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BASIC DATA FROM BIODIVERSITY MONITORING SWITZERLAND BDM Z9 

Species Diversity in Habitats 
One of the core BDM indicators, Z9 monitors species diversity development of four 
select species groups in Switzerland’s major habitats and in various altitudinal zones. 
Species richness of vascular plants, mosses, mollusks and aquatic insects clearly 
indicates the ways species diversity in common habitats⎯i.e. in “normal” Swiss 
grassland, arable land, forests and watercourses⎯is impacted by different main types of 
land use. Yet these four groups cannot represent the development of the country’s total 
biological diversity from large vertebrates to tiny microorganisms. Furthermore, the 
insights provided by this indicator must not be considered by themselves, since in 
addition to species diversity, species composition (Z12 indicator) or the development of 
individual species (Z8 indicator) play an important role as well. 
 
The most striking development to take place in the past 10 years is the considerable 
increase in both mean species and specimen numbers of mollusks in not one, but 
several habitats and various altitudinal zones. Above all, this increase concerns 
common species that make no particular demands on the quality of their habitat. 
“Humdrum species” tending to prosper in the period under observation may also be 
found among vascular plants and mosses. Still, the changes in species numbers 
recorded for these two latter groups are less distinct by far than for mollusks. In many 
habitats, species numbers of vascular plants and mosses even remained the same in the 
past 10 years. However, data gathered in settlements reveal a decline in species 
diversity, which can at least partially be explained by the loss of habitat through 
construction activity. 
 
Status: May 2015 
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Development in Switzerland 

The Z9 indicator is designed to document changes in species diversity of vascular plants, mosses, 
mollusks (snails) and aquatic insects in Switzerland’s major habitats 

Compared to when surveys began in 2001, there are change trends emerging. What strikes the eye most 
of all is the considerable increase in mollusk species numbers in settlements, forests and grassland. At the 
same time, mollusk specimen numbers have been increasing distinctly as well. However, data on vascular 
plant and moss species diversity gathered in the past 10 surveying years only yield isolated changes, all of 
them consisting in declining species numbers: Vascular plant species numbers have been decreasing in 
settlements, moss species numbers in settlements and grassland. 

In contrast to rather minor changes in mean species numbers in habitats, populations of some individual 
species or indicator species groups have undergone major changes indeed (cf. Z8 indicator “Population 
Size of Common Species”). The previous trend for local species communities in habitats to homogenize is 
currently almost exclusively restricted to mollusks (cf. Z12 indicator “Diversity of Species Communities”). 

Trends observed so far will be commented in greater detail below. Table 1 and 2 list current 10-year 
trends for mean species numbers of three species groups in various habitats, with the analysis including 
all data collected between 2005 and 2014. Figures 1 to 6 below illustrate the development registered 
during the whole surveying period since 2001. As field surveys of aquatic insects have only started in 
2010, there are obviously no change data available yet. 

 

Tab. 1: Species diversity trends 2005–20141  

Habitats Vascular plants Mosses Mollusks 

Settlements ➘ ➘ ➚ 

Forests ➙ ➙ ➚ 

Arable land ➙ ➙ ➙ 

Grassland ➙ ➘ ➚ 

Alpine pastures ➙ ➙ ➚ 

Mountains ➙ ➙ ➙ 

Watercourses n.a. n.a. n.a. 

©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

 

 

   
1 Processing mollusk samples collected in the field requires several time-consuming intermediate stages in order to sift out all mollusks 
present in collected soil mixture samples. As a result, mollusk data analyses are delayed by one year compared to the other species 
groups. For this reason, mollusk trends refer to the period of 2004–2013. 

http://www.biodiversitymonitoring.ch/en/data/indicators/z/z8.html
http://www.biodiversitymonitoring.ch/en/data/indicators/z/z8.html
http://www.biodiversitymonitoring.ch/en/data/indicators/z/z12.html
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Fig. 1: Development of species numbers in settlements 2001–2014* 

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 

Vascular plants 

 
Mosses 

 

Mollusks 

 

©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Fig. 2: Development of species numbers in forests 2001–2014*  

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 
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©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Fig. 3: Development of species numbers on arable land 2001–2014* 

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 
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©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Fig. 4: Development of species numbers on grassland 2001–2014* 

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 
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©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Fig. 5: Development of species numbers on alpine pastures 2001–2014* 

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 
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©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Fig. 6: Development of species numbers in the mountains 2001–2014* 

Mean species numbers in 10-m2 sampling areas: 5-year mean line and 95% confidence interval of annual means (gray 
shading). 5-year means (colored dots) refer to the preceding 5 years each. 
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©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

*Mollusk data available at this time cover surveying periods through 2013. 
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Tab. 2a: Species diversity trends in grassland by altitudinal zones 2005–2014* 

Altitudinal zones Vascular plants Mosses Mollusks 

Subalpine ➙ ➙ ➚ 

Montane ➙ ➘ ➚ 

Colline ➙ ➚ ➙ 

©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

 

Tab. 2b: Species diversity trends in forests by altitudinal zones 2005–2014* 

Altitudinal zones Vascular plants Mosses Mollusks 

Subalpine ➙ ➙ ➚ 
Montane ➙ ➙ ➚ 
Colline ➙ ➙ ➚ 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

* Reference period for mollusks: 2004-2013. 

 

Comments 

• For complete data tables, figures illustrating species diversity trends by altitudinal zones (tab. 2a and 
2b), and complementary information please refer to Appendix 1. 

• Both species and specimen numbers of mollusks (snails) have distinctly increased in 
settlements⎯quite in contrast to the significantly negative trends recorded for species numbers of 
vascular plants and mosses respectively. The cause of the increase in snail populations remains 
unclear so far, both for settlements and other habitats. 

• In the past 10 years, vascular plant species numbers in settlements have declined by an average one 
species from 19 to 18. During that time, moss plant species in settlements also declined by one 
species from 6 to 5. This must at least partially be put down to the soil surface of settlement sampling 
areas being newly built on or paved. Sealed soil-surface sampling areas have increased by 16% within 
10 years. 

• Mean mollusk species numbers in forests have been rising in the past 10 years, primarily as regards 
typical forest dwellers that make no particular ecological demands and also occur in other habitats, 
where they have been contributing to increasing snail species numbers as well. Two thirds of mollusk 
species that stand out for significant increases fall under the heading of such “ubiquist forest species”, 
with the Copse Snail (Arianta arbustorum) being just one example. It is possible that they were able to 
benefit from the changes in Switzerland’s forests (more deadwood, more leaf litter, improved 
microclimate because of a larger percentage of vegetative cover, etc.). However, this hypothesis 
needs to be substantiated first. 

• A slight increase in forest species numbers may be evidenced for mosses, too, but only if the total 
period under observation is extended from 10 to 13 years (which is why it is disregarded in tables 1 
and 2b). Regarding forest mosses, the increase is above all fuelled by already widespread and 
ecologically insensitive species as well as certain epiphytes such as the Forked Veilwort (Metzgeria 
furcata). A recent increase in epiphytic biomass was also observed in other countries, e.g. in the 
neighboring German state of North Rhine-Westphalia (Frahm, 2008). As epiphytic mosses, unlike 
ground mosses, do not have to compete with vascular plants, they may gain from an increase in 
humidity and airborne nutrient supply (Michael Lüth, personal communication). The decline in sulfur 
dioxide air pollution has a positive impact on epiphytic mosses as well (Frahm, 2009). 
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• However, there is no change discernible for overall vascular plant species numbers in forests. 
Nevertheless, population sizes of individual vascular plant species in forests continue to increase 
distinctly, especially fast-growing, light-loving species of the shrub and herb layers such as the 
Common Ash (Fraxinus excelsior, +7%), the Common Hazel (Corylus avellana, +12%), the Mountain 
Ash (Sorbus aucuparia, +9%) and the Raspberry (Rubus idaeus, +5%). All these species tend to be 
fostered by forest management interventions. Roughly two thirds of Switzerland’s forests are forestry 
production land. Special analyses show vascular plant species diversity in production mountain forests 
to be higher than in natural mountain forests. In deciduous forests, there is hardly any difference to be 
found, but production deciduous forests are known to be poorer in species than natural deciduous 
forests. 

• Mollusk species diversity on grassland has increased considerably. While there were no trends 
detected for vascular plants on grassland during the past 10 years, species numbers have slightly 
increased looking at the surveying period as a whole. Moss species numbers, on the other hand, have 
now slightly decreased, with the decline mostly localized at the montane level. In colline sampling 
areas, however, moss species numbers have been found to increase. For the time being, the reason 
for these contrary trends in moss species numbers is a mystery. Conspicuous increases in population 
sizes of vascular plants have primarily been evidenced for common species making relatively little 
ecological demands, such as the Carpetweed (Ajuga reptans, +4%) or the Hairy Cat’s Ear 
(Hypochaeris radicata, +25%). As revealed by a BDM special analysis regarding changes in land use 
on grassland in summer pasturing areas (alpine pastures), species compositions have indeed been 
altered (Strebel & Bühler, 2015). Analyzing indicator species suggests that particularly remote and 
steep highland areas hold an increasing number of vascular plant species that are typical for 
agricultural land abandonment. Conversely, species communities in easily accessible, flat lowland 
areas reflect intensified land use. Mean vascular plant species numbers in areas redolent of intensified 
land use are declining, both the total number of species and the number of environmental target and 
index species in agriculture (UZL) considered relevant for nature conservation in this habitat type. 

• The continued spreading of already common species is one of the prominent general trends emerging 
from BDM data (see e.g. Bühler & Roth, 2011). There are several likely causes: Both the climate 
change and changes in land use or ceaseless airborne nitrogen deposition could result in habitat 
conditions becoming more and more alike, hence increasingly favoring the same species far and wide. 
In the long term, rare and ecologically specialized species might be left out in the cold by this 
development. A special analysis of BDM data revealed that the number of vascular plant species 
specializing in nutrient-poor sites is indeed lower wherever large amounts of airborne nitrogen are 
being deposited (Roth et al., 2013). In other words, a decline of specialist species might yet be to 
come. 

• In the mountains, the increase in moss and mollusk species numbers established in previous years 
can no longer be evidenced for the latest 10-year period. However, viewed over the total surveying 
period of 13 years, the increase is still present⎯not only for mosses and mollusks, but also for 
vascular plants. As regards mollusks, the results of independent studies suggest that snail species 
have been extending their ranges to higher elevations. For example, Baur & Baur (2013) were able to 
show that the Copse Snail has pushed the upper limit of its range in the Swiss National Park 164 
meters uphill. A BDM special analysis of vascular plant data shows that the mean altitudinal range of 
typical mountain plant species has risen by 15 to 20 meters between 2001 and 2010, and that species 
typical of mild lowland sites feature above-average increases in population size at the montane and 
subalpine levels (Bühler, 2012). 

• In addition to changes evidenced for the mountains, there are other Z9 findings that could be 
interpreted to be results of climate warming. In lowland sites in particular, heat-loving vascular plant 
species have become more common. This caused the mean temperature index (average of 
temperature indicator values of species present) of species communities to rise without being matched 
by an increase in mean species numbers per BDM sampling area. BDM special analyses of moss data 
have yielded similar change patterns. On average, moss species preferring warm and dry habitats 
tend to spread, while moss species specializing in cold habitats tend to retreat. But for mosses, 
humidity is liable to be just as important for habitat quality as temperature curves (Michael Lüth, 
personal communication). 
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• The most striking change registered by the Z9 indicator is the increase in mollusks taking place in 
various habitats and altitudinal zones. Compared to the previous surveying period (2004-2008), 47 
(28%) of a total of 168 snail species monitored by BDM have been evidenced in at least ten more 
Z9 sampling areas, whereas in the same period of time, only 2 species disappeared from 10 or more 
Z9 sampling areas, both of them widespread (Tiny Herald Snail: –33 areas; Ribbed Grass Snail: 
–20 areas). 

• In habitats featuring a pronounced increase in mollusk species, mollusk specimen numbers soared at 
the same time. While fieldworkers logged an average number of 54 individual snails per sampling area 
in the 2001-2007 surveying period, they have been counting over 100 as of 2008, with the upsurge 
involving above all already common and widespread snail species making no particular ecological 
demands (“ubiquists”). As to the reasons for this extraordinarily distinct increase, even experts can do 
nothing but speculate at this time. According to a BDM poll among snail specialists, an explanation 
might be provided by general changes in the microclimate of snail habitats, for example increasingly 
warm, humid and shaded conditions in forests, shrub coppices and grassland. Such a development 
could have been brought about by an increased nutrient supply, which in turn resulted in a denser 
vegetative cover. This could have improved snail habitats especially in forests, augmenting leaf litter, 
deadwood and the degree of total vegetative cover. Last but not least, snail species numbers might 
have been boosted by the climate change. On occasion of an experimental trial in the U.K., 
researchers showed that milder winter temperatures trigger an increase of specimen numbers of 
various grassland mollusks (Sternberg 2010). Furthermore, it cannot be completely excluded that the 
scorcher summer of 2003 left its mark, since many snail populations might have collapsed that year 
due to the drought or heavy parasite infestation and are only gradually starting to recover. 

• For more information on individual species please refer to the Z8 indicator “Population Size of 
Common Species”. 

• In evaluating biodiversity trends, it must be borne in mind that biodiversity is not only a matter of 
species numbers, but also of differences in the composition of species communities. This aspect of 
biodiversity is taken into account by the Z12 indicator “Diversity of Species Communities”. 

Situation in Switzerland 
Figure 7 below illustrates mean species numbers in Switzerland’s various habitats. The height of the bars 
represents state values as recorded during the 2010–2014 surveying period. No habitat type in this 
country harbors a wider species diversity of vascular plants and mosses than alpine pastures. However, 
forests are very rich in species as well, particularly as regards mollusks. 

Results regarding watercourses are shown separately in figures 10 and 11. 

 

http://www.biodiversitymonitoring.ch/en/data/indicators/z/z8.html
http://www.biodiversitymonitoring.ch/en/data/indicators/z/z8.html
http://www.biodiversitymonitoring.ch/en/data/indicators/z/z12.html
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Fig. 7: Species diversity in various habitats 2010–2014* (excluding watercourses) 

Mean species numbers (arithmetic mean) in 10-m2 sampling areas with a 95% confidence interval. 

 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

* Reference period for mollusks: 2009–2013. 

 

 

Comments 

• “Mountains” stands for areas not subjected to alpine farming, such as scree plant communities, turf, 
and dwarf shrub heath, excluding glaciers and inaccessible rocks. 

• For data tables and complementary information please refer to Appendix 1. 

 

Settlements:  

• Settlements feature the highest share of sampling areas holding no vascular plants, mosses and 
mollusks at all, mostly due to sealed soil surfaces. Outside of settlements, comparable sampling areas 
are mostly located in the mountains (above all rock and scree areas). 

 

Forests: 

• The high numbers of moss species in forests must primarily be attributed to the wide range of small-
scale sites this type of habitat offers (e.g. the barks of various trees, deadwood, boulders in forests). 

• On average, the highest mollusk species numbers are logged in forests. So it is only logical that, at 40 
identified species, the two sampling areas richest in species are located in forests. Within altitudinal 
zones, differing species communities and species numbers are determined by both location factors 
(region, bedrock, humidity, temperatures) and land use or land-use history and structural diversity (e.g. 
deadwood supplies). 

 

Arable land: 

• Low moss species numbers recorded on arable land are at least partly caused by Z9 surveying 
methods. Farmland mosses are short-lived, only starting to develop in late summer. If arable land is 
surveyed before that time, mosses frequently cannot be spotted yet. Farmland mosses best flourish on 
stubble fields that are left standing until late in the fall. 
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Grassland: 

• Situated on subalpine grassland and harboring 93 vascular plant species, the sampling area to feature 
the highest number of species on ten square meters was found in the Northern Alps. 

• In contrast, the low moss species diversity of nearly all lowland grassland is most likely the result of the 
intensive land use common at that altitude. While some lowland grassland sampling areas feature very 
high species numbers, these are usually subjected to extensive land use (e.g. poor grassland). 

• Mollusk species numbers are even more impacted by site conditions and land use on grassland than 
in forests. Aside from base-rich and base-deficient soil conditions—the main determinants—, it is 
essentially the type of land use that governs the mollusk species diversity of any given location. 
Among other things, the quality of a site is essentially influenced by fertilization, cutting frequency, 
rolling, and stocking density. 

 

Alpine pastures: 

• The high numbers of moss species must primarily be attributed to the wide range of small-scale sites 
this habitat offers (e.g. boulders on alpine pastures). 

• However, there are only a few mollusk species found on alpine pastures and in unused mountain 
areas, since snails have a hard time handling the climatic conditions at these altitudes. 

 

Mountains: 

• Soil samples containing no mollusks at all were mainly collected at high altitudes, but also in farmland 
areas subjected to intensive land use and in settlement areas. 

 

Watercourses: 

• As regards aquatic insects, the Z9 indicator monitors the species diversity of three orders: mayflies 
(Ephemeroptera), stoneflies (Plecoptera) and caddisflies (Trichoptera). Designed as a state indicator, 
Z9 describes both current species diversity and changes in species diversity in Swiss watercourses. 
Surveying of aquatic insects started in 2010. For the first time, current analyses are based on the 
complete sample, as every sampling area has now been surveyed once in the past five years. 

• Overall, sampling areas held an average of 15 aquatic insect species, with mayflies, stoneflies and 
caddisflies each contributing roughly a third of species numbers recorded. Sampling areas yielding 
more than 30 species—with the most species-rich among them harboring 37—are all located at the 
montane and subalpine levels. However, sampling areas poorest in species, where field surveys 
revealed only a single aquatic insect species or even none at all, are spread out over all altitudinal 
zones. 

• For sampling procedures please refer to “Surveying methods” below. 
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Comparison by altitudinal zones 

Fig. 8: Distribution of BDM sampling areas onto altitudinal zones 

 
© BDM (Z9 indicator) 

 

Grassland and forests: 

Subdividing forests and grassland/pastures by altitudinal zones practically suggests itself, since both their 
natures and land uses change depending on altitude. Altitudinal categorization is based on 
“Wärmegliederung der Schweiz”. For the purposes of BDM analyses, categories used in that publication 
have been condensed into three altitudinal zones: colline, montane, and subalpine (cf. figure 8). The 
illustrations below have been established excluding data gathered in the alpine altitudinal zone. 

Field data show high species diversity of vascular plants at the subalpine level. Both in grassland and in 
forests, species numbers recorded at that altitude are significantly higher than in the lowlands. The 
sampling area featuring the highest plant species number of all is located at the subalpine level as well. 
Lowland grassland areas tend to be species-poor, with their plant species numbers considerably below 
the Swiss mean. 

BDM surveys also provide evidence that forests become richer in mosses with increasing altitude. This 
phenomenon is essentially bound to be caused by mountain forests offering a higher share of deadwood 
and a wider variety of structures. Furthermore, the species richness of mountain forests is encouraged by 
favorable weather conditions such as the maritime influence shaping the climate prevalent in the Northern 
Alps. Mollusk species diversity, however, generally decreases as the altitude increases. 
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Fig. 9a: Species diversity in forests 2010–2014* 

Mean species numbers in habitats, recorded in 10-m2 sampling areas with a 95% confidence interval 

 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

* Reference period for mollusks: 2009–2013. 

 
Fig. 9b: Species diversity in grassland 2010–2014* 

Mean species numbers in habitats, recorded in 10-m2 sampling areas with a 95% confidence interval 

 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

* Reference period for mollusks: 2009–2013. 

 

Comments regarding figures 9a and 9b 

• Unlike mosses, mollusks generally become scarcer with increasing altitude. The zone richest in 
mollusk species is located within 400 to 600 meters above sea level. Still, a third of all species, many 
forest species in particular, climb as high as the alpine forest line. In zones above 1’800 meters and 
again above 2’400 meters, however, researchers observe a dramatic decline in species numbers, as 
more and more heat-requiring mollusks are forced to stay behind. This altitude gradient applies to both 
forests and grassland. There are outliers, though: The maximum value to be recorded in an area 
above 2’400 meters was 10 species at 2’447 meters above sea level. 
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• There are merely a few mollusk species to be found on most of the Central Plateau, where 
deforestation and fragmentation of remaining forests have caused the decline of some forest-dwelling 
mollusk species. Favored by bedrock, climate conditions and still extended forest areas, species 
numbers are higher in the Jura and in the Northern Alps. The Southern Alps are mostly composed of 
siliceous, base-deficient types of rock, harboring only a few mollusk species by nature. Exceptionally, 
forests in the dry valleys of the Wallis and the geologically diverse region of the Glarus Alps hold high 
mollusk species numbers as well. 

• For data tables and complementary information please refer to Appendix 1. 

 

Forests: 

• As substantiated by special analysis (FOEN, 2010), light availability in a forest is crucial for vascular 
plants: Thin, open forests are generally characterized by higher species diversity than dense, dark 
forests. However, site factors such as climate and terrain orientation play an important role in 
determining species diversity as well. 

• Primeval-type beech forests reach an average 5 to 13 vascular plant species per sampling area at the 
colline level (Bois de Chênes, Fürstenhalde and Adenberg forest nature reserves in the cantons of 
Waadt and Zurich), while managed forests of all types located in comparable natural landscape units 
harbor 18 ±3 species per sampling area. In other words, surveyed primeval-type beech forests feature 
lower species numbers throughout, likely the result of stronger tree canopy shading due to the higher 
density of old forest stands. Vascular plants occurring there are mostly characteristic common forest 
species such as the European Beech (Fagus sylvatica), the Wood Anemone (Anemone nemorosa) 
and the Sweet Woodruff (Galium odoratum). A neophyte evidenced in several sampling areas, the 
Small Balsam (Impatiens parviflora) has conquered various primeval-type forest sites. However, 
regularly thinning out managed forests creates points of disturbance and promotes light-loving plant 
species. 

• Primeval-type coniferous forests at the montane and subalpine levels hold an average of 11 to 33 
vascular plant species per sampling area (Derborence, Bödmerenwald and Scatlé forest nature 
reserves in the cantons of Wallis, Schwyz and Graubünden). Since mostly managed forests of all 
types located in comparable natural landscape units feature 31 ± 6 species per sampling area, 
surveyed unmanaged coniferous forests tend to harbor subaverage vascular plant species numbers 
compared to managed coniferous forests. Nevertheless, they contain species typical of subalpine 
coniferous forests such as the Lesser Twayblade (Listera cordata) and numerous ferns, for example 
Deer Fern (Blechnum spicant). For coniferous forest just like for beech forests, the difference in 
species numbers is liable to be at least partially caused by stronger tree canopy shading in dense old 
forest stands. 

• Compared to montane or colline forests, subalpine forests hold the highest moss species diversity. 
This phenomenon is essentially bound to be caused by mountain forests offering a higher share of 
deadwood and softwood as well as a wider variety of structures. Furthermore, moss species richness 
of mountain forests is encouraged by favorable weather conditions such as the maritime influence 
shaping the climate prevalent in the Northern Alps. 

 

Grassland: 

• On grassland, it is structural variety that makes or breaks moss species diversity. Subalpine pastures 
are much richer in structures (such as boulders and rocks) than lowland pastures subjected to more 
intensive land use. 
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Watercourses: 

Fig. 10: Species diversity in watercourses 2010–2014 

species numbers 

 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2015 

 

Comments 

• Data gathered during surveys to date show that watercourses in the montane and subalpine zones 
harbor the highest species diversity. While this finding equally applies to all three groups, the pattern is 
most pronounced as regards stoneflies. 

• The three insect orders surveyed by BDM prefer slightly differing site conditions. Stoneflies, for 
example, depend on particularly clean, cold and oxygen-rich water. As these conditions are primarily 
met by watercourses of the montane and subalpine zones, the species diversity of stoneflies flourishes 
there. Even though mayflies and caddisflies essentially make similar demands on their habitats, these 
two groups include a larger share of species specializing in major watercourses, so even surveyed 
lowland watercourse sections may hold considerable numbers of both species groups. Still, they 
remain distinctly below numbers sampled in montane or subalpine sections. 

• Observed diversity patterns can be explained both by ecological demands made by species and by 
watercourse quality: Highland watercourses are usually less strictly controlled than lowland 
watercourses (cf. E12 indicator “Proportion of Adversely Affected Watercourses”). However, 
uncontrolled banks and beds offering a wide variety of structures are important habitats for aquatic 
insects. Wherever these habitats have disappeared, a number of species has disappeared along with 
them. Altitude-dependent differences in water quality might play a role as well (cf. E13 indicator “Water 
Quality”). Still, while water quality in the alpine zone tends to be barely compromised, species diversity 
in high-altitude watercourses is lower by nature. 

• In addition to the factors mentioned above, climate change might also play its part in the observed 
diversity pattern of aquatic insects. After all, since stoneflies are especially adapted to cold 
watercourses, they are bound to be the first of the three groups to react to changes brought about by 
climate change (Conti et al, 2014). 

  

http://www.biodiversitymonitoring.ch/en/data/indicators/e/e12.html
http://www.biodiversitymonitoring.ch/en/data/indicators/e/e13.html
http://www.biodiversitymonitoring.ch/en/data/indicators/e/e13.html
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Fig. 11: Species diversity in watercourses by Strahler stream order number, 2010–2014 

species numbers 

 
©  BDM (Z9 indicator). Data source: BDM field surveys. Status: May 2014 

 

 

Fig. 12: Strahler stream order numbers (SSONs) 

 
©  BDM (Z9 indicator). 

 

Comments 

• Outermost tributaries (headstreams) are given the Strahler stream order number 1. When two streams 
of the same order come together, the newly formed stream is given the next higher order number. 
When two streams of different orders come together, the newly formed stream is given the higher 
number of the two. 

• With aquatic insects commonly moving in or along watercourses, the potential for colonization is 
highest in medium stream order number sites, as they are centrally located in the watercourse system 
(cf. Altermatt et al., 2014). At the same time, the number of different habitats within a watercourse 
section increases with the size of that particular watercourse. Consequently, species numbers would 
be expected to rise with increasing watercourse size and then drop again in watercourses with 
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particularly high stream order numbers, a pattern actually emerging from BDM data gathered during 
the first two years of surveying. However, since watercourses at higher altitudes are usually both 
smaller and less strictly controlled than their lowland counterparts (cf. E12 indicator), the pattern might 
only show in weakened form. 

• For sampling procedures please refer to “Surveying methods” below. 

Additional findings 

Figures 13 to 18 below illustrate species numbers registered in BDM sampling areas. With locations of 
sampling areas determined by chance for statistical reasons, individual results cannot be used to 
extrapolate species diversity found in the vicinity of sampling areas. Nevertheless, it is possible to 
recognize certain patterns that are reflecting regional situations. 

 

Fig. 13: Vascular plant species diversity in forests 

Mean vascular plant species numbers in 10-m2 sampling areas in forests 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2008-2012. Status: May 2013 

 

  

http://www.biodiversitymonitoring.ch/en/data/indicators/e/e12.html
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Fig. 14: Moss species diversity in forests 

Mean moss species numbers in 10-m2 sampling areas in forests 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2008-2012. Status: May 2013 
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Fig. 15: Mollusk species diversity in forests 

Mean mollusk species numbers in 10-m2 sampling areas in forests 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2007-2011. Status: May 2013 
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Comments regarding figures 13 to 15 

• The highest density of forest sampling areas rich in vascular plant species is found in the Southwest of 
the Jura, in the Northern Alps, and in parts of the Central Alps. Sampling areas on the Central Plateau, 
in the Southern and in the Central Alps tend to be poor in species. 

• There is a striking difference in moss species numbers in forests between the species-poor Central 
Plateau and the species-rich Alps (especially the Northern and the Central Alps) as well as the 
Western Jura. Forests on north-facing slopes in the Wallis and the North of Graubünden are rich in 
species as well. Various site factors (e.g. higher deadwood shares in mountain forests) and weather 
conditions (more maritime climate along the Northern Alps) contribute to higher moss species diversity 
in forests at higher elevations. Compared to the rest of the Alps, the Southern Alps feature a distinctly 
more heterogeneous moss species diversity. 

• On average, the highest mollusk species numbers of all habitats surveyed are logged in forests. So it 
is only logical that, at 40 identified species, the sampling area richest in species is located in a forest 
as well. The Jura and the Alps tend to hold relatively species-rich sampling areas, while those in the 
Tessin and on the Central Plateau tend to be characterized by species-poorness. 

 
 

Fig. 16: Vascular plant species diversity in grassland 

Mean vascular plant species numbers in 10-m2 sampling areas in grassland and on alpine pastures 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2008-2012. Status: May 2013 
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Fig. 17: Moss species diversity in grassland 

Mean moss species numbers in 10-m2 sampling areas in grassland and on alpine pastures 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2008-2012. Status: May 2013 
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Fig. 18: Mollusk species diversity in grassland 

Mean mollusk species numbers in 10-m2 sampling areas in grassland and on alpine pastures 

 
©  BDM (Z9 indicator). Data source: BDM field surveys 2007-2011. Status: May 2013 

 

Comments regarding figures 16 to 18 

• Grassland is considerably richer in moss species in the Alps than on the Central Plateau or in the Jura. 
Subalpine and alpine pastures in particular are well-known for their moss species diversity. As a rule, 
lowland grassland subjected to intensive land use harbors only very few moss species. 

• Relicts of the former man-made landscape ( e.g. dry or semiarid meadows), grassland sampling areas 
harboring more than 20 mollusk species are almost exclusively restricted to lime-rich subsoil. Species 
poorness in the Southern Alps is bound to be partly caused by the prevalent bedrock. 

 

Indicator species for vascular plant diversity 

Using data gathered in the 2004–2008 surveying period, BDM verified which plant species are consistently 
recorded in very species-rich habitats, and which plant species typically occur in species-poor habitats. Its 
field data are well suited to establishing indicator species since the systematic and standardized nature of 
BDM surveys ensures that Switzerland’s expanse is covered in a representative manner. 

Among all plant species recorded in Switzerland, the Dwarf Thistle (Cirsium acaule), a species typical of 
poor grassland, stands for the highest plant species diversity. Wherever this plant was observed in Z9 
surveys, the corresponding 10-m2 sampling area held an average of 59 species. However, several other 
species—most of them representative of semiarid grassland—indicate high plant species diversity as well, 
for example the Fragrant Orchid (Gymnadenia conopsea, on average accompanied by 57 species), the 
Great Yellow Gentian (Gentiana lutea, on average 57 species), the Pincushion Flower (Scabiosa 
columbaria, on average 56 species), Common Milkwort (Polygala vulgaris), Mountain Clover (Trifolium 
montanum), Quaking Grass (Briza media), and Fairy Flax (Linum catharticum), to name but a few. 
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Species-poor habitats are indicated by vascular plant species typical of alpine screes and the highest 
altitudes such as the Glacier Buttercup (Ranunculus glacialis) and Lax Bluegrass (Poa laxa). Any 10-m2 
sampling area where these species grow is home to an average of only 15 plant species. But stand-
forming trees such as the Sweet Chestnut (Castanea sativa, on average 16 species) and the European 
Beech (Fagus sylvatica, on average 20 species) as well as species typical of the herbaceous layer in dark 
forests, e.g. the Long Beechfern (Phegopteris connectilis) and Lords-and-Ladies (Arum maculatum), 
represent species-poor habitats, too. 

Significance for biodiversity 
Nature conservation efforts must not remain limited to designated (protected) areas, but need to strive for 
maximum biological diversity in line with given ecosystems all over the country’s expanse. The Z9 
indicator “Species Diversity in Habitats” shows the way species richness is developing in our everyday 
environment, i.e. in Switzerland’s “normal” grassland, arable land, forests and watercourses. 

The Z9 indicator is based on surveys covering vascular plants, mosses, mollusks and aquatic insects. It 
goes without saying that these four species groups cannot reflect the development of biodiversity as a 
whole, from large vertebrates to tiny microorganisms. What they can do, however, is reveal fundamental 
biodiversity trends, since they are sensitive in responding to environmental influences and, hence, well 
suited to the role of indicator groups. 

Z9 has been yielding some interesting results already. As it turns out, for example, the number of plant 
species on lowland grassland is considerably below the Swiss average, even though the ecological 
potential of grassland on the Central Plateau at least equals that of alpine pastures. What made 
biodiversity drop so low is intensive land use. Conversely, Z9 data also document the impressive plant and 
moss species richness found at higher altitudes, where land use is more extensive and, as such, having a 
distinctly more favorable impact. 

Unlike vascular plants, mollusks become less diverse with increasing altitude. However, their species 
richness does not decline due to pressures of land use. The reason for this phenomenon is an ecological 
one: snails tend to avoid higher altitudes by nature. 

Regardless of these initial trends, several years will pass before the development of species diversity in 
various habitats and at different altitudes will lend itself to detailed analysis. Initial change data point to 
species diversity increasing in all species groups and in various habitats. Future analyses will show how 
today’s land uses and the climate change affect species diversity throughout Switzerland’s habitats. 

Above all, the Z9 indicator will establish how sustainable a kind of forest management and agriculture is 
practiced in this country. Environmental programs initiated in the agricultural sector (cf. art. 76 of the 
Federal Law on Agriculture, or the Ordinance on Direct Payments), for example, give reason to hope that 
species diversity will increase. Time will tell whether this hope is justified or not, just as it will allow 
verification of the impact made by Switzerland’s new forest management policy. 

With only four fifths of the total sample processed so far, solid insights into the situation of Switzerland’s 
aquatic insects are not possible at this time. 

Definition 
Changes in the mean species diversity of select species groups in small sampling areas of standardized 
size. 
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The Z9 indicator “Species Diversity in Habitats” registers species diversity of vascular plants, mosses and 
mollusks in sampling areas of ten square meters each, covering all of Switzerland and different types of 
land use. It also provides information on forests and grassland/pastures located in different altitudinal 
zones. 

As regards aquatic insects, species diversity of mayflies, stoneflies and caddisflies is registered in 
watercourse sections the length of which (roughly 30 meters on average) is determined by the width of 
each watercourse surveyed. 

Surveying methods 
Surveys for the Z9 indicator “Species Diversity in Habitats” have been conducted since 2001, with the 
exception of aquatic insect surveys, which did not begin until 2010. For this purpose, BDM fieldworkers 
are recording vascular plants, mosses, and mollusks (snails) found in a large number of circular 10-m2 
sampling areas. Emanating from a randomly chosen site, roughly 1’650 of these sampling areas form of a 
regular grid covering all of Switzerland. However, approximately 100 such sampling areas—most of them 
high alpine—are so inaccessible that they cannot be surveyed. 

BDM experts have developed a specific surveying method for each species group, customized to yield 
well-reproducible results. (For videos on the subject please go to the BDM website at 
http://www.biodiversitymonitoring.ch/en/background/movie.html.)  

On top of the occurrence of species, habitat types and land uses are recorded as well. Due to the small 
size of the sampling areas, they must be marked with utmost precision. BDM fieldworkers determine the 
location of each sampling area using a GPS device. Moreover, they bury a magnet at the center and enter 
clearly visible points of reference in a so-called “back-up log”. 

The number of field trips (for plant surveys one or two each year, depending on altitude) and the time 
intervals in between field trips are predefined for each sampling area. Each vascular plant species found in 
a sampling area is electronically recorded on the spot. 

In addition, sampling areas are systematically surveyed for mosses each spring. A sample is taken of 
each moss species found, to be subsequently identified in the lab. 

Mollusk species diversity is surveyed using a special method: fieldworkers take eight soil samples at the 
perimeter of each sampling area. These soils samples are sent to the lab, where experts elute the shells 
and identify them under the binocular microscope. 

Aquatic insect species diversity is established by kick-sampling the aquatic larvae of mayflies, stoneflies 
and caddisflies. At roughly 30 meters on average, the length of each watercourse section surveyed is 
determined by its width, with the length corresponding to ten times a watercourse’s width. Insect larvae 
caught are sent to the lab, where species are individually identified by experts. 

The BDM Coordination Office continuously checks the quality of surveys and analyzes raