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On initiative of the government athe Autonomous Province of Bolza&iidtirol (Province Bolzano
Sudtirol, Regiomrentinc-Alto Adige, Italy) diodiversitymonitoring program wagstablished starting

with sampling on terrestrial sites in 20&8d onrunning watersitesin 2021 TheBiodiversity Monitoring
South Tyrol (BMiB short) is a longterm projectwith repetitionson aregularbasis The BMSvas launched

and is conducted by the Institute for Alpine Environment of Eurac Research in collaboration with the
adzaSdzy F2NJ bl GdzNB {2dziK ¢&@NRf |yR (GKS LINRPOBAYOS 2F {
well as the Department for Agriculture.

BMSsurveysbiodiversitythroughout thearea of South Tyrol and within the most important habitat tgpe
(Tab. 1 Tab. 2, includingnear-natural,agricultural,and urban habitatsBMSspars sitesfrom the planar

zone up to the high alpine zonat the centerof the monitoringare specifiedmonitoring sitesall surveys

are conducted m or directly around tlese sites (Fig. 1)In total, we investigate 320 terrestrial survey sites
overa period of five yearsyhichis 64 single sites per yed&or the monitoringdf running wates (in short
aquatic BMS) we investigaie?0sites in total over a period of four years.

Figurel: Scheme of field methodology for each organism group in BM& = terrestrial monitoring
part, H = running water monitoring

BMSsurveys species groups that reaemnsitivelyto climate and laneuse changesThe focus groups are
vascular plants, bryophytes and lichens, bjtuigs, butterfliesand grasshopperas well asquatic insect
larvaein addition tospiders andother ground or neagroundliving invertebrate groupsApart from
single taxonomic groupsthe monitoring includes a survey ofthe landscape and habitats of the
surrounding areasWithin the project, abiotic soil andwater parameters in terrestriaand aquatic
habitats are studiedrespectivelyFinally, it als@ollectsseveralvariables regarding agricultural and forest
management

On the terrestrial BMS sitesll plant and animal groups are surveyed each habitat type. The
methodology for the survey of single groups, however, may slightly vary between habitat. types
Deviations from the standard protocol are explained in the respective sectibtisis handbook.



This handbook gives a complete guide to the survey of all taxonomic gemmmtuctedwithin the
Biodiversity Monitoring South Tyrol.

Tablel: Terrestrial labitat types surveyed within the BMS per year and in total. Most habitat types have
subcategories depending on elevation belts.

Habitat typeterrestrial sites BMScode Per year Total (five
years)

Hay and silage meadows

collinegmontane, subsidized (HNV) HEM 4 20

subalpine, subsidized (HNV) HES 2 10

collinegmontane, not subsidized HNM 4 20

subalpine, not subsidized HNS 2 10
Total 12 60
Pastures

colline¢csubmontane PAC 2 10

montane PAM 2 10

subalpine PAS 2 10
Total 6 30
Alpine meadows

on calcareousubstrates AMC 2 10

on intermediatesubstrates AMI 2 10

on silicioussubstrates AMS 2 10
Total 6 30
Alpine rockyhabitats

on calcareousubstrates ARC 2 10

on intermediatesubstrates ARI 2 10

on silicious substrates ARS 2 10
Total 6 30
Vineyards

flat WYF 2 10

steep WYS 2 10
Total 4 20
Apple orchards

organicproduction OAO 2 10

conventional or integrated production (IP) OAC 2 10
Total 4 20
Arable land

maizefields CFM 2 10

cerealfields CFC 2 10
Total 4 20
Forests 12 60

Oak forestgincl. OakScots Pine forests) FDO 2 10

Manna AshHop Hornbeam forests FDM 2 10




Beech forests (incl. Bee@pruceSilver Fir| FCB 2 10
forests)

Spruce and Silver Fir forests F® 2 10

LarchSwiss Pinéorests FQ@ 2 10

riparian forests FRI 2 10
Total 12 60
Wetlands

peat bogs BOG 2 10

lake shores LAK 2 10
Total 4 20
Settlements

cities and larger towns SEC 2 10

smaller villages SK/ 2 10

industrial and commercial areas SH 2 10
Total 6 30
Total, allterrestrial habitat types 64 320

Table2: Types of running watsrsurveyed within the BMS per year and in totdfot each stream
category10 sampling points were selected throughout the region, 2 of wgiB'S FA Yy SR I &
LJ2 A ¥ éréséheduled to be sampled each ye@ihreestream categories are sampled every year.

Habitat type running wates BMScode Per year Total (four
years)

Glacierfed running wateis

Stream cat. 1. glacided, montane, bigg GMRS | 12352 | 2 + 8* 10
discharge,

medium to steep, silicatic

Stream cat. 2: glacided, alpine, small GALN | 13133 | 2 + 8* 10
discharge,

steep, mixed, geology

Stream cat. 3. glacided, alpine, medium GABS | 13232 | 2 + 8* 10
discharge,

steep, silicatic
Surface water unning waters

Stream cat. 4:surface water, colline, smal RCLS | 31162 | 2 + 8* 10
discharge,

mixed slope, silicatic

Stream cat. bsurface water, montane, small | RMLC | 32131 | 2 + 8* 10

discharge, steep, carbonatic

Stream cat. 6surface water, montane, small | RMLS | 32132 | 2 + 8* 10

discharge, steep, silicatic

Stream cat. 7surface water, montane, mediunf RMBC | 32231 | 2 + 8* 10

discharge, steep, carbonatic

Stream cat. 8surface water, montane, mediunf RMBS | 32232 | 2 + 8* 10

GNBFSNBY
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discharge, steepsilicatic

Stream cat. 9:surface water, montane, bi¢ RMRS | 32352 | 2 + 8* 10
discharge,

medium to steep, silicatic

Stream cat. 10surface water, alpine, smal RALC | 33131 | 2 + 8* 10
discharge,

steep, carbonatic

Stream cat. 1lsurface water, alpine, smal RALS | 33132 | 2 + 8* 10
discharge,

steep, silicatic

Stream cat. 12surface water, alpine, medium| RABS | 33232 | 2 + 8* 10

discharge, steep, silicatic
Total 48 120

1.1 Terrestrial siteselection

We selectedthe single study sites using a stratified selection approach, using the previously mentioned
categories of land use as straWithin the single strata wepartly performeda random site selectian
Randomization was not used for sites that arenderousto access(see table 2 and the following
subchapters for details)Ve used different geographical baseline data to calculate the total area of the
different habitat strata in South Tyrol, in which we then magmint selectionForfarmlandwe usedthe
management categoriespplied by theDepartment for Agriculture of the Provinedthin the database

of agriculturally used areas in South Ty{oAFIS 209@&xcept forextensivesubsidzed haymeadows for
which we useddata from the NatureDeparment of the Provirce (data unpublished) For forest
characterization we used the data from the forest typology map published b¥d¢hest Departmenof

the Provincan 2010(Provincia Autonoma di Bolzano 2018)pine sitesvere manually selected that are
easily accessible via existing roamscablecars Tab.3 specifies the selection criteria for all terrestrial
sites.Once the single sitegere preselected a fieldheckwasnecessaryWithin this work task we cheel
acessibilityand asked owners for their perngsion. Additionally, we cheeH if the site really represents

the selected habitat typeSometimes theravere errors in thegeographical baseline datar the habitat

type hal changed irthe foregoingyears.If there were larger deviationswe searcled for an alternative

in the close surroundings of the selectedordinates.
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Table3: Selection criteria for single habitat categories

Habitat type

Selection criterion

Hay and silage meadows

collinegmontane and
subsidized (HNV)

subalping

Randomized within HNV subsidized areas

collinegmontane and subalping not
subsidized

Randomized within LAFIS meadow area

Pastures

colline¢submontane

Not randomizeg see subchapter

Partly randomizeadvithin LAFI$asturearea partly not

montane (seesubchapter)
Randomizedwithin LAFIPasturearea adjustment after
subalpine check foraccessibilitfsee subchapter)

Alpine meadows

Not randomized, see subchapter

Alpine rocky habitats

Not randomized, close to alpine meadow sites (¢

subchapter)
Vineyards Randomized within LAFIS vineyard area
Apple orchards Randomized within LAFIS apple orchard area
Arable land
maize fields Randomized within LAFIS maize field area
cereal fields Randomized within LAFt8real field area
Forests

All forest types except riparian forest

Randomized withirfiorest typology map

riparian forests

Not randomized, see subchapter

Wetlands

Not randomized, see subchapter

Settlements

Notrandomized, see subchapter

Running wates

Within the entirety of all areas of a given habitat type, we randomly selected sampling sites evenly

Selectively/stratified randomized, see chapter 2.11

distributed over the territory of South Tyrol. Bvoid a spatial "clumping" of the sites in the main valleys
where the highest density of managed habitat types is located, we performed-sgbeetion based on a
grid. The distribution of the sites is based on thapping grids of the floristic mapping Gentral Europe
(Niklfeld, 1971). The same grid is also used for floristic and faunistic mapping of South Tyi\ilHafm

et al. 2014www.florafauna.i). 9  OK 3ANK Rl Y& &
latitude of 3 min (= 6.3 x 5.6 km). There are approximately 260 grid cells in South Tyrol. For each habitat
type only areas within grid cells where the habitat type is present/occurring with at least 2¢erea
preselected. Of these all areas smaller than 1 ha were excluded (excefaiaeseal fields with 0.5 ha).
Of the remaining areas one was randomly selected for each grid cell using the ArcGiGbsetl
feature (randomgeneratorACM599) and additicadly 2 substitutesvere selectedIn a final step, 10 sites
(20 inthe case of montane hay meadows) were randomly selected from theselection. If the selected
site was found to be unsuitable during the visit (wrong habitat) or the ownemdidgivetheir consent,

one of the substitute plots within the grid cell was chosen. To allow for a balanced sampling design a

Ko&dZd REE2 INinkid A O f

minimum distance of 1 km between the single sites of any habitat category was maintained.

f2y3
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The exact coordinatesf the sites within the sdectedareaswere selected using the ArcGIS ttmkreate
random pointswithin the previously selected final areasattwere placed at least 30 m from the edge of
the habitat area.

1.2 Site selection running waters

In order to detect the maximum possébbiodiversity, aguatic monitoring sites for running waters were
selected considering thentire stream and river network of South Tyrol. Since the classification of river
typologies included in the EU Water Framework Directive (2000/6(HE@)pean Parliament and Council
2000)only considers catchments whose surfacél ilOkn?, we developed a new method mainly based

on the classification of river typologies developed by the Swiss Federal Office for the Environment
(Schaffner et al. 2013)

Table4: Classification codes and affiliations.

criteria water origin  |elevation discharge slope geology
code X0000 0X000 00X00 000X0 0000X
classification [ glacier 1 colline 1 small 1 flat 1 carbonatic
2 spring 2 montane 2 medium 2 medium steef]2 silicatic
3 surface water|3 alpine 3 big 3 steep

More specificallyfive geological, topographic, and morphological parametevgter origin, elevation,
slope, main geology of the riverbed, discharge (Balkig. 4 ¢ were combined to assign a type to each
stream or river segment of South Tyrol, where a segment is the poofigtream/river where the above
mentioned parameters remain constant through space.

All parameters were derivechtough GIS analysis (FR), and then added to each stream or river using
ArcGIS 10.3ESRI 2014patial allocation toolsirftersectfor vector data add surface informatioffior
rasters) and the geocatalogue big province of Bolzandttps://www.provinz.bz.it/naturumwelt/natur-
raum/Default.asp?404;naturaum/themen/landeskartografie.agp

- The water origin was determined by identifying rivers which originate directly from or near
glaciers or which start near one or multiple springs. All other streams were classified as
surface water streams.

- The elevation ws quantified using the DigitalTerrainMoe2bm and assigned to classes
according to Talb.

- Thesloperaster was created using treopeArcGIS Function on the DigitalTerrainMadel
2.5m and the values where then assigned to classes according t6.Tab.

- For the geology parameter the shapefile based on the geological overview map of South
Tyrol was used and all formations were assigassilicatic or carbonatic rocks based on
the correct lithology.

- To estimate the average discharge of each stream segmentlafveaccumulatiorwas
calculated using an annual watbalance raster as input weight. Afterwards, to link this
information to the strems the highest flow accumulation near each stream segment was
selected $nap pour point By multiplying this flow accumulation value with the pixel cell
size in m? and dividing it by the number of seconds per year we got the average annual
discharge infs. The stream segments were then assigned to classes according ta Tab.

13
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Table5: classes and thresholds for elevation, disgeaand slope.

