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Preface

Jurgen Dengle® Jamyra Gehler

The Master Summer School “Biodiversity Monitoring” was planned as a joemnational class for

Master students in Environment and Natural Resources eftrich University of Applied Sciences in
Wadenswil Switzerlad, and the Master programs of the Faculty of Biology of the UniversityarbsWw

Poland Both students and teachers are from both universitieshituldbe conducted alternatingly in

Parc Ela, a regional nature park in Grisons, Switzerland, and in@iduav $Z ] s}A] T E §]}v o
in Eastern Poland. After planniagiboth universities, it was conducted for the first time umamer 2019

in Preda, Parc El&witzerlandDengler2020a, 2020b)In that year, we had both teachers and students

from both countries.

Unfortunately, the first scheduled conductance in Poland in summer 2020thabe cancelled due to
the Corona pandemidnstead the Master Summer School was possible only \Bitfiss studentsand
teachersin Switzerland againt took place from10 to 20 August 2020 in the Sonnenhof in Preda,
Grisons, with 11 students and seven teachers, all from Switerland, t@nepChinese Postdotuckily,
the latter “forced” us to communicate in English despite the lackirigPparticipation.

The main togs of the Summer School are how to sample and monitor biodiversity in aasthsed
manner. This is demonstrated for a range of different taxonomic groups witlrasiintg properties to
provide the students with a broad set of skills and to allow rtabton studies that are highly interesting
scientifically (Allan et al. 2014; Zulka et al. 2014). Since one of thesaimsnitoring”, we had already
in 2019 installed a transect of 11 permanent plots for gind four taxonomic groups (vascular plants,
fungi, orthoptera, small mammals), permantly marked them agliped them with temperature
logger, which record soil and air tempterature around the yégrart from acquiring knowledge on
species determination and standardised biodiversity slimgpthe Surmer School also provides deeper
insights into modern statistical analyses of such data and how to write upethdts in the style of a
scientific paper.

The first part of the Summer Schownias dedicated to the reconnaiscance of the habitats in the
surroinding andjoint resampling of two taxonomic grouf®ascular plants, small mammals)some
plots on the transect. The other two grougingi, orthoptera)could not be studied in 2020 as the
Polish colleagues responsible for them could not particip&dditionally, six new permanent plots
could beinstalled on the calcareous side of the valley, the Val Zvrittihe second part of the Summer
School, the students conducted in small groups threegamtsjon the following topics:

X Small mammal communities@nd Preda
X Resampling vascular plant vegetation in ti3transect plots after 1 yr

X Biodiversity patterns of vascular plants in comparison of the two sides oAlthda valley with
contrasting bedrock

This Reader mainly comprises the scientific reporteorfi the three student research projects,
accompanied by details on the permanent plaisd a complete list of species recorded during the
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Summer Schosl 2019 and 2020It closes withsome photographic impressiongompiled by Tom
Bischof —many thanks to im! It thus provides the participants with the product of their efforts, the
teachers with baseline material for the next conductance and the consenvatithorities of the canton
and the Parc Ela and other partners with a documentation of the findingstlaums complementshe
reports from the first yea(Dengler 2020a, 2020b

Enjoy reading!
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The permanent plots

Jurgen Dengle® Jamyra Gehler

The sampling transect was established in a way that it matches the sampling gtratetyvo
international plant biodiversity sampling initiativesn @e one hand, the plots correspond to the EDGG
multi-scale “biodiversity plots” of EDGG (Dengler et al. 2016), and thdamesd plots among them are
contributed to the GrassPlot database (Dengler et al. 2@®0). On the other hand, the plots
combined with some additional emccurrence plots sampled by I. Dembicz and J. Dengler are gag of
DarkDivNet (Partel et al. 2019) as site D095 (see
https://www.botany.ut.ee/macroecology/en/darkdivnét In Preda, we established 13 permanent plots
of 100 m?, 11 of them along an elevational transect from Naz throughrtiastly acidic) Val Mulix to
the Lai Negr, placed in neaatural vegetation every approx. 100 m of elevation between 1750 and
2650 m a.s.l. (plots COC09 and N1C). At approx. 2050 m a.s.l., in addition to @@t N neanatural
forest we established a second plot A1C in secondary grassland nearby, fglltheirDarkDivNet
protocol. Additionally, we established two permanent plots in the alluvial plaithe Albula river near
the Sonnenhof, one in open vegetation (C10) and one in forested vegetatidh). (€@ 202Q we
established siadditional permanent plotson the limestone side, in Val Zaviatbetween 1840 and
2440 m a.s.I(plots LOHL06).The19 permanent plotshave beergeoreferenced with @ifferential-GPS,
marked in two corners with coloured wden poles and additionally with magnets burried in the soil to
allow precise relocation in future sampling campaignste that wooden poles are missing in some
plots in Val Zavretda Moreover, each of the 13 permanent pldtsstalled in 2019vas equipedwith a
pair of temperature loggers, one 10 cm below soil surface and one 10 cm abovedodrduring the
next years the actual temperatuia 30-min intervals. Following, the protocol of Dengler et al. (2016), in
each of all 19.00-m2 plots and two neste subseries in two opposite corners of 0.0001, 0.001, 0.01, 0.1,
1 and 10 m2 vascular plant species composition was recbrih the 16m2 plots additionally coverage
of each species in % was estimated and some simple structural and eneintal variablegecorded.
While in 2019, ifmost of) thel3 permanent plots, also small mammals, orthoptera and fungi were
recorded, in 2020 only small mammal sampling could be repeated and only in thedowaots of the
transect Moreover, following Partel et al. (2019), for ALC and N1C, a mixed soil sammediional
metagenomic assessmeint the DarkDivNet projeavastaken.
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Reports from student projects

The participants of the Summer School have carriedtloge research projects in small teams o643
students. These reports were prepared in the style of a scientific paper. Pletsdahab the three
presented projects are published as submitted by the students, except minortadjots in the layout.
The responsibility for the content solely rests with the authors.
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Small mammal and biodiversity monitoring in Val Mulix 2020

Svenja Crottogini, Ninetta Graf, Tom Bischof, laBahreiber

Abstract

Small mammals play an important role in many ecosystems. As they live verylyséist quite

challenging to study them. One method in small mammal monitoring is the camegralh this study
the newly developed MammaliaBox, a camera trap that is installed inside a box witlelsiattached
to it, was used to monitor small terrestrial mammals in the Val Mulix (canton of GrisgizeBand).

The aim of the study was to find a relationship between the prevailingtiaslsiructure at the trap sites
and the occurrence of certain small mammal species. Additionally, the biodiverkithe small
mammals in the Val Mulix was investigated.

During the five days that the 11 camera traps were installed across the Val Mulixyéneyisited 183
times by 7 different small mammal species. A lot of the species that we expect@titdue to the
habitat structure at the sites could be identified. The most abundant speciedyasles glareolus. For
almost all the species we did not find arsfggant effect of habitat structures on the occurrence of the
individual species. The Myodes glareolus was the only species that had anbiggfheoccurrence to
make an assumption. The diversity of small mammals was assessed foraaendrfor the wha Val
Mulix area. On average the traps recorded only 2 different@ps. Shannon diversity was overall very
low. The calculated alphdiversity of the traps was on average 0.44. Gantivarsity for the Val Mulix
area was 1.09. The overall species riclsnasd diversity was similar to the study conducted in 2019 in
the same area.

Introduction

In most ecosystems, small mammals have an important role as herbivores;@esamners and prey for
predators (Mc Cleery et al. 2014). In addition, they can be stirmgigators of overall ecosystem health
(Keesing 2000, Manson et al. 2001, Monadjem and Perrin 2003, AvandrCavallini 2007). The small
mammals of the alpine stage have only rarely been studied (Schaale2011). There is a lack of data
on population biology, on the role of ecosystems, and on intetianos with vegetation (Marchesi et al.
2014). There are also hardly any studies on the Eulipotyphla of the alpine #imge (n order to gain
such information about different species, it is a comon practice to livecapture small mammals in box
traps (Mc Cleery et al. 2014). With htrepping methods, detailed information about the captured
individuals (i.e. species, sex and numbers) can be obtained. Howeveg, dhe certain restrictions
regardingthe use of live box traps for small mammal research (ibid.). Studies using liveusaaky
need to be approved by animal ethics authorities for animal welfare conc&hsop et al. 2018).
Livetraps are designed to capture only one animal per night and the physical capiitbe significant
disadvantage of trapping it for several hours, with the potential to stress the aramd disrupt its
normal activities (De Bondi et al. 2020, Mc Cleery et al. 2014). Apart from being coslabadr
intensive, live-trapping methods can also be very time consuming (Chiron @04l8). Traps need to be
checked very frequently, usually at-h2intervals, to ensure the welleing of the animals captured
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(ibid.). For some taxa such as Eulipotyphla, intervals mag teabe much shorter because the food
provided in traps cannot meet the energetic needs over a long period (Céiral. 2018).

Another, less invasive technique for sampling a variety of terrestrial mammale sathera trap (De
Bondi et al. 2020). Thimethod has the advantage that it does not need to physically detain the animal
(ibid.). It is also a cosffective and easily reproducible method to study and nmamgrounddwelling
terrestrial mammals (O’Connell et al. 2011). The use of camera traps for wildlifidconman and studies
has significantly increased in the last decade (Burton et al. 2015, O’ConnelR6ét ). However, few
studies have used this method to systematically survey small, terrestriahmahpopulations (De Bondi

et al. 2020).Due to the sensitivity of the passimfrared sensor that triggers these devices, camera
traps often are unable to detect small and rather fastving species (Meek et al. 2014, Kolowski and
Forrester 2017). To solve this issue, a so called “MammaliaBasc’been developed by the ZHAW
(Aegerter, 2019) to capture photos of small mammals. It combinekitrgctunnels with a regular
camera trap. In this research project we will monitor small terrestrial mammals in the W, M
Switzerland, using such a MamalraBox. We will analyse the relationship between the occurrence of
different small mammal species and the prevailing habitat structures as well asigatestheir
biodiversity. The following three research questions will be answeredhim gtudy: (1)Can we
determine the small mammal spees that we expect based on the different habitat structures at the
selected sites? (2) Which hd#tlat structures explain the occurrence of the detected small mammal
species? (3) What is the biodiversity of small maain the Val Mulix?
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Methods

Study site

The study was conducted in the lower part and at mid alttwd the Val Mulix in the Swiss alps (Figure
1). The area includes the surroundings of solitary buildings in Naz close to the Wlieda, the
adjacentfloodplains, subalpine forests and alpine dwarf shrub habitats above the tree linarth at
1750 m and reaches up to 2250 m altitude. The area coverat@b&nt and contains all the typical
habitats of the region.

Fig 1. The study area of Val Mulix in the central Swiss alps (gedddm

MammaliaBox

In total 11 MammaliaBoxes were placed in different places across the studjoar@aout five days. The
MammaliaBox was invented to photeap small mammals using a wooden bbwo tunnels, a scent
board and a wildlife camera (Figure 2). Dog food and peamtt¢ibwas rubbed on the scent board to
attract the small mammals but without feeding them, so that the indigicanimals do not stay in the
box for too long and thereby pwent others from entering. After iatalling the camera, the boxes MO1
MO6 were placed on the same spot as last year (Hoppler et 20, Zigure 4). The cameras RRQ5
were placed in different habitats surrounding the group hotSennenhof” (Figure 5)n order to
maximize the likelihood of small mammals to enter the boxes, they waieeg close to structures that
the animals use for orientation and therefore frequently pass. To preventéladyheat up during the
day, the boxes were covered with band vegetation (Figure 3).
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Fig. 2. Inside of a MammaliaBox with tracks ' Fig.3. Situated and covered MammaliaBox on the trappirtg si
activity after recording for five days (Photo: Svel R05 (Photo: Tom Bischof)
Crottogini)

: g
-(\A’R' S'R% :I¥3

- . Puntschiala da Tsc'.'hoff

Fig. 4. Positions of the camera trapsFig. 5. Positions of the camera traps RBD5 around the
M01-MO06 in Val Mulix (geo.admin)  Sonnenhof in Preda (geo.admin)

Field sampliry

Analysis of the camera pictures
All pictures of all 11 camera traps were classified into so called eventdolldwing rules were applied
for this classification:

1. The minimal duration of an event is 1 second.
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2. An event lasts from the first picturthat is triggered by an individual to the last one on
which it is visible.

3. If a new animal shows up, which can be distinguished from ttee fore based on
species or other physical characters, a new event must be recorded.

4, To prevent double counting of the same individual, which jafitthe box and came
back in, a buffer of 5 min is used. This means that a newt@am only be created if the
next appearance is more than 5 min apart or if the next individual can be ditstiegl
based on speci&or other physical characteristics. If the next appearance is less than 5
min apart and is the same species, it still counts to the event before.

5. If during an event another individual of the same species appears, it will be idclade
the same event ntil all the individuals have left.

For each event the following information was recorded: Event ID, tragtHd date, start time, end
time, total time in the box, the species and the number ofvidlials. Species determination was done
with the use of the determination key by ReiflBéchtiger & Stephani (2019, ZHAW unpublished) based
on physical characteristics. If possible, the individuals were identified tspleeies level, if not to the
genus level or considered as not identifiable.

