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ABSTRACT

High biodiversity is a prerequisite for the integrity, stability, and functioning of global aquatic ecosystems, but it is currently subject
to anthropogenic threats. Small freshwater bodies with high habitat diversity are essential to sustain regional biodiversity, but species
inventory and biodiversity are largely overlooked, especially in mountainous regions. In the Italian Alps, obligate assessments of fresh-
water biota (e.g., for the European water framework directive, WFD) are usually done in larger rivers or lakes only, which is why many
taxa from small freshwater habitats might have been overlooked so far. Here we summarize and discuss the efforts to record aquatic in-
vertebrates within the framework of so-called “Biodiversity Days”, organized since 2001 at 13 different sites located across the North
Italian province of South Tyrol. These events with voluntary participation of scientists and naturalists from universities and environmental
agencies led to the detection of 334 benthic invertebrate taxa in streams and lakes (mostly at species or genus level), whereby higher
taxa richness was found in streams. The overall hierarchy of species numbers within invertebrate orders or families corresponded to
that of other Alpine regions (groups richest in taxa were Chironomidae and Trichoptera) and these Biodiversity Days contributed to
biodiversity research of that region in detecting 167 additional taxa. Besides analyzing yearly gains in the regional taxa inventory, we
predict that future surveys will lead to new discoveries of aquatic taxa for that province (i.e., current modeling estimates a regional in-
ventory of more than 600 taxa). However, specific surveys in hitherto unconsidered habitats, such as morphologically modified or urban
waters, might reveal even more taxa than currently estimated. Besides characterizing the invertebrate fauna of this region and providing
a first reference list for future monitoring projects in the same region, this work demonstrates that such Biodiversity Days can contribute
to biodiversity research.

functions and to fit into distinct ecological niches with

INTRODUCTION varying niche widths (Hutchinson, 1957), the magnitude

Biodiversity is an important feature of ecological com- of species richness allows an estimation of the functional
munities, describing interactive systems of species co-oc- diversity and redundancy within a community and stabil-
curring in natural ecosystems (Noss, 1990). As ity in a certain habitat (Cardinale, 2011). Recent findings
co-occurring species are supposed to comply different demonstrate that the diversity of ecosystems, species and

biological traits are decreasing at an alarming rate due to
human actions (Cardinale et al., 2012), possibly leading
to the sixth mass extinction in earth’s history (Ceballos et
al., 2015), with particularly high rates of biodiversity loss
in freshwaters (Sala ef al., 2000). Especially small fresh-
water bodies (e.g., low order streams, ponds), which pro-
Key words: Freshwater; monitoring; benthos; Alpine; streams; vide patches of diverse habitats, are known to
Stoitn ol disproportionally contribute to regional species in contrast
to larger lakes or rivers (Davies et al., 2008) and being
important for freshwater biodiversity at landscape scale
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change, invasive alien species) or extreme events such as
floods or pollution (Peterson et al., 1998; Elmqvist et al.,
2003; Oliver et al., 2015).

The current species losses lead to a frequent use of the
term biodiversity in scientific, political, and media con-
text, but the visualizations of biodiversity for the public
focuses mainly on popular plants and animals, stimulating
the public awareness through catchy headlines (Jacobsen
et al., 2008). The biological diversity, however, ranging
from smaller (e.g., plant rhizosphere) to broader scales
(ecosystem-level) is less known to the public, despite
playing an essential role in the functioning of ecosystems
and the well-being of human societies (Duncan et al.,
2015). Policy makers often ignore small water bodies out-
side protected areas and economical spheres, resulting in
lacking surveys of distinct types of water in certain areas
and partly unknown identities of the overall species in-
ventory in many regions (Strayer and Dudgeon, 2010).
While specific habitats are well studied (e.g., glacial or
high-altitude rivers; Rossaro et al., 2006; Niedrist et al.,
2017; Lencioni, 2018; Scotti et al., 2019a), estimates of
regional diversity are not available for the Southern (Eu-
ropean) Alps, which limits overall trend observations and
stability predictions.