Elevation

class threshold
colline <600 m
montane 600-1800 m
alpine >1899 m
Discharge

class threshold
small < 0.05 m3/s *
medium 0.05-1 m3/s
big > 1m3/s
Slope

class threshold
flat <0.5%
medium steep 0.5¢5 %
steep > 5 %

*only streams withadischargeof >0.02 m3/s were considered becausetlud risk of selecting intermittent
streams

Out of 18 types identified for South Tyrol, 12 were retaifgthggregating some of thetogether (Fig.

2). This choice was motivated by the decisiorhavel0 streams/rivers for each type, in order to have a
balanced scheme suitable for consistent statistical analyses. The code of the stream/river types shows
GKFGY F2NJ SEFYLX ST (GKS f1ad ydzYoSNI 2F (GKS &idNBI
2F YSNHAYy3I (GKS (g2 SKS?2Hy2RA aa &0 {I58@IGERT6¢ thelanebSBlebtiditio
process of the actual potential sampling sites, a-gpaenple of 20 streams for each of these 12 types was
selected using the ArcGIS functi®anbset featurewith seed value 1 and random geia¢or type ACM599.

The advantage of this tool in selecting sites was that it selected streams well distributed all over South
Tyrol, since it is originally intended to produce a training dataset for a surface model.

Out of the 240 randomly selected streathg final sampling points selection (10 + 2 for each stream/river
type) was done manually by looking at each location on the most recent Orthophoto
(https://geoportal.buergernetz.bz.it/geodatendienste.asp2015/2017) and after having visualized
additional accessibility information (e.g. distance and elevation difference to nearest road, distance along
a hiking traito nearest road; accessibility was griority factor). Additionally, locations nearby sampling
points that are already sampled by the Autonomous Province of Bolzano/Bozen for duties connected to

v
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Raster data Stream classification

Digital Terrain Model | | , Reclassify Elevation , Add surface , Classified
2.5m classes information Watercourses
Annual Slope —. Reclassify Slope Add surfgce
Water-balance classes information
|
l
, Flow Flow
Vector data direction Accumulation

| Site selection
Hydrology: spatial Join Discharge Iterate stream
Watercourses classes classes
Hydrology: l
Glaciers Inventory - Spatial Join —— Waterorigin ————— subset features
Hydrology: Springs ) l

- : Random Pre-sample

Geological Units L. Intersect _, Geology o P
Overview classes

|

Input data Method Output

Figure2: Schematic workflow dhe preparation of the single datasets used for the identification of
stream types sampled during the biodiversity monitoring South Tyrol in ArcGIS

g GSNJ ljdzl t Aie aaSaaySyda 2F a9! 2F0GSNJ CNI¥ionS62N] 5AN
process.

Eventually, each stream type contained 10 streams. Therefore, in total 120 samplingesi¢éedentified

distributedall over South Tyrol.
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Every year three entire stream/river type categories are sampled as well astteaims/rivers of every
stream/river type &sgeographically apart as possible). Thus, each year 48 sites are sampl8&(&g.

- 24 points are considered as reference sites for assessing temporal variability, so this subset

(with the same 24ampling points) is sampled annually.
- 4 are additional sites whosemampling is scheduled to happen every 4 years.

Stream Types

12352 13133 13232 31162 32131 32132 32231 32232 32352 33131 33132 33232

«— every year

@&n 120 sites

- 00000000 00
4 )
Y

! ! !

1st year 2nd year 3rd year 4th year
(48 sites) (48 sites) (48 sites) (48 sites)

...and back to 1st year

Figure3: Individual codes of thénal stream types and BMS sampling scheme for running water
South TyralEach number of the code refers to the parameters that define the stream type (seB)Te
For example: stream type 13133 refers to the river type of glacial water origin (1), alpine elevatior
small discharge (1), steep slope (3), with mixed geol@g¥=3). This last example with geology show
how the identified types were in soneses merged, due to the lack of a suitable number of sites in
statistic terms.See text for more details.
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Figure4: Examples fodifferent stream types Upper row glaciefed stream categories,
middle row carbonatic surface water, lower row silicatic surface water
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1.3 Detailed description of terrestrial habitat categories

1.3.1Hay and silage meadows

Meadows are a very heterogeneous habitat type. Depending on mowing frequency, fertilizetanock
exposure and inclination, altitude leveljmate and history of use, different types of meadows develop.
Due to the limited number of samm@ewe hadto applysevere restrictions. In total, the meadowsre
divided into twocategories based oelevationalzonation(Fig. 5)

- Collingmontanezones 250¢ 1800 ma.s.l.
- Subalpinezone 1800¢ 2200 ma.s.l.

Due to the factthat meadowsin South Tyrolre very heterogeneous anan the other handa very
important and characteristic habitat for South Tyrol, ttetal number of sites is relatively large 40
meadows in the lower vegetation belts and 20 in the subalpine békse 60 sitewere subdivided into
two subcategoriesHalf of the sites were selected frameadows whichieceiveHigh Nature Value (HNV)
subsidies(LandschaftspflegepramiehPremi incentivanti per la cura ed il mantenimento del paesgggio
andthe other halffrom among thosewithout specific high nature value (HNV) subsidid¢onsubsidized
hay meadows are usually managed intensively or getensively whereas for the subsidized ones
extensive management is a precondition feceivingsubsidies. The termdintensive meadow refers to
flat (usually levelled) meadows with a very good nutrient supply (= fertilization), with a high mowing
frequency (varying according to altitude: from 3 cuts in low altitudes to onatdugh altitudes) and with
an early first mowing datedExtensive meadovésare notor only slightlyfertilized ©nly remote stable
manure), the mowing frequency is lowerspally 1 cut per yedrthe first mowing date is relatively Iate
usually after the 18 of July.

Table6: HNV subsidized types of the Autonomous Province of Bol3aunth Tyrol and their congruency
with Habitats Directive types.

German name Italian Name Habitats Directive Code
Speciesich Nardugrasslands, on silicious
substrates in mountain areas (and 6230
Magerwiesen prati magri submontane areas in Continental Europe
Seminatural dry gras§lands (Festuco 6210(*)
Brometalia)

Molinia meadows on calcareous, peaty o

i . . - 6410
Niedermoorwiesen prat! a clayeysilt-laden soils (Molinion caeruleae
torbiera bassa
[mown] Alkaline fens 7230
o Lowland hay meadows 6510
prati di
Artenreiche Bergwiesen | montagna .
¢ g Mountain hay meadows 6520

ricchi di specie
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Several meadow types in South Tybelong to a habitat type listeth the Habitats Directive Tab.6).
Virtually all subsidizedheadow typesare Directive habitats The categoriesvithin the SouthTyrolean
subsidizatiorschemehowever, are strongly simplified andra not totally congruent with theHabitats
Directive habitat types (Tah 6). In most cases nonsubsidizedmeadowsdo not fall into a Habitats
Directive typeHowever, thesubsidies ardased on a voluntary basis and farmers must actively apply for
them. Occasionally, they thereforeaive the subsidies even if theland would be eligibleHowever,
experience from the first survey years showed that this is rarely the case andrtiaily all the surveyed
areas in the "not subsidized" category wéneleed not eligible.

Figureb: Upper row:ntensively managed montane meadow in Passeiertal/Passiria @gfgnsive
montane meadow in St. Vigil/St. Vigilio (rightpwer row: intensively managed subalpine meadow
Zirog (Brennero/Brenner; leftgnd extensive subalpine meadow Seiser Alm/Alpe di Siusi (right).

1.3.2Pastures

Grazed areas in South Tyrol can be found from the valley to the high mountains. While grazing from the

colline to the montanéelt is mostly linited to single, mostly isolatedreas, often close téarmsteads, it
is mostly carriedbut over large areas the subalpine beltThehabitat categorydpasture in the BMS is
limited to those areas that are primarily kept opendmazingand excludes grazd meadows.

Pastures were subdivided into three subcategofigig. 6ased orelevational zonation

- Collinegsubmontanezone 250¢ 800 ma.s.l.

- Montanezoneg 800¢ 1800 ma.s.l.

- Subalpinezong 1800¢ 2200 ma.s.l.

Within these three subcategories no further division has bemade Grazingin South Tyrol is
predominantly extensive. Mogiasturestherefore fall into the category oHNV farmlandA large share
of pasturesin all elevation zonebelong toa habitat type listed in thélabitatsDirective.South exposed
pasturesof the colline to lower montane zon@specially in the continental valleyse covered with dy
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meadowtypes of the HabitatsDirective Subcontinental steppic grassland6240), in less continental
areas alsavith Seminatural dry grasslands (FestuBvometalia)(6210(*)). Rstures oracidicsoils of all
exposures of the montane teubalpine elevation zone are frequently covered Spyeciesich Nardus
grasslandg6230) Additionaly, wefind pasturesof Cynosurion and Poion alpina& soils well supplied
with water and nitrogenBoth are not part othe Habitats Directive92/43/EEC

Figure6: Collinesubmontane pastur&oldrain/Coldrano; montane pasture Latzfons/Lazfons; subalpine
pasture Rodenecker Alm/Alpe di Rodengo.

1.3.3Vineyards

Vineyards are mostly found in the Etsch/Adige and Eisack/Isarco valley and in Vinschgau/Val Venosta.

Within the category we distinguiskdebetween flat and steep vineyards$-ig. 7). In each of these
subcategorieswe chose 10 sites. We consider those which hameaninclination below 20% (11.38s
flat and steep one above 30% (16.7°Yineyards younger tha# years were excludeddowever, if the
areas are replanted in the future the sites will be maintained even itithe islessthan four yearsDue
to the very specific requirements for the cultivation gfapevinesvegetation and ecological conditions
are very similar in allineyards We refrained therefore from elevational stratification.

Figure7: Flat vineyard next to Salurn/Salorand steepvineyardnext to Feldthurns/Velturno
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1.3.4Intensive Apple orchards

The area of apple cultivation in South Tyrehches from thecolline to the lower montane zone. We
subdivided the category inttwo subcategories:

- conventional or integrategiroduction(IP)
- organic production

Due to very specific managemenegetation and ecological conditions are very similar in all intensive
apple orchards. We refrained therefore from elevational stratification. 3électedapple orchardsare

all intensive, i.e.they consist of rows of smalindividually plantedrees(max. heighof usually less than
3m, Fig.8). Traditional orchard meadows & { (i NB dz2 owithilargerSiagieyrées anacultivation of

the undergrowth as grasslandere not consideredn this categoryIntensive apple orchards younger
than5years were excludeddowever, if the areas are replanted in the future, the sites will be maintained,
even if thetime islessthan four years.

g
!

=

Y

Figure8: Apple orchard with integrated productiomext to Kurtatsch/Cortaccj@rganic apple orchard
AlbeingAlbes

1.3.5Arable land

We distinguished betweenwo main types of arable landnaize fields and fieldsf other cerealspecies
(in short cereal fieldsFig 9. While maize fieldso producesilagemaize are an integral part of intensive
grassland farming and are therefore common in most of the country, cereal fieldelatevely rare in
South Tyral Deviating from the basic schemie minimum size of theingk habitat areasfor cereal
fieldswas chosen to b8.5 haand the necessary minimum arear grid cell size was 10 ha

Figure9: left side:Cereal field next to Brixen/Bressanomight side:Maize fieldin Sand in
Taufer¢ CampoTures.
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1.3.6Alpine meadows and rocky areas

In total, 60 alpine areas at an altitued approx. 2300 to 300fn a.s.l.are investigatedWe assigned the

areas to two major categories: Areas with a closed meadow Byl f LIA Y S andSnlorR éxideiné 0

areas dominated by rock, scrgand open soidb NEFSNNBER G2 | & dvitidh &é morel f LAY S
common in the high alpine zoneBoth categories are subdivided by their substrate into three
subcategoris (Fig. 10)

- Alpine meadows focky alpine habitats on calcareous substrgte® + 10 site)
- Alpine meadows / rocky alpine habitats sificioussubstrate10 + 10 sits)
- Alpine meadows / rocky alpine habitats on intermediate substrgi@s+ 10 sits)

Afirst coarse selection dfingle sitesvasmadein the office by using thgeological map of South Tyrol
Due to logistic reasons thexactselection of the alpine sitegas notmade randomly but they were
specifically selected during a site visitthe preselected target arearhis is orthe one hand because the
alpine terrain cannot beafelywalkedon inlarge areasOn the other hand, numerous inspections are
necessary for monitoring and the selection of remote survey points weoeddire a disproportionate
amount ofeffort to reach them.