Determination of expected species

To determine the small mammal species we would expect on the different camesabsised on the
habitat structures, a habitat type (“forest”, “building”, “wetland”, “dwahitib”) was assighed to each
camera.The lists of expected spies for each habitat (Table 1) are based on the habitat preference of
different small mammal species and on the evidence of occurrence in the Preida (ddjiller et al.
2010, Canalis 201Bloppler et al. 2R0).

Table 1:List of expected species and hiabitype for each camera trap

Cameratrap Habitat type Expected species

MO1 Forest Apodemus sp., Mustela erminea, Myodes
glareolus, Sorex alpinus, Sorex minutus, Sorex

MO02 Forest Apodemus sp., Mustela erminea, Myodes
glareolus, Sorex alpinus, Soreinotus, Sorex sp.

MO03 Forest Apodemus sp., Mustela erminea, Myodes
glareolus, Sorex alpinus, Sorex minutus, Sorex sp.

MO04 Forest Apodemus sp., Mustela erminea, Myodes
glareolus, Sorex alpinus, Sorex minutus, Sorex sp.

MO5 Dwarfshrub Apodemus sp., Chionaoys nivalis, Mustela
erminea, Mustela nivalis, Myodes glareolus, Sorex
alpinus

MO6 Dwarfshrub Apodemus sp., Chionomys nivalis, Mustela
erminea, Mustela nivalis, Myodes glareolus, Sorex
alpinus

RO1 Wetland Microtus arvalis, Mustela erminea, Neomys sp.,

Saex sp., Sorex alpinus, Sorex minutus

R0O2 Wetland Microtus arvalis, Mustela erminea, Neomys sp.,
Sorex sp., Sorex alpinus, Sorex minutus
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RO3 Forest Apodemus sp., Microtus arvalis, Mustela ermine
Myodes glareolus, Sorex minutus, Sorex sp.

RO4 Building Apodemus sp., Crocidura sp., Microtus sp.,
Mustela nivalis, Sorex sp.

RO5 Building Apodemus sp., Crocidura sp., Microtus sp.,
Mustela nivalis, Sorex sp.

Habitat type “wetland”

In the habitat type “wetland” we placed two camera trap®1Rand R02). The traps were both placed in
the alluvial plane close to the house “Sonnehof’ and wetaasid right next to the running water
(Figure 6). The habitat around the traps was characterized by rocks, some gravetesgecies like
Pinus cembrand Picea abiescovering about 40% of the plot. While around trap RO1 the vegetation
was dominated by species lik&accinium uliginosurand Vaccinium myrtillusaround the trap R02 the
specieCalamagrostis villosand Adenostyles alliariaeiere mainly present.

Fig.6. Habitat type "wetland" showing the camera trap R02 (Photon Bischof)

Habitat type “building”

In the habitat type “building” we placed two camera trapfD4Rand RO05). Botlraps were placed
outside right next to a building standing close by the group hd@&mnenhof”. Trap R04 was placed
next to a meadow dominated by plant species IKkpilobium angustifoliumand Dactylis glomerate
(Figure 7), while trap R05 was in a habitat covered by a few trees and plantssilesfiubus ideusand
Calamagrostis villoseovering the ground.
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Fig.7. Habitat type "building” with a shed next to the house "Sominef* where trap R04 was set (Photo: Tom Bischof)

Habitat type “forest”

In the habitat type “forest” we plaed five camera traps (Figure 8). Trap R03 was placed in a new spot
close to the group house “Sonnenhof”. We situated the trap right next to lanfatee, adjoining a
pasture consisting of plant species likalamagrostis villosa, Urtica dioica and Vaceimiitisidaea.

The traps M01- M04 were placed within the given plots and in the same spot as the year before.
Therefore, the species list for this habitat type was mainly based on #ifieéd species from last
year's group combined with the findingoi Miuller et al. (2010). Apart from trees, this habitat type is
characterized by dead wood, a few rocks and different herbaceous plant species.

Fig.8. Habitat type "forest" where the camera trap M04 was placedotBhTom Bisigof)

Habitat type “dwarfshrub”

In the habitat type “dwarfshrub” we placed two camera traps (M05 and MQéke the traps in the
habitat type “forest”, both traps M05 and M06 were placed within the saptot as the year before.
This habitat above the treénk is characterized by dominant species of shrubs sudRhasiodendron
ferrugineum, Vaccinium vitisdaea and Juniperus communisThe ground is very rocky and shows a
varying degree of crevices in which small mammals could hide (Figure 9).
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Fig.9.Habitat type "dwarfshrub" on the camera site M06 with the emd camera trap (Photo: Tom Bischof)

Variables for statistical analysis of the habitat structure

The statistical analysis of the habitat structure was only done for thosgiesp which occurred in three
or more different traps. Therefore, the analysis inclutgdes glareolus, Sorex smd Apodemus sp
For each species there were two different approaches: once with preserseriab as the dependant
variable and once with #nanimals counts per trag &ble 2.

Tablel: The dependent variables used in the statistical analgsisding three species, each with presence/absence and
animal counts per trap

Name Description Unit []
myodes_pres Presence oabsence oMyodes glareolus the traps 1/0
sorex_sp_pres Presence or absence 8brex spin the traps 1/0
apodemus_pres Presence or absence Apodemus sgin the traps 1/0
myodes_count Number of visits bylyodes glareolug the traps cardinal
numbers
sorex_sp_count Number of visits byorex spin the traps cardinal
numbers
apodemus_count Number of visits bApodemus sgin the traps cardinal
numbers

The independent variables listed in Table 3 were choseadas the habitat requirements of éh
different small mammals (Mdiller et al. 2010, Canalis 2012). Except the variidiknte to water”, all
the independent variables were measured inside the D0xilplot also used in the vegetation analysis
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Table2: The independent variables used in the statistical anabyfsise habitat structure.

Name Description Unit []
max_microrelief Max. microrelief measured from the highest point in the plotcm
mean_soil_depth Mean soil depth of five samples inside the plot cm
rocks Thepercentage of rocks inside the plots with a size > 63mm %
dead_wood The percentage of dead wood inside the plot %
shrubbery Srrrm‘rub layer cover including shrubbery with a height of-0.5 %
distance_water Distance to nearest water source around theptra m
tree The tree layer cover including trees with a height of >5m %
herb_layer Herb layer cover inside the plot %
building The percentage of building in the plot %

Statistical analyss

Habitat structure

For the analysis of the differemdependentvariables a Generalized Linear Model (GLIRILC6re Team,
2020 was usedvith both a binominal distribution for the presence/absenmodel and a poisson
distribution for the counts model.

For ecological reasons, one of the correlating variables “water™disthnce to water” (Kendalls Tau >

| 0.7 |) was removed from the analysisigure 13. The remaining independent variables for the model,
which are listed iMTable 3were scaled. For each of the three species the following steps were done
automatic nodel selection using the dredganction Barton, 2020 was conducted. Models, which
showed an dAIC > 2, were kept to be used in a model averaging. After & teétindependent
variables for the GLM, the result then shows the final models.

Evaluation ésmall mammal diversity
Richness

The richness of species was recorded in compiled species lists. The lists agerdameach of the 11
traps separately to represent the richness of each habitat. Later they wenbined into one list for the
Val Mulixarea. In some instanceghe exact speciesf individuals of the genugpodemus Sorexor
Pitymyscould not bedetermined.In these cases, all observations betunspecified species efach
genuswascountedas one species

Alpha and Gamma Diversity

To detemine the alpha diversitythe Shannondiversity index (H) was calculated for d@hle 11 sub
communitiesat each trap siteFigurel10). This was done with the species list of each trap containing the
number of speds as well as the relative abundance of each species. Shannon diversikywiage
calculated using the R package “vegd@ksanen et al., 2019Jo determine the total diversity on a
landscape level, the gamma diversity was calculated with a combinedflispecies and relative
abundance of all 11 traps.
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R
H' =-) p/lnp,
i=1
Fig.10. Formula to calculate the Shannon Diversity Index

Pooling our date with data from 2019

The same method for calculating the diversity for the Val Mulix was applied on atefrdm a study
conducted in the previous year. The gamma diversity of the two studies wenpared to evaluate the
success of this year's survey. Subsequently the ligh f@B919 was pooled with the new data to
determine the change in diversity overtwo-year time span using the same method.

Results

Expected and identified species

In Table 4 the detected species in each camera trap and their assigned lwgtitare listed. Below, the
findings in each habitat type are compared to the expected spdist

Table3: List of detected species in each camera trap with the asdidpabitattype.

Cameratrap Habitat type Detected species

MO01 Forest Myodes glareolusSorexsp.

MO02 Forest Nid*

MO3 Forest Apodemussp.,Myodes glaretus

M04 Forest Apodemussp.,Myodes glareolus

MO5 Dwarfshrub Chionomys nivalisMyodes glareolus
MO6 Dwarfshrub Apodemussp.

RO1 Wetland Myodes glareolusSorexsp.,Sorex alpinus
R0O2 Wetland Apodemussp.,Sorexsp.,Sorex minutus
RO3 Forest Apodemis sp.,Myodes glareolus

RO4 Building Apodemussp.,Pitymyssp.,Sorexsp.
RO5 Building Apodemussp.,Myodes glareolus

*Nid: not identified

Wetland

Three species from our expected species list could be identified in the: tBpex alpinus, Sorex
minutus and Sorex sp. In both traps, we could detect the speciesekpus sp., which was not on our
expected species list. The three expected species Microtus arvalis, Mustalzearand Neomys sp.
could not be detected in the traps.

Building

Three of the expeted species for this habitat type appeared in the trafgsodemus spPitymys spand
Sorex spin trap R05, the speciddyodes glareolusvhichwas not on our expected species list, could be
identified. Thetwo specieCrocidura spand Mustela nivaliswhich were both arexpected species, did
not appear in this habitat type.

Forest
Of the six expected species in this habitat, three could be identifigbdes glareolus, Sorex smd
Apodemus spand three could not be detected6rex minutus, Sorexpinus, Mustela erminea)n trap
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MO02, there was one not identified species that we assume tdPlbgmys spThis would have been a
species occurring that we did not expect.

Dwarfshrub

As expected, in the habitat type “dwarfshrub” we could rily the speies Chionomys nivalis,
Apodemus sp. and Myodes glareolus. The three other species Mustminea, Mustela nivalis and
Sorex alpinus could not be identified in the habitat type “dwarfshrub” thesry There were no
unexpected species that appeared in tedsvo traps.

Statistical analysis of the habitat structures

The minimal adequate models of the three different species for presence/absand animal counts
per trap are shown below:

Presence/absence models
Myodes glareolus

gim({myodes_pres ~ max_microred_scaled + mean_soil_depth_scaled + rocks_scaled +
dead_wood_scaled + shrubbery scaled + distance_water_scaled + tree_scaletl tayesr scaled
data = habitat_data_pres_abs, family = binomial, na.action = "na.fail")

Sorex sp.

gim(sorex_sp_pres ~ dead _wood_scaled + tree scaled + herb _layer,scaleth =
habitat_data_pres_abs, family = binomial, na.action = "na.fail")

Apodemus sp.

gim(apodemus_pres ~ max_microrelief _scaled + mean_soil depth_scaledrubbesty scaled +
distance_water_scaled + tree_sadle + herb_layer scaled + building_scaled, data =
habitat_data_pres_abs, family = binomial, na.action = "na.fail")

Animal counts per trap
Myodes glareolus

gim(myodes_count ~ max_microrelief _scaled + mean_soil depth_scaled ocks scaled +
distance_water_scat + tree_scaled + building_scaled, data = habitat_data_pres_abs, family enpoiss
na.action = "na.fail")

Sorex sp.

glm(sorex_sp_count ~ herb_layer_scaled + tree_scaled, data = habitat_data prdandlys= poisson,
na.action = "na.fail")

Apodemus sp.

gim(apodemus_count ~ max_microrelief_scaled + building_scaled, data = hdbimtpres_abs, family

= poisson, na.action = "na.fail")

dZ % @& v | v u} o (}&E 00 8Z SZE +hiX|0OOCE V]VIIPE ((} ®S]53%
possible to make any interpretation of the resulf@ableb).
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Table4: Results of the GLM analysis of the presence/absence modilshree different species

Myodes glareolus Sorex sp. Apodemus sp.

Predictors Log-Odds std. Errar i P Log-Odds std Ervor o p  LogQdds  sid Errar [ F
Intercept 11.73 55254.9]1 -1082859]1 - 10830936 1.000 -18568 14673542 -287781.83-23741047 0999 51.38 246944 85 -483951.64 - 48405440 1.000
Max. microrelief  56.05 25408027 49793213 - 49804422 1.000 3.57 TO6S6T.44  -1384843.16 ~ 138485030  1.000
Mean soil depth 10.15 9045365 -177275.75-177296.05 1.000 -67.86 911052.77 -1785698.48 — 1TES562.75 1.000
Rocks -33.67 18672440 -366006.77 - 36593943 1.000
Dead wood -31.95 9761885 -19133438-192132448 1.0D0D 65.69 17336233 -339718.24 -339849.62 1.000
Shrubbery layer -20.89 13029022 -255385.04 - 25534325  L.O00 -39.52  227859.75 44663642 - 446557.38  1.000
Distance to water -0.45 153408.54 -300675.65 - 30067476  1.000 9597 883362.15 -1731453.96-1731262.03 1.000
Trea layer 2138 30377350 -595363.53 - 595406.70 L.000 -179.54 19756595 -387400.69 - 38704261 0999 9854 S556030.50 -1089898.30- 1089701.22 1.000
Herb layer 2889 22612404 44316600 44322397 L0000 40425 29810880 -584686.76- 58387825 0999 926 126074.71 -252991.04 - 252972.52  1.000
Building 13091 1008087.32 -1975683.93 - [975945.75 1.000
Observations 1 11 11
R2 Tjur 1.000 1.000 1.000

dZ & «pose (}E& SZ vVv]u 0o }uVvSe % E SE %HouG il NGpdGEEVDGdes PVv](]
glareolus(Table6). For theSorex spandApodemus smo interpretationwaspossible (p > 0.05). For the

Myodes glareolughe max. microrelief, mean soil depth, distance to water and tree layer seebe

very important variables for their habitat, whereas rocks and buildings are avoided.

All the models have more or less the sanfes&ue, which is between 0.8%1d 1.00. Since this value is
very high for such a model, we assume an overfit.

Table5: Results of the GLM analysis of the animal counts per trap madth three different species

Myodes glareolus Sorex sp. Apodemus sp.
Predictors Log-Meanstd. Error Ccl p  Log-Meanstd. Error cr p  Log-Meanstd. Error [¥) J2)
Intercept -26.62 9.77 -45.78 —-747 0.006 -6.73 4.12 -1481-1.36 0.103 0.37 0.28 -0.18—-0.91 0.187
Max. microrelief ~ 40.21 13.35 14.04-66.38 0.003 -0.56 040 -1.33-022 0.158

Mean soil depth 44.26 14.76 15.33-73.18 0.003
Rocks -28.52 9.45 -47.05--9.99 0.003

Distance to water ~ 40.05 13.27 14.05-66.06 0.003

Tree layer 32.62 10.73 11.59-53.65 0.002 -6.63 4.35 -15.16—-1.90 0.128

Building -47.82 15.81 -78.81-—-16.84 0.002 0.43 0.22 0.00-0.85 0.049
Herb layer -12.92 7.71 -28.04-2.20 0.094

Observations 11 11 11

RrR2 Nagelkerke 1.000 0.957 0.882

Small mammal diversity

Richness

Overall, seven species of small mammals could be detected. The 11 trapsedaitognizable images
of 0 to 3 different species. On average two species were recorded with each trap.ufitieem of
detected species for each of the 11 traps M@06 and RORO05 are shown ifiable7.

Table6: Number of detected species for each trap.

Trap MOl MO2 MO3 M04 MO5 MO6 RO1 RO2 RO03 R04 RO05

Number of

detected Species 0 2 2 2 1 3 3 2 3 2
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Alpha andgammadiversity

Table 7: List of detected species and number of individuals usedfcutate the Shannon diversity iivés

Species MO01 MO2 MO3 MO4 MO5 MO6 RO1 R0O2 RO3 R04 RO5 total
Apodemussp. 0 0 3 1 0 3 0 2 1 8 5 23
Chionomys nivalis 0 0 0 0 14 0 0 0 0 0 0 14
Myodes glareolus 33 0 1 21 17 O 21 0 11 0 16 120
Pitymyssp. 0 0 0 0 0 0 0 0 0 9 0 9
Sorex alpinus 0 0 0 0 0 0 1 0 0 0 0 1
Sorex minutus 0 0 0 0 0 0 0 2 0 0 0 2
Sorexsp. 1 0 0 0 0 0 2 3 0 1 0 7

A list of detected species arbeir individual counts per trap are shown Trable8. This data was then
used to calculate the Shannon diversity index for each trapping site andhblke Wal Mulix (Figure 11).
Similar to the number of detected species, the average atphersity at each site was very low with a
Shannon diversity value of 0.44. The diversity value at the trapp@dr8i2 was the highest at 1.08. Trap
MO02 did not record any species and Trap M06 found only oneiepeDiversity at bothsites was
therefore 0.

0.0- . [ ]
MD1 MO2 M03 MO4 MO5 MO6 RO1 ROZ RO3 RO4 ROS WM.
Site

Fig.11.Shannon Index (H) on an alpha diversity level for each sapedl as on the gamma level for the whole study site
Val Mulix (V.M.)

Gamma Diversity for the Val Mulix was calculated using the pooled data of ady. Sthe overall
Shannon diversity value is 1.09 (Figure 12). The sameguog with data from a study done by Hoppler
et al.in 2@0resulted in a similar value of 1.19.

The overall Shannon gamrdéversity for the combined data of Hopplet al. (2@0) and our study is
1.6. It is higher than the gamma diversity found in either of the two yanatkit represents the result of
a repeated monitoring over 6 days in two consecutive yeanslacted at the same season.
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2019 2020 Total
Year

Fig.12. Shannon Index (H) on the gamma level for Val Mulix in 2019, 20&fdr the combined 2year study

Discussion

Expected and identified species

Several species that we expected to appear in the traps could be identified, sBoneaxsminutus, $ex
alpinusand Chionomys nivali©ther species likApodemus spand Myodes glareolusvere identified in
traps where we did not expect them to appear, like in the habitat type “wetldodexample. Running
waters and wetlands are not the most typicabitat for those two species, which is why we did not put
them on the list of the most expected species for this habitat type. Auddemus spand Myodes
glareolusare both species that occur in various types of habitats (Muller et aD)2@lose to wher we
placed the traps RO1 and R0O2, different habitat types such as forest and grasatabd found, which
could explain their occurrence in the traps. This findirag$eto the conclusion that for future studies
investigating the relationship between higdt structure and occurrence of small mammal species, the
habitat should be looked at on a larger scale. In this study only an area of*M@@snconsidered, which
might be too small, as the home range of small mammal species can belangeh(Kollars 995).

There were also species that we expected to appear, but could not be identified in e sach as
Mustela erminea, Neomys sand Crocidura spThere are different possible reasons why those species
did not show in the traps. One reason couldtbat the duration, how long the traps were outside, was
too short. After all, even though at least seven species were present in the largertia@emaximum
number of species recorded by one trap was thréakle7). Other possible reasons are that the species
do not actually live in the habitats where we placed the traps or that the species wereurious or
courageous enough to enter the traps.

For the habitat types “dwarfshrub” and “forest”, whemge could rédy on the findings from the year
before, our expectations mostly matched our findings. The traps-MO& were all placed in habitats
that are quite similar in a wide area. In contrast to that, the traps-R0% were placed in a spot where
the habitat was quite diverse on a small scale. Even though we categorizédbitats into “wetland”,
“forest” and “building”, the habitats could be suitable for a various type of igsebecause the
vegetation and structures were very different in a small space. Qfahitats, the highest number of
species was found in the habitat type “wetland”. This carekplained with the same reasoning, since
close to the traps placed in the habitat type “wetland” also structures likedoea, trees and bushes
could be found.



24 Summer School Biodiversity Monitoring Pred2@0

A quite noticeable finding was that the specibb/odes glareolusappeared with no exception in all
habitat types. In contrast to this, last year's group had only very ifedividuals in their traps (5
individuals). This striking difference could be explaiisd annwal population cycles. Many small
mammal species are known to have fluctuating populationesyakhere their abundance is very high in
one year and very low in the next (Korpimaki et al. 200dis phenomenon might become much more
visible in future studies at this study site, which will be able to compare data several different
years.

Statistical analysis of the habitat structure

Asalmost all presence/absence and animal counts per tnaplels were insignificantve are not able to
fully answe the second research question of this study. We caly omake assumptions on why we
were not able to find significant results. One possible explanation is figathosen variables simply do
not have a detectable effect on the presence or absence of itielsnammal species that we trapped.
For a similar study it would therefore be advisable to investigate other exmanatriables, like food
sources for example. Another reason for the insignificant results could berthlt sample size. It would
increase the significance massively if there were more camera traps that were edishiputed across
the different habitat typesand a much longer trapping timéf in the next few years further data
collected at this study site it might be possible taifgignificant effects.

As the animal counts per trap models tdyodes glareolusvere significantwe can partly answer our
second research question, at least for this species. This shows that forlyadigindant species it might
be better to analyse amts instead of presence/absence when the sample sizaddl.s

The correlation between the two variables “distance to water” and “water” was sdbyetking out the
variable “water” since all three small mammals used in the statistical analysisoadependant on a
certain amount of water, but only on a water source. Therefore, the variabiditce to water” was
chosen over the variable “water”, since it's irrelevant how much water teaérarea. If e.g. th&leomys
sp.would have been in the analgsithe amount of water in the area would be an important factor.

The Rvalue in all models show an overfitting. The reason for this overfitting can be the smmdles
size that was used to calculate the models. There are too many terms for the numbksetations
that we collected. To avoid an overfit, a much larger sample size is needed aerdd number of
independent variables that we have chosen.

Richness

Overall, the species richness in the Val Mulix turned out to be rather swivallexpect theactual
number of specieto be higher The fact that there were some mammals that we could only identify to
the genus levetould havereduced the species number and could have also had an impathe®
abundance data. A solution for this problem wouldtbeadd some adhesive tape to the MammaliaBox
to collect hair samples that could be genetically analyzed to the sulespasiel. Another factor that
had an impact on the abundance data is the method we usedassifythe events. If an individual left
the box for more than five minutes and returned 6 minute®tatt was considered as a new individual,
although it could have been the same. This means that we nhigh¢ overestimated the abundance of
the individual species. This issue could also be salitdthe genetic analysis. The higher Shannon
diversity indexthat we found when calculating it with the data of this and of lgsar's monitoring
together also supports the theory, that the actual biodiversity might be higherill be interesting to
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calculate the Shannodiversity indexafter some years of further data collection. With such a e
study, also the mentioned population cycles could bedreaccounted for.
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Changes in temporal biodiversity indices and species
composition inthe subalpine Mulix Valley in the Grisons,
Switzerland

Ricarda Ferrari, Isabelle Livebardon, Jonathan Pachlatko & Lea &chube

Abstract

Alpine habitats are extremely important for biodiversity and provide aigeffor many rare and
sensitive specieslhe diversity and composition of the plant communitglisracterized by a complex
interplay of different factors such as temagure, duration of snow coveand the altitude gradient In
our researctwe considered if changes in species composition or covebealetectedafter one year.

Our research area was in Val Mulix, a ndahing Valley in the Swiss Alps, where in 20litetbn
permanent nested plot series including temperature loggers were installed. Wenpdsa the vascular
plants in all permanent plots in 2020. For analyzing changes in species compaggioalculated the
species turnover, floristic dissimilarity, biodiversity indices as well as indiealues. Further we
compared biodiversity indices and indicator between 201fl 2020 per plot and computed an
ordination and cluster analyze.

The species turnover and the Br@wrtis Index show a moderate change sipecies composition.
However, the results of direct comparison between biodiversity indigedicator values and species
number reveal no visible changes. The ordination and cluster analyze shows a sinltaif resrelated
plots (NW + SE and 2019 + @pare close together.

We could not detect any changes in the diversity and composdf vascular plants, but we determined
observer differences. Nevertheless, our report can serve as a template foe fstummer schools and
we expect that in few yearshée longterm biodiversity study can provide changes in the alpirentpl
community.

Introduction

The habitats of the Alps are extremely important for the biodiversityswitzerland but also for the
whole of Europe, because they provide a refuge for many rare and sensitive bieteedlaral Office for

the Environment (2009) points out that the grassland in theadpine and alpine locations is about a
guarter more speciesich in plants than the grassland in the lowlands. The existing species diversity in
the Alps is characterized by a complex interplay of different environmental factdisasuemperature

or duration of snow cover and the close interaction with the cultural and naturabtzapk found there.
Another potential driving force for the divergitand composition of the plant community in the high
mountains is the altitude gradient (Baumann et al., 2016).

In view of the current loss of species, the Alpine regions therefore beara igggponsibility for many
target and indicator species that react very sensitively to global climate changecent years, an
increasing number of studies such as Cannone et al. (200 RoterG2018) have been published which



Summer School Biodiversity Monitoring Pred2@0 27

show that the already measurable temperature changes in the Alpine regiom &aeffecton the
performance of plants. Vegetation zones are shifting upwards and an increabe shtub layer is
becoming apparent.

The analyses of loAgrm field dataare crucial to assess the quality of biodiversity and to estimate its
susceptibility to tempeature increases (Theurillat & Guisan, 2001). They are also relevant because
effects of changes in biodiversity are only visible with a time lag (Magurran et Hb).20

This case study should serve to improve quantitative ptamiis and close existing knowledge gaps
about distribution patterns of certain species. Scientific articles such as Camt@h (2007), Morrison
(2016), Verheyen (2018), Pauli et al. (2003), Theurillat and Guissan E)0E)l as the report of the
Federal Office of the Environment (2009) form an important information basis forrégert. In
addition, recent research reports such as those by Verheyen (201Bjoaison (2016) increasingly
address the issue of observation errors. A topic that also plays an important molddanalysis
described here and for this reason is taken up and crigiedamined in the discussion.

The report was prepared within the Master Summer School "Alpine Biodiversitytdviag"”, which
took place from August 10th, to August 20th, 2020 in thecHza Nature Park in Grisons, Switzerland
and takes up the topic of vegetative biodiversity in theildpregion and its possible changes.

We focused on following questions:

- Can changes in species composition or cover be detected compared to the ticyekata
of 2019?

- If changes are visible, which factors (environment, methodology, biasdfutveyor) might
be responsible?

