of all spores (including singletons)
were ignored because singletons represented %eoflata and showed nearly the same CCM
values as the species with more occurrences, weéatds to an inadequate comparison of species

regarding their occurrence and ecology.

As an example of comparison, the CCM of months seasons for spores with more than 10
occurrences were compared to see differences betihheevalues regarding monthly and seasonal
occurrences (Table 9). Both showed highest EV tb&3C2 for the time frames and a reasonable
dataset for the species. The 5 highest values o0bfQdoth timeframes (months, seasons) were
observed, because they explain most thoroughlydisigibution of the data. Furthermore they

were displayed in an EXCEL graph in order to sdeepas between the species(comp. Fig. 3). It is
to be noted that the comparison solely originatesnfthe componential comparison and the
graphs always show the annual pattern, which irduall the information provided by the data.

For the observation of months, cumulative valueshef first four components (30.8%, 23.7%,

12,4%, 9,8%) are needed to represent 78% of thgTe¥le 4). 16 variables showed over 10

occurrences within the year. The variables occeesremerge gradually in the table (Table 9).
For example var001 stands foladosporium herbarur@®1 occurrences).
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Table 9. Shows the Component Coefficient Matrixes for spgevith more than 10 occurrences for months (&ft)
seasons (right) and the components needed to exqlaiulatively more than 75% of the total variar8pecies with
high values are marked (green) when they are usmethé analysis of their occurrence. Whole CCMdahtan be
found in Appendix B.

Months Season

Component Component
>10 1 2 3 4 >10 1 2
(30.8%)| (23.7%)| (12,4%)| (9.8%)] (53.7%)| (34.9%)

var001 | 0.214 0.030, 0.032 -0.01§ var001| 0.164 -0.059
var002 | 0.254| -0.041 -0.144 -0.099 var002| 0.166| -0.039
var003| 0.020f 0.212) 0.267| 0.24Qq var003| 0.133 0.066
var004 | 0.043] 0.183 -0.009 -0.071] var004| 0.086 0.073
var005| 0.168 -0.046] -0.133 0.224 var005| 0.204| 0.020
var006 | 0.009 0.043 0.248 0.128 var006| 0.080] -0.160
var007 | 0.208 -0.042] -0.054 -0.1724 var007| 0.057] -0.090
var008 | 0.179 -0.125 0.143 0.041] var008| 0.004| -0.198
var009 | -0.139] 0.275 0.240, 0.00f var009| 0.108 0.138
var010 | -0.040, 0.321] 0.044| 0.169 var010| 0.063| -0.003
var011| -0.031 0.129 -0.216 -0.079 var011| 0.081 0.193
var012 | -0.090, 0.180, 0.080, 0.53(Y var012| 0.018 0.087
var013| 0.012] 0.040, 0.012] 0.359 var013| -0.043| -0.142
var014 | -0.037] -0.092 0.055 -0.00j var014| -0.058 0.158
var015| -0.064| -0.011 0.390 -0.09¢ var015| -0.061] -0.033
var016 | 0.108 0.291] -0.159 0.07)] var016| 0.234| 0.073

Table 10. Shows the variable numbers for PCA analysis nestchith actual species names, the species ecology
(Plant pathogen=PP, Human pathogen=HP and sapiop8gp) and occurrence during the seasons (Sprprg=S
Summer=Sum, Autumn=Aut, Winter=Win). The data®lonium pusillumwas incomplete but is understood to be a
saprophytic species. Data on ecology was obtainedyzobank (www.mycobank.org).

Variable| Species Ecology Spr.|Sum. | Aut. |Win. | Total
var001 |Cladosporium herbarum |Sap & HP | 14 | 10 10| 7 41
var002 |Heterobasidion annosum |PP 11 | 7 7 5 30
var003 | Thanatephorus cucumeris | PP 12 | 5 5 7 24
var004 | Trametes versicolor Sap 11 | 4 3 7 25
var005 | Botryotinia fuckeliana PP 6 5 9 4 24
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var006 | Peniophora incarnata Sap 7 7 6 2 22
var007 | Stereum hirsutum Sap 6 5 4 4 19
var008 | Glonium pusillum n/a (Sap) 5 7 5 1 18
var009 | lItersonilia perplexans PP 8 1 2 6 17
var010 |Vuilleminia comedens Sap 5 3 2 3 13
var01l |Eurotium amstelodami HP 5 0 2 6 13
var012 |Phlebia radiata Sap 0 2 6 4 12
var013 |Penicillium expansum HP 1 5 5 1 12
var014 | Penicillium brevicompacturpPP & HP 3 2 2 5 12
var015 |Ascochyta sp. PP 4 3 1 3 11
var016 |Alternaria tenuissima PP 7 0 3 1 11
Total 105| 66 72| 66 | 304

3.2.4 Species Observations

Component 1 in the observation for species withettban 10 occurrences for months explains an
EV of 30.8 % in Total Variance (Table 5). The highealues were scored ladosporium
herbarum (0.214) Heterobasidion annosunf0.254), Botryotinia fuckeliana (0.168), Stereum
hirsutum (0.208) and Glonium pusillum (0.179)he table below shows the annual pattern of the

species in comparison (for seasonal also compeTED)

Months overview

7
AN
V//ANNRN
8 3
g’ S_ L\ 7N
NV AN
J F 1Yl A 1Yl J J A S 0O N D

Heterohasidion annosum

Cladosporium herbarum Botryotinia fuckeliana

Stereum hirsutum Glonium pusillum

Figure 3. Selected species by the five highest values ofpoorant 1 of the monthly CCMCladosporium(blue),
Heterobasidion(red), Botryotinia (green),Stereum(orange) Glonium (black). All species excefgilonium pulsillum
show maximum values during the month of April (peakurrences in order of the figure: 6, 6, 5, 2| ah
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In the seasonal observation, component 1 for spegith more than 10 occurrences explains
53.7% of the EV (Table 8). The compared species/gheir highest occurrences in spring with a
strong increase from winter to springladosporium herbarur(0.164),Heterobasidion annosum
(0.166), Thanatephorus cucumeri®.133) andAlternaria tenuissima(0.234) andBotryotinia
fuckeliana(0.240) show their highest values for C1. All egicBotryotinia fuckelianashow their
highest values during spring (14, 11, 12, and 6).

Seasons Comp.1

15

10 k\

0 T~

Spring Summer Autumn Winter

Spore occurrences

Cladosporium herbarum Heterobasidion annosum Thanatephorus cucumeris

Botryotinia fuckeliana Alternaria tenuissima

Figure 4. Selected species by the five highest values ofpomant 1 of the seasonal CCKaladosporium(blue),

Heterobasidior(red), Thanatephoruggreen) Botryotinia (orange) Alternaria (black).