Habitat conditions in Alpine rivers are mostly affected
by hydromorphological degradations (Muhar et al., 2019),
but also by climatic changes, as rapid contemporary
warming with a mean rate of 2.5°C per decade has already
been observed in Alpine headwaters (Niedrist and
Fiireder, 2021). Since high species diversity and func-
tional redundancy has been found essential to mitigate
warming effects on ecosystem functioning (Garcia et al.,
2018), monitoring and conserving native aquatic biodi-
versity and dominant taxa is key for maintaining the in-
tegrity of these ecosystems. Though freshwaters in the
Alps are generally referred to as pristine hydrosystems,
their ecology and species richness have been and will be
affected by different anthropogenic pressures (Giulivo et
al.,2019; Niedrist ef al., 2021) combined with the effects
of climate change (Braun et al., 2000; Fireder, 2012;
Brown et al., 2015).

Alpine freshwater invertebrates (among others, insect
larvae, crustaceans, ringed worms, or mollusks) colonize
aquatic (micro-) habitats and can be seen as the first con-
sumers in aquatic food webs (Niedrist and Fiireder, 2017),
but also important decomposers and recycler of microbes,
algae, macrophytes, or detritus (Wallace and Webster,
1996) and thus as suppliers of food for other invertebrates
and later for aquatic and terrestrial vertebrates (fish, birds,
etc.; Prather et al., 2013, Macadam and Stockan, 2015).
However, as freshwater invertebrates mostly live hidden
at the bottom of the water body, even in remote areas or
in habitats that are not examined, their overall diversity is
still unknown for many geographic regions (Abell ef al.,

2008; Strayer and Dudgeon, 2010; Collen et al., 2014),
and the southern Alps are such an example (despite the
regular site-specific surveys mandatory for the water
framework directive; Haase ef al., 2013).

Biodiversity Days are action days gathering scientists
and naturalists from universities, environmental agencies
and other institutions with the aim to identify as many dif-
ferent plants, animals, fungi, efc. as possible within a spe-
cific area, thus, to estimate on a single day the maximum
number of species present in that certain region. This
movement, started and initiated in 1999 by the GEO-mag-
azine (Hamburg, Germany), has been reproduced every
year and in several regions, leading to a broad network of
Biodiversity Days in Central Europe. The main aims are
to identify species assemblages in different habitats and
thereby make an inventory of biological diversity, as well
as raising awareness to the public. Interested participants
assist experts and can thus actively contribute to biodiver-
sity research, which generally raises the social awareness
and understanding of regional biodiversity and sensitizes
people for conservation issues (Kobori et al., 2016).
Moreover, such cost-efficient records of biological diver-
sity, done by many volunteers, allow multi-year assess-
ments of certain ecosystems (in this case water bodies) in
many places of a region (Miller-Rushing et al., 2012). So
far, it is unclear, however, if, how and to what extent such
actions can contribute to the estimation of the overall
aquatic biodiversity of a region.

In South Tyrol, a province in northern Italy, the Bio-
diversity Days started in 2001 and studied several places
(and the water bodies therein) on thirteen occasions over
the course of 17 years (2001-2017). The present work
aims to characterize the invertebrate inventory of the stud-
ied water bodies distributed over that region and to dis-
cuss the benefit of these action days with regard to the
record of benthic invertebrate taxa in South-Tyrolean
freshwater bodies. The resulting taxa list can serve as ref-
erence for future monitoring efforts.