Methods

Study site

Our study was conducted in Val Mulix, a nefdlcing Valley in the Swiss Alps, which can be reached
from the village PredaFigurel). The whole valley belongs to the regional Parc Ela in the canton of
Grison, where biodiversity in general is of high importance.

Val Mulix consists mainly of granodiorite, granite or gmardcks. Because of the silicate rocks, the soil
of the grasslands and forest are mainly alkaliehmid & Miller, 2010). The climate around Preda is
defined as cotinental, with a relatively low annual average (711 mm) and an annual temperat@&C

at the local weather station in SameddhleteoSwiss, 2020)Typical is also the daily and sessional
contrast of temperature and intense solar radiation.

Between the 18 and 16" of August 2020 we sampled vascular plants along the valley on thirteen
permanent plots, that were installed during the “Biodiversity Monitoring Stent8chool” in the year
2019 (Figurel). The plots were systematically placed between 1705 and 2650 meters aboveveéa
with an altitudinal difference of about 100 meters. The transect thus repitssan altitude gradient
through different alpine habitats. Whilsubalpineforest communities aneéxensively used meadows
can be found in the lower parts of Vilulix, lean meadows dominate in the higher areas (Sch&nid
Muller, 2010)
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Fig.13. Study area in Preda, Canton of Grisons CH, with the losadioh plot ID’s of all permanent plots at the Val
Mulix.

The plots COL09 and N1C were installed on the transect betwdiaz and the Lai Negr in nezatural
vegetation.A furtherplot (A1C) wsestablished in approx. 2050 m a.s.l. in a secondary grassland near to
the plot N1CAnothertwo plots (C10 and C11) were installed in the alluvial plain of the Albula river. C10
was situated in open vegetation and C11 in forested vegetation. Further details dnpat can be
found inTablel.
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Table 8. Overview of all plotof the monitoring, which were incorporated into the analysisd some of their abiotic
factors

Plot Subplot Vegetation type Elevation Sow Aspect (°) Inclination (°)  Max. micre
(ma.s.l.)  cover(d) relief (cm)
AlC NW subalpine grassland 2027 184 70 26 15
SE subalpine grassland 2020 184 100 6 26
C01 NWwW subalpine forest 1711 171 334 40 20
SE subalpine forest 1707 171 325 4 13
C02 NW subalpine forest 1810 159 84 29 21
SE subalpine forest 1793 159 92 35 33
C03 NW subalpine forest 1906 119 165 45 21
SE subalpine forest 2019 119 173 38 55
C04 NWwW subalpine heathland 2096 194 20 26 41
SE subalpine heathland 2094 194 920 21 25
C05 NwW subalpine heathland 2211 162 120 30 34
SE subalpine heathland 2191 162 108 30 30
C06 NWwW alpine grassland 2312 168 355 28 14
SE alpine grassland 2308 168 335 33 6,5
C07 NwW alpine grassland 2407 150 180 31 22
SE alpine grassland 2401 150 180 36 24
C08 NW alpine grassland 2533 202 130 29 23
SE alpine grassland 2530 202 100 37 60
C09 NW alpine grassland 2594 183 20 25 30
SE alpine grassland 2590 183 20 13 16
C10 NW floodplain (habitat 1713 160 301 10 6
mosaic)
SE ﬂrﬁé’:ﬂ:"’)‘i” (habitat 1713 160 270 2 9
Cll NW floodplain forest 1706 163 210 6 23
SE floodplain forest 1705 163 330 5 5
N1C NWwW subalpine forest 1977 175 90 21 36
SE subalpine forest 1974 175 90 23 36

Field sampling

We used the samedid sampling methods as described Dgngler et al. (2016)rhe plots consisted of
100 m? squares and the corners were aligned to the NE, SE, SW antlVi\iecoded the plants in a
nestedplot series of 0.0001, 0.001, 0.01, 0.1, 1.00 andnfdn the SEand NWcorner using shoot
presence method. For the 1’ square we estimate the cover in percent for each determined species,
for different vegetation layers and for other surfaces such as liter and dead.\wasther we measured
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the aspect, inclination, max. microrelief, soil depth and ground layer.drrémaining area of the 100
m? square we searched for further species, which didn'undéa the 10m? plots.

All plots were equipped with two temperature loggers in dfa below and 10&cm above soil. The
temperature was recorded in 30 miintervals over the last year (between August 2019 @ngjust
2020).

Statistical analysis

The vegetatia data was statistically processed with R (Version 4.0.2) and R Studimi{\MeB8959). To
arrange vegetation lists in .csv format we used Excel (Office 368UBra020). We calculated then the
weighted Landolt indicator values of the vascular plantspgdet using Vegedaz (WSL, 2019)P&ckages
are subsequently written in italics.

Species turnover & Floristic Dissimilarity

After digitising the data recorded in the field, we merged the vegetation lis2049 and 2020 and
calculated the Bragurtis Inéx (egar) pairwise per plot. Due to high dissimilarities we checked the
species lists per plot with regard to their taxonomy. This led to a unifiedisp list, where subspecies
were included, spelling mistakes were corrected and outdated spellingsadeygted.We repeated the
BrayCurtis calculation for the adjusted lishd pointed out in which plant family high varieties occurred

With the estimated species covers from the 1®0plots of the years 2019 and 2020 we calculated the
cover change for edicspecies and plot and computed, how many and which spe@psased or
disappeared in 2020 compared to 2019 for each plghereas huge number of species appeared and
disappeared, we had a deeper look on the determination ahfd and found differences iobservation

and notation. Thesalifferences were defined as not observed species, which were actually present
(overlooking error)asnot correctly identified species (misidentification er@nd species which were
notated at different taxonomic levels.

Using a presence/absence comparison between 2019 and @@2thencaried out at-test to assess
their significance calculated ttspecies turnover as:

6KPEANIKRAN DLAZEFBIAGLA?BHKOP
6KPOMA?EAOANRAIKPPEIALKEJPO

Days of snow cover

To calculate how many days each plot lay under snow coveysedthe datafrom the temperature
logger.With the daily averaged air temperatures, between August 2019 and August 2020eated@a
diagram for each plofggplot2), from which the temperature variations could be reas soon as the
temperature curve stabilizedve could assume that the logger was under snow.

Comparison of Divers#yarameter and Indicator Values
The following calculations were only carried out with theritbplots of the NW and SWcorners from
the nestedplot series; we regarded them as sufficignithdependent.

To visualize potential changes in vascular plant structure, we derived thetordwedues per plot and
calculated the numerical parameters Shannon Index an@®P#&Evenness/€gar). Since the number of
samples per plot type (vegetatioryfe) is very small, the requirements fort-dest are not fulfilled.
However, the similarity can be derived from boxplagguby. In addition to the plots by vegetation
type, we compared the same parameters for all plots taken togellyeyear We testedthe parametric
assumptions for &test with the ShapirdVilk-tes and theLevenetest (base.
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Detrended Correspondence Analysis (DCA) & Hierarchical Clustering
We calculated the ordinatioof the vegetation datavith a DCAvegar), in which we down weighd the
rare speciesind projecteda set offive environmental variablepassively onto the ordination diagram.

To form a cluster of similaurveyswe used theBray-Curtis Distance table and appliad agglomerative
clusterirg with complete linkage(stats). We conducted the visualization of the dendram with
dendextend

Results

Species turnover & Floristic Dissimilarity

Table 2 shows the species turnover and the number of species whathabdifference in observation
and notation. Thehighest speciesurnover occurredin the plots @1 and the highestdifferences in
observationand notationwas found in the plot CD In figure 2 we can see that the numbers of
appeared and disappeared species per plot are very similar. The numbers of differentasgmation
and notation shows high variability over all plots.

Table9. Number of appeared and disappeared species (corcelise) in the 100 rhplots as well as species turnover and
differences between 2019 and 2020 in observation aathtion per plot.

Plot COL CO02 C03 C04 CO5 CO6 CO7 CO8 CO09 CI10 Cll AIC NIC
Appeared 9 o 8 4 5 4 3 1 0 6 10 7 1
SpeC|eS
Disappeared

: 9 3 2 4 6 2 4 1 1 9 5 8 0
species
Species 028 007 013 009 009 007 007 002 002 008 01 009 0.03
Turnover

Differences in
observation 14 6 14 16 50 25 27 19 13 48 41 49 9
and notation
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Fig. 14. Boxplot of the 10am?plot comparisonbetween 2019 and 2020: Appeared and disappeared specieplper
SpeciesTurnover and differences in observation and notation. Vakies are listed in Table 2.

The change in number of species (Sunamfeared anddisappearedspecies perplot) between 2019
and 2020 is with an average of 8 species per plot highly significant (One Saryésst,p= < 0.0Q,t =
5.2564) Figure3).
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Fig.15. Change in number of species (Sum of New and Disappearei§prche 100 fmplots. On the Xaxis the plots
are arranged according to altitude, the shape of the poimeg information about the vegetation type. The lowging
floodplain plots show a higher species chanee changes are significant{plue = < 0.001).
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Fig. 16. Histogram of the Bra@urtis Dissimilarity heveen the plots of 2019 and 2020. Most of the plots show a
moderate change in species composition since the last year.

The above resultsf the 100 i plots can also be found in thBray-Curtis Dissimilaritpf the compared

10 x 10 m plots. The histogran{Figure 4 shows how most of the plots have undergcamenoderate
change since last year. Three outliers find a Baytis value close to one, which is a very large change.
As we can see ihable2, there was a considerable species turnover in some cases, which all have been
accompanied by aaminentdifference in the notation of the taxonomy.

Comparison of Diversigarameter and Indicator Values

The comparison between all plots from 2019 and 2020 showedliasimidrities in the biodiversity
indices(species number, Shannon and Evennesg) indicator valuegLandolt’'s Weigthed Moisture,
Light and Nutrient Value)The parametric requirements are met, and thealues vary between 0.39
and 0.96 (i.e. show no significant numerical differences). Additionallycdneparison ofthe same
indicesand values per plot typalsodoes not indicate any significant chanigetween 2019 and 2020.
The parametric assumptions are not fully met, as the sample size per vegetgbeis very smallThe
similarity is in the most cases visually obvidtigure5 shows the comparison of the species number per
vegetation type and year.
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Fig. 17. Number of species per vegsion type and year. The number-¢alue of the itest) is everywhere far above
0.05. Even if the parametric conditions are not given, itsibl how similar the recordings are.

Detrended Correspondence Analysis (DCA) & Hierarchical Clustering

Axes 1 ad 2 inFigure6 explain most of the variation in species composition with a total inertia of
11.95% (eigenvalues: 0.87 and 0.69). The gradient length for the first axis isDy,. Whi8h indicates an
almost doublespecies change along the gradient. The underlying gradient (negatively dretiate
inclination) thus shows a high ecological significance, resp. explains aunaxifrvariance. The second
axis with a length of 5.96 SD (>4 = there are no common species &ighand bottom), is negatively
related to Soil Depth and the Weighted Light Value and positively related to #ight®d Moisture
Value.
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Fig.18. DCA Ordination of 52 vegetation plots with a total of 392cggs. Eigenvalued the first/second axis: 0.87 and
0.69, gradient length: 7.7 and 6 SD. The position of thes @ shown by points (blue: 2019, green: 20Z)rresponding
plots (NW and SE Year) are connectedby a black line. Finally, the correlation of the five envirental parameters
with the two ordination axes is visualized via arrows (&blations: gew. Feuchtezahl = Weighted Moisture Valges;.
Lichtzahl = Weighted Light Value).

From the dendrogram of the cluster analygiSgure7), six main vegetation types, which are more
similar to each other than to the others, can be identified in #2included plots.The main types are
very similar to the vegetation types addressed in the fi@doup 1 (C09, C08, CO7SE) buhésalpine
grasslands and group 2 (C06, AlCludes anintermediate stage from alpine to subalpine grassland
Group 3 (C11, Cl10pntains the alluvial plotggroup 4 (N1C, C02, C03) the subalpine forests and group 5
(C05, C04, CO7NW) the subalpine heathland). Group 6 (0f4dists ofa deviatingplot of subalpine
forests
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Fig.19. Dendrogram of the Agglomerative Clustering using complekadije. The six main groups of similar vegetation
plots areshownin red andblack

Discussion

The vegetation analyses on which this work is based served to answer #sticquwhether the
vegetative biodiversity in Val Mulix has changed compared to the previous yeavtdaoh factors could
be responsible for this.

With this question, the preent study is in line with studies such as thoseMarkham et al. (1993)
Theurillat and Guisan (2001) d@eniston (1994)with the focus on a possible change in Alpine
biodiversity and potential effects on the local ecosystems. It provides data that aevaet for
research, since high mountain ecosystems are consitiparticularly vulnerable to climatic changes.