Because the second component for the seasonalvabearexplains an EV of 34.9%, it was
observed in comparison to C1 in order to get towkmoore information about the data that
cumulatively explains 88% of the Total Variance KIE8). Itersonilia perplexans(0.138)
Eurotium amstelodami (0.19&nd Penicillium brevicompactun0.158) showed high values in
that component. The overall trend in comparisof1ois a clear increase in occurrences towards
winter (6, 6, and 5). The main difference betwedna@d 2 is, that in respect to the winter season,
the highest values of C1 showed species with dsitrgaoccurrences and C2 with increasing

occurrences.

Seasons Comp.2

10
5 \ —

v

0 T T T 1

Spring Summer Autumn Winter

— |tersonilia perplexans Eurotium amstelodami === Penicillium brevicompactum

Figure5. Selected species by the three highest valuesmjpanent 2 of the seasonal CCM.
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3.2.5 Component Plot Correlations

The comparison of negative and positive specigeipeat can be observed through the Component
Plot (CP) that opposes C1 & 2 in a metrical graiues are displayed in the rotated component
matrix in Appendix C). CP for species >10 occuremexplains 88% of the Total Variance and
possible patters have statistical significance Paf@ all species occurrences for months would
explain 30% of the Total Variance and not be sigaift). Next to their annual occurrences, the

species were compared due to their ecological fac{plant pathogen, human pathogen,
saprophytic).

Figure 6 shows clusters of the variables (speabsgrved with near values (1, 2, 7 and 3, 4, 10,
16) and then displayed in an annual graph in omesee, whether they show a similar patterns.
Figure 8 and 9 display the possible clusters (€lugt and 2) of the species seasonal spore
occurrence patterns. (varOFenicillium brevicompactunand varO11Eurotium amstelodami
Figure 7 shows possible clusters of C1 & C2 in@iefor all species and seasons. However, even
though the data explains 75% of the EV, it includés868 species with all 260 singletons which
makes annual comparison of species difficult.

Component Plot in Rotated Space
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Figure 6. Component Plot for species > 10 occurrences aasbss. Figure 7. Component Plot for all species and seasons.

Component 1&2 account for 88% of EV. Comp. 1&2 account for 75% of EV. 368 Species are
The Clusters (1,2) indicate possible occurrenceepet for observed with 260 singletons, representing 70%ef t
Cladosprium herbarunfvar001),Heterobasidion annosum (var002) data. Cluster could be examined but due to thle hig
and Stereum hirsutum (var007), as well as for Thanabeps$ number of singletons there is no real significarttome
cucumeris (var003), Trametes versicolor (var004), once the species are compared at an annual occerren
Vuilleminia comedens (var010). pattern.
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Figure 8. First Cluster Figure 9. Second Cluster
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Trametes ——— Vuilleminia

Heterobasidion Stereum

Cladosporium Thanatephorus

Figure 8 and 9. Show seasonal occurrencegatédosporium herbarum, Heterobasidion annosum,est@r hirsutum
& Thanatephorus cucumeris, Trametes versicolor|l&uinia comedenas found in Cluster 1 & 2 from Figure 6.

Figure 8 represents the first cluster, which sh@sdosporium herbarunfvar001) which is a
saprobe on decaying plant matertdgterobasidion annosuigvar002), which is a plant pathogen
(butt rot and root rot) and stereumrsutum(var007), which is a saprobe on deciduous wood, in
their annual occurrences. They all have their lsghalues in spring and show a decrease of
occurrence towards winte€ladosporium herbarunand Heterobasidion annosurshow a very
similar occurrence pattern with a decrease towardamer, stable values towards autumn, a
decrease towards winter and an increase towardsgsgiigure 9 represents the second cluster,
which showsThanatephorus cucumer{8ar003), which is a plant pathogen that can hmdoon
Solanum tuberosumTrametes versicolor(var004), which is a saprobe on dead and living
deciduous trees\uilleminia comedengvar010) and which is a saprophytic species tkat i
associated with a white rot. All species show argjrdecrease in occurrence towards summer.
Thanatephorus, Trametesnd Vuilleminia show a further decrease or steady values towards
autumn and an increase towards winter. All spesiv@sv a strong increase towards spring.

3.3 Spore Size and Ornamentation

Species that were sampled into the PM2.5 (fine)imeshould show spore sizes of2<5 um.
Everything above this size should go into the T&mRer (Frohlich, 2009). In order to prove the
efficiency and sampling criteria of the high-voluriileer sampler (HVFES), all species with more
than four occurrences per year were compared anaribs that showed the highest differences
between coarse and fine occurrence grouped. Maegiesp also occurred in PM2.5 and TSP

filters, respectively (Table 11).
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In the coarse section the species with highestigepuiotowards their fine occurrences were
Glonium pusillum(18:0), Vuilleminia comedeng13:0), Blumeria graminis(10:0), Itersonilia
perplexang16:1),Alternaria tenuissimg11:1),Botryotinia fuckeliang20:8). All species showed
spore sizes that were entirely in the range of {c®fp. Table 11)

In fine section the species with highest quotiemtards their coarse occurrences weeaicillium
expansum(0:12), Penicillium brevicompactun{3:10), Aspergillus conicug0:5), Steccherinum
fimbriatum (1:4) and Choiromyces venosugl:4). Only Choiromyces venosushowed very
unusual sized spores for PM2.5 with a spore siZddi x 15um (spikes 3.0-5.Qm)

Species that showed high similarities between tlu®icurrence in PM2.5 and TSP were
Cladosporium herbarun@5:37),Thanatephorus cucumer{22:21),Eurotium amstelodan{i7:7),
Sistotrema brinkmani(3:3), Peniophora incarnata(3:3), Botryobasidium subcoronaturfb:4),
Trametes versicolo(16:19),Phlebia radiata(6:7) andHeterobasidion annosurf12:26). Due to
their minimal possible spore sizes olistotrema, Botryobasidium, Trametasd Phlebiacould

have reached the PM2.5 filter. All others showedimal spore sizes over 2ufn.

Table 11. Spore sizes and ornamentation of the species higthest quotient towards coarse occurrences (fine),
towards fine occurrences (coarse) and most sirotaurrences in both filters (both). Fine filter PZ< 2.5 um),
coarse filter (TSP all >2.5 um). The column Occcd@rences) shows their individual distribution lwitoarse
occurrences first and fine occurrences second @&anium 18 coarse, 0 fine). Data on spore sizes was autain
through Mycobank (www.mycobank.org).