The calcareous substrates encompass both dolomite and limestmks and screes. Silicate substsate
encompassnetamorphic rocks, i.ephylids, schistand gneiss.Finally, intermediat substrates are not
defined very preciselyThey encompassnetamorphic rockswith high lime content (incl. marble,
calcesists)andvolcanic rockgporphyds,graniteetc.). The first two substrate typewere usually easy to
identify. The intermediate rocks, however, often oplycurin restricted geographical areak minimize
fieldwork the twosite types (alpine meadoand alpine rockyhabitat) are always located in site pairs on
one single mountain massithe twositesare located ata minimum distance of 100t (exceptionally
800m) airline.

Tominimizewalking distances to thsitesall investigatedareas are accessible via a forest raadh pass
road which at least penetrates the subalpizene(approx. 1900m). Alternatively, the areas can also be
reached via cable caFrom the highest reachable point by car or cable caraximumwalking distance
of 2 hours is not exceestl.

22



FigurelO: Left side alpine meadows, right side alpine rocky areas. Uppergites on siliceous
substrateAhrntalValle AuringaWalderalm;middle row: sites on calcareous substratsllajociiPasso
Sellalower row: sites on intermediasubstrateVals/Valles

1.4 Forests

For theBMSproject, we selected the most important and representative forest typéSouth Tyraolln
total we chose six different forest typé®m the colline to the subalpine beltour deciduous forests and
two coniferous forests. We survegn sitesfor eachof the following six forest subcategoriésig. 11)

- Manna AskHop Hornbeam forests

- Oak forestgincl. OakScots Pine forests)

- Beech forestgincl. BeeckSpruceSilver Fir foresis
- Spruce and Silver Fir forests

- LarchSwis®ine forests

- Riparian forests

23



Slection of theforest sitesis based on randomized preselectiddnce the sites/ere selected they were
checked If the site was difficultand/or dangerous to accesssite with similar vegetation in the close
surroundings was selectefreselectionwas conducted with the map of the potentifrest vegetation
of South TyrolProvincia Autonoma di Bolzano 2018n exeption to this procedure was made for
riparian forests wherave followed the same workflovior the wetlands.Ourselection was baseghainly
on thedataof protected areas in South Tyrol.

Figurell: Examples of forest sites within the BMS. Upper row left: f0edst Leifers/Laives; upper row
right: Hop hornbeam forest Lana; middle row left: Be&ilver fir forest Buchholz/Pochi; middle row
right: Spruce Forest Flaggertal/Vallaga; lower row lefich&orest Lichtenbeflylontechiaro; lower

row right: Riparian Forest Schluderns/Sluderno.
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1.5 Wetlands

Due to the very smaBcale and scattered presence of this habitat tygerandomizationwas usedo

selectwetland sites Instead, a representative selectiof lakes angbeatbogswasused(Fig. 12) It was
important to us to represent the most important wetland areas in the courifitye selectiorof the bogs
was based otthe SouthTyroleanwetlandinventory (Gottlich 1991)

Figurel2: Example®f bogs and lakes within the BMBeft BiotopRasner MdséBiotopo Rasun
Anterselvabog;right: LakeMitterstieler WeihefLago di Mezzo

1.6 Settlements

For the category Settlements wselected a total of 30sites which were subdivided into three
subcategoriegFig. 13)

- cities and larger towns
- smaller villages
- industrial and commercial areas

For the categoryt OA (i A S & tokvnsFsettferheht®EndtiNdt least 5000 inhabitants and a dense town
centerwere selectedSites were not chosen randomly but were cho$emm the orthophoto.All towns
had tohave an urban charactelt was important that thecentersof the individual parts of the country
were representedwhich are the following:

Bolzano/Bozen (2 siteg, Merano/Meran (1) BrixenBressanone (1) Bruneck/Brunico X),
Sterzing/Vipiteno (1) Naturns/Naturno (1) Schlanders/Silandro (1)nnichen/San Cando (1) and
Laives/Leifers (1)

For the categoryt & Y'I £ f S Nie éhastvillages with dess than 1000 inhabitarfteostly <500)n all
parts of South Tyrol. The single villages twade surrounded bygriculturalareas or neanatural habitats
but not byindustrial or commercial arease., they had to have a real rural character with a strong
imprinting of agriculture.The chosen villages were the followinBenoriPenone KarneidCornedq
StilfdStilves MatsctiMazia, UntertelfedTelves di Stio, Albions, Pfundefsundres AltrefAnterivo, Platt

im PasseigPlata, EnnebergMarebbe and Missian/Missiano (alternatively Ahornach/Acereto).
FortheOl 1 S 32 NEB andiomidatial NE I & €  lar§er idukis®rial Solygonsear tothe main
towns ofSouth Tyrolln less urbanized aas these polygons are partly not directly connectedhte town.
Bolzano/Bozen (1), Merano/Meran (1), Brixen/Bressanone (1), Bruneck/Brunico (1), Sterzing/Vipiteno (1),
Prad/Prato (1), Schlanders/Silandro (1), Innichen/San Candido (1) and Laives/Leiferandl)
Egna/Neumarkt (1)



Figurel3: Exampls for settlement sitesleft side site photo, right siderthophoto from Geobrowserupper
row, villagesSEV, Albions; middle rowities,and larger towns, Vipiteno/Sterzing; lower rowdustrial and
commercial areas SEI, Bolzano/Bazen
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1.7 Localization

To find single monitoring sites in the field, we prephieyhole Markup Language (KML) files for every
survey year so that each researcher from the BMS can easily visualize and locate them using smartphones
and/or tablets. We creatda Google Maps project with all the KML files. All the single experts arelptbvi

with the link to this project. If changes are made to the points, they are automatically visible to all
researchers. To be able to locate the points even if there is no or poor network availability, the KML file
with the site coordinates can also beatted locally on smartphones a navigation app with hiking maps
available offline. There is a set of freely available apps that are mostly based on OpenStreetMaps.
Additionally, we prepare text documents with maps and notes that help to localize siniggs.s

1.8 Permits

To avoid conflicts and to allofer longerterm use of the selected sites, the surveys in numerous habitat

types are only carried out after prior consultation aaéter obtaining signed permission from the

landowners (or leaseholders). This does not seem necessary for the following hadjate: grasslands

and alpine rocky areas, settlement areas, bdajses and watercourses. In settlements we aioninform

GKS t20Ft LRLMzZFGA2y o6& Lzt A & Ko $ha muhigipality kvébsite 2 OF v S¢
after talking to the mayor ori KS KSR 2F (KS QAf Tdsh@dath @fGhgle] G A2y aalLl
landowners a privacy agreement must be signepp@adix15.7).

For all points located in protected areas an application for a permit for the removal of organisms is

submitted to the Natire Conservation Department (28, Nature, Landscape and Spatial Development).

27



2 + | a Oldit Iy &

2.1 General considerations

The botanical survey is performed for most habitat types followinggampling methodology of the
Eurasian Dry Grassland Group (ED@@&hgler et al. 2016Exceptions are forests, where the monitoring
area is enlarged by a factor of 10. In settlements and at lake shores a transect method is applied.

To ensure a complete list of occurring specibs,sites are surveyed during the optimal time perisée
Tah 7). The best suited survey time is when most plants are flowering and/or fruiting. In orchards,
meadows and arable land the best moment is usually before mowing or harvesting. For some habita

categories an additional survey is necessary in which only supplementary species are noted. This is applied

when there are large floristic differences between the seasons mainly due to ephespeicés growing
either in early spring or in late summer/aumn.

Table7: Sampling calendar for the botanical survey. Green marking: main survey, yellow marking:
additional survey. In the last column it is indicated whether the standard methodology (S) or a modified
approach (M) is used fahe botanical part of the BMS.

Habitat type [BMSCode]

April

May

June

July

Aug.

Sept.

Sampling
method

Vineyards [WYF, WYS]

Apple orchards [OAC, OAQ]

Montane hay meadows [HEM, HNM]

Colline/montanepastures [PAC, PAV

Deciduous forests [FDB, FDM, FDO]

Settlements [SEC, SEI, SEV]

Wetlands [LAK, BOG]

Subalpine hay meadows [HES, HNS

Arable land [CFC, CFM]

Subalpine pastures [PAS]

Coniferous & riparian forests [FC
FCL, FRI]

S 00nnon L

Alpine meadows [AMC, AMI, AMS]

)

Alpine rocky habitats [ARC, ARI, AR

wn
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2.2 Preparation for fieldwork and samplinghaterial

Before starting with fieldwork thorough preparation is necess&@gveraltools are necessary for the
survey (Figl4), especially for delimiting the plots and collecting vouchers.

Figurel4: Sampling material forth@ 2 4 I y A OF f & dzZNBSeyY wmao tflyd LINBaa F2N
folding ruler, 10 m and 50 m measuring tape; 3. Tent pegs; 4. Reel with 150 m string for delimiting the

forest plots 5. Tablet with GIS Software for habitat mapping; 6. Digital camera fto gboumentation;

7. Field book and pen; 8. Folding lens and field guide for identifying species in the field; 9. Magnets and

small spade; 10. Handheld GPS; 11. Color spray can for marking corner points

2.3 Setting up the monitoringplots and vegetation surey

Upon arrival at the survey site one has to localize the exact monitoring site. From the first repetition
onwards the plot is localized by searching for magnets which were buried during the first survey (see
chapter2.3.1). For this a magnet detector igecessary.

The monitoring plots are 1082 squares established parallel to the slope (see F&y Unlike the EDGG
sampling methodology, where the orientation of plots follows cardinal direction, the plots are oriented
toward the slope. In those (rare) as a site is totally flat, the sampling methodology of the EDGG is
followed.
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Figurel5: Arrangement of the biodiversity monitoring sites for botanical surveys (modified from
Dengler et al. 2016)

Inside the 100n2 thebottom right 10m?2 subplot is called subplot A (Fid) and the top left 10n2 subplot

is called subplot B. Starting from the corner point of the subplot A the corner point of the subplot B is
placed at a diagonal distance of 14114 The measuring taps fixed with pegs at 0 m and at &Dand is
extended at the 10n mark until two straight lines are obtained. Therh® subplots (3.2n side length)

are also delimited with measuring tape and pegs. Th& {1 m side length) and Ort? (32cm side length)
subplots are delimited with a g folding ruler, while for the 0.01 (1dn side length), 0.001 (3@n side
length) and (Xm side length) 0.000th? subplots the survey area can be estimagasily Starting from

the 0.0001m2 subplot of each 1én2 subplot,a species list is created comprising all species that are
additionally recorded in each subplot using the shoot presence method. For all species in thertwo 10
subplots, a percentage coverage for the corresponding layer (herb, shrub, tree) is estiinaaedition,

we estimate the cover values for bryophytes, lichens, litter, dead wood, stones and rocks, gravel, fine soil,

YR FFSO0Sad ¢2 FIOAEAGIGS NBFHfAAGAO O20SNJ SadAayriaSa

sizes with their corrgponding coverage percentages within a 10 m? plot (BubAt the end, the total
species list of the 1062 survey area is completed
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Table8Y a9adAYF(GS FARéE | NBFa 2F 02 YL} Spéréehtdge dovef f SR & lj dz- |
values in 10n2 plots.

Percentage cover valug Area in m? Area in cm? Edge length of
square in cm

5 0.5 5000 70.7

4 0.4 4000 63.2

3 0.3 3000 54.8

2 0.2 2000 44.7

1 0.1 1000 31.6

0.5 0.05 500 22.4

0.1 0.01 100 10.0

0.05 0.005 50 7.1

0.01 0.001 10 3.2

0.005 0.0005 5 2.2

0.001 0.0001 1 1.0

2.3.1 Localization

The GPS coordinates are read from the corner point of subplot A and the corner point of subplot B in the
WGS84 latituddongitude projection EPSG:432@5armin Etrex 20) anshagnets (X 1.5cm) are buried
at a depth of about 1@m in the soil. No magnets are buried in arable land and settlements.

2.3.2Photos

The monitoring sites are documented by photos that are as representative as possible. Preferably a reflex
camera witha wideangle lens is used. Alternatively, smartphaaeneraanalsobe used It is, however,
important to follow specific rules when taking pictures. The photos are arranged in a specific order to
facilitate subsequent renaming in the office:

1. Surveysheet with BMSCode, coordinates, date, notes, species list (also in order to have a backup)
2.1m2 area in subplot A from above

3. Qubplot A

4.¢ 7. Fom the center point 4 images clockwise starting upwards

8.1m?2 area in subplot B from above

9. Qubplot B

2.3.3Simplified botanical survey

For some habitats and for special projeatsmplified protocol iepplied The single plot sizes correspond

to standard protocol, i.e., 1082 for grasslands, alpine sites, orchards, vineyards, fields anddmafs
1000m? for all forest types.For lakes and settlementransect surveys are conducted with an
approximateplot size of also 100M2. First, a complete species list is created. Smaller nested plot surveys
within the area are not conducted. Instead, wesign abundance categories, as explained in 9.ab

31



Table9: Abundance categories. The categories are based on those specified in the GLORIAPaailiual
et al. 2015)with the modifications as defined for habitat mapping of South Tyrol (Abteilung Natur,
Landschaft und Raumentwicklung der Autonomen Provinz B8zeitirol 2018). The third column
shows the cover values in percent which are usedHerftirther analyses.

Equivalent
— cover for
Category Definition subsequent
calculations
r (rare) Single individual to few individuals in different places 0.01%

The species is widespread in the area but does not necesy 0.1%
occur uniformly; sometimes the species is not noticeable
first sight, but it canot be overlooked when searching th
area more closely;
Occurring frequently and widespread within the survey arg 1%
presence is obvious at first glance, coveragiew, however
The species is an important part of the vegetation matrix | 10%
coverage is relatively week (< 25%).

s (scattered)

¢ (common)

sd (subdominant)

cd (cedominant) The coverage of the species is between 25 and 50% 30%
Very abundant making upldagh proportion of the phytomas§ 70%
d (dominant) often forming more or less patchy or dense vegetation lay

species covers more than 50% of the area of the plot

2.3.41dentification and voucher preparation

Critical species that cannot be identified at speciesll@vthe field (e.g.Alchemillg or species that need
to be re-determined are collected outside the survey area and herbarized. Herbarium vouchers are
labelled with (provisional) labels. The following information is noted on the voucher:d®llkS date 6

collection, presumed species or genus name, and the name of the locality. The vouchers are pressed in a

plant press between absorbent paper. Once they are dry, they have to be storddy and dark
conditions. Regular controls against insects are nengs® avoid damagekinal determination of the
voucher is done in the lab with a binocular or by an expert for the respective species group. Finally,
herbarium vouchers are stored in the collection of the Museum of Nature South Tyrol.

32



2.4 Modifications of the standard protocol fosome habitat
types

2.4.1 Vineyards

For vineyards a metal or concrete column is chosetih@sorner point of subplot A. Starting from this a
10m x10m square is pegged out with the tape measure and pegs (se&d¥ig

cryp cryp
Magnet
cryps 2cry

marked
concrete
column

vine rows

Figurel6: Arrangement of biodiversity monitoring sites for botanical surveys in vineyards

The vineyard columns in the corner points are marked with color: at a height of approm 80ed ring

is sprayed around theolumn with a vertical line in the direction of the center of the sifibplot A is
marked with a tape measure starting from oer point A. The opposite subplot B is set up in the same
way with the corner point B in the first row fully located within the 100 m2 square.

2.4.2 Apple orchards

Construction and marking of the 1®@? squareare conducted as for vineyards. A different methid

used for the subplotsHig.17), as the area between and below the apple tréesa very different
vegetation due to different management and site conditions. Two subplots (A, B) are carried out between
the tree rows Fahrgassg and two subplots (C, D)nderneath the apple treesUnterstockbereich
Qubplots A and B are | x 2 m rectangles placed centrally between the tree ro@sbplots C and D are

1 m x1m squares placed underneath the apple tréeiowing the standard method fahe 1 n? square

size.
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rows of apples

marked
concrete
column

Figurel7: Arrangement of biodiversity monitoring sites for botanical surveys in apple orchards

2.4.3 Forests

In forests the plot size is increased tenfold leaving out the lowest lev@h®1 cm). In correspondece

to the standard EDGG protocol, a coverage estimation is made in two 100 m? subplotsid®length).

A species list is collected in 1008 (31.6m x 31.6m).

At the corner points trees are marked with a color spray can in the direction afehier of the side. At

the corner points trees or solid rocks are marked with a color spray can in the direction of the center of
the side. If there is no tree or rock in the immediate vicinity it is possible to drive a wooden pillar into the
ground and mek that.

Photos:1. survey sheet2. 10mz2 square in corner Point 8, 100m? subplot A4.-7. trees with markings

of the corner points starting from corner point A clockwi8ell. 4 photos in clockwise direction from

the center starting with upwardg,2. 10 m2 square in corner point B,3.100m?2 subplot B.
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2.4.4 Settlements

In settlements a transect survey is conducted along a transect parallel to the street where the survey site
is situated(Fig. 18) The center of our survey site is exadtiythe middle of this transect line, i.e. the
transect line extends in both directions for 50

Therefore, before starting the survey one should define the starting and the endsgminneasuring a
distance of 50n from the survey site center parallel to the street in both directidrslocalizehe starting

and end poins of the transect linebetter a representative reference object.@: house number, street
crossing) nearby the starting and epdintscan be noted. The GPS coordinates are read from the starting
and the end poird of the transect.

Once the transect line is defined two separate H@fbong surveys on both sides of the street are
conducted.The first survey starts at the startingipbof the 100m line, the second one starts at the end
point of the transect line andoes inthe opposite direction. Both surveys are conducted on the right side
of the street following the direction of the vehicles.

The survey is restricted to areascassible to the public without trespassing fences or other kinds of
delimitations. Quite often publicly accessible areas are not delimited by a clear but an irregular line. Plants
growing behind fences and in private gardens within a distance which dhpesteached by a stretched

arm are also included. The survégllows this irregular line since a repetition is otherwise almost
impossible. Side streets and larger parking lots are to be excluded from the survey. Any deviation from
this schemeshouldbe clearly defined and documented.

Once all species were carefully listed a rough estimation of the abundance of each plant species is
performed using the abundance categories indicatedab.9.

For settlements a&econd survey in September is recommengdgarveying primarilyspecies that could

not yet be surveyed in sprirgy summerdue to their phenology.

Photos:1. Surveysheet 2. From a representative reference object at the starting pobitFrom the
starting point in the direction of the transedt From the end point in the direction of the transed,
From arepresentative reference object at the end paint

Figurel8 Arrangement of biodiversity monitoring sites for botanical surveys in settlement afeas
details see text.
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2.4.5 Arable Land

In addition to the standard sampling methodology a species list aldiian transectalong themargin

of arable land is createdhismargin should bereferablylocated either toward another field or toward

a road.Thesurveyed stripecoversthe whole ecotone area between thigeld and theadjacent habitat
type (usuallyanother field or a road)An estimation of the abundance of each plant species is made using
the abundance categories frofrah 9.

The GPS coordinates are read from the starting and the endgaifithe transect.

Photos:1. Survey shee®2. From the starting point in the directioof the arable land3. From the starting
point in the direction of the transeet. Fom the end point in the direction of the arable larid Fom the

end point in the direction of the transect.

2.4.6 Lakes

In total three surveys are to be conductéar lakes One survey is conducted in a transect parallel to the
lake shore and two perpendicular to the shorelifrég. 19) The surveys are done if possible at lake shore
sides with an ecotone between open water surface, macrophyte vegetation and fovésin a distance

of 50m parallel to the shoreline a complete species list is created (tangential transect). Ting&dsect
includes an area of 2@ towards the lake. That means that the total surveyed area amounts to 4100
and is therefore congrud to that of the forest sites. In this area, all species are listed and afterwards
abundance categoriesre assigne@Tah 9).

In addition, 2 transects (L1, L2) are surveyed perpendicular to the lake shoreline. A third transect (L3) is
optional. Startirg from a prominent pointd.g, a large tree), a species list is compiled for every square
meter until reaching the vegetatiofiee water surface and the abundance of each species is assessed
according to a ligit scale (1 rare, 2 scattered, 3 frequentlgcurring). Submerged vegetation is only
surveyed if it can be reached without a bokbr relocalization the starting points of the perpendicular
transects are marked with color spray can, GRSoordinatesare taken and magnets are buried in the
soil.
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Photos:1. Survey sheet2. From the starting point in the direction of the transeXtAt the starting point
of the two (three) perpendicular transedtin the direction of theransect(incl. the starting treg)4.
From the end point in the direction ofié transect.

Figurel9: Arrangement of biodiversity monitoring sites for botanical surveys in lake shidreghird
perpendicular transect is optional.
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3. NE2LKeISEK S W&R

3.1 Sampling and storing afamples

Bryophyte and lichen samples are taken in the same four randorm®slibplots(32cmx 32cm). The
subplotsize in forestslake shores and settlemenis 10 times bigger (h2; 1m x 1 m). The subplots are
chosen randomlysually by throwing a ydstick. Theyare not markedor resurvey aftethe first survey.

For sampling thy are delimited by a yardstick (se€f€ig.15, crypl- 4). Exceptions are vineyards (Fig,

crypl- 6) and apple orchards (Fity, crypl- 6) where the sampling dichens and bryophytes takes place

in six single patches: two are collected below the vines/trddatdrstockbereichand four in the
intermediate area Fahrgassg In case of settlements and lake shores the samptestaken in four
random 1 m2 squares ahg the transects.

In settlements two samples are taken for every transect preferably on the sidewalks and the subplots are
placed in locations with occurrences of bryophytes (frequebdiween the paving stongs

When collectingthe aim isto obtain a canplete set of all species which can be distinguished
macroscopically. Bryophytes and lichens growing on dead wood or stones are collectedexxeifor
crustaceous lichens. Epiphytic bryophytes and lichens however, are not collected, unless thiallbave

from the trees and lay loosely on the ground. The bryophyte and lichen samples of every single subplot
are immediately stored in a separate paper bag. Afekingthe four sampledor both bryophytes and
lichenswe checlwhetheradditional morphospcies occum the 100 m2 survey argaat werenot found

in the four sampling plots. If sthey arecollededA 'y 'y | RRAGA2Y It o6l 3 6alLkR2f SR
labelled as follows:BM6 2 RS X f 20l A2y X Rt €16Smead & MI2 BoBsBHPIERWHE NJ 0 & ™
no bryophytes ofichens no sampling is conducteavoiding empty bags$-or better storage theamples

of one site are stored together in a larger paper bag. If the samples are wet, they are put on a newspaper
for few daysn order to let them dryThe bags with the samplesustbe storedin dry and dark conditions.

3.2 Identification and voucher preparton

The identification of both bryophytes and lichens is done by external collaborators. Once all species of a
single site have been determined, all plant material of one single bryophyte or lichen species is merged.
Of this bryophyte/lichen material a peesentative amount is put into a new paper bag or ideally mto
cryptogam capsule of the Museum of Nature of Souytoll It must be labeled properly with species
name, plot code, dates of collection and identification and name of the identifier. Aftelsvais ready

to be integrated into the cryptogam collection of the Museum.
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4.1 Preparation for fieldworkand sampling material

The bird survey is mainly conducted dgoustic and visual identification by expeaind onlya few items
are neededFig 20).

Figure20: Sampling material for the bird survey: 1. Telescope for identifications bey@O@-meter
distance with 25 to 50 magnification; 2. Two binoculars with a resolafdidx42 and &42; 3.

Datasheets and pen for data collection and site conditions; 4. Field guide for bird identification, mainly
for intern training.

4.2 Survey methods

To monitor bird populations we use point counts according to the Pan European Common Bird Monitoring
Scleme methods Fig.21; PECBMSBibby et al. 1992; Sutherland, 2008 identify bird species wese

both visual and acoustic clues. During the survey a distinction is made between birds observed within and
outside a 100n radius from the plotenterto better relate bird data to local conditior{Ribic et al. 2009;
Assandri et al. 2016, 2017; Brambilla et al. 20TRAe duration of each visual and acoustic observation is

10 minutes(Fornasari and Mingozzi 1999he surveys are conducted between pigdril and midJuly in
accordance with the beginning of the bird breeding season and depending on local conditions (mainly due
to the specific plot elevation, sekab. 10). With this methodology we can exclude most migratory birds.
The surveys start aftequnrise and endt 11 a.m. Fositesin the collineandmontanezonea total of three
repetitions are conducted, while for alpine sites, due to short seasonality, only two repetitions are

conducted. Surveys in adverse weather conditions such as strong wind or heavy rain/snow are avoided.

Within the survey the numbers of indduals and their life status are noteice.,if there are clear signsf
mating or breeding activities.
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Figure21: When birds are surveyed their occurrence inside and outside of a 100 m radius around the
study site has tde distinguished.

Tablel0: Sampling calendar for the bird survey. Green areas: first visit, yellow areas: second visit,
orangeareas: third visit.

Habitat type [BMSCode] April May June | July
Vineyards [WYF, WYS]
Apple orchards [OAC, OAQ]
Montane hay meadows [HEM, HNM]
Golline / montane pastures [PAC, PAM]
Deciduous forests [FDB, FDM, FDO]
Settlements [SEC, SEI, SEV]
Wetlands [LAKBOG]
ubalpine hay meadows [HES, HNS]
Arable landCFC, CFM]
Subalpine pastures [PAS]
Qoniferous and riparian forests [FCP, FCL, FRI]
Alpine meadows [AMC, AMI, AMS]
Alpine rocky habitats [ARC, ARI, ARS]




4.3 Field protocol: general information

For each single monitoringite the following information is reported in the first part of the data entry
form (Appendixi5.2).