The present study is also important because the vegetabiothe Alpine region can be used as a
sensitive ecological indicator for the effects of climate change, sinceialfémtors, especially climate,
dominate over biotic factors. In addition, many high mountain plants are-limeg and slowgrowing,
which means that climateelated changes in vegetation are more a consequence of ongoing climate
changes than of shoterm climate fluctuations (Pauli etl., 2003) Within the analysis presented here,
no significant changes in species diversity could be detecompared to the previous year. Although
the methods used were well suited to answering the questions, arc@ffequantification of changes in
vegetation structure due to climate change also requires, as Pauli et al. (B6(8)asize, a monitoring
period longer than one year. The changes in the vegetation, which were nevertlelesmined, were
attributed to observation errors due to their exterThe problem of observation errors is already widely
discussed in the literature. In our analysis we looked at similar types of error ashddsdy Morrison
(2016). In this study, however, they also analyzed if the coverage of speageestimated eccurately.
Due to time constraints, we were unable to address this issue. For furthestigation it would
certainly be advisable to look at the errors separately.
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Regarding the causes for the occurrence of observation errors, Morrisa8) 2fention (j the difficulty
to precisely identify a species, (ii) the ecological site conditions sushcaweather or steep topography
and (iii) the observers' experience with vegetation analysis. Verheyen(@0al7)add that images taken
by many different people should be interpreted with cautioThe most frequent differences in
determination between 2019 and 2020ere found in AsteraceagPoaceaeand JuncaceaeThese are
plant families that are rather difficult to determine, especially in the flowering state, and therefore
require some prior knowledge and experience. Also, the number of diffecdrservers, criticall
considered by Verheyen et al. (2017), is certainly a relevant reason for diftsremadetermination
between the two years in this comparative study.

Due to the rapidly changing weather conditions during this year's analyseshangdattly very steep
topography at the selected plots, the occurrence of false determinatiores tduthe site conditions
mentioned byMorrison(2016) is not unlikely.

The observation errors that have occurred underline the dngince of using comparable survey
methods and a ufied research team for lonterm studies. They also show how important good plant
knowledge is for such studies. With regard to future Summeo@skherefore the authors recommend

a distribution of a list of vascular plant speciasd their characteristis in advance to make the
determination more reliable.

In order to determine possible environmental influences on the change in vigetstructure, data
from temperature loggers were also included in the statistical analysis. Howdwe to the short priod

of time available, it is difficult to accurately interpret the temperature datal ¢he length of the snow
cover and its possible influence on the vegetation. Neverthe®8ksm et al. (2001¢mphasize that the
inclusion of temperature loggers in lotgrm studies is of great relevance, since air temperatures in
mountain regions are expected to increase twice as much as the global aivedamperdure.

A closer look at the duration of snow cover, including ridges and slope imatiriatVal Mulix would be
relevant in the future, as some studies show that warmer winters lead to aafHifodiversity to higher
mountain ranges and an increase in shrub layer, which could lead to a loss of habitédlists
(Cannone et al., 2007; Choler, 2018; Theurillat & Guisan, 2001). Chol&) &84 assumes that the
winter snow cover is a key parameter for the performance of feastsitive plants. However, Theurillat
and Guisan (2001) are critical of a holistic height shift of vegetation, sinceptheies will not find
equivalent areas with similar physiographic conditions at higher altitudes duedp slopes and stony
soil conditions.

In future vegetation analyses in Val Mulix, it might also be interegtinimtegrate the management
systems of the selected areas into the analysis in order to find out how chamggscultural structures
affect the grasslands them how floristic shifts occuiPeter,2007)

In conclusion, the versatile data obtained in this styalpvide an important knowledge base for
understanding the influence of environmental parameters plant communities in the Alpine regions
and their biodiversity. It is therefore important tmcorporate this data into future political decisions
such as the Energy Strategy 2050, which focuses on mountaionsegis a location for future

hydroelectric power plants and other renewable enerdiBandesamt fir Umwelt, 2009)
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Conclusion

As expected, we could not detect any change in the diversity@mposition of the vascular plants in
Val Mulix within one year. For this reason, we were not able to validate the driversnabfe for the
long-term changes in the vascular plants in investigated Alpine retlemertheless, the analysis of our
report can serve as a template for future summer schools, as changes indingeswe and distribution
of the Alpine vascular plant community are predicted.

As we noted in the discussion, many observers and differemld of experience often lead to
observation errors. Possible misdeclared species turnover shoutefthie be taken into account in
future reports. The collected data should always be carefully reviewed ajudted if necessary. To
avoid observation errors already in the field, it is important that survey teams aavwaianced level of
experience and work accurately, which in turn requirelicently planned time.

We expect that already in two years, when the next summer school in Preda is plaheedllected
temperature data will provide more information on the relationship between tenapare, snow cover
and species occurrence. In addition, the new monitoring dzta reevaluate whether some species
changes are emerging.

In general, we are confiderihat the longterm biodiversity study in Val Mulix, one of the few high
altitude transects in Europe, can provide important insights into the loss diVieisity and changes in
the Alpine plant community.
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Patterns of alpine plant diversity in Preda (GR)

Simea Bachann, Eline Staubli and Sabrina Keller

Abstract

Various environmental factors as well as human management practices influenceEtheemposition

of alpine vegetation. This study contributes to the general knowledgdaott pliversity patterns in the
swiss alps. We analyzed the alpine and-asiffine flora in two neighboring valleys located near the
Albula pass, characterized by locally varying bedrock, diverse vegetaties apgl elevation gradients.
We recorded vascular plant species composition in 19 100 m? plots, eilthweo series of nested
subplots ranging from 0.0001 to 10 m?, as well as a set of environmental panangte analyzed
species richness at different special scales. For the 10 m2 and 10@ts2vpk calculated the species
richness, evenness and Shannon index which we modelled as a functiotheofenvironmental
parameters by linear and generalized linear models. We found a significant positiveaéffaet heat
index on evenness, Shannon index and species richness.egeéation type forest had a negative
influence on plant diversity. Controversially, the g has a negative effect on Shannon index and
evenness, while it has a positive effect on species richness. Alsaetheaver showed different effects
on our response varidgs: a negative effect on species richness and a positive effect on evenness
Interestingly elevation has a slight negative effect on the Shannon indéxeaanness. Finally, we
suggest including precipitation and microrelief as predictors as well as further tatorgroups for
subsequent studies

Introduction

The composition of alpine sematural grasslands in Europe results from the influence of various
environmental factors and human management (Batzig, 2005; Pittarello eR@20Q). Within the
mountan habitats, meadows and pastures have the highest plant diversity. Téey d&n important
production function as well as a high natural value (Vare et al., 2003). Alpindagids also provide
ecosystem services (Hain¥sung & Potschiivoung, 2018). Idgifying the drivers of plant diversity is
the aim of many vegetation ecology studies (Baumann et al., 2016;riPalmt al., 2017; Polyakova et
al., 2016; Turtureanu et al., 2014). The effect of environmental factorexample elevation, pMalue

or nutrient input on plant diversity is often hump shaped (Baumann et al., Z8ittérello et al., 2018).

A possible driver for plant diversity is the sai, influenced by the underlying or surrounding bedrock.
The soil pkplant diversity relationship is explained by physiological stress, whialroat the extreme
ends of the pH gradient. These findings relate to the intermediate stress hggietiGrime, 1979) and

the physiological tolerance hypothesis (Currie et al., 2004). Acidic sdilsavaH < 4are thought to
constrain the plant diversity because of high phytotoxicity (Abedi et2@ll3; Tyler, 1996). Nutrient
limitation is also thought to play a role in limiting species richness on acitiqRorison, 1980). In turn,

on soils with pH >7, plephorus and iron have decreased solubility gradients which could play a role in
limiting the finescale species richness (Tyler, 1996; Zohlen & Tyler, 2000). But evétedogsthese
findings, the effect of the soil pH on the plant diversity it umgivocal. For instance, the soil pH has been
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found to have a positive, a negative, a husitmped or no effect on plant species diversity of dry
grasslands (Polyakova et al., 2016).

Elevational gradients are also considered as of high relevance for undergjaidit diversity patterns
and community assembly rules (Baumann et al., 2016). Aedgerin elevation goes hand in hand with
major changes in temperature and amount of precipitatiomozag others (Rahbek, 2005). The resulting
steep environmental gradigs exemplify how biodiversity responds to major environmental changes
(Baumann et al., 2016). Some studies show a unimodal oekdtip between species richness and
elevation, but the support for these findings are not unanimpindicating that other enronmental
factors must be considered as well (Baumann et al., 2016).

Other environmental variables that are frequently analyzed to explain plant diversityda soil
fertility, grazing intensity and land use, microrelief, topographic wetness, saildity, and climate. Yet,
the effect and importance of many of these factors have also been found to iggificantly between
studies and cannot be generalized (Polyakova et al., 2016). Scaledigwe, meaning that the effect of
environmental factors orplant diversity is different depending on the spatial grain size, which is
considered, might be a possible explanation for diverging results (Baumaadn 2016; Turtureanu et
al., 2014).

The aim of our study is to contribute to the general knowledg@lant diversity patterns in the swiss
alps. The study area, located on the Albula pass in the canton of Grisongjdslady suited for this
project because of the locally varying bedrock, the diverse vegetation tymktharelevation gradients
present in the region. We sampled vascular plant composition in nested gliatdgferent sizes along
edaphic, bioclimatic and topographic gradients to answer the followingstipes: (i) Which
environmental parameters affect plant diversity in Val Mulix &fadl Zavretta (canton GR)? (ii) How does
plant diversity differ across different spatial scales?

Methods

Study site

The investigated plots are located in the area of the Val Mulix (EB23 m a.s.l.) and Val Zavretta
(17892888 m a.s.l.) in the cantonf &risons in the Swiss alps. Interestingly, these two neigtibg
valleys lie under the influence of two different geological formations. The Vék Mes on debris of
mostly Granodiorite (silicate stone), whilst the Val Zavretta is formed by moraiheBotmmit
(limestone) (Swisstopo, 2020). The pH of the soil is dependent of neuméactors but, in general, it is
rather alkaline when the bedrock is formed of limestone and rather acidic whetedrock consists of
silicate (Agroscope, 2014). Considering the geological map of the ré&ggumg 1), the sojpH of the Val
Mulix was expected to be predominantly acidic whilst the-pbilof the Val Zavretta was expected to be
rather alkaline. The annual average temperature is 1.9 °C and the averagetptiecips 700 mm (data
1981 2010, climate station Samedan). The landscape of the region is charedtegzalluvial plains,
subalpine forests, dwaighrub heath, subalpine and alpine grasslands, thus offering a wide array of
different vegetation types ahsite characteristics which can be studied and compared.

We based our study on 19 permanent (squah@aped) 100 m? plots which correspond to the European
Dry Grassland Group (EDGG) madale “biodiversity plots” (Dengler et al., 2016). In general, there
chosen as to capture the biggest variability of local vegetation typg@®lots were installed during the
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summer school 2019. 11 of those plots are situated along an elevation tramsget Val Mulix. They
are placed every approximately 100 m oéwtion between 1750 and 2650 m a.s.l. in npatural
vegetation (plots COC09 and N1C). An additional plot is situated at approximately 2650 Imas.$0
include secondary grassland vegetation (plot A1C) as well asaaaal forest vegetation (ploN1C) of

the same altitude. Finally, two plots are situated where the two valleystnire¢he alluvial plain of the
Albula river: one in open vegetation (plot C10) and the other in foregéggktation (plot C11) (Figure 1).

In 2020 six additional plots we set up in the Val Zavretta. Their location was chosen subjectively, with
the aim to represent the variability of the vegetation on limestone (pl6tILO6).
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Fig.1. Geological map showing the spatial distribution of thedgd plots. The red surtas indicategranodiorit Silicate)
bedrock. The orange surfaces indicdt@omit (limestone) bedrockSwisstopo, 2020).

Field sampling

The sampling was carried out in August 2020 by master students and lecairéne University of
Applied Sciences in Wadenswil (ZHAW). The ngstddapproach (“biodiversity plots”) according to
Dengler et al. (2016) was used. The species were recordedbfrioss of 0.0001, 0.001, 0.01, 0.1, 1, and
10 nt, located in two opposite corners (NW and SE) of a 1D@énm x 10n) plot. The species cover in
percentage was estimated in the 1F subplots. The 100 fiplots were examined for additional species
which were systematically attributed a cover of 0.01 % if not of particular importaiggtogams and
fungi were not recaded because of lacking capacity. Additional structural and environmental variables
were recorded in the 10 frsubplots according to Dengler et al. (2016). Table 1 provides a list of the
recorded structural and environmental parameters.
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Tablel. Summary ofecordedenvironmentaland structuralariables

Environmental Recording method min max mean
parameter
Elevation Measured in m a.s.. 1705 2594 2115.90
IAspect Measured in ° 0 355 175.30
Inclination Measured in ° 2 52 27.10
Maximum Measuring the highest relief structure (cm) 5 60 23.00
microrelief
Soil depth Depth measured with an iron pole at five spots (cm) 2.6 45.8 14.10
Height of herb layer [Measured with a disc along a pole at five spots (cm) 0 95 9.02
Tree cover Estimated (%) 0 80 9.20
Shrub cover Estimated (%) 0 75 9.05
Herb cover Estimated (%) 5 96 62.26
pH Measured from with the multimeter (pH) 3.94 7.91 6.20
lec Measured with the multimeter (mS/cm) 31 480 168.90
\Veg. Type Classifications in field Floodplain, forest, subalpine heathland,
grassland
Land Use Classifications in field Grazed, abandonment, managed
Relief position Classifications in field Upper slope, middle slope, lower slope, plain
Litter Estimated (%) 0.1 95 26.00
Dead wood Estimated (%) 0 20 2.32
Fine soil cover Estimated (%) 3 100 71.50
Gravel cover Estimated (%) 0 60 6.36
Stone cover Estimated (%) 0 80 18.11
Total stone cover  [Sum of gravel and stone cover (%) 0 97 24.46

The soil pH and electrical conductivity were derived from a mixed soil satalpda from the top 10 cm
in several random locations within the 10%rsubplots. The soil samples were-diied for further
analysis. 10 g of the sieved soil sample was mixed with 25 g of distilled water dequ) in a 50 ml
plastic test tube. Before measurement, the mixture was left to stand for &t leae hour. During this
time the samples were shaken once. Afterwards the pH and electrical condugttie measured with
the multi meter (HI991300, HANNA instruments) (Dengler et al., 2016)

Data analysis

All statistical evaluations were performed with the software R Studio Merki2.1335 (R Core Team,
2019). From the maults of the vegetation surveys the species richness §8&annon index (H) and
evenness (E) were calculated with théBckage vegan (Oksanen et al., 2019). The species richness was
calculated for all plot sizes. Since the Shannon index andnegs takethe cover of the species into
account (Begon et al., 1996), these indices were calculated for thé dd@ioplots and the 100fplot
respectively. These three indices are the dependent variables in our modahsledendent variable we

used the heat indexcélculated from aspect and inclination according to Olsson et al., 2009) stil, dep
tree cover, pHvalue, electrical conductivity, elevation and total stone cover.
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To assess the influence of environmental variables onShannon index and evenness, altnlinear
model with the function Im (Chambers, 1992) within theP&ckage stats (R Core Team, 2019) was
calculated. For species richness, a general linear model (glm) with poissorutiestritif errors from the
stats package was used (R Core Team, 2019)

To assess the correlation among the predictor variables, the functioelatiom_test from the package
Ime4 (Bates et al., 2015) was used. Due to data distributienKendall method was used. In case of a
strong correlation (KendaR >0.7) between ta variables, we kept the one we considered ecologically
more meaningful. Correlations were found between total stone coverfaresoil as well as total stone
cover and stones. Therefore, only total stone cover was used for thebl@salection.

For each variable a model with the linear term and a model with the linear and quadratic term was

calculated. The AICc values of the models were compared with the funcGmtahlfrom the FPackage

MuMiIn (Barton, 2019). For automatic variable selection with tiredge function from the package
DuD/v ~ @ES38}vU 1i1idsU 8Z & Eue AJIl¥Z40}A GE ¥ $}Angdklo « 0Z 3(p
Jve] E]JVP 8Z WE]V ]%0 }( W E-+Ju}vCUZ}voC]¥Z5Zo]v +E}E 4Eu/ A P1

(Busemeyer et al., 2015The model averaging, including the direction of the retathip between the

predictor and the responds variable, was done with thecfion model.avg from the package MuMin.

The weights of the different variables were calculated with the importance immg¢Barton, 2019). For

the final model, only those variables were considered whose contahub the model is > 0.5. With the

function summary from the package base (R Core Team, 2019) an ovefviles contribution of the

variables was generated anithe adjusted R2 (only for the Im) was calculated. The results were

visualized with the functions plot_model and tab_modelnfrthe package sjPlot (Lidecke et al., 2019)

and plot_grid from the package cowplot (Wilke, 2019).

In order to test the distributins of the residuals of the models, residual plots weradumted. The
visual inspection showed mostly homogeneity of variance and normal disdesiduals. Further,
spatial auto correlation for all subplots within the biodiversity plots was t&igMoran’s | test based
on a list of neighboring plots, using the ape package (Paradis & Schliep, 2048y, the GLM was
tested for over dispersion by the function testDispersion from the pgekDHARMa (Hartig, 2020).

Results

Species richness at défent spatial scales

Counting all the plots together, we identified a total of around 349 sgedibis number fails to be very
precise due to the missing precision in the determination of a few specnimvertheless, we consider
this number as being presentative of the species richness over the surface of all the plotsidgoimg
the 100 nf plots, the most common vascular plants that were found wei@mogyne alpingin 14
plots), Juniperus commungibsp.alpina(in 12 plots) Festuca rubraLeontoan helveticusRhanunculus
montanus Solidago virgaureand Vaccinium vitisdaea(in 10 plots).

Mean total species richness varied between 2.3 species at the smalktil sgcale (0.0001 Hand

48.5 species at 100 o X }ve] (E]vP?@ds, theidtal species richness was lowest in plot

Ei £U o} &8 v (}E& 3 AP § 8]}v 3ZioGo|uRMeXd® IBFEA0} ZFP v }% v A
of the alluvial plain (Table 2).
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Table 2.0verview of the species richness encountered in thaedtedplot series and normal plots of the study

Species richness Evenness Shannon-Index
Area in m? min max mean min max mean min max mean
0.0001 0 6 2.3
0.001 0 8 3.3
0.01 0 11 6.2
0.1 2 21 11.3
1 3 36 18.8
10 9 56 30.1 0.17 0.81 0.56 0.38 2.76 1.87
100 14 88 48.5 0.25 0.70 0.56 0.83 3.10 2.13

Species diversityenvironment relationships

Table 2 and Figure 2 show the influence of the environmental parameters on tienfadel for the
Shannon index, evenness and species richness.

Shannon index

The heat index and the vegetation types “grassland” and dkibe heathland” have a positive
influence on the Shannon index, with only the heat indeing significant. Except tree cover, all
variables (elevation, ec, tree cover, pH) have a significagative influence on the Shannon index.
58.1% of the model for the Shannon index can be explaiggtidvariables (adjusts R2).

Evenness

The environmental parameters heat index, the vegetation type “grassland”teee cover have a
positive effect on evemess, whereas the latter variable has no significant influence. The pteeme
elevation, ec, the vegetation type forest and the pH value and the square term of tree bave a
significant negative effect on evenness. The vegetation type gintgaheathénd also has a negative
effect but is not significant. The evenness model is explained to 54.4B& lariables.

Species richness

The heat index and the pH value have a significant positilgeimde on species richness. For the pH
value, the negative square term must also be considered. The vegetation typedacethe tree cover
had a negative influence on the number of species. For electrical conitiydine negative square term
has a significant effect on species richness.
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Table 2.Influences of individual variables on Shannon index, Bess and species richness. Ec = electrical conductivity;

Est = Estimate; std. err = standard error.

Shannon Index Evenness Index Species richness
Predictors Est std. err p Est std. err P Est std. err P
Intercept 7.926 1.116 <0.001 |1.852 0.257 <0.001 -4.033 2339 0.085
Veg. type: forest -1.367 0.249 <0.001 -0.297 0.060 <0.001 -1.053 0.121 <0.001
Veg. type: grassland 0.269 0.311 0.391 0.041 0.074 0.576 -0.010 0.171 0.953
Veg. type: subalpine heatland |0.024 0.294 0.934 -0.023 0.070 0.739 -0.182 0.181 0314
ec 0002 0 0.003 0.000 0.000 0.007
ec’ 0.000 0.000 <0,001
Elevation 0002 0O 0.001 0.000 0.000 0.008 0.003 0.002 0.191
Elevation’ 0.000 0.000 0.068
Heat Index 0729 0139 <0.001 | 0.077 0.032 0.021 0.392 0.063 <0.001
Heat Index’ -0.200 0.139 0.151
pH -0.264  0.069 <0.001 -0.086 0.016 <0.001 1.697 0.271 <0.001
pH2 -0.144 0.022 <0,001
Tree cover -0.008 0.004 0.052 0.007 0.003 0.015 -0.005 0.002 <0.001
Tree cover’ 0.000 0.000 <0.001
Shannon Index *E Evenness Indexp (g *
Heatindex - G'T—%— Heatindex - -@
0.g4
yrassland- 07 grasslana- Ly
. U.QE TreeCover- 0.1~
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Fig. 2.Graphical representation of influence of the variables barfion index, evenness and specietimess.
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Discussion

Species richness at different spatial scales

Our findings show that species richness at different grain sizes vary greatly fioplaino another.
Comparing the 10 fsubplots with the large 100 fiplots, a difference of the Shannomdex and of the
evenness can also be observed (Table 2). A further step would be to nped@srichness at the seven
different grain sizes (0.008100 nf) as a function of the environmental predictors, as it was done by
Baumann et al. (2016) and Turtareu et al. (2014) amongst others. This would enable us todindf
different environmental factors are of particular influence on species richnes#fatetht scales. As
several authors have found (e.g Baumann et al., 2016; Polyakova et &;, T2fifureanu et al., 2014),
we expect the environment species richness relationship to be scale dependent. For instance, the
conceptual model of (Shmida & Wilson, 1985) states that diversity atstfiseales is driven
predominantly by niche relations, while éhheterogeneity of the environment is more relevant at
intermediate scales. Furthermore, climatic variables have been found to gaimtampe with increasing
grain size (Field et al., 2009; Siefert et al., 2012).

Another analysis which could be undertakio assess the speciesarea relationship is the calculation
of the zvalues. The Power law can usually give a good approximation of Spe&res relationship
(SARSs) at any spatial scale (Dengler, 2009). The exponent z of the povwaslaeen succefedly used

as an informative tool to compare bethversity between habitats, taxa and scales (Drakare et al.,
2006).

Species diversity- environment relationships

Overall, in accordance with our expectations, Shannalexn evenness and species richnelssveed
contrasting patterns in relation to the predictors. Comparing the varyirfuence of different
environmental parameters on different indices of biodiversity enables utire a more holistic view
of the patterns driving vegetation diversity.

The predictor which has a significant negative influence on all three indices is gje¢atien type
“forest” (Table 2). As a matter of fact, the two most spegiesr plots (C1 and C2) are situated in
forested vegetation. This result emphasizes the rigkdand abandonment and the importance of
maintaining a variety of landse types to preserve species diversity (Maurer et al., 2006).

Further, a significant positive effect of heat index on all indices can be @ubsdrvother studies, solar
radiation has repeatedly been found to have a positive effect on grassland diversitgionsewhere
extreme summer drought is not an issue (Klimek et al., 2007; Turtureanu e20d4). Also, as
inclination is included in the heat index calculation, our results are in accordanicahgitfindings of
previous research showing that pladiversity is positively affected by slope (Pittarello et al., 2020).

We found that elevation has a slight negative effect on thenB8ba index and evenness. This finding is
surpiising, as we would have expected an increase in species richness withicglefwith a slight
decrease in the highest elevation), based on a study of the BAFU (2@09k<DIts might partially be
explained by the fact that we sampled the alluvial plagpresenting the highest plant diversity over all
the plots, which is located at the lowest elevation.

Controversially, the SelH has a slightly negative influence on Shannon index anthesgs, while it has
a positive effect on species richness. Thessults are to be interpreted with caution. In literature,
examples of strong and weak, positive and negative effects epbliodn plant diversity can be found
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(Polyakova et al., 2016; Turtureanu et al., 2014). As supported bbiel(P202), the regioal context
influences the species richnessoil pH relationship. For instance, Palpurina et al. (2017) have found
that precipitation, uniquely or together with sgiH explain more variation in species richness than pH
alone. Also, the tree cover showatifferent effects on our response variables: a negative effect on
species richness and a positive effect on evenness. There are other stuatishakv differing reactions

of evenness and species richness (Yeboah et al., 2016; Reitalu2808), We sppose that low pH
value and increasing tree cover are causing stress to certain species butahaesitive effect on
evenness of species distribution.

For future studies, we recommend to consider precipitation, as manyoasithoint to its strong effet
on plant diversity (e.g. Palpurina et al., 2017; Pittarello et al., 2020). Futtreemicrorelief should be
included in the Modell, because it provides an array of ecological niches, begdfieint diversity
(Pittarello et al., 2020).

Finally, research shows that the study of one single taxonomic group isargaod indicator of
biodiversity abundance. (Berglund & Jonsson, 2001). Kuzerhkad.,e(2016) have found that the
different studied taxonomic groups reacted differently to the drivers of biedity. Including other taxa
in the study would be greatly beneficial to its quality.
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Appendix I:List of all observed species

Compiled bylirgen Dengler and Jamyra Gehler

In the following, we provide a list of all specthat have been recorded in the permanent plots, in the
other studentresearch projects plus son@bservations from along the trails. The species are grouped
into vascular plant§nomenclature according to Juillerat et &017) orthoptera, lepidoptera, bids,
reptiles, amphibians, mammals and funfiomenclature according téndex Fungorum Partnerniship
2020) They are arranged intfive geographical units “Around Sonmigof”, “Val MuliX below and above
tree lineand“Val Zvrettd below and above treelinéAdditionally there ardungi observations from the
trail to Lai Palpuegnd/ery few species could not be assigned post hoc to one of the sites.

The list summarizes the findings of the Summer Schools in 2019 and 202iRewm the projectsn
2020 arein blue, those from findings along the traifs2020in green. If a species was recorded for the
first time in 2020, also the species name is in colbutotal wehave recorded so fa458vascular plant,
203 fungal8 orthopteran, 18 lepidoptena, 1 anphibian,1 reptile,38 bird andl6 mammataxa

Referencs

Index  Fungorum  Partnership  2020. Index  Fungorum Royal Botanic  Gardens, Kew. URL:
http://lwww.indexfungorum.org/Index.htn{accessed on 20207-27].

Juillerat, P., Baumler, B, Bornand, C., Eggenberg, Sx,@ygdutzi, M., Mohl, A., Nyffeler, R., Sager, L. & Santihgo
2017.Flora Helvetica Checklist 2017 der Gefasspflanzenflora der Scimfeeizlora, Bern, CH.
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Vascular plants
Achillea atrata X
Achilleaerbarotta subsp. moschata
Achillea millefolium aggr. X
Achillea nana X X
Aconitum lycoctonum subsp. neapolitanum X X
Aconitum lycoctonum subsp. vulparia X
Aconitum napellus X
- Aconitum napellus subsp. vulgare X
Aconitum variegatum subsp. paniculatum X

Adenostyles alliariae X
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Adenostyles leucophylla X

Aegopodium podagraria X

Agrostis alpina X

Agrostis capillaris X X X

Agrostis gigantea X

Agrostis rupestris X X

Agrostis schleicheri X X

Agrostis schraderiana X X

Agrostis stolonifera X X

Ajuga genevensis X

Ajuga pyramidalis X X X

Alchemilla alpina aggr. s.I. X X X

Alchemilla sp. X

Alchemilla vulgaris aggr. s.. X X X

- Alchemilla splendens aggr. X

Alnus viridis X

Androsace chamaejasme X X

Androsace obtusifolia X

Anemone narcissiflora X

Antennaria dioica X

Anthoxanthum odoratum aggr. X X

- Anthoxanthum alpinum cf./x

- Anthoxanthum odoratum X X X

Anthriscus nitida X

Anthyllis vulneraria X X X

- Anthyllis vulneraria subsp. alpestris cf/x X X X

Aquilegia alpina X

Aquilegia atrata X

Aquilegia vulgaris X

Arabis bellidifol subsp. stellulata X

Arabis caerulea X X

Arabis subcoriacea X

Arctostaphylos alpina X X

Arctostaphylos uvairsi X X X

Arnica montana X X X

Arrhenatherum elatius X

Artemisia genipi X

Asplenium viride cf. X
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Aster bellidiastrum X X X X X
Astragalus alpinus X X
Astragalus penduliflorus X
Astrantia major X
Athyrium distentifolium X
Avenella flexuosa X X X
Bartsia alpina X X X X
Biscutella laevigata X X
Botrychiun lunaria X X
Briza media X X X
Calamagrostis epigejos X
Calamagrostis varia X X X X
Calamagrostis villosa X X X
Caltha palustris X
Calluna vulgaris X X
Caltha palustris X X
Campanula barbata X X X X
Campanla caenisia X
Campanula cochleariifolia X
Campanula rotundifolia X X
Campanula scheuchzeri X X X X
Cardamine amara X
Carduus defloratus X X X X X
Carex alba X
Carex atrata subsp. atrata X X
Carex atrata subspterrima X
Carex curvula X
Carex davalliana X X
Carex digitata X X
Carex elata X
Carex ferruginea X
Carex firma X
Carex flaca X X X X
Carex flava X X
Carex frigida cf.
Carex lepidocarpa X X
Carex leporina X
Carex montana X X
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Carex nigra X X

Carex ornithopoda X X X X

Carex pallescens X X

Carex panicea X

Carex paniculata X

Carex pilulifera cf.

Carex sempervirens X X X X X

Carlina acais X X X

Centaurea nervosa X X

Centaurea scabiosa X X

Cerastium alpinum X

Cerastium arvense X

- Cerastium arvenssubsp. strictum X

Cerastium fontanum X X

- Cerastium fontanum subsp. fontanum X

- Cerastiunfontanum subsp. vulgare X

Cerastium latifolium Cf.

Cerastium uniflorum X

Chaerophyllum hirsutum X X X

Chaerophyllum villarsii X X cf.

Chenopodium bonukenricus X X

Cirsium helenioides X X

Cirsium oleraceum X X

Cirsium spinosissimum X

Coeloglossum viride X X X

Corallorhiza trifida X

Cotoneaster integerrimus X

Crepis alpestris X X X

Crepis aurea X X X

Crepis bocconeii X

Crepis conycifolia X

Crepis foetida X

Crepis kerneri X

Crepis paludosa X X

Cystopteris alpina X

Cystopteris fragilis aggr. X X

Dactylis glomerata X X X

Dactylorhiza incarnata X X
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Dactylorhiza maculata X X
- Dactylorhiza maculata subsp. fuchsii X
Dactylorhiza majalis X X X
Dactylorhiza sp. X
Daphne mezereum X
Daphne striata X X X
Deschampsia cespitosa X X X
Dianthus superbus X X X
Diphasiastrum alpinum X
Doronicum clusii X
Draba aizoides X
Draba fladnizensis X
Draba hoppeana X
Dryas octopetala X X X
Dryopteris carthusiana X
Dryopteris dilatata aggr. X
Elyna myosuroides X
Empetrum nigrum X X X
- Empetrum nigrum subsp. hermaphroditum X
Eplobium alsinifolium X
Epilobium angustifolium X X
Epilobium fleischeri X X X
Epipactis atrorubens X
Equisetum palustre X
Equisetum variegatum X X
Erica carnea X X X X
Erigeron alpinus aggr. X
Eriophorum angstifolium X
Eriophorum scheuchzeri X
Euphorbia cyparissias X X X
Euphrasia minima agagr. X X X
Euphrasia picta X
Euphrasia rostkoviana X X cf.
- Euphrasia rostkoviana subsp. rostkoviana X
Euphrasia salisburgensis X
Festuca pulchella X X X
Festuca quadriflora X
Festuca rubra aggr. X X X X
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- Festuca rubra X X X

- Festuca nigrescens X X

Festuca violacea aggr. X

Fragaria vesca X X X

Galeopsis tetrahit X

Galium album X

Galium anisophyllon X X

Galium boreale X X

Galium pumilum aggr. X X X

- Galium pumilum X

- Galium anisophyllon X X X

Gentiana acaulis X X

Gentiana asclepiadea X X X

Gentiana bavarica subsp. bavarica X

Gentiana brachyphylla X

Gentiana campestris X X X X

Gentiana clusii X X

Gentiana germanica X

Gentiana lutea X X

Gentiana nivalis X X

Gentiana punctata X X

Gentiana ramosa X

Gentiana utriculosa X

Gentana verna X

Geranium sylvaticum X X X

Geum montanum X X

Geum rivale X

Globularia cordifolia X

Globularia nudicaulis X

Gnaphalium supinum X

Gymnadenia conopsea X X X

Gymnadenia odoratissima X X

Gypsopila repens X X X

Hedysarum hedysaroides X X

Helianthemum alpestre X X

Helianthemum nummularium X X X X

- Helianthemum nummularium subsp. grandiflorum X

- Helianthemum nummularium subspbscurum X X
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Helictotrichon pubesaes X
- Helictotrichon pubescens subsp. laevigatum X
Helictotrichon versicolor X X X
Hepatica nobilis X
Heracleum sphondylium X X
Hieracium alpinum X
Hieracium hoppeanum Cf.
Hieracium lachenalii X
Hieracum lactucella X
Hieracium murorum aggr. X X X X X
Hieracium piliferum X X
Hieracium pilosella X
Hieracium sp. X
Hieracium villosum aggr. X X
- Hieracium pilosum X X
Hippocrepis comosa X X
Homogyne alpina X X X X X
Huperzia selago X X
Hypochaeris uniflora X
Juncus articulatus aggr. X X
- Juncus alpinoarticulatus X
Juncus jacquinii X X
Juncus trifidus X
Juncus triglumis X
Juniperus communis X
- Juniperus communis subsp. alpina X X X X
Knautia arvensis X
Knautia dipsacifolia X X X
Koeleria pyramidata X X
Larix decidua X X
Laserpitium latifolium X X X X
Lathyrus pratensis X
Leontodon helveticus X X X X
Leontodon hisfgus X X X X
- Leontodon hispidus subsp. danubialis X X
- Leontodon hispidus subsp. hispidus X X
- Leontodon hispidus subspseudocrispus X

Leontodon incanus
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Leontodon montanus Cf.

Leontodon sp. X

Leontopodum alpinum X

Leucanthemopsis alpina X

- Leucanthemopsis alpina subsp. alpina X

- Leucanthemopsis alpina subsp. minima X

Leucanthemum vulgare aggr. X X

- Leucanthemum adustum X X X X X

Ligusticum mutellina X X X

Ligusticum mutellinoides X X

Lilium martagon X

Linaria alpina X X X

Linnea borealis X

Linum catharticum X X X X

Listera ovata X X X

Loiseleuria procumbens X

Lonicera caerulea X

Lonicera nigra X

Lonicera ylosteum X

Lotus corniculatus aggr. X X X X

- Lotus alpinus X X X X

- Lotus corniculatus X X X

Luzula alpina X X X

Luzula alpinopilosa X

Luzula lutea X

Luzula luzulina X

Luzula luzuloides subsp. rubella X X

Luzula multiflora X X

Luzula pilosa X

Luzula sieberi X X X

Luzula sp. X

Luzula spicata X

- Luzula spicata subsp. mutabilis X

Luzula sudetica X Cf.

Luzula sylvatica X

Lycopodium sp. X

Maianthemumbifolium X

Medicago lupulina X
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Medicago sativa X
Melampyrum pratense X X X
Melampyrum sylvaticum X X X X
Melica nutans X X
Moeheringia ciliata X
Moehringia trinervia X
Molinia caerulea aggr. X
- Molinia caerulea X X
Moneses uniflora X X
Myosotis alpestris X X X
Myosotis alpina X
Myosoton aquaticum X
Nardus stricta X X X
Orthilia secunda X X
Oxalis acetosella X
Oxyria dgyna X X
Oxytropis campesis X X
Parnassia palustris X X X
Pedicularis rostratospicata subsp. helvetica X
Pedicularis verticillata X
Petasites paradoxus X X
Peucedanum ostruthium X X
Phleum alpinum aggr. X
- Phleum rhaeticum X X X X
Phleum hirsutum X
Phyteuma betonicifolium X X X X
Phyteuma hemisphaericum X
Phyteuma orbiculare X X X
Phyteuma scheuchzeri X
Picea abies X X X X
Pimpinella major X X
Pinguicula alpina X X X
Pinguicula vulgaris X
Pinus cembra X X X X
Pinus mugo subsp. mugo X
Pinus mugo subsp. uncinata X X X
Plantago atrata X X
Plantago lanceolata X
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Species

Without site information

Arround Sonnenhof (alluvia

plain, mires, grasslands,

woodlands)

Val Mulix below treeline

Val Mulix above treeline

Trail to Lai Palpuogna

Val Zvretta below treeline

Val Zvretta above treeline

Plantago major subsp. major

x

Plantago media

x

Plantago serpentina aggr.

- Hantago alpina

Poa alpina

Poa minor

Poa pratensis

Poa trivialis

Polygala alpestris

Polygala amara aggr.

- Polygala amarella

Polygala chamaebuxus

Polygala sp.

Polygala vulgaris

Polygonatum verticillatum

Polygonum viviparum

Potentilla aurea

x

Potentilla crantzii

Potentilla erecta

X | <

Prenanthes purpurea

x

Primula farinosa

Primula hirsuta

Primula integrifolia

Primula latifolia

Primula sp.

Pritzelago alpina subsp. alpina

Prunella grandiflora

Prunella vulgaris

Pseudorchis albida

Pulmonaria australis

Pulsatilla alpia subsp. alpestris

Pulsatilla alpina subsp. apiifolia

Pyrola minor

Pyrola rotundifolia

Ranunculus acris

Ranunculus alpestris

Ranunculus bryenius

Ranunculus montanus aggr.
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- Rarunculus montanus X X X
- Ranunculus villarsii X
Ranunculus thora X
Rhinanthus alectorolophus X
Rhinanthus glacialis X
Rhinanthus minor X X X
Rhododendron ferrugineum X X
Rhododendron hirsutum X
Rosa pendiina X X
Rubus caesius X
Rubus idaeus X
Rubus saxatilis X X X
Rumex acetosella X
Rumex obtusifolius X X
Rumex scutatus X X
Salix appendiculata X X X
Salix breviserrata X
Salix caesia X X
Salix betida X X
Salix herbacea X
Salix myrsinifolia X X X X
Salix purpurea X X
Salix repens X
Salix reticulata X
Salix retusa X X
Salix waldsteiniana X
Sanguisorba officinalis X X
Saussurea alpina X X
Saxifraga aizoides X X X X
Saxifraga bryoides X
Saxifraga caesia X
Saxifraga paniculata X X
Saxifraga rotundifolia X
Saxifraga stellaris X
Scabiosa columbaria aggr. X
- Scabiosa lucida X X
Sedum sp. X X
Sedum villosum cf. cf.
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Selaginella selaginoides X X X
Sempervivum montanum X X
Senecio abrotanifolius X
Senecio doronicum X X X
Senecio hercynicus X
Senecio incanus X
- Senecio incanus subsp. carniolicus X
Senecio ovatus aggr. X
Senecio rupestris X
Sesleria caerulea X X X X X
Sibbaldia procumbens X
Silene acaulis X
Silene dioica X
Silene nutans X
- Silene nutans subsp. nutans X
Silene pratensis X X
Silene rupestris X
Silene vulgaris subsp. vulgaris X X X X
Soldanella alpina X X
Soldhnella pusilla X X X
Soldanella sp. X
Solidago virgaurea X X X X X
Sorbus aucuparia X
Stellaria nemorum X
Taraxacum oftiinale aggr. X X X
Taraxacum sp. X
Thalictrum aquilegiifolium X X
Thalictrum minus X
Thesium alpinum X X X X
Thesium pyrenaicum X X X
Thymus alpestris X X X
Thymus praecox subsp. polytrichus X X X
Thymus praecox subsp. praecox X X X X X
Thymus pulegioides X
- Thymus pulegioides subsp. pulegioides X
Tofieldia calyculata X X X
Trichophorum cespitosum X X X
Trifolium alpinum X X
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Trifolium aureum cf.
Trifolium badium X X
Trifolium medium X
Trifolium montanum X
Trifolium pratense X
- Trifolium pratense subsp. nivale X X
- Trifolium pratense subsp. pratense X X X
Trifolium repens X X
Trifolium thalii X X
Trollius europaeus X X X
Tussilago farfara X X X
Urtica dioica X X
Vaccinium myrtillus X X X
Vaccinium uliginosum aggr. X X X
- Vaccinium gaultherioides X X X
Vaccinium vitisdaea X X X X X
Valeriana diversifolia X
Valeriana montana X X X X
Valeriana officinalis X
Veratrum album X X
Veratrum album subsp. lobelianum X
Veronica alpina X
Veronica bellidioides X
Veronica fruticans X
Veronica officinalis X
Vicia cracca X X
- Vicia cracca $sp. incana X
Viola biflora X X X
Viola palustris X
Viola sylvestris aggr. X X
Agaricus comtulus X
Agaricus langei X
Agaricus porphyrocephalus X
Albatrellus ovinus X
Amanita muscaa X X
Amanita submembranacea X X
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Species

Without site information

Arround Sonnenhof (alluvia

plain, mires, grasslands,

woodlands)

Val Mulix below treeline

Val Mulix above treeline

Trail to Lai Palpuogna

Val Zvretta below treeline

Val Zvretta above treeline

Amanita vaginata

x

Ampulloclitocybe clavipes

Amylostereum areolatum

Armillaria ostoyae/borealis

Arrhenia griseopallida

Arrhenia oniscus

Arrhenia velutipes

Ascobolus sp.

Atheniella flavoalba

Atractosporocybe inornata

Bankera violascens

Bisporella citrina

Boletus edulis

Bovistaplumbea

Bovistella utriformis

Bryoglossum gracile

Calocera viscosa

Calocybe carnea

Cantharellus cibarius

x

Cerocorticium sp.

Chalciporus piperatus

Cheilymenia stercorea

Chroogomphus helveticus

X | X | x | X

Clavaria fragilis

Clitopilus scypbides

Clitopilus sp.

Collybia cookei

Conocybe fuscimarginata

Conocybe ochrostriata

Coprinopsis nivea

Coprinopsis patouillardii

Coprinopsis sp.

Coprinopsis tigrinella

Coprobiagranulata

X [ X | X | X |x | X

Cortinariusdistans

Cortinarius crassifolius

Cortinarius sect. Phlegmacium

Cudonia confusa
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Cuphophyllus virgineus X
Dacrymyces stillatus X
Deconica montana X X
Entoloma longistritum X
Entoloma mougeotii X
Entoloma serrulatum X
Entoloma sodale X
Exidia nigricans X
Exobasidium juelianum X
Exobasidium myrtilli X
Exobasidium rhododendri X
Exobasidium vaccinii X X
Fayodiagracilipes X X X
Fomes fomentarius X
Fomitopsis pinicola X
Galerina marginata X
Gliophorus irrigatus X
Gliophorus psittacinus X
Gloeocystidiellum leucoxanthum X
Gloeophyllum abietinum X
Gomphidius glutiosus X X
Gymnopilus junonius X
Gymnopus androsaceus X
Gymnopus dryophilus X X X
Gymnosporangium cornutum X
Hebeloma mesophaeum X
Hemimycena sp. X
Hydnellum caeruleum X
Hydnellum concrescens X
Hydnum repandum X
Hygrocybe chlorophana X
Hygrocybe conica X X
Hygrocybe flavescens X
Hygrocybe miniata X
Hygrocybe nigrescens X
Hygrocybe punicea X
Hygrophorus atramentosus X
Hygrophorus chrysodon X
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Species

Without site information
Arround Sonnenhof (alluvia
plain, mires, grasslands,
woodlands)

Val Mulix below treeline
Val Mulix above treeline
Trail to Lai Palpuogna
Val Zvretta below treeline
Val Zvretta above treeline

Hymenoscyphus sp.

x

Infundibulicybe gibba X

Inocybe geophylla X

Inocybe mixtilis X

Inocybe sp. X

Laccaria montana X

Lachenllula suecica X

Lactarius badiosanguineus X

Lactarius deterrimus X

Lactarius pseudouvidus X

Lactarius rufus X

Lactarius scrobiculatus

Lactarius semisanguifluus X

Lactarius trivialis

Lactarius turpis

X | X [ X | X | X | X

Lactarius zonarioides

Laetiporus sulphureus X

Lasiobotys lonicerae X

Leccinum scabrum X

Lepista nuda X

Leucocybe connata X

Lichenomphalia umbellifera X

Lophodermium pinastri X

Lycoperdomolle X

Lycoperdon lividum X

Lycoperdon perlatum X

Lycoperan pratense X

Mallocybe fulvipes X

Mallocybe leucoblema X

Marasmiellus ramealis X

Marasmius androsaceus X X

Melampsora epitea X

Melanoleuca melaleuca X

Melanoleuca subalpina X X

Mensularia radiata

Mollisia sp.

Mucronella calva

X | X | X | X

Mycena abramsii
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Mycena aetites X
Mycena alcalina X
Mycena amicta X
Mycena aurantiomarginata X
Mycena capillaripes X
Mycena epipterygia X
Mycena filopes X
Mycena galericulata X
Mycena galopus X
Mycena laevigata X
Mycena leaiana X
Mycena maculata X
Mycena metata X
Mycena olivaceomarginata X
Mycena pura X
Mycena sp. X
Mycena strobilicola X
Mycena xantholeuca X
Mycocentrodochium curvisporum X
Neolentinus lepideus X
Panaeolina foenisecii X
Panaeolus papilionaceus X
Panaeolus semiovatus X
Parasola misera X
Peniophora aurantiaca X X
Phaeoclavulina flaccida X X
Phaeolus schweinitzii X X
Phloeomana alba X
Phloeomana clavata X
Pholiota scamba X
Pilobolus sp. X
Protostropharia semiglobata X X
Pseudosperma rimosum X
Puccinia bistortae X
Puccinia festucae X X
Pyxidiophora sp. X
Ramaria largentii X
Rhizopogon odoratus X
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Species

Without site information

Arround Sonnenhof (alluvia

plain, mires, grasslands,

woodlands)

Val Mulix below treeline

Val Mulix above treeline

Trail to Lai Palpuogna

Val Zvretta below treeline

Val Zvretta above treeline

Rickenella mellea

x

Rickenella sp.

Roridomyces roridus

Russula acrifolia

Russula adusta

Russulalutacea

X | X [ X [ X [ X

Russula consobrina

Russula decolorans

Russula densifolia

Russula laccata

Russula montana

Russula nana

Russula nauseosa

Russula rhodopus

Russula sp.

Russulasubrubens

Russula viscida

Rutstroemia bolaris

Scutellinia scutellata

Spathularia flavida

Steccherinum ochraceum

x

Stereum sanguinolentum

Suillus cavipes

Suillus granulatus

Sillus grevillei

Suillus placidus

Suillus plorans

Suillus variegatus

Suillus viscidus

Trichaptum abietinum

X | x [ X [ X [ X [ X [X [X

Tricholoma atrosquamosum

Tricholoma inamoenum

Tricholoma psammopus

Tricholoma scalpturatum

Tricholoma sulphureum

Tricholoma terreum

Tricholomopsis decora

X [ X [ X | X

Tricholomopsis rutilans
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Tubaria conspersa
Tubulicrinis glebulosus X
Uromyces cacaliae X
Uromyces satiaginis X
Uromyces trifolirepentis X X
Uromyces veratri X
Xerocomellus chrysenteron X
Orthoptera
Chorthippus apricarius X
Chorthippus parallelus X X
Gomphocerus sibiricus X
Metrioptera braclyptera X
Miramella alpina X X
Omocestus viridulus X X
Stethophyma grossum X
Tetrix bipunctata X
Lepidoptera
Aglais urticae X
Agynis aglaja X
Boloria pales X X
Boloria titania X X X
Coenonympha gardetta X
Erebia mnestra X X
Erebia montana X
Erebia tyndarus X
Fabriciana niobe X X
Hesperia comma X
Parnassius apollo X
Parnassius phoebus X
Pieris napi X
Plebejus idas X X
Polyommatus coidon X
Pyrgus alevus X
Speyeria aglaja X
Thymelicus lineola X
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Amphibians

Rana temporaria X

Vipera berus X

Birds
Acanthis flammea X

Anthus spinoletta X

Aquila chrysaetos X

Ardea cinerea

Buteo buteo

Cinclus cinclus

Corvus corone corone

Dendrocopos major

XX | X | X | X | X

Dryocopus martius

Falco tinnunculus X X

Ficedula hypoleuca

Fringilla coelebs

Garrulus glandarius

Lophophanes cristatus

Loxia curvirostra

Motacilla cinerea

PO S O I S B
x
x

Nucifraga caryocatactes

Oenanthe oenanthe X

Parus major

Periparus ater

Phoenicurus ochruros

Phoenicurus phoenicurus

Phylloscopus collybita

Picus viridis

XX [ X | X | X | X |

Poecile montanus

Prunella collaris X

Ptyonoprogne rupestris X X

Pyrrhocorax graculus X X

Pyrrhula prrhula X X

Regulus regulus X X

Saxicola rubetra X
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Sitta europaea

Spinus spinus

Sylvia curruca

Troglodytes troglodytes

Turdus merula

Turdus pilaris

X | X | X | X | X | X |[|X
x

Turdus viscivorus

Mammals
Apodemus sp. X X

Capra ibex

Capreolus capreolus X

Cervus elaphus X

Chionymus nivalis

Marmota marmota X

Xl |2 x| = | |x

Microtus arvalis

Microtus sp. X

x

Mustela erminea

Myodes glagolus X X X

Pitymus sp. X

Rupicapra rupicapra X X

Sorex alpinus X

Sorex araneus aggr. X

Sorex minutus X X

Sorex sp. X X
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Appendix Il: Photo plates

Compiled by Tom Bischofgiosby Tom Bischofldurgen Dengler and Hanna
Schreiber

The Group HouseSonnenhof
= I8

Our accommodatioim the middle ofnature with impressive views of the Albula Region.

At times, the trees around the house were full of migratisongbirds such as Pied flycatchHécedula hgoleuca
Common Redsta®hoenicurus phoenicurasd Eurasian siskBpinus spinus
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The Aula alluvial plain

In the habitat mosaiclose to the Sonnenhothe vegetation was sampled (middle) and photo trapsre hidden
(bottom left). Observed sxies includedVhite-throated DipperCinclus cinclu@op left), Dark green fritillaryArgynnis
aglaia(middle left) Gentiana asclepiadef@niddle right) Crested Tit (bottom middlegnd Pyrgus alveugottom right).
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Biodiversitymonitoring fieldwork atVa Mulix

Along the whole Val Mulitransect permanent sampling plots werassessedising a multiscale approach. Some
animals were also observe@€ommon AddeWVipera berugright) was discovered below the tree line. Green Mountain
GrasshoppeMiramella alpira (left) was the mostbundant insect in the meadows.
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Thehigherpart of the Val Mulixs home to a diveesplant community.Flowering species includesblidago virgaurea
Phleum rhaeticummAconitum napellusAconitum lycoctonunDianthus superbuand Lilium martagonLTR. At the top of
the slopes a large deer he(@ervus elaphQsvas seen grazingetween the rockgbottom right).
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Fieldwork was conductedt high altitudes.Scheuchzer's cottongraggiophorum scheuchzefeft) grows at the border
of Lai Negr at 2600 m.s.|.Evening time was spent identifying plants and listeninthtogroug's presentations (bottom
half).



Summer School Biodiversity Monitoring Pred2@0 77

Smallmammalmonitoring

The small mammal group conducted a monitoring using “Manahalhoto traps. Additionally, dead animals found on
the paths (e.gSorexsp) were collected and identified. Identification wakopracticed on Anette’s collectiofibbottom).
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Grousefield trip

Introduction by Roland Graf to the habitat assessmémnt Western Capercailli@etrao urogallusand Hazel grouse
Tetrastes bonsajatwo bird species suspected to live in the ar@ut no traces were foundAmong other fungi,
ChanterelleCantharellus cibariugniddle) and Sulphur porlinigaetiporus sulpheus (middle left) wereabundant
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Val Zavretta

The vegetation in Val Zavretta surprised with a high nundfespeciesDiversity here i$avoured by alkaline conditions:
Gymnadenia conopsdéeft), Saxifraga paniculatémiddle right)and Edelweisd. eontopodium alpinun{bottom right).
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Even well above the tree line the species richness was impregsivestis alpinaSaxifraga paniculataAlpine accentor
Prunella collarisAlpine marmotMarmota marmotg Linaria alpina Chalkhill bluePolyanmatus coridon Northern
WheatearOenantheoenanthe Campanula cenisj&ileneacaulis
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Lastevening in Preda

A delicious brbeque dinner was followed by an outdopresentation about bats by Annette. Everyone enjoyed eating
outside for once bfore cleaning the housthe next morning
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