Coarse
Matches from Data QOcc. | Spore ornamentation Sporesize
(9-) 11 -12 (-13) x4 - b
Glonium pusillum 18:0 | ellipsoid, upper cell often larger um
suballantoid or cylindrical, smooth, blunt
Vuilleminia comedens 13:0 |apiculus 13-16 x 4-5 um
(20-)24-35(-45) x (8-) 12
Blumeria graminis 10:0 | in chains ellipsoid to lemon-shaped 16 (-20) pm
13.0 - 20.0 x 10.0 - 14/0
Itersonilia perplexans 16:1 | ellipsoidal, (sub)globose, ovoidal or pyriformqam
straight or curved, obclavate, smooth, sligintly
Alternaria tenuissima 8:2 |verrucous 22-95 x 8-19 um
Botryaotinia fuckeliana 20:8 | obovoid to ellipsoid, smooth 8-16 x 6-12 um
Fine
Matches from Data QOcc. | Spore ornamentation Sporesize
Penicillium expansum 0:12 | smooth, ellipsoidal 3-3.5x2.5-3 um
Penicillium
brevicompactum 3:10 | ellipsoidal, finely roughened 2.5-3.5x2.6-gm
4.0-4.5(6.0) x 3.0-3.5(4.0)
Aspergillus conicus 0:5 | variable, elliptical um
Steccherinum fimbriatum | 1:4 | ellipsoid, smooth 3.25-4 x (2-)2.25-2.5 pmn.
15.0 x 20.0 um (Spikgs
Choiromyces venosus 1:4 | ellipsoid, spiky 3.0-5.0 um)
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Both

Matches from Data QOcc. | Spore ornamentation Sporesize
ellipsoidal to cylindrical, rounded ends,
Cladosporium herbarum | 35:37| distinctly verrucous 5.5-13.0 x 3.8-6.0 um.

8-12 X 5--6 um & 6-14
Thanatephorus cucumeris | 22:21] ellipsoid, smooth, prominently apiculate | 4-8 um but varying in siz

D

spinulose, subglobose to ellipsoid, endariable, 4.7-5.0 x 3.6-3{8

Eurotium amstelodami 7:7 | flattened, rough pm

Sistotrema brinkmannii 3:3 | ellipsoid, variable 2-2,5-(3) x 4-4,5-(5) un

Peniophora incarnata 3:3 | smooth, cylindrical, slightly depressed (7-18x1(3-)3.5-5 uym
cylindrical, slightly curved to allantoid,

Trametes versicolor 16:19| smooth 4.5-6.5 x 1.5-2.5 um
cylindrical narrowly oblond, ad axially

Phlebia radiata 6:7 | flattened, smooth (4-)4.5-5.5 x 1.5-2 pm.

Heterobasidion annosum | 12:26| subglobose, asperulate, ellipsoid 4-6.5 x 3.5p47b

4. Discussion

“I don’t believe it is usually possible to estimaite number of species [...] but only an appropriat
lower bound to that number. This is because trerearly always a good chance that there are a

very large number of extremely rare species.” (GA®%3).

4.1 Species Richness

Despite the fact that fungi are important organigmthie world, because they have diverse roles in
ecosystems and also can affect human health signify, little is known about their real species
numbers and estimates for fungal diversity diffgngicantly (Muller & Schmit, 2007). Fungi
often lack characteristics for reliable identifioat and often one individual produces numerous

fruiting bodies, which leads to ambiguous resuitspecies occurrences (Untersetteal., 2008).

In this survey, 368 different taxa were identifigaring a period of 1 year. These specimens were
afterwards matched by means of sequence compawisonthe GenBank database. Many of them
could only be assigned a genus name, as nucledifidéeences were not high enough to assign
single species. The genus with the highest occoesewa<ladosporium which was also shown
by other evaluations of airborne fungal speciebniéss (Magyaet al., 2009; Lugauskast al.,
2003; Larsen, 1979). From the total number of gmeobserved (368) 70% were singletons (260)
which have a strong impact on the results of sgetibness estimation (comp. Table 1). In recent

microbial surveys species richness revealed resuhisre singletons and doubletons can account
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for about 90 % of the data (Hughesal. 2000). Each singleton represents a unique spents a
thereby has a strong impact on the species richiiagsmore rare species appear, the greater will
be the probability of existence of species that reokevaluated in the data set (Colwetlal.,
2001). Consequently, the percentage of singletai¥®o( for all data) leads to the strong
assumption that a considerably high species numhsrnot obtained by the sampling and is still
missing. Corresponding to that, estimated curvethefincident-based coverage estimator (ICE)
and Chao2 richness estimator, had a strongly limeaease in estimated figures (comp. Figure 1).

All estimators reached the actual sample size aftégast 50% of the sampling effort, and ICE,
Chao2 and MM performed the fastest and most reiadtimations for the required species
richness, after just 11,11 and 10 days, respegtiwghich also matched with other surveys
(Unterseheeet al, 2008). However, the MM estimator calculatedralfivalue of 684 which, if
the high over all fungal diversity is consideredaymot be satisfactory. ICE and Chao2 are the
most promising calculators with total values of 8 Bhd 1136. The great advantage of the Chao2
species richness estimators in respect to fungadies is that it is not bound to specific
information on the number of individuals per sam@&ao2 is an incident based estimator that
relies on the number of unique units and duplicailed not on the number of singletons and
doubletons (Untersehet al, 2008). In our case the singletons account for @%he overall

data, which might have a significant impact ondgh&come.

Although a large number of fungal species were $ednip the survey, the steep slope and lack of
an asymptote (regarding Chao2, Jackl, MM and Bagstin the species accumulation curve
(Graph 1) suggests that the sampling of the aid@iwngal communities is far from complete. The
ICE estimator shows a slight asymptote which alsghinbe a temporal flatteningColwell
predicts that an ideal estimator would reach ite @symptote much sooner than the sample based

rarefaction. (Colwell, 2001).

The asymptotic species richness is of crucial impoabecause it gives trends for certain
patterns of species richness, especially in exhalgtrich communities or taxa, such as fungi
(Cannonet al., 1998). However, under the current estimates of dusgecies richness research
(Hawksworth, 2001; Cannon, 1997; Arnold 2000), #symptote for the ICE estimator could
show a wrong trend, since it approaches finitengds and species richness numbers are expected

to be much higher.

The most promising estimation of total fungal spedichness was postulated at a number of 1.5
million species worldwide (Hawksworth, 1991). Thhe estimate suggests that only around 5%
of the species are basically described (Hawkswd@B1). There are many skeptics that criticize
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this estimate due to low rates of new species gesnrs from tropical areas (May, 1991; Frohlich
et al, 1999) but also others that suggest that 1.5%ub@erestimates fungal diversity. Little-
explored guilds (such as endophytes), could solg@metount for about 1 million species (Arnold
et al., 2000). In respect to that ratio it would be intéresto know the prevalent plant to fungi
rate, and observe whether it fits with the one Hamdeth (1991) calculated and based his
estimate on. In order to get more distinguishedrmftion about fungal diversity, Cannon
suggests a rapid assessment of fungal diversitysuggests that either fungal diversity in litter or
endophyte diversity should be analyzed in ordegdban approximation of the range of target

organisms (Cannon, 1997).