METHODS
Study areas and sampling

The Days of Biodiversity considered in this study took
place within South Tyrol, an autonomous province in the
northern Italian region Trentino-Alto Adige with an area
of 7400 km?. Aquatic entomologists specialized in differ-
ent taxonomic groups met on thirteen occasions in June
from 2001 until 2017 (i.e., 2001, 2002, 2004, 2007, 2008,
2009, 2011, 2012, 2013, 2014, 2015, 2016, 2017; Losch,
2008, 2013, 2014; Losch and Alber, 2009; Losch et al.,
2012, 2016; Alber et al., 2015, Niedrist et al. 2017), sur-
veying the aquatic habitats located within randomly se-
lected areas of similar geographical extent within that
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province at every Biodiversity Day (Fig. 1, Tab. S1).
These aquatic sites were located within larger areas, in
which also the biodiversity of terrestrial taxonomic groups
has been recorded. Qualitative multi-habitat sampling, al-
ways led by professional but voluntarily participating en-
tomologists, were taken from standing and/or running
water bodies present in each of these areas. The standing
habitat at S4 (Tab. S1) was surveyed as part of another
project, hence the number of sampled microhabitats ex-
ceeded that of Biodiversity Day assessments. Macroin-
vertebrates were brushed and scraped from the surfaces
of stream-bed substrates (or whirled up by stirring sedi-
ments in lakes) and captured using a kick-net (mesh size
of 500um). Larger substrates (e.g., large wood debris)
were rinsed manually. An attempt was made to sample all
representative microhabitats of the examined waters
(adapted from Ofenbdck et al., 2010; U.S. Environmental
Protection Agency, 2018) to include as many species as
possible. Such a procedure led to the innumerable obser-
vations of same species, but also ensured the coverage of
rare animals. Since we aimed to qualitatively sample all

possible habitats, each sampling might represent most of
the present taxa (except the survey in 2007) — independent
of the involved researchers (the number of participants
ranged between 1 and 4). The sampling methods itself
were the same on all sampling occasions. Invertebrates
were manually separated from debris in the field, stored
in 75% ethanol and identified to the lowest taxonomic
level by experts for the respective groups (order or fami-
lies) in different laboratories using published keys
(Waringer and Graf, 1997; Janecek, 1998; Lubini et al.,
2012; Bauernfeind and Humpesch, 2001; Zwick, 2004;
Rossaro and Lencioni, 2015). While most animals were
determined on species and genus levels, a few taxa re-
mained at family-level. However, such individuals only
counted as independent taxon if no genus of this family
has been determined (Tab. S2).

Analysis

We related community patterns to the habitat variables
(habitat type, altitude, geographical position) by perform-
ing an RDA (redundancy analysis) with vegan (Oksanen
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Fig. 1. Map of the region South Tyrol (Italy) and the locations of the Biodiversity Days in the years 2001 to 2017.
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et al., 2017). For each habitat type we draw 95% confi-
dence intervals using the function ordiellipse. The differ-
ence of communities (community composition) between
lentic and lotic habitats (habitat type) and the influence of
environmental conditions were quantified via PER-
MANOVA (9999 permutations) by considering basic
habitat variables [habitat type (lentic vs lotic), altitude, ge-
ographical position]. Absolute and relative contributions
of invertebrate families and orders to the sampled com-
munities were calculated for each year. Newly identified
taxa were added yearly to the existing taxa pool of the re-
spective invertebrate groups and graphically displayed via
yield-curves over time. The cumulative taxa number was
described using a linear model (with a log-scaled time pe-
riod). This model was then used to predict potential dis-
coveries based on a continuation of such Biodiversity
Days 50 or 300 times in different locations within the re-
gion’s river network (predictions were made for 50 and
300 additional Biodiversity Days). Despite the lack of
temporal replicates for each site, these predicted data can
be used to roughly estimate the potential for new discov-
eries of aquatic invertebrates in South Tyrol.

Autecological data (saprobic classifications) was re-
trieved from www.freshwaterecology.info (Schmidt-
Kloiber and Hering, 2015), the database for European
freshwater fauna. EPT (Ephemeroptera-Plecoptera-Tri-
choptera) taxa were used for the general evaluation of the
ecological status, since these groups had sufficient aute-
cological information.

Graphics were produced using QGIS (https://qgis.org/
en/site/) and ggplot2 (Wickham, 2016) in R (R Core
Team, 2018).

RESULTS

In total, 334 different aquatic invertebrate taxa (Tab. S2)
were identified in all investigated sites and years. Over the
whole study period (from 2001 to 2017) and across all sur-
veyed sites, the most diverse group of aquatic animals was
the dipteran family Chironomidae (non-biting midges), con-
tributing to the total taxa pool with 23.7% (=79 taxa), fol-
lowed by caddis flies (Trichoptera, 18.3%, 61 taxa), other
dipteran taxa (15.0%, 50 taxa), mayflies (Ephemeroptera,
9.0%, 30 taxa), stoneflies (Plecoptera, 8.1%, 27 taxa), and
oligochaetes (Oligochaeta, 7.2%, 24 taxa). The contribution
of all other groups such as beetles (Coleoptera), water mites
(Hydrachnida), dragonflies and damselflies (Odonata),
snails (Gastropoda), true bugs (Heteroptera), leeches
(Hirudinea), bivalves (Bivalvia), flatworms (Turbellaria),
megalopterans (Megaloptera), crustaceans (Crustaceae), ne-
matodes (Nematoda), and horsehair worms (Nematomor-
pha), was low with a joint contribution of 18.9% (63 taxa)
to the total taxa pool (Fig. 2).

Over the duration of this study, Chironomidae

(Diptera) contributed the most to the increase of total in-
vertebrate taxa (Fig. 2). The relative contribution of each
family and group to the known taxa-pool, however, varied
from site to site. During the first Biodiversity Day in
2001, most of the identified taxa belonged to Trichoptera,
Plecoptera and Ephemeroptera (EPT, 68.1%, 32 taxa, Fig.
2). The year after, discoveries of many Trichoptera taxa
raised their relative contribution to the total taxa pool to
30.7% and remained the best-known order, until the bio-
diversity day of 2007. Thereafter, the Chironomidae dom-
inated the pool of known taxa in South Tyrol (ranging
between 22.4 and 24.5%, Fig. 2B) and the proportion of
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all taxonomic groups remained constant from then on.
Next to the groups with many known taxa (>10) such as
Chironomidae and EPT, only few taxa are known for
other groups such as Crustaceae (1), Megaloptera (1),
Turbellaria (2), Nematomorpha (2), Nematoda (2), Bi-
valvia (3), Heteroptera (4), Hirudinea (4), or Gastropoda
(5, Fig. 3).

Comparing the communities from different habitat
types revealed that the composition of invertebrate assem-
blages differed significantly between lentic and lotic habi-
tats with the category habitat type explaining 19.4%
(p<0.001) of the variation between sites. The composition
in all sites was also weakly related to geographic position
(partial R?=0.07, p=0.053), while altitude had lower ex-
planatory power (partial R>=0.04, p>0.05). All three (con-
strained) RDA-axes explained 25.6% of the variation
between the composition at different sites (Fig. 3A). Also,
the saprobic composition differed between sites and was
significantly related to the longitudinal distribution of the
characterized communities, with the dominance of xenos-
aprobic and oligosaprobic taxa being highest in the west-
ern sites (Fig. S1), while no associations have been found

with the altitudinal or latitudinal distribution of the sites
(p>0.05). Compared to the lentic habitats, we found river-
ine communities having more than twice as many taxa
(Fig. 3B). Within the lentic sites, however, particularly
many taxa have been identified in the pond at site S4 (Fig.
3B). In contrast to other Biodiversity Days, however, the
standing habitat at site S4 was sampled much more inten-
sively (more micro-habitats were sampled).

Before the first Biodiversity days, 1373 taxa of 19 or-
ders have been registered in this region (South Tyrol). All
taxa recorded during Biodiversity Days added to the total
taxa pool of the region by 167 new taxa (an increase of
13%, Fig. 4A), whereby the affiliation of new records to
different orders were similar to the already known relative
community composition (i.e., mostly diptera taxa (64),
then trichoptera (25), ephemeroptera (16), oligochacta
(13), etc., Fig. 4B). The cumulative taxa list that resulted
from biodiversity days shows the same hierarchy of dom-
inant orders (Fig. S2).

The known species inventory increased with each ad-
ditional Biodiversity Day and this increase was quantifi-
able using a logarithmic regression model (R?>=0.94, Fig.
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Fig. 3. Community composition in lentic and lotic habitats: A) projection of invertebrate communities and explanatory environmental
variables into the 2-dimensional RDA (redundancy analysis) space; the significance of habitat type (tested using PERMANOVA) is
indicated (***p<0.001), other variables were not significantly related to community structure; Ellipses are 95% confidence intervals
for communities per habitat group (lotic and lentic). B) comparison of taxa numbers in all sites grouped by habitat type; lentic, stagnant;
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Sa). The same model did not reach saturation when pre-
dicting future Biodiversity Days (e.g., n=50, Fig. 5),
meaning that the known taxa inventory is predicted to
continue increasing for the next decades.

DISCUSSION

This work demonstrates that each of the thirteen sur-
veys in form of biodiversity days in the study region con-
tributed to the understanding of the species pool in this
Alpine region. Particularly, freshwater populations are ex-
periencing drastic declines (decrease by 83% since 1970;
WWEF 2018), which is why this first identification and es-
timation of the regional species is very valuable for future
biodiversity assessments in that region (e.g., Biodiversity
Monitoring, https://biodiversity.eurac.edu). Covering a
wide variety of habitats and sub-catchments, the presented
surveys thus estimated not only the regional species in-
ventory, but also identified the dominant groups in water-
sheds of the southern Alps.

Benefits and limits of Biodiversity Days to record
regional biodiversity

Several surveys of local biodiversity have been carried
out in various South Tyrolean waters (Furse et al., 2006;
Sambugar ef al., 2006; Lencioni ef al., 2011; Scotti et al.,
2019b), but the Biodiversity Days conducted over the re-
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gion led to an increased knowledge about aquatic taxa
forming benthic communities in different types and habi-
tats of Alpine freshwaters. All assessments in different
areas distributed across the study region’s river network
revealed an inventory of 334 different aquatic invertebrate
taxa, with most of them belonging to the family Chirono-
midae (79 taxa) and the order Trichoptera (61 taxa), which
is in line with other Alpine river communities (Fiireder et
al., 2017; Niedrist et al., 2017; Scotti et al., 2019a) and
the ranking within the currently known species inventory
of the European Alps (www.freshwaterecology.info,
Schmidt-Kloiber and Hering, 2015). Besides the impor-
tance of the habitat type (standing vs. running water, par-
tial R?=0.19, p<0.001, Fig. 3A), the composition of the
communities was also weakly related to the geographical
location (relationship with longitude but not latitude, par-
tial R>=0.04, p=0.053, Fig. 3A). Despite the demonstrated
general relationship between the composition of inverte-
brate communities and altitude (Jacobsen et al., 1997; Ja-
cobsen, 2003), that was not evident in this dataset. We
suppose that this is due to the limitation of the dataset
presence/absence data only. The functional composition
of all communities (saprobic composition) confirmed a
longitudinal gradient of differences between habitats.
Compared to previous assessments and gained taxa in-
ventory for the same region, these Biodiversity Days re-
vealed 167 additional taxa from multiple taxonomic
groups, which have been undiscovered until then. This in-
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recorded during Biodiversity Days added
to the total taxa pool of all previously
registered taxa in this region by 167 taxa
(+13%).
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dicated that such Biodiversity Days contribute signifi-
cantly to the knowledge of aquatic taxa in this region and
to Biodiversity research in general. Over time, a different
number of experts, specialized in different taxonomic
groups, were involved in the studies, leading to a time-
dependent increase of known group-specific taxa. Al-
though keeping the sampling effort comparable from site
to site, we assume that the varying number of new records
resulted from a different coverage of present microhabi-
tats and/or taxonomic groups. During the entire study pe-
riod, most taxa were identified within the groups
Chironomidae, Trichoptera, other Diptera,
Ephemeroptera, Plecoptera, and Oligochaeta (>80% of all
known taxa). Although the possible taxonomic differen-
tiation within encountered families or orders can be dif-
ferent or was done differently, this accumulated taxa
inventory and the ranking of species groups correspond
to that of the entire ecoregion ‘European Alps’ (Schmidt-
Kloiber and Hering, 2015). Less taxa were identified for
the groups Crustaceae, Megaloptera, Turbellaria, Nema-
toda, Nematomorpha, Bivalvia, Heteroptera, Hirudinea,
Gastropoda, or Odonata. However, considerably more
species of these neglected groups might be present in
South Tyrolean waters, as indicated by online databases
(Schmidt-Kloiber and Hering, 2015). Therefore, experts
in these taxonomic groups are encouraged to participate

in future Biodiversity Days to identify and record the var-
ious taxa within these invertebrate orders.

The list of identified taxa from the first three biodi-
versity days indicates an underrepresentation of usually
dominant invertebrate orders or families in comparable
waters or the cumulative taxa inventory of all studied sites
(e.g., Chironomidae, see Fig. 2A). The morphological
identification of the non-biting midges to species or
species-group levels is justifiably considered difficult
(Peckarsky et al., 1990; Oh et al., 2014), and chironomids
are often not identified beyond family or subfamily also
due to its time consumption. However, such procedure
could hide important information or patterns of biodiver-
sity (Peckarsky et al., 1990). Considering the high species
diversity of Chironomidae in Alpine regions (Schmidt-
Kloiber and Hering, 2015) and the constant dominance in
taxa richness in all consecutively sampled sites (from
2008 to 2017), we assume that taxonomic groups were re-
solved differently over the duration of this study.

In 2007, the Biodiversity Day was carried out as part
of a research project at the same site, resulting in much
more sampled micro-habitats without the possibility to re-
trace all registered taxa. Such more intense sampling is
likely responsible for the strong increase of known taxa
in that year (Fig. 2A).

Surveys of aquatic invertebrates that are mandatory for
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Fig. 5. Predicted increase of known aquatic taxa depending on the number of Biodiversity Days (‘“biodiversity surveys”) based on the
observed increase of the cumulative taxa numbers during the 13 Biodiversity days. The relationship is described with the (logarithmic)
model and an estimation of its goodness (R?). Different colors indicate models based on different numbers of Biodiversity Days: black,
50; dark grey, 300. Dashed lines delineate the 95% confidence interval of observed and predicted taxa numbers.
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the Water Framework Directive in waters of the same re-
gion are certainly biased, as the focus is on few larger water
bodies (Bo et al., 2016), while small rivers or ponds are ig-
nored. Thus, the taxa richness of South Tyrolean freshwa-
ters could have been underestimated so far, analogous to
other regions and rare taxonomic groups (Gessner and Van
Ryckegem, 2003; Shearer et al., 2007; Kuzmina et al.,
2018). However, this summary of Biodiversity Days
demonstrates that voluntary efforts can contribute to a first
estimation of the aquatic invertebrate richness of a region
in recording taxa whose occurrence was unknown until
then. Based on the existing data from past Biodiversity
Days and on the increase of known taxa in that region, we
conclude that Biodiversity Days will continue contributing
to the discovery of aquatic taxa in the next decades. Pre-
dicting the entire taxa inventory of this region is avoided
and should in any case be considered with caution, since a)
the surveys focused on the most species-rich animal groups,
leading to increased numbers of new taxa over time, and
b) only natural habitats have been examined so far, neglect-
ing less known water types such as urban waters, morpho-
logically modified streams, reservoirs, ponds, eutrophic
drainage ditches, etc., with their diverse communities (e.g.,
in urban ponds; Hill ef al., 2018). Given that Alpine waters
with distinct environmental conditions harbor different
communities (Niedrist and Fiireder, 2016), we expect that
monitoring such non-natural habitats will reveal taxa that
are not present in natural waters.

CONCLUSIONS

Given the contemporary rapid changes in Alpine areas
(Hock et al., 2019) and warming (Niedrist and Fiireder,
2021) or pollution (e.g., secondary salinization; Niedrist
etal.,2021) of Alpine rivers with the background of dras-
tic declines of freshwater populations worldwide (WWE,
2018), monitoring of regional biodiversity is essential to
understand future situations (Krug et al., 2017), but also
for adapting and prioritizing conservation measures. This
work provides not only a basis for the planned biodiver-
sity monitoring in that northern Italian province (see
https://biodiversity.eurac.edu), but also information for
nature education (regional and local species inventory
used for nature tours, exhibitions, on-site information
boards, etc.), and for evaluations of regional and site-spe-
cific resistance of freshwater communities for expected
changes of habitat conditions. Further, this summary of
data gained in Biodiversity Days demonstrates that such
surveys can contribute to Biodiversity research, and
thereby contribute to the regional management of natural
areas (Miller-Rushing et al., 2012). This study demon-
strates that Biodiversity Days represent a simple, cost ef-
fective addition for monitoring species diversity on
regional scales.
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