Code of the assessed sitad.,308_SEI_2).

Name of the locality (for example: Industrial zone of Laives).

Date of the survey.

Name of the surveyor

Startand end time of the survey at each site.

Visit number (from 1 to 3) of the survéyr eachsite.

For each plot the part relating to weather conditions present in the first page has to be completed. In
particular, the boxes representing the sky and windditbans have tobe ticked. There are also comment
boxes additional informatioran be notedhat could be valuable for future reference.

Inside the field form there are three columtws collectdata related to the monitored avifauna:
1.species hame

2.number of individuals observed within a radius of I9adistance from the centroid

3. number ofindividuals observed outside a radius of I@istance from the centroid

ook wbpE

4.4 Social behavior and nesting activities

Additional information is necessary (Tdl) to transform the data into an estimate of nesting paiféis
information is signed in predefined codes following the ItaBam Monitoring(MITO 2000protocol. The
codes are also reported at the bottoaf the protocol sheet.

Tablell: Codes for noting social behavior and nesting actigitypombination of two codes is only
allowed in the belowmentioned cases

Code Observation
C Male singing or displaying some other territorial behavior
M Male, not singing
F Female
A Adult with undetermined sex
J Young birds not fit for flight or just flown in (note how many)
U Individual with undetermined age
R Nesting activity (transporting of: food for the nestling, fecal sacs, nes
materials etc.)
V High-flying, passing bird. Presence not stricthnnected to the site
Code combinations
MR Male engaged in any reproductive activity
FR Female engaged in any reproductive activity
MV Male in transfer flight
FV Female in transfer flight
Example
11 MV Heven males in transfer flighdt is also possible to add the number of tt

observed individuals, for example if 11 males in flight have been seer
code 11 MV can be assigned)




Additionally, the following rules have to be followed:

- For correct assessment of the avifauna it is segy toalso counthose individuals wh
move away from the buffer area @100 m radius because they were disturbed by f
arrival of the surveyor.

- Itis very important that the use of the codes is respected so that the data collecte:
be storedeasly and clearly.

- Itis essential that the observations are recorded individually and not summed by si
since their meaning in terms of the number of pairs could, in both cases, be differer
example, if the surveyor sees 4 sparrows in flight ater lsees another 16 flyinghey
must indicate "4V, 16V" and not "20V".

- Inthe case of individuals flying and singing at the same temg @s forLullula arborea
the individual should be indicated with "C" and not with "V" or "CV".

It is alsorequested to list the observed/heard species at one single site assigning a nesting category
defined by a numerical code according to the conventions of the National Atlas ofHtalyasari et al.
2010)on the back of the shediTab.12). The numerical codes are also reported on the bddk® sheet.

Tablel2: Numerical breeding codes

Breeding code

Type of observation

Impossible breeding

Species observed but suspected to be still on Migration / Speoiebreeding

0 in South Tyrol
Possible breeding
1 Species observed in breeding season
2 Species observed in breeding season in suitable nesting Habitat
3 Singing male present during its breeding period, hearing singing or drum
as a territorial behavior, seen male lekking
Probable breeding
4 Pair present in suitable habitat in breeding season
5 Territorial behavior (singing, aggressive behavior with neighbors,
observed in the same territory on two different days 7 or more days apal
6 Mating behavior: lekking, mating exchange of nourishment between adul
7 Visit of a probable nesting site
8 Agitated behavior or anxiety calls from adults suggesting probable pres
of nest or young nearby
9 Brood patch on adult examined in the hand suggesting Incubation
10 Transport of material or construction of a nest; excavation of a cavity

woodpeckers.

Confirmed breeding
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11

DistractionDisplay or injury feigning

12 Used Nest or eggshells found (occupied or laid within period of survey)
Recently fledgedyoung (nidicolous species) or downy young (nidifug
species). Careful consideration should be given to the likely provenan

13 any fledged juvenile capable of significant geographical movement. Evic
of dependency on adultee(g, feeding) is helpfulBe cautious, even if thi
record comes frona suitable habitat
Adults entering or leaving nesite in circumstances indicating Occupied N

14 (including high nests or nest holes, the contents of which cannot be see
adults seen incubating

15 Adulk carrying a fecal sac

16 Adult carrying food for young

17 Eggshells from recently hatched chicks

18 Nest seen with an incubating adult

19 Nest containing eggs or juveniles (seen or heard)
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5. | da

5.1 General considerations

An efficient noninvasive method to assess bat activity and occurreanea large scale is based on
ultrasonic detection. Bats emit vocalizations continuouslynove around, to feed and to communicate

with their conspecifics. Every single bat specietésacterized by typical call sequence. Moreovehe

emitted sound can provide information on bat species or genera and on behavior. For instance, based on
recorded echolocation it is possible to distinguish calls for orientation, social calls whicisedefor

AYGNI aLISOATAO O02YYdzy AOFdGAR2Y YR &FSSiRdoghBecyaial 1 Saé =

increasein repetitions ofecholocation pulses used for locating pr@arataud 2015)Bat-detectors can

be used for active monitoring.e., handheld by an expert visiting roosts.g.,counting bats flying out) or
survey transects during parts of the night. Otherwise they can be automated for a ltingeperiod
(e.g.,complete nights) and installed on ang.,tree or pole to record bat calls and @nalyzethem
afterwards, called passive monitoritjgig. 22) Both methods, active and passive monitoring have their
advantages and disadvantages. Whitdlsrecorded via active monitoring can yield higher quality calls
(longer and clearer), passive monitoring over longer tpeeiods has been found to have a higher
probability of detecting all bat species-gite (Teets et al. 2019)n any case, the subsequent analysis and
identification of recorded call sequencéms to be carried out by an expefWalters et al. 2012)

Advantages and disadvantages were evaluated tossthe sampling$a A 3y Ay GKS LINR2SOi

Monitoring South Tyrab ¥Ve chosestationary batdetectors {.e., passive monitoring)o assess a passive
standardized monitoring systeon a regional scaland to gain the highest detection probability of a great
part ofthe occurring bat species esite.

Bat assessments within the BMS are carried out usingFbéti SOG2NBR X &. ! ¢[ hDD9w
(BATLOGGER 202@kich are well suited fopassive monitoringprograms It is a detector including a
datalogger which records bat calls in reahe and full spectrum and stores them for later processing on
amicro-SDmemory card.
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Figure22: The batlogger is situateih a strategically good spot such as a branch of a tree and fixed
almost horizontallyThe device is set to start recording at sunset and stop at suanidbat activity is
recorded on three consecutive nightdore information in the text.
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.SaARSa GKS ok d OF f t &tbe tie, dats[ard IEidhtair tdmpetatute Fig. 23) & G 2 NB &
The ultrasonic signal is digitized directly without changes and with a high sample rate of 312.500 Hz.
BATLOGGER A+ continglyuanalyses the signal and only storesritan SD card when bat activity is
recognized. The signals are recordmdthe internal RAM and, if certain criteria are fulfilleeld.,see

dperiod triggeé 0 S &nd thanslibsequently stored a®cording files (sequences of echolocation ¢alls

on the SD card. Apart from bat calls which are stored as standard audio files (.wav), all additional
information is stored in a text format (.xml file).

®e0®

@ Case with cover Micro SD card slot

@ LC-Display @ Battery

@ Battery slot Charger with power adapters

@ Closing latch @ Micro SD card

@ Left Key () @ SD card adapter

@ Menu Key () @ Microphone with cable 2m and cover
@ Right Key @) Microphone connector

Figure23Y ¢ . ! ¢ [ EDONB Y! 9 f S1 2y d ¢ SOMBYTALOQEGER RBDPA OS 0O2YLIR2Yy Sy
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5.2 Preparation for fieldworkand sampling material

Before fieldwork can start a sef items have to be prepared (Fig.)2# is especially important thathe
batloggers areequipped with fully charged batteriesand that the micro-SD cards are not full
Microphonesand cables musbe tested repeatedly during the field season to ensure that they are in
perfect workingorder. The producer provides a se#st to checkthe. ! ¢ [ h D D @nierophobhes A
technical verification of all equipment should be done by the producer at least evelyhee years.

{

ACOUSTIC Acoustic Ecology
BAT DETECTION of European Bats

i Die __
i Fledermause
1

Figure24: Sampling material for bat survey:Bat logger includingnicrophone batteries and sd card; 2.
Safety chains for the logger and strings to install and direct the microphorigel8. sheet to write the
survey date and other important notes such as b&t logger code 4Computer, software hard disk

and bookgo identify and storebat calls.

5.3 Technial settings and placement

The device is installed, where possible, precismlythe BMS site following given coordinates. The
microphone is fixed almost horizontally and inclinéown slightly so that rain or dew cannot cause
waterdrops on the microphoneop, which would compromise its function. It is positioned on an elevated
point which can be trees, shrubs or other taller structures like pillars, feremed rocks or on an
improvised polgFig. 25) The microphone is typically positionatlaheightof 1.5 m above ground. It is
important that no obstacles are in front of the microphone to ensure optimal recording of the bat calls.
The orientation of the microphone is ncdndombut aimedin the direction where the passage of bats is
expected. These areften corridors or linear structures that the bats are thought to orientédevards

Hence, especially in dense forests or areas with high vegetation, the microphone is aligrediiection

of an expected flight corridor. In vineyards and apple orchangsmicrophoneis fixed on branches or
columns and aligned to the linear structure presented by crop rows. In urban areas flight corridors can be
represented by streets and alleys and ttievice must be placed ithe direction of these structures. In
settlements, electric powerlines, lamypand other electromechanical devices producing ultrasonic sound
Oy OFdzAaS RAAGAINDFYyOSas a2 GKS a.! ¢[ hDRaswatd bé &K 2 dz
minimum distance of about 20®. In very windy areas, especially high alpine locations or lakes the
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microphone must be placed away from the main wind direction and if possible, the-axipolsed side
should be coveree.g., with stones or rockshe device is set to start recording at sunset and stop at
sunrisetherefore the time and date must be set. We have set all devices with the coordinates of the city
of Bolzano. Based on this information the start and end of the recording will be adaptbé turrent
calendar day and varying length of nights.

Bat activity is recorded on three consecutive nights. The selected time period of three days is chosen to
buffer the effect of averse weather conditionon single nights, during which bat activitysgnificantly

lower due to lower insect numbers. So, wherever possible nights with no precipitation, no strong wind
(tree branches should not move strongly) and not colder than 8@t nightire preferred for the survey.

If possible, it is recommended to avoid full moon nights since bat activity might be influéAppél et

al. 2017)In any case, during longer periods of bad weather the devices should not be set up. In addition,
three consecutive nights seem to augment the possibditypbsening a large part of the present bat
species diversity in the most efficient wggkalak et al. 2012Bat activity is recorded from May to October
depending on the elevation of single sites and microclimatic condi{idab. B). At sites below 500 m a
survey in early May and late October is possible. For sites up to aboutd@adnpling is held between

May and September. At sites between 10fi0and 1500m the months Juneearly September are
preferablewhile paying attention to local microlimatic conditionsAt high elevations (AMS, AMC, AMI,
ARS, ARC, ARI, PAS, HNS, HES m1506freys are conducted tveeen July and early Augusbfor these

areasa lot ofattention should be paid to the lonrgerm weather situation.

Depending on the season and on the sampling plots singing orthoptera cause a lot of background noises.
In our project theNB O 2 Nderfog/tilgged A & &S @ ¢ KA dmajar®/dfigrassidpp& Brdf dzRS & (0 K
cricket noises and records only bat calls which are characterized by their sinusoidal vocalizations.
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Tablel3: Field calendar for bats. In gne the perfect periods for data collection. In yellow variable
sampling periods depending on the altitude of the sites. All sites between 1500 and 1800 meters are
sampled between June and August dependindhmtemperature. Subalpine and alpine sites are
sampled in July only.

Habitat type [BMSCode]

Vineyards [WYF, WYS]

Apple orchards [OAC, OAQ]
Sttlements [SEC, SEI, SEV]

Wetlands [LAK, BOG]

Arable landCFC, CFM]

Deciduous forests [FDB, FDM, FDQO]
Goniferous and riparian forests [FCP, FCL, FRI]
Montane hay meadows [HEM, HNM]
Golline / montane pastures [PAC, PAM]
Subalpine hay meadows [HES, HNS]
Qibalpine pasture$PAS]

Alpine meadows [AMC, AMI, AMS]

Alpine rocky habitats [ARC, ARI, ARS]

L\ @ A

(2 s ;
TLOGGER A+ install&tiothe rightA

- y -
Figure25: On the left:Powerup and setting check before BA
BATLOGGER A+ inparianforest site




5.4 Data recording, storageanalysis,and species
identification

To storerecordings micreSD cards with 3&B andl28 GB are used. TH2 GB SD cards are large enough

to storethree days of bat surveys at most sites. For places with expected high bat aetigiffakeshores,

urban areas) it is recommended to use larger storage.
After three survey nights the recorded data are storedhie BMS folder and named with its BMC®de

and year of survey. The data including bat calls (.wav format) and metadata are saved in the cloud of the
Biodiversity Monitoring Project as well as in a specific server (alpat)v After secure storage in the
cloud the data can be deleted from the mie8D.

To identifybat calls different opersourceprogramsare available. In the Biodiversity Monitoring South
Tyrol we use BatExploréElekon BatExplorer 2028hd BatScope @Obrist and Boesch 201&atExplorer

is user friendly and allows the user to measure different parameters directly on the displayed call
sequences. Starting from a first identification provided by automated classification software
(measurement of echolocation call parameters., peak frequency duration etc), a manual species
identification was performed following the methods describedBarataud,(2015) Russ (2021) and
Middleton et al. (2014)Only for the specieRipistrellus pipistrelluse use an automated recognition task

in the classification softwaresiggested species by the softwavéh an accuracy probabilityf > 90 %)

To implement the data output call sequences with feeding buzzes and social calls are marked with one or
two stars respectively if they are recognizaliteeach BatExplorer proje¢Elekon BatExplorer 2020)

For a lot of bat species present in South Tyrol call sequences can be determined to speci@albelg)l. (
However, for some species a clear determination on species level with acoustic monitoring is not possible;
similarly, some calls are not identifiable without doRiusso and Voigt 2016hese calls/sequences are
sunmed up where possible to genera or group levEdl{. 14). This approach is used for recordings
belonging to the genuMlyotis and Plecotuspbecause their call characteristics show large overlaps within
the genusOnly for good recordingsr social callsanwe identify some species dflyotis: M. nattereri,

M. emarginatusand M. daubentonij the latter is easily identifible at water sites(lakes) Myotis myotis

and Myotis blythiiare signed as a separate group because they can be distinguished from smaller species
of the genusMyotisbut not among themselves

The two speciePRipistrellus kuhli@ndPipistrellus nathusare considered as a group because a distinction
basedonly onorientation calls is impossible when social calls are absent, while the relatively rare social
calls of the two species allofer certaindetermination.Vespertilio murinus, Eptesicus serotinus, Eptesicus
nilssonii, Nyctalus noctukand Nyctalus leislerare determinable when their call sequences are long and
the number of typical calls is higk.§¢.,min >10 calls per recording}However,frequently for these
species a groumust be usedNyctaloids) because there are often only a few calls in t®dirsequences

which are not sufficient for a reliable species classificatiZalls recognized as bat calls but not assignable

G2 | aLISOATAO 3INRdAzLI 6S | RRdSHr détals df tieSideificitiSnd gelE G A Y RS

Tab.14.
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Tablel4: Level of identification for bat species in South Tuigihg call analyses. P: possible; A: always
N: not possible ForPipistrellus nathusand P. kuhlithe species identification is possible only with social
calls.

Determination | Determination | Determination as

Famil Species .
y P on species Level on genus Level| agroup

Rhinolophus hipposideros A A
Rhinolophidae Rhinolophus
ferrumequinum

>

Myotis daubentonii

Myotis emarginatus

Myotis nattereri

Myotis bechsteinii

Myotis myotis

Myotis brandtii

Myotis mystacinus
Myotis blythii

Nyctaludleisleri

Nyctalus lasiopterus

Nyctalusnoctula

Vespertilionidae - -
Eptesicus serotinus

Eptesicus nilssonii

Vespertilio murinus

Pipistrellus pipistrellus

Pipistrellus pygmaeus

Pipistrellus nathusii
Pipistrelluskuhlii

Hypsugo savii

Barbastella barbastellus

Plecotus auritus

Plecotus macrobullaris

Molossidae Tadarida teniotis

>|»|2|Z2|>»|>»|0|0|(>»|>»|T0V|TVT|TD|T0|TV|D|0|Z2|2|0T|T|T|T|T
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Miniopteridae Miniopterus schreibersii
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6.1 General considerations

The grasshopper survey within the BMS includes grasshoppers and locusts (Caelifera), bush crickets and
NBfFGSR 3INRdzZLJA O09YyaAFSNIO YR YIYydARa o6alyi2RSIF0® L
referring to all three groups.

The methodology for the grasshopper survey follqid#pold et al. 2020jor most habitat types and the

text parts below are largely adopted from this articldie method consists of two part$:sweep netting

along a defined transect, and ii) an exhaustive search within an area 0?1008 methodology is used

for all assessed terrestrial habitats except for urban habitats and lake shores, where only teansegs

are applied. In the case of forest sites the plot size is enlarged by a factor of 10.

6.2 Preparation for fieldworkand sampling material

The necessary sampling equipment as showridgr26 should be prepared and checked before the survey.
oFauna Hieticeé (Coray and Thorens 20Q8Grasshoppers and Crickets of I&afjorio et al. 2019and
oDie Heuschrecken Deutschlands und Nordt&@fscher et al. 202@re considered ideal literature for
species identification.

Figure26: Sampling material fahe grasshopper survey: 1. Sweep net; 2aBnet; 3.Collecting
recipients, empty and with ethanol,. Magnifying glass. Literature for species identification; @ield
sheet to write the survey datAppendix 5.1).
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6.3 Survey conditions and phenological issues

Weather conditions arémportant for a successful survey of grasshoppers since most Caelifera species
avoid singing at low temperatures. Preferably, surveys should be conducted betwaeeen &nd .m.
However, this is highly dependent on local climatic conditions and the gorves to decide from case

to case if a survey is meaningful or not.

In contrast to many other animal groups sampling grasshoppers is relatively easy. In most cases a single

survey in missummer will be sufficient to assess the full species spectrumndivat species under
survey are present as adult individuél@b. B). The presence of adults is crucial, as many taxa cannot be
identified to species level as larvae. Thus, the survey period needs to be adapted correspondingly.

In grasslands of the plan#o colline zone, the presence of at least some adults can be expected as early
as late June or July for most species. In stejgegrasslands of the montane belt, adults may occur later,
i.e., by the end of Julye(g., Chorthippus moll)js(ZunaKraky et al. 2017) In subalpine and alpine
grasslandghe occurrence of adult specimens cannot be expected before the beginning of August.
However, a few genera deviate from this pattern: some cricke. (Gryllus campestrjsendure winter
assubadults and in high summer adults tend to be rare. The same holds true for many groundhoppers
(Tetrixspp.). In contrast to other grasshoppe@yllusand Tetrixcan often be identified as larvae, which
means that a survey in mid or late summer showder all grasshopper species.

Tablel5: Sampling calendafor the botanical survey. Green areas: main survey, red areas: suboptimal
survey period; yellow area: additional survey in spring.

Sep. 2
Aug. 2 | Sep. 2 | Half, -

May- | Jul. | Jul.2°
Habitat type [BMSCode] June
Vineyards [WYF, WYS]
Apple orchards [OAC, OAQ]
Arable landCFC, CFM]
Montane hay meadows [HEM, HNN

Qubalpine haymeadows [HES, HNS]
Qolline/montane  pastures [PA(
PAM]

Subalpine pastures [PAS]
Deciduous forests [FDB, FDM, FD
riparian forests [FRI]

Goniferous forests [FCP, FCL]
Settlements [SECSEI, SEV] colling
submontane

Settlements [SEC, SEI, SEV] montg
Wetlands [LAK, BOG]
Qubalpine hay meadows [HES, HNY
Alpine meadows [AMC, AMI, AMS]
Alpine rocky habitats [ARC, ARI, AR
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6.4 Installation of plots

The plots are similar and their size and shapeidentical to the botanical survey plots that correspond

to EDGG Biodiversity plotBengler et al. 201,6-ig. 27)Since the botanical and grasshopper suseaag

usually not conducted the same day plots need to be installed separately. The centroid of the BMS site is
used also asan approximate centroid of the grasshopper plot. The procedure of plot installation is
explained in detail in the botanical section of the handbook. Especially in sjpmmeshabitats é.g,

spruce forests, alpine rocky habitats) exact installation of the plot is not mandatory.

EDGG Biodiversity Plot

1o m

®__ Magnet

10om

Figure27: Scheme for survey gfrasshoppersThe survey is started by sweaptting thediagonal
transect folbwed by anexhaustive search in the 1062 plot. It is important to check shrubs and grass
tussocks for Ensifera species and sites with bare ground for certain Caelifera sperigeifixspp.,
Oedipodaspp.). The yellow squares show therh® subplots within theeDGG Biodiversity Plots in
which the vegetation surveys are conducted (not necessary in grasshoppergurvey

6.5 Transect survey

The survey starts with sweepetting along the diagonal of thigiodiversityplot whereas the direction of

this transect is not relevant. The transect must be walked at a slow pace (approximadeih)2
Sweeping height depends on the height of the vegetatioth@casethe vegetation is low sweeping has

to be done directly aground level in the casethe vegetation is highg.g, in mesic hay meadows)
sweeping has to be done in the upper part of the vegetation layer.

After the transect every individual caught in the net needs to be counted. Optimally, this is done by
opening asmall cleft in the net and taking individuals out emygone. First, adult individuals should be

54



assessed and subsequently released. If identification is doubtful specimens should be collected and
preserved for later identification. After identificationnd counting all adult individualand juvenile
individuals are counted. If juveniles are very abundant caught individuals might be transferred to some
sort of transparent container that enables easy counting. Also, juvenile individuals should be ideatified
the lowest taxonomic level that can be solidly inferred. While species level identification might not be
possible for most juvenile individuals genus level identification is often possible. This applies for example
for juveniles of the gener&alliptanus spp, Mantis, Gryllus or Oecanthus Tterefore, juveniles should
alsobe carefully checked if they can be identified

6.6 Exhaustive search

An exhaustive search is started with an acoustic assessment. Some species groups are much easier to
distinguish by th& songs than by their morphologe.€., Chorthippus biguttulugroup). The acoustic
survey also helps to find elusive taxa. Sdmsh dwellingensifera are cryptic and veryobile,and it is

very difficultto detect them with methods other than by song. If the surveyor is not familiar with the
songs of a species a mobile sound device (cell phone) isisefyland helps to memorize the song and

to identify it later €.g, Roesti and Rutschmann, 2QZ0r Central European Orthoptera). It is important

to carefully check patches withare soil as certain species prefer this microhabitat tygg,, Oedipoda

spp., Tetrixspp. and to check single shrubs or large herbs and grass tussocks for Ensifera and mantids.
Additionally, it is important to check small patches of short vegetatiotihénplot as additional species

might be restricted to such patches.¢, Omocestus haemorrhoidali®. petraeus The surveying time is

30 minutes. If two surveyors are presehis time has to be divided by twa.€., two surveyors have 15
minutes each).

6.7 Assigning frequency classes

The frequency classes Trab.16 refer to adult and subadult individuals. If specimens are observed in an
early larval stage that cannot be identified to species level their frequency class should be assessed
anyway. As statedh 6.6., this should be done on the most accurate taxonomic level posside, (
Acrididae juvenil = IV). Such information is still informative for later analyses if, for example, total
frequencies between plots are compared.

Tablel6: Frequency classes used in the sampling

Class Criteria

I 1 individual. In addition, there should be no sign of more individuals of the s
species outside of the plot.

Il 2¢5 individuals in the plot; if you have only oimglividual in the plot, but you havt
observed more of them close to the plot give also Il

11 6¢10 individuals

v 11¢20 individuals
\Y 21¢50 individuals
VI More than 50 individuals
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6.8 Grasshoppers from pitfall traps

Grasshoppers from pitfall traps should be identified. This material is very useful to complement the
species list obtained via the survey. If a speciea pitfall trap has not been found in the survey the
species can be added to the species lisefgiven site. Thesedata need to be clearly highlighted as pitfall
material in the list and should not be merged with the field survey data. Depending on the -fghlow
analyses, these additional data might be included or not.

6.9 Moadifications of the standard prtocol for some habitat
types

6.9.1Forests

The survey area in forests is enlarged by factor 10 meaning that a single plot has a total surfacex@ 1000
Each side of the survey plot measures 3h.énd the diagonal transect has a length of 4#.7An
exhaustive search should also be done in the entire area of the plot. A detailed search in every part of the
plot might be hardly feasible and search efforts should eventually be focused on smaller lighter areas
within the plot, for exampleon rocky outcropsor small meadow patches. Some katydid cricket species
are usually found on brancheg.§., Meconemaspp.) and thus a beat net should be used for the
exhaustive search. Additionally, the soil surface should be searchédefoobius sylvestriSometimes

adult individuals are missing and only juveniles can be found. Other forest species inhabit mainly small
crevices between stones and roclksq(., Troglophilusspp.,Gryllomorpha dalmatina

Most grasshopper species prefer sunny conditions. Dugettse tree cover and site exposition the sun
may reach the ground onfpr a few hoursof the day. For the grasshopper survey this means that it is not
always possible to find optimal conditions. More thane single survey might baseful Additionally,

pitfall traps can be helpfud speciallyto detect crevicenhabiting and nocturnal species.

6.9.2Lake shores

Lake shores are ecotones between water habitats and terrestrial habitats for which-lbgsietl method

is not appropriate. Instead, a transectdm method similar to the method used for the butterfly survey

is better suited. Specifically, the total transect length isyb@nd the transect should be installed parallel

to the lake shoreline. In general, the transect is installed diremtiyhe limit between woody and open
vegetation. It corresponds to the tangential transect of the botanical survey. Lake shores are relatively
heterogeneous and often exhibit a quick transition between forest and reegl Lago di Varna/ahrner

Seel ago di Montical/Montiggler See). Some also exhibit transition to lower sedge vegetatign (ago

di Dohbiaco/Toblacher See) or may not show any emergent macrophyte vegetation at all.

After defining the 50m transect it is sampled by walking slowly back &mth where all grasshoppers

that are visually or acoustically present in an imaginary cubic sphere ofi th5each directiorcan be

noted. This first transect sampling should be done for at least 5 minutes. The second part of the survey
extends the samjpig area for 10m to the right and to the left of the transect resulting in an area of
1000n?. This second stemvolvesan exhaustive search of 25 minutefthis area. This area corresponds

to the surveyed area in forestBuringthe survey both sweep angeat nets should be used. Especially in
lakes surrounded by forest sunlight might be presentddew hours per day only (depending on the
exposition). Thus, it might be difficult to find optimal conditions for the grasshopper survey and more
than one suvey might be necessary (similar to forest surveys). Pitfall traps may also help to complement
the species survegn the site.
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6.9.3%ttlements

Settlements are very heterogeneous and usually spepies habitats. Here we apply a transect method
adapted to the special geometry of the settlements characterized by streets. A transecthoB0uld

be defined from the centroid of the survey site. The centroid acts alsocastral point for the transect.
The survey procedure should be donedescribed for lake shores. The total area surveyed should also
include approximately 10082 and is therefore similar to other (specipsor) habitats. Within the
surveyed area vegetation should be sweawgtted and shrubs anttee branches beahetted.

6.9.4 Vineyardsand orchards

Due to their intermediate character between trelominated and open habitatgineyards andrchards

are surveyed on a surface of 400 m2 (usually 20 mR0

Asvineyardsare relatively warm and offer good conditions for overtéring, spring singing activigan

be high. In spring we very frequentiiynd adult individuals ofChorthippus brunney®©mocestus rufipes
and Gryllus campestrid_ater in the year vine plasiget larger and the habitat becomes more shadowy.
Therefore, dirst survey should be conducted in May followed by a second survey in summer as usual.
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7. dzGOSNFf ASaA

7.1 General considerations

Butterfly monitoring follows a twestep approachalready used by the VielFalter ProjeRiidisser et al.
2017)combiring a transectsampling with a time area count to best record the butterfly community of
each sampling sitBarkmann et al. 202Fig. 28)Potentially alflying and resting individuals of butterflies
(Lepidopter: Rhopalocergpare recorded.Sampling comprises four replicated sampling rosnger siteto
cover both seasonandweatherrelated changesn the presence andbundanceof species.

Figure28: First, the 50m transect is sampled by walking slowlwéwd and sampling or recording all
butterflies observed sitting or passing in an imaginary rectangle of 2.5m per side and 5m in front. This
initial sampling should take approximately 5 minutes.
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7.2 Preparation for fieldworkand sampling material

Fora successfubutterfly survey a small number of itenase necessaryfFig.29).

Figure29: Sampling materialfor the butterfly survey: 1. Sweep net; 2. Small binocaneith close focus
regulation (optional); 3. Sampling tubes; 4. Field guides for identifying species in the field; 5. Killing glass
containing ethyl acetate and envelopefienvouchers are needed. Protocol sheetAppendix 5.3).

7.3 Weather conditions and sapling periodof the year

The weather conditions should Hair sincethe flight activity of butterflies directlyelatesto the actual
weather. Minimum conditions should be considered as: no rain; temperature not under 13°C; at least
80% sunshine if theemperature is %7°C and 100% sunshine between 13°C and 17°C, also no sampling
should take place if the temperature excee@5°C); wind not exceedirggore3 according ta¢he Beaufort

scak.
Furthemore, the timing of sampling is also of major importance and should occur between May and
August (Septembedepending on the habitat (Tab7)land between 10:0@&m and 17:0(pm.
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Tablel7: Schematic samplincalendar for butterfly surveys within the BMS. Each round should be
ideally completed within one month startingith May but allowing for a potential shift of 15 days
before and after depending on the location and the actual sampling progress. For atpmtheee
sampling rounds are considered sufficient and should not start before tfief.3une. Green areas:
optimal time period for most sites; yellow area: suboptimal time period to be considered if annual
phenology is shifted or to fulfill replicatio

May June July August September

Collineg
submontane

1. Round

2. Round

3. Round

4. Round
Montaneg
subalpine

1. Round

2. Round

3. Round

4. Round
Alpine

1. Round

2. Round

3. Round

7.4 Survey methodology

A 50 meter transect with a central point is located in the cemkor in the immediate vicinity to the
sampling sites selected for all other taxehe positionof the butterfly transect should consider the
steepness of the terrain andeallybe placedperpendicularto the slope to allowfor an optimal survey.

The transect dog not need to be a straight line but can also be adapted to the specific landscape. The
extension of the area to be surveyed within the-2inute time count should be delimited with caution

to coverastandardzed ara size of 1000n?(Fig. 30).

First, the50m transect is sampled as describedPgllard & Yates (1994hy walking slowly favard and
samplingor recordingall butterfliesobserved sitting or passing an imaginary rectangle of 2rb per side

and 5min front. Thisnitial sampling should take approximately 5 minutes.

The second approach extends the sampling area fan i@theright and left of the transedhuscovering

a 1000m? area.Duringthis second step a timarea sampling of 2minutesduration within this area is
deployed. In total 3@ninutes of total sampling time are used for each single sampling round. For each
site four sampling events should take place (in the specialafedpine sites where themergence period

of butterflies is sbrter, three sampling in total). Three weeks (at least two weeks) shouleftieetween

two different sampling events on the same site.
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Figure30: Sampling scheme for the butterfly survey within the Biodiversity Monitoring South.Tyrol

The species and their abundarscare noted separately for the transect count ardch sampling type
should beincludedin the time-area count. Facultatively, also sean be noted. Pseudoreplicatidne.,
multiple counts of the same individuals such as with territorial ma®s)uld be avoided amuch as
possible and identification of caught individuals might be postpomnet after the end of eactsampling
unit.

All individuals should be identifieth species level trying to avoid unidentified counts. Exceptions are
WO NE LI Ap@icanddcidgibhabiddividis that could not be caught @, Pyrgussp. especiallPyrgus
malvae/malvoides; Colias hyale/alfagamsis; Leptidea sinapis/juvernica; Pieris rapae/napi/bryoniae;
Pyrgus malvae/malvoides; Aricia agestitAxerxes; Melitaea athalia/celadussa/deione/parthenoijles
All species must be identified based on morphology and behavior but not their halvitétiduals of
similar speciethat have notbeen caughte.g, in the case of many individualswith escaped individuals)
are assigned to the species already identified or to the genus. If there are various similar species assign
them proportionally to thai occurrence. It is highly recommended to take pictures (botthefipperand
undersideof the wing$) in the field of dubious species identification, rare speciesfbc.that purpose,

it can be very helpful to briefly place the individual butterflygurestion into a small transparent zipck

bag and take photographs of it in dorsal and ventral view, then release the specimen Sgggested
identification literatureinclude(Stettmer et al. 2011; Paolucci 2013; Gergely 2021)

In case of high individual numbers and the dde identify and recordill sightings, the time should be
stopped and resumed when sampling can be continued. Also, in case of shade by bigger incoming clouds,
sampling should be interrupted and resumed only after sunshine is ggasentfor some é.g.,5)
minutes.
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7.5 Survey adaptation to some specific habitats

The methodologydescribed aboveworks for all investigated habitat types. There is however, the
possibility to change the methodology slightly if the landscape relief doeallowfor the ingallation of

a 50m transect. However, care should be taken to cover the same arearsiamplingdurationas the
standardtransect and time count appezh.

For specific special proje¢the methodology can further be adapted in accordance with expemtsthe
projectcoordinator.

Finally,depending on the expertise of the expert conducting the surether dayactive Lepidoptra
(such asZygaem sp., Macroglossum stellatarumand othes) can also benoted with the same
methodology.
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8.1 General considerations

Besides specific invertebrate groups (grasshoppers, butterflies) we survey invertebrate communities from
selected layers (shrub layer, herb layer, soil surface, litter, soil) to get an overview obrimaunity
compositionof the most important terrestrialsub-habitats in each habitat type. Suitable methods for
each subhabitat are desclied below.An overview of the sampling scheme is shown in Eig 3

spring . autumn '

s | o | -
1om om -

mnom

Figure31: Schematic representation of the sweepetting survey (middle) Thegreyarrow represents

the transect which we walk along twice each time sweeping 50 times, approx. 20m. The blue cups
represent the location of the two pitfall traps in spring and tirangecups the location of the traps in
autumn.Schematic representation ahe pitfall trap survey (left) The blue cups represent the location
of the two pitfall traps in spring and therangecups the location of the traps in autumn. The pitfall

traps are installed diagonally to the two corners of thexd@® m area. If topogrphical conditions do

not permit the installation in a diagonal way, the pitfall traps are installed along a transectof 10
Schematic representation of the soil core survey (righthesoil blocksepresent locations where we
take each of the four salamples. Soil samples are not taken from bogs, lakes, and alpine rocky sites.
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8.2 Preparation for fieldworkand sampling material

Beforesampling starts a larger number of itefmaveto be preparedig 32.). Depending on theampled
habitatnot allitemshave to carriedo the field.

Figure32: Sampling material for invertebrate sampling: 1. Beating net; 2. Hand broom for beating on
branches and collecting the animals in the collection tub&&stic bags; 4. 75% ethanol; 5. Sweeping
net; 6.PFitfall trap (glass jar filled with 200 ml propylene glycol)Palycarbonate Lexan® roof with
threaded metal bars; 8. Small spade; 9. Soil stamp; 10. Sledgehammer; 11. Linen BagkétAwith

2mm sievel3.Labels

8.3 Invertebrates in the shrub layer: beatetting

Invertebrates living on woody vegetation in forest habitats, apple orchards, vineyards, and settlements
are collected by beanetting following a standard protocolhe survey is conducted once a y€Eab. B)

Per sitel0 branches oideally 10 differentrees or shrubs are selected at head level. On each branch we
beat five times with a wooden stick (or broom) and collect the dropping invertebrates with the beating
net (Fig. 2 nr. 1-4). The net has a collection tube in its center for easy collectioer Aating on the 10
branches the collection tube is emptied into a labelled plastic bag which is then filled with 75% ethanol
preserveall invertebrates. Beat netting is not done in vineyards, because there the grape shoots are
mostly very young and atd therefore be damaged.
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Tablel8: Sampling periods in which beagtting is conducted at the respective sampling sites. The
green fields represent the time period when the survey is conducted, the grey ones represent those
sites at which beahetting is not done.

Habitat type [BMSCode] May June July August

Montane hay meadows [HEM]

Montane hay meadows [HNM]
Qubalpine hay meadows [HES, HNS]
Qolline pastures [PAC]

Montane pastures [PAM]

Subalpine pastures [PAS]

Alpine meadows [AMGAMS, AMI]
Alpine rocky sites [ARC, ARS, ARI]
Arable landCFC, CFM]

Apple orchards [OAC, OAQ]
Vineyards [WYF, WYS]
Golline/montane forests [FDB, FDM, FDO, H
FCP]

Qubalpine forests [FCL]

Bogs [BOG]

Lakes [LAK]

Settlements [SEC, SEV, SEI]

8.4 Invertebrates in the herb layer: sweep netting

Invertebrates living in the herb layer are collected by sweep netting following a standard pr@&@eeelp
netting is usedon all sites wherea herb layer is present. At each site a transect is established either
horizontally to the slope or in case oftflground diagonally from one corner of the ¥Q0m square to

the other. We walk along this transect twieach time sweeping 50 times. If shrubs or small trees are
present on the transect (for exampbes isoften the case in pastures and forests), theg also swept.
After each run the contestof the sweep netire emptied into a labelled plastic bag which is then filled
with 75% ethanoto preserveall invertebrates (Fig82 nr. 3-5)
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Tablel9: Sampling periods in which sweg@etting is conducted at the respective sampling sites. The
green fields represent the time period when the survey is conducted, the grey ones represent those
sites at which sweepetting is not done.

Habitat type [BMSCoddg

Montane hay meadows [HEM]

Montane hay meadows [HNM]
Qibalpine hay meadows [HES, HNS]
Qolline pastures [PAC]

Montane pastures [PAM]

Quibalpine pastures [PAS]

Alpine meadowgAMC, AMS, AMI]
Alpine rocky sites [ARC, ARS, ARI]
Arable landCFC, CFM]

Apple orchards [OAC, OAQ]
Vineyards [WYF, WYS]
Qolline/montane forests [FDB, FDM, FDO, H
FCP]

Subalpine forests [FCL]

Bogs [BOG]

Lakes [LAK]

Settlements [SEC, SEV, SEI]

8.5 Invertebrates on the soisurface: pitfall traps

In order to collect surfacactive invertebrate faungpitfall traps are installed twice a year: once in late
spring/early summer and once in late summer/early autufhab. D). In alpine sites we only conduct one
sampling campaign per yearg(, in the summer months)Ve use glass jars with a diameter of ¢rd and

a heght of 9cmas pitfall trapswhich are dug into theoil (Fig32 nr. 6).Careshould be takerio ensure

that the top edge of the glass is level with the soil surface to avoid creating an obstacle for suntiaee
invertebrates. The traps are protectetbin rain and other disturbances by a polycarbonate Lexan® roof
(Fig.32 nr. 7) and filled with 200nl 75% propylene glycol. Pitfall traps are installed diagonally at the two
corners of the 1& 10 m area (the other two corners being chosen in autumn) aredleft in the field for

at least 14 days (21 days in alpine sites). In alpine rocky sites and in bogs four pitfall traps are installed at
each corner because we do not take soil core samples there (dadattk of a soil layer). If topography
does not pemit installing the traps diagonally (settlement sites, lake sites or alpine rocky sites) they are
installed along a transect of about M@in length. When collectinthe glass jars are closed with a lid and
transported to the lab where the invertebrateseatransferred to 75% ethanol for preservation
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Table20: Sampling periods in which the pitfall trap survey is conducted at the respective sampling sites.
The green fields represent the time periém the spring or summesampling campaign, the yellow

ones represent the autumn campaidgn. subalpine and alpinleabitats no autumn campaign is

conducted.

Habitat type [BMSCode] July August

Montane hay meadows, extensive [HEM

Montane hay meadows, nesubsidized
[HNM]

Subalpine hay meadows [HES, HNS]
Qolline pastures [PAC]

Montane pastures [PAM]

Subalpine pastures [PAS]

Alpine meadows [AMC, AMS, AMI]
Alpine rocky sites [ARC, ARS, ARI]
Arable landCFC, CFM]

Apple orchards [OAC, OAQ]

Vineyards [WYF, WYS]

Qolline/montane forests [FDB, FDM, FD
FRI, FCP]

Subalpine forests [FCL]

Bogs [BOG]

Lakes [LAK]

Settlements [SEC, SEV, SEI|

8.6 Invertebrates in the litter layerlitter extraction

In early autumn (between mi&eptember and midctober) two litter samples per site are taken from all
colline/montane forests (eceptriparian foress because there is no litter layer) to obtain invertebrates
living in the litter layerThe sample plot ishosen so that it is representative for the respective forest type
(i.e., type of litter, depth of litter layer). On a 5050 cm square, marked out by a meter bar the entire
litter layer (-FH organic horizons, > 30% organic carbormeimoved and put into a linen bag. Litter
samples are then taken to the laboratory and extracted by heat in a modified Kempson apparatis for 5
days (until the material is well dried). Invertebrates are collected in propylene glycol and after extraction
transferred to 75% ethanol for preservation.
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8.7 Invertebrates below the soil surface: soil extraction

Toobtain the soil fauna at each site (except alpine rocky sites, lakes, and bogs), four soil core samples per
site are taken during late spring and summer monfhab. 2). With a shovel a 18 10cm (max. 1&m

deep) soil monolith is cut out and put intoliaen bag(Fig. 2 nr. 811). The samples are taken close to

the border of the four sides of the square (£@0m). In the forests, where the area for the botanical
survey is larger (31631.6m), we select an area of X0L0 m from the center of the mea of the botanical

survey and take the samples in the same way as in the other éedssamples are then taken to the
laboratory and extracted by heat in a modified Kempson apparatus fdr2ldays (depending on the soil
moisture). Invertebrates (maotinvertebrates > mm body length) are collected in propylene glycol and

after extraction transferred to 75% ethanol for preservation.

Table21: Sampling periods in which the soil core survey is conducted at the respective sasif@m
The green fields represent the time period when the survey is conducted, the grey ones represent those
sites at which we do not take soil core samples.

Habitat type [BMSCode] May June July August

Montane hay meadows, nesubsidized [HNM]

Montane hay meadows, extensive [HEM]
Qubalpine hay meadows [HES, HNS]
Qolline pastures [PAC]

Montane pastures [PAM]

Qubalpine pastures [PAS]

Alpine meadows [AMC, AMS, AMI]
Alpine rocky siteARC, ARS, ARI]
Arable landCFC, CFM]

Apple orchards [OAC, OAQ]
Vineyards [WYF, WYS]
Golline/montane forests [FDB, FDM, FDO, FRI, |
Subalpine forests [FCL]

Bogs [BOG]

Lakes [LAK]

Settlements [SEC, SEV, SEI]

8.8 Identifying specimens to order/family/species level

Samples obtained by beatetting and sweep netting, collected in pitfadhpsor extracted from litter and

soil samples are stored in urine cups filled with 75% ethanol until further processing. The samples
obtained by beaietting and sweep netting must first be cleaned of all organic material (leaves, bark,
blossoms, fruits). Edcsample is emptied into a petri dish and gerted using a stereo microscopad.,

SMZ 171, SMZL61 Motic, Hong Kong, China). Individuals belonging to the same taroro(der or

family, depending on available expertise) aminted, recorded, andut into small glass vials, labelled,
filled up with 75% ethanol, and closed with cotton wool. Vials containing the same tasoall spiders)

are put into glass jars and sent to taxonomic experts for species identific&tion for selectedaxonomic
groupsanidentification to the species level jdanned (Tab22).

Labels include taxon name, site code, date of collection, and a database code.
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Table22: Taxonomic level of identification for taxa obtained by the selected methods.

Order | Family Fecies
Araneae X
Opiliones
Pseudoscorpiones
Orthoptera
Heteroptera
Coleoptera
Coleoptera larvae
Diptera
Dipteralarvae
Auchenorrhyncha
Sternorrhyncha
Formicidae
Hymenoptera
Diplopoda
Chilopoda
Lumbricidae X
Isopoda
Gastropoda

X [ X [X | X

X [X I X |IX [X | X |X




8.9 Extracted taxa from the different methodsased

The methods described above are suitable to sample a range of taxa in the respective layers (trees/shrubs,
herbaceous, ground surfackter, and soil), each layer is inhabited by different key taxa @3b.

Table23: key taxa othe different methodsused

niig:l-g ig'?t;z :ZZ! Litter | Soil core
Araneae (groundiwelling) X X
Araneae (wekouilding) X X
Opiliones X X X
Pseudoscorpiones X X
Coleoptera (groundiwelling) X X
Coleoptera (hertiayer) X X
Coleoptera larvae X
Diptera X
Diptera larvae X
Orthoptera X
Heteroptera X X
Auchenorrhyncha (Cicadina) X X X
Sternorrhyncha (Aphidina) X X X
Formicidae X X X
Lepidoptera X
Hymenoptera X
Chilopoda X X X
Diplopoda X X
Isopoda X X
Lumbricidae X X
Gastropoda X
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9 {2Af (GeLSa FyR az2aft LI NI

9.1 General considerations

In addition toasurvey of the various organism groups data on the composisitvactureand type ofthe
soil arecollected at themajority ofthe terrestrial sitesOnly sites with no soil layer at all (alpine rocky
areas, very few forests with only litter layer) and settlemests excludedAlsg for this monitoring part
the methods arestandardizedo allow forrepetition.

9.2 Preparation for fieldworkand sampling material

A small set of itemgFig. 3) is necessary in order @ssess soil typa the field.

Figure33: Sampling material for Soil type survey: 1. Pirckhauer soil sampler; 2. Sledgeham@aret| 3.
spade; 4. Munsell color charts 5. Austrian soil classification.

9.3 Sampling

At each site the soil type is surveyed using a Pirckhauer soil sampler. It is diavire isoil with a plastic
sledgehammerSoil depth and soil horizons are recorded, and the soil type is determined following the
Austrian soil classificatioNestroy et al. 2011)In addition, the soil color of the main horizon is
determined using Munsell color charts. This procedure is repeated randolir3es at each site to

account for intrasite variability.
At each site approximately 1@Dof soil material is taken with a small spade from a soil depth1d&n
from atleast 5 sampling points. These five subsamples are mixed and sievednoa®site to obtain a

homogenized soil sample for each site.
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9.4 Labwork

The sieved soil is dried at a&mperature in the laboratory for at least a week. In case of very moist or
highly organic soils, sieving is conducted in the laboratory after drying. At leasy 40@ry weightis
required from each site for the following analyses:

- Soil texture: Sand, silt, and clay content are determined using an automated measuring
deviceFig. 2kt ' wLht X aSGSNJ ANRdzZLIE adzy A OKXZ DSNX¥YIlyeéu:z
guidelines (https://www.metergroup.com/environment/products/pario/)

- Soil organic matter content, Corg, Ntot, macronutrients, pH: 300 g of sieved and dried soil
are sent toan externafacility for further measurementgTab. 2).

Figure3314: Ongoing measurement of the soil texture using an automated measuring device (Pario ®,
Meter group, Munich Germany).
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Table24: The analyzed parameters in tbgternal facilitywith the respective norms used for each

parameter.

Parameters

Norm

pH

DIN EN 15933:2012

Soil organic matter content (SOM]

ISO 10694:1995 conversion facto
1.72

Carbonate test

5.04mi401 rev.1 2016

Phosphate ONORM L 1087:2012 A.5
Potassium ONORM L 1087:2012 A.5
Magnesium VDLUFA Methodenbuch | A
6.4.1:2002
Manganese VDLUFA Methodenbuch | A
6.4.1:2002
Boron VDLUFA Methodenbuch | A
6.4.1:2002
Zinc VDLUFA Methodenbuch | A
6.4.1:2002
Copper VDLUFA Methodenbuch | A
6.4.1:2002
Nitrogen ONORM L1095
(Trockenverbrennung)
Carbon to nitrogen ratio (C/N) Calculation
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10.1 FoAdGlda FyR {3 yIRENNBISG

aAlUSa

GComplete habitat mapping is carried out around the centroid of the single sites in a designated square of
200 m in all four cardinal points (habitatappingplot). We used the classification following the Checklist

of habitats of South Tyr@Wallnofer et al. 2007hat includes natural and anthropogenic habitats.

A botanist conducts the survey directly in the field and mapshtimogeneous elements of land with a
minimum area of 10n2. We use orthophotos as a baseline to develop cartographic maps. In thefcase
dry grasslands, wetland habitats or extensive meaddisted in the European Habitats Directive
(92/43/EEC) an evaluati of the conservation status is done and a list of all vascular plant species is
collected. The methodology is based on guidelines for habitat magdpongthe nature department of

the ProvincgMulseret al. 2019)Vulnerable habitats are mapped entirely also if their spatial expansion

is located only partly inside the mapping square plot. Habitats and landscape structures are mapped
directly in thefield by using QFielchobile GIS. Lastly, all datall be stored and shared by a Geographic
Information System (sekig.35).
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Figure35: Exampleof ahabitat mapping square plot arourelBMSsite. On the lefthe original and

clean orthophoto with the mapping square plot, on the right habitatsraepped according to the

checklist of habitats. The names of the single habitat types correspond to the habitat list of Wallnofer et
al. 2007 (only available in German).
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