As was described by Cannon (1997) the asymptotergtad by the ICE estimator, could show a

trend towards total diversity. However, in respaxtthe total diversity postulated and small

numbers of species already discovered, the Chairdatsr generates most promising values,

with steadily increasing species richness. Duéédchigh number of singletons it is reasonable that
the trend will continue with a larger sampling effdConsequently, the Chao2 species richness
estimator presents the most sensible results ®regtimation of fungal species richness, which
was also found by Untersehatral (2008).

4.2 Temporal Patterns

Species peaks in this study occurred in spring fcdfig. 10) and thereby show different patterns
to most other surveys performed on airborne fudgadrsity where summer and autumn account
for the highest diversity (Larsen, 1979; Li & Kerudtr 1995; Oliveiraet al, 2003). The number of

species with more than 10 occurrences

Species occurrences showed a high rate in winter which usually
400 is considered as the season with lowest
, 300 KZOE T airborne fungal counts (Lugauskas, 2003).
§ 200 105 \148 However, despite that irregularity,
" 100 — 2 66 seasonal patterns  between  fungal
0 : : : .

_ _ occurrences could be determined by
Spring Summer Autumn Winter

reducing the data to the conclusive

= A|| Species More than 10

speciesthat are relevant for comparison.

Figure 10. Shows comparison of seasonal species occurrences for
all species sampled (blue) in comparison to the species that
occurred more than 10 times (red).
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4.2.1 Monthly Occurrences

The results of the principle component analysisdibrspecies, more than 4 and 10 occurrences
(all, >4, >10) were carried out for months and saasand aimed to distinguish between important
species and their temporal patterns. The Eigensala¥) (Tables 3-8) gave the information to
choose the most representative constellation.drcéise of monthly occurrence (12) observation, 7
components (all species), 5 components (>4) andmMponents (>10) are needed in order to
explain at least 75% of the data. This already shtive success of the dimension reduction
provided by the PCA which states that a small sebmponents is needed to explain most of the
variance of the whole data. It could lead to theuagption that regarding the months there are
timeframes that show stronger correlations betweegal occurrence and others that are less
important for the overall pattern. However, thesenponents also always include the huge set of
singletons which show similar componential coeéfiti values as the species that occurred more
often than 10 times. This shows that there mayelsionships between singletons and species
with more occurrences. But since their occurrescenly of minor temporal importance, it is not
recommendable to study this relationship for thgehset of singletons provided by the data. The
ecological validity of the monthly componential &rsés should also not be overestimated, since
C1 and C2 only explain 30% to 55% of the data (cofgble 3-5). However, as a mean of
comparison two scenarios (monthly and seasonal reome with more than 10 species
occurrences) were compared (Table9). In ordeetdkgowledge about the monthly variances of
the species towards their annual patterns, the Highest variable values (species) of CCF in
Componentl (30% EV) were comparedladosporium herbarumHeterobasidion annosum
Botryotinia fuckeliana , Stereum hirsutwemd Glonium pusillumare most likely to explain the
highest possible annual patterns of fungal dispersgarding their monthly occurrences.
Cladosporiumshowed the highest occurrence rate of all spddiedsimes on 42 sampling units),
which matches with findings worldwide (except thetia), whereCladosporiumis the dominant
genus (Larsen, 1979; Li & Kendrick, 1995; Marshdlf97; Kurup, 2002; Lugauskas, 2003;
Oliveira, 2005). All fungi excepGloniumshowed highest values in the month of April (comp.
Figure 3). This leads to the assumption that thatmof April could have the greatest impact on
airborne fungi dispersal. However, studies showt thffierent months are the main source of
fungal growth and dispersal, and the period fromeJio October was most favorable for fungal
occurrence and was higher than in April (Li & Keiclr 1995). This can be due to different
environmental factors (Viswanath, 2002) that infloe fungal abundance and their peak times, so
that different fluctuations between regions exMafshall, 1997; Oliveira, 2005; Li & Kendrick

1995). Summer and autumn peaks may be explaingdeblgeginning process of seasonal decay
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of vegetable matter. Lowest airborne fungal o@uces are mostly found to be in the winter
season, which can be due to snow cover or low testyes that prevent sporulation (Li &

Kendrick, 1995; Oliveira, 2005). Because the spewere picked due to their high values in the
calculation of C1, which only explains 30% of th¥,Ehe temporal pattern might be significant

but an overall ecological pattern would be too \eafpr the collection of species.

4.2.2 Seasonal Occurrences

The seasonal analysis, however, showed more prognissults for a thorough explanation of the
total dataset. In all calculations (all, >4, >1ifp components were needed to explain 75% of the
total data set (comp. Table 6-8). The higher thedative EV of C1 and C2, the bigger is the
data that is explained by it. In this case 88% VfiEexplained with C1 and C2, which makes this
observation the most interesting. Species withhigbest values for C1 (explaining 53% EV) of
the seasonal with more than 10 occurrences CCF @Gladosporium herbarupHeterobasidion
annosumThanatephorus cucumeriglternaria tenuissimandBotryotinia fuckelianaAll expect
Botryotinia showed their highest occurrences in spring (Figirevhich lets assume that spring
could be the season with highest impact on alloaimb fungi occurrences in this survey. In the
overall comparison (including singletons), spriigoawas the season of highest airborne spore
counts. This matches with the CCM results regardiugths, where many of the highest values
showed monthly patterns with peaks in April (corrpgure 3). However, other surveys mostly
found out that their seasonal peak in airborne d@urspores could be counted in summer and
autumn after having measured an annual circle.duskast al, 2003; Olivieraet al, 2003; Li &
Kendrick 1995; Larsen, 1979).

For component 2, (35% EV) of the seasonal CCF pleeiss with highest values (above 0.1) were
Itersonilia perplexans, Eurotium amstelodan®enicillium brevicompactumDue to their
statistical values they explain the behavior ofglinspores towards C2 most thoroughly. All
showed similar patterns with a rise towards wimnthich lets assume, that many species with >10
occurrences show a similar seasonal patterns wiikeain winter, which is different to many
surveys dealing on airborne fungal seasonal pattékfarshall, 1997; Oliveira, 2005; Li &
Kendrick 1995), that found lowest values of fungeturrences during winter. Since the ground is
covered by snow and the outdoor fungal is expettede low (Pasanest al., 1990; Larsen,
1979). In the overall score of the survey (Figu@® Winter showed lowest values, but still they
were near the values of summer and autumn. Magegsi on seasonal fungal distribution found
that summer and autumn were accounting for highesjal spore dispersal (Stepalska, 1999;
Oliveira, 2005).
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However, other studies (Olivierat al, 2005; Stepalskat al, 1999; Larsen, 1979) often used

different measurement techniques that calculatedydlu spore concentration and abundance
throughout the year, whereas this study used ardiit quantification and identification approach.
Since the other surveys were rather concerned fwitgal biomass, the total diversity was not
taken into account, which could be a major diffeeeto this survey. Another difference is the
high number of singletons that could be charaatdriay this study and is often not taken into
account by different studies in the field of fundalersity.

Since tests were performed at a stationary fitethe Max-Planck-Institute, the source of indoor

fungal spores in winter could also not be far. Imdtungi account for higher percentages than
outdoor spores during winter (Li & Kendrick, 1995%yhen outdoor plants are not present. A

possible explanation could also be that the samite was located near the urban center of the
city and surrounded by inhabited space. Buildimgads, cars, people and other heat producing
facilities can be the source of warmer urban temdpees than in their surrounding areas

(Environmental Protection Agency, 2009), which tladso has an effect on the vegetation. Rising
temperatures can have an impact on fungal growitaus® some species have persistent
sporocarps that sporolate as soon as temperaterégga enough (Deacon, 2006), which could be
applied to some of the species that were compareckspect to their seasonal patterns and
ecological adaptation. It should never be forgotteat another possibility why the values of this

work differ to other studies, could be that it wveagear with exceptional seasonal conditions for
that favored fungal dispersal.

4.2.3 Ecological Patterns

Patterns in the occurring species ecology weredesy the CCF values of C1 and C2 for species
>10 occurrences and seasons, as well as with th&ination of those components in a
Component Plot. (Figure 6). The components fomtoathly observation explained small EV, so
they were not analyzed for patterns of in-betwepeces. For further understanding of this
emphasis, the Component Plot (Figuréencjudes a large set of singletons which makesgfitdlt

to analyze possible interactions between singleispgesince they only can occur at one specific

time.

In the CCM values for C1 (explaining 53% of total)ECladosorium herbarunisaprophytic and
pathogen to humandjleterobasidion annosuigplant pathogen)l'hanatephorus cucumerfplant
pathogen),Botryotinia fuckeliana(plant pathogen) andlternaria tenuissimgplant pathogen)
showed possible correlations in their values towatd (comp. Table 4). All of them except

Thanatephorus cucumershow a similar pattern with an increase towardsngp a decrease
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towards stable values or an increase towards auamdna decrease towards winter. Normally
outdoor spore occurrences decrease towards winkech was also shown during other surveys
(Oliveira, 2005; Lugauskas 2003). Next to being lanp pathogen, it is reported that
Thanatephorus cucumeris able to live as a saprophytic species on wdamm( Mycobank),
which could explain why it is showing an increasewinter, where it would be possible to
sporulate when temperatures temporally ridest of the species (mainly plant pathogen) show
decrease towards winter, when plants that funa®mosts are absent due to low temperatures.
Consequently, these species show correlations batteeir temporal occurrence and ecological

strategy.

There are higher indoor spore counts during wirbecause the circumstances (especially for
human pathogen fungi) are better indoors for sptiart when temperatures outside are low
(Pasaneret al, 1990). In the CCM values of C2 (Explaining 35%otal EV) Itersonilia
perplexans (plant pathogen),Eurotium amstelodami(human pathogen) andPenicillium
brevicompactum(human pathogen) showed the highest values (cdraple 9). Ecology and
seasonal patterns match again in this case bett@gall show similar occurrence rates (high in
spring, low and steady in summer and autumn, mglinter). Itersonilia perplexanss reported

to be saprophytic on dead and decaying wood osri@&gon & Heinricki, 2005) so that it could
also occur in winter. The other two species aredmupathogens and mostly occur in winter when
indoor fungal counts are usually higher than outqd@swanathet al, 2002). As in other surveys,
indoor pathogens lik€eurotium amstelodamand Penicillium brevicompactunshowed their
seasonal maximum occurrences in winter (Li & Kecklril995). Again this could be due to the
fact that the high-volume sampler that collected #pores was always stationed near warm
buildings (Max-Planck-Institute Mainz and urbanaa Mainz), which could affect the spore
occurrences. But even though indoor pathogens hdd high occurrences during winter, there
are many outdoor saprophytic species that shom@ease towards winter. The species of Cluster
2 of Figure 9 illustrate annual patterns T™ianatephorus cucumeris, Trametes versicalod
Vuilleminia comedensvhich all show a similar ecological strategy,fgesaprophytic, and similar
temporal patterns (high in spring, low in summewy in autumn, high in winter). Unexpectedly,
they show an increase in winter (especidlhanatephoruswhich is unusual for outdoor fungal
spores (Li & Kendrick, 1995). However, since thedtion was located near the city of Mainz,
temperatures in winter could be temporally highalihcould be in favor for saprophytic fungi
sporulation. Consequently, possible ecological gpast between these species could be
determined. The annual pattern of the speciesefitbt Cluster (Figure 8) sho®ladosporium
herbarum, Heterobasidion annoswand Stereum hirsutunCladosporiumshows an overall high

occurrence during the year, since it is an omngneseasonal species with high occurrences
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(Marshall, 1997), that has can live as a saproléoous and as a human pathogen mold indoors.
However,Cladosporiumand Heterobasidiontend to decrease towards winter &tdreumshows
stable occurrences. Due to their specific ecoltigg,moldCladosporiumand the plant pathogen
Heterobasidiorshow a decline towards wintéZladosporiumneeds herbaceous material to grow
on, which is rare in winter, when temperaturesl@aneer. The butt rot and root réteterobasidion
could have difficulties to sporulate during wint@nen temperatures are low and the ground could
be covered by snow. On the contraé®ygreuniives as a saprophytic fungi on deciduous wood and
like other fungi with that ecological adaptationg(el'anatephorus, Trametes, Vuillemipi& has
persistent fruit bodies that could sporulate quidkli winter once temperatures increase, which

would explain the stable occurrences during thasce.

4.3 Spore Size Distribution

In the coarse filter (Table 11), all spores obsémwere in the range (>248m) given by the high-
volume filter sampler (HVFS) (Solomast al, 1983). Spore sizes ranged from a minimum of 8.0
to 6.0um (Botryotinia fuckeliana20 times coarse, 8 times fine — 20:8) to a marind5.0 to 16.0
um (Blumeria graminis 10:0). Nearly all of the species show normal spgizes larger than 10
um and consequently, if it comes to human healtsahspores would not reach the bronchiolar

tree in respect to human allergies (Riediker, 2000)

In the fine filter nearly all species show sporeesithat can be found in the range up to PM2.5
(Tablell). But in this filter spores that are largean PMs were also foundChoiromyces
venosus(1:4) shows spore sizes way above that criteridn0O(to 20.0um). Even if the spike
length (3.0 to 5.Qum in length) is substracted from the minimal pogsgpore size, spores would
range above 1@Qm in size. Since this size really represents onthefcoarse sections, it should
not occur in the fine filter. Another interestingesies isAspergillus conicusvhich only was
found in the fine filter but showes spore sizes thaged out of the fine particle filter region giv

by Solomon (1983). Spore sizes range from 4.0%6.8.0-4.0 um. The ornamentation of

Aspergillusis variable but mostly elliptical with a roughenadface.

Also, spores of other taxa could be found in tine fiilter, that show a larger spore sizes than the
criterion for the fine particle section BMallowed (Frohlich, 2009)Cladosporium herbaruniB5
times in coarse filter: 37 times in fine filter) carleterobasidion annosuifi2:26) showed spore
sizes ranging out of the PMcriterion that are characterized with an aspegutarfaceEurotium
amstelodami22:21) also showed larger spore sizes than #Mt shows a roughened surface.

Peniophora incarnata(3:3), Trametes versicolo(16:19), andPhlebia radiata(6:7) all show
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cylindrical spore shapes. Consequently, the orngatien and shape of many of the coarse sized

spores showed a pattern that might be crucialdéw felection towards the fine filter.

Cylindrical shapes or asperulate surfaces coula@rfapore selection for the BMsince the
sampler applies an air flow to the air mass anditieespores follow the streamlines of the major
airflow into the fine particle filter (Solomon, 198 Particles that have cylindrical shapes or
roughened ornamentations could be favored by iHédva because they give higher aerodynamic
drag and are streamed into the fine filter. Coneatly, the respective spores (eReniophora,
Heterobasidion, Eurotiuincan be found in the PM. For some species, likEhanatephorus
cucumeris(22:21), a species with spore sizes much largen M s (8.0-12.0 x 5-6um), an
ellipsoid shape and smooth ornamentation, it id batell what made the species occur in the fine
particle filter. Another explanation for the findjrof coarse spores in the fine filter could be a
wrong taxonomical assignment in GenBank. For irncstatmere were several genetic sequences

assigned t&hoiromyces venosus

Whatever is the cause of the discovery of coamsedsspores in the fine filter, it has profound
effects. PM s particles are assumed to reach the human alvialztion, which enables them to
cause different respirable diseases like asthniafishor pneumonitis (Viswanatét al, 2002). A
false categorization based on findings of sporeshen HVFS bears wrong interpretations for
allergenic capabilities of fungi.

5. Conclusive Thoughts

The study shows promising results in the areasioddl species richness, their possible temporal

patterns and criteria of spore size that can favdninder spore selection to aerodynamic filters.

In the area of species richness, the study outcoraehes with estimations of other surveys
(Unterseheet al, 2008), that also came to the conclusion thatlemie based estimators like ICE
and Chao2 are most representative for fungal specehness estimation. Since singletons
represented 70% of the dataset in this study, hiaene to be taken into account carefully. It was
guestioned in the beginning at what scale the spedchness estimation exceeds the species
samples and expected that the estimation is muglehithan the actual spore count. The total
sampling size was 368 species and the predictetlespaumbers for the two estimations were
1178 species for the ICE estimator and 1136 forGhao2 estimator. The estimated species
numbers are about 3 times higher than the amousp@ties sampled during the one year at the

MPI Mainz. In respect to the overall estimated highgal species diversity these values sound
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most promising. The other estimators (MM, JacklotBtvap) showed curves that approximated
their values towards the observed species. ConsdguéChao2 and ICE species richness
estimators can be recommended for the estimatidangfal diversity, where the representation of

singletons is very important due to high numbersacé sampling of most fungi.

Observed temporal patterns in this study showedk pdimersity in spring and also high
occurrences in winter, which differs from othervays done on annual fungal species patterns
(Marshall, 1997; Oliveira, 2005; Li & Kendrick 1995vhich mostly studied fungal occurrences
due to their seasonal concentration. The prinadptaponent analysis (PCA) showed that monthly
comparison of species occurrences are not reddyaet due to low Eigenvalues. However, in the
calculation of all species and their monthly ocenoes 5 components explain about 75% of
Eigenvalue which is already a promising observatibtbecame clear that the huge amount of
singletons influences the correlation comparisonseowe look at different species and their
annual patterns. The PCA showed that it is morenmgéul to make this comparison on a
seasonal scale where the first component explau®8d of Eigenvalues for species with more
than 10 occurrences. The calculations highlightedla temporal occurrence patterns of various
genera (e.gCladosporium, HeterobasidicemdStereumas well ashanatephorus, Trametesd
Vuilleminia), and also their ecological adaptation showed conafities. Since fungal species
diversity in most surveys is very high, PCA reprasea useful tool to reduce the whole dataset to
the most important data for further comparison. €eguently, in this study, PCA showed that
there are important patterns that mainly can ba seseasonal differences of fungal occurrences

as well as for species with more occurrences (ekxofusingletons).

The study of fungal spore size sometimes showetgtimbalances between given filter sizes and
spore occurrences in those filters. Spores thairdow to size criteria (2.5 um) would not be
favored for fine selection can often be found insth filters. Spores of several species often
occurred in both ,fine’ and ,coarse’ filters. Sinttee high-volume samplers are aerodynamic
filters, not only fungal spore size is most impattéor selection into PMs or PMyg but selection
can also be affected by spore ornamentation (vesejcspiky, roughened surfaces) and shape
(cylindrical). Since high-volume samplers are basadaerodynamic filters, ornamentation and
shape can play a crucial role in the selection pécges like Cladosporium herbarum,
Thanatephorus cucumeriSurotium amstelodamgistotrema brinkmannii, Peniophora incarnate,
Trametes versicolor, Phlebia radiata, Heterobasid@annosumAll of them show spores sized
above PM;s but have high occurrences in ,fine’ filters. Fetwerodynamic samplers should be
constructed by considering the heterogeneity ofélispores in order to increase their accuracy.
Eventually, it could already help to conduct testies with selected particles that present
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heterogeneous ornamentations and thereby mirrdaticars natural particles. Since these filters
are often used to obtain quantities of particles ttan be found in nature, these aspects should
also be taken into account. Furthermore, it is enothat PM s particles can reach the respiratory
tract. The consistency of the human respirataagtt(with mucous surfaces until the alveolar
tract) is different to the one of the HVFS, and repsizes above 2.5 pm with smooth
ornamentations could enter the alveoli as the t®sshow. Spores with verrucouse to spiky
surfaces could eventually get caught in the ciliagpithelium and therefore not penetrate the

alveolar fraction.

6. Abstract English

Fungi are biogenic aerosols that affect precimtaind cloud formation, e.g. cloud condensation
and ice nuclei, absorb solar and terrestrial ramhatas well as affect the abundance and
distribution of atmospheric trace gases and thesgfdluence the water cycle and global climate.
Next to their influence on the atmosphere, fungi esso cause or enhance human, animal and
plant diseases. Diversity of fungal spores in t®sol depends on various factors, such as time of
the day, meteorological parameters, seasonal i@rjaegional topography and the prevalent type
of vegetation. Because of limited knowledge, th@altdungal diversity still remains unknown.
Fungal spores nowadays are mostly collected in-bahme filter samplers and little is known
about their species diversity and the relationsleifpveen aerodynamic filter sizes and actual spore

sizes.

Based on weekly air samples from March 2006 unfitil®2007 at the Max-Planck Institute for
Chemistry (MPIC) in Mainz, Germany a total of 3@hdal species were observed. 70 % of the
species were only found once during the whole samgpgime, 12 % were found twice and only

about 4 % occurred more often than ten times.

For the estimation of fungal diversity various etiors like the incident-based estimator (ICE)
and Chao2, as well as first-order Jackknife (JaclBDostrap and Michaelis-Menten (MM)
estimators were compared. The results of the incieldbased species richness estimators showed
significantly higher species numbers than the acspecies occurrences. In the analysis of
temporal species patterns, a principle componealysis (PCA) was performed to reduce the
dataset (consisting of a high number of singletamsjrder to find possible correlations between
fungal species occurrences. The results showed dminpcorrelations between species
appearances, as well as possible links in theillogaal adaptations. For exampl&anatephorus

cucumeris, Trametes versicoland Vuilleminia comedensvhich all show a similar ecological
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strategy, being saprophytic also were being foumdghow similar temporal patterns (high in
spring, low in summer, low in autumn, high in winteurthermore, various species were analyzed
due to spore size occurrence in fine and coarsedilThe results showed that fungal spores with
spore sizes above 3 um (sometimes much more thgnatfiten occurred in fine filters that should
select particulate matter of 225 um and therefore aerodynamic behavior of cermptnamented

fungal spores was questioned.

7. Zusammenfassung

Pilze sind biogene Aerosole, die den Niederschlag die Wolkenbildung als Eiskernchen
beinflussen koénnen. Desweiteren konnen sie die &winstrahlung absorbieren und
Erdabstrahlung reflektierten, sowie die Verteilwog atmospharischen Spurengasen beeinflussen
und haben somit einen grof3en Einfluss auf den Wiaessauf und das globale Klima. Neben
ihrem Einluss auf die Atmosphare konnen Pilzsparenschlische, tierische und pflanzliche
Krankheiten hervorrufen oder verstarken. lhre \aklfin der Luft hdngt von verschiedenen
Faktoren, wie Tageszeit, meteorologische Paramgthreszeitliche Verdnderungen, regionale
Topography und der vorherrschenden Vegetation afgrand limitierter Informationen bleibt die
gesamte Pilzvielfalt bisher jedoch ungewil3. Pilzsponverden heute meist in Filtersystemen mit
hoher DurchfluBmenge gesammelt, jedoch ist bistesrigviiber die Artenzusammensetzung und

Beziehung zwischen Sporengrdf3en und deren Filektseh bekannt.

Basiert auf wochentlichen Luftproben vom Max-Planoktitut fir Chemie (MPIC) in Mainz,
Deutschland wurden zwischen Marz 2007 bis April 2@ne Gesamtanzahl von 368 Arten
bestimmt. 70 % der Arten wurden nur einmal wahréadgesamten Untersuchungszeit gefunden,

12 % wurden zweimal gefunden und cicra 4 % tratehmals 10 mal auf.

Um die Pilzvielfalt anhand der Daten zu messen enr8 verschiedene Kalkulatoren (ICE,
Chao2, Jackknife, Bootstrap und Michaelis-Mentegrgiichen. Die Resultate der Kalkulatoren,
welche auf das Aufkommen spezialisiert sind, zeigignifikant hthere Pilzvorkommen (bis zu
dreimal mehr), als die Gesamtanzahl der gefunddpiégarten erbrachte. Die Analyse des
jahreszeitlichen Auftretens der Pilze wurde mit eeinHauptkomponentenanalyse (PCA)
durchgefuhrt, um den grof3en Datensatz (mit hohemaAhan Einzelvorkommen) zu reduzieren,
damit letztendlich Korrellationen zwischen einzeln&rten gefunden werden konnten. Zeitliche
Korrelationen zwischen dem Auftreten der Arten, igowndgliche Verbindungen zu deren
Okologischer Anpassung wurden gefunden. Als eirsfidel zeigtenThanatephorus cucumeris,
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Trametes versicolound Vuilleminia comedens eidhnliches jahreszeitliches Auftreten, sowie

gleiche 6kologische Strategien (saprophytisch).

Desweiteren wurden ausgewdahlte Arten in Bezug hté Sporengréf3e und aerodynamische
Selektion auf feine und grobe Filter untersuchte Resultate zeigten, dass Pilzsporen mit
SporengroRen Uber 3 um (teilweise weit dariber)irofieinen Filtern vorkamen die nach der
Vorgabe nur eine maximale GrofRe von 2.5 um zulasséiten. Dementsprechend wurde das

aerodynamische Verhalt von komplex gestalteterspaeen untersucht.
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Appendix A

Shows the whole species richness calculation daténé various estimators and the observed spEsaiss).
Incidence-based coverage estimator (ICE), firsepdéckknife richness estimator (Jackl), Chaotésh estimator
(Chao2), Bootstrap richness estimator (BS) and &ilib-Menten richness estimator (MM).

Samples | Sobs ICE ICESD [Chao2 Chao2SD |Jackl JacklSD |BS BS SD | MM

1 20.68 242.08 167.14 242.08 93.25 20.68 0 20.68 6.9 0

2 35.72 352.27 262.73 186.13 110.14 51.45 4.07 43.59 8.58 99.27

3 50.12 272.92 95.73 223.19 96.97 78.08 6.18 62.77 10.21| 235.23

4 62.5 289.8 91.63 278.1 112.31| 100.48 7.76 78.98 11.53| 424.61

5 75.1 325.93 92.62 305.08 104.94 | 122.84 8.85 95.38 12.68| 418.98

6 86.1 353.63 90.72 335.8 106.13 | 141.98 10.22 | 109.51 13.03 368.5

7 96.9 398.25 95.92 382.62 115.73| 161.15 11.51| 123.51 14.47| 379.62

8| 107.58 443,16 101.18 411.42 115.19| 179.77 12.2| 137.28 15.94| 663.95

9| 117.84 492.31 100.26 452.84 122.26 197.8 13.16 | 150.53 15.11 483.6
10| 127.26 541.29 102.93 479.35 122.91| 214.42 13.53 | 162.72 15.62| 445.97
11| 136.64 570.48 99.69 513.53 126.99 | 230.82 14.1| 174.81 15.63| 484.66
12| 146.72 615.89 114.86 562.23 136.95| 248.65 14,54 | 187.88 16.74| 440.42
13 155.7 646.74 107.64 579.93 134.39 | 264.05 149 | 199.38 15.37| 431.06
14 164.1 674.05 1129 613.9 139.89 | 278.46 15.15| 210.13 15.89| 431.75
15| 172.64 710.18 115.53 642.37 141.79| 293.34 15.64| 221.12 15.35| 438.33
16| 182.12 741.84 125.48 666.01 141.63 | 309.66 16.32 | 233.31 14.81 449.8
17| 190.06 7614 118.19 676.36 137.73 | 323.12 16.61| 243.43 15.47 461.1
18| 197.54 778.66 103.48 671.82 129.52 | 335.66 16.9| 252.97 16.34| 472.26
19| 205.84 807.8 101.62 703.08 133.41| 349.95 17.13 263.6 16.47 481.1
20| 214.08 834.57 94.21 719.35 132.23| 364.07 17.38 | 274.19 15.04| 490.75
21| 222.82 859.87 88.02 740.06 132.42 | 378.95 17.75| 285.38 14.47 504.1
22| 230.62 881.78 102.73 762.74 133.63 | 392.26 1797 | 29535 14.66| 514.55
23| 237.92 902.52 100.11 781.91 134.42 | 404.58 18.2| 304.65 13.61| 523.68
24| 245.98 928.68 91.46 807.61 136.7 | 418.46 18.6 315 12.76 533.9
25| 254.24 949.42 87.33 828.16 137.14| 432.28 18.75| 325.48 11.97| 544.14
26 261.3 973.38 90.13 851.72 139.28 | 444.34 19.03 | 334.49 12| 553.79
27 268.9 994.89 93.12 864.85 138.15| 456.99 19.2 | 344.14 12.58| 562.95
28 | 275.72 1012.2 82.82 874.12 136.5| 468.15 19.47 | 352.74 12.3| 572.13
29 282.6 | 1031.94 80.71 891.54 137.26 | 479.51 19.55| 361.41 12.23| 581.23
30| 289.14| 1050.65 78.09 910.41 138.65| 490.38 19.54 | 369.66 12.18| 589.45
31 296.2 | 1070.12 72.91 922.91 137.8 502 19.65| 378.57 12.18| 597.86
32| 303.18| 1086.26 71.95 939.15 138.04 | 513.61 19.76 | 387.41 11.49| 606.53
33 308.8 | 1091.75 71.07 946.15 137.13| 522.31 19.89| 394.32 11.09| 614.27
34| 316.48| 1113.78 64.35 973.6 139.79| 535.43 20.05| 404.12 10.93| 622.34
35| 322.82| 1121.24 56.85 989.98 140.62 | 545.84 20.2 | 412.09 10.54| 630.26
36| 329.76| 1131.95 51.69| 1013.26 142.66 | 557.51 20.29 | 420.88 9.54 638.3
37 336 | 1147.11 52.39 | 1037.69 145.44 | 568.21 20.34 | 428.85 9.21| 645.97
38| 342.28| 1163.98 46.97 | 1061.63 147.94| 578.98 20.42 | 436.86 7.75| 653.42
39| 348.64| 1167.04 45.03 | 1083.43 150.05| 589.42 20.46 | 444.83 6.87 | 660.91
40 355.3| 1173.68 35.9| 1103.19 151.23 | 600.75 20.56 | 453.31 5.9| 668.59
41| 361.66| 1172.71 27.17 | 1122.59 152.61| 611.26 20.58 | 461.31 456 | 676.35
42 368 | 1178.05 1136.18 152.51| 621.81 20.74 | 469.34 684.13
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Appendix B
1) Shows the Component Coefficient Matrix for all §psanith more than 10 occurrences in the
monthly observation. The variables (001-016) camb&hed with the species in Table 10 of this
bachelor thesis

Component Coefficient Matrix Months

Component
1 2 3 4 5
var001 214 .030 .032 -.015 .014
var002 .254 -.041 -.144 -.098 .011
var003 .020 212 .267 .240 .242
var004 .043 .183 -.009 -.071 .022
var005 .168 -.046 -.133 224 .363
var006 .090 .043 .248 .128 -.139
var007 .208 -.042 -.054 -.172 -.184
var008 .179 -.125 .143 .041 .021
var009 -.139 .275 .240 .003 -.056
var010 -.040 321 .044 .165 -.042
var011 -.031 129 -.216 -.075 .103
var012 -.090 .180 .080 .530 132
var013 .012 .040 .012 .359 -.062
var014 -.037 -.092 .055 -.002 .550
var015 -.064 -.011 .390 -.096 .066
var016 .108 291 -.159 .071 -.251

2) Shows the Component Coefficient Matrix for all Speavith more than 10 occurrences in the
seasonal observation. The variables (001-016) eandiched with the species in Table 10 of this
bachelor thesis

Component Coefficient Matrix Seasons

Component
1 2 3
var001 .164 -.059 -.057
var002 .166 -.039 -.053
var003 133 .066 -.020
var004 .086 .073 .044
var005 .204 .020 -.381
var006 .080 -.160 .016
var007 .057 -.090 151
var008 .004 -.198 .094
var009 .108 .138 -.050
var010 .063 -.003 125
var011 .081 .193 -.106
var012 .018 .087 -.262
var013 -.043 -.142 -.022
var014 -.058 .158 .053
var015 -.061 -.033 .293
var016 234 .073 -.218
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Appendix C

1) Shows the values of the rotated component Matiesg are the values that indicate the
orientation of variables in the Component Plot igfufe 6. The species behind the variables can be
found in Table 10. In the CP of Figure 6 only thetftwo components were used which display
about 88% of cumulative Eigenvalue.

Rotated Component M atrix Seasons >10

Component
1 2 3
var001 .920 -.366 .140
var002 .950 -.249 .190
var003 .846 .376 .378
var004 .708 495 .504
var005 .332 -.377 -.865
var006 .530 -.846 .048
var007 .757 -.270 .595
var008 .228 -.970 .084
var009 .617 .729 .298
var010 .750 177 .637
var011 .306 .948 .094
var012 -.563 114 -.819
var013 -.380 -.834 -.401
var014 -.202 .942 .270
var015 377 221 .900
var016 .983 .156 -.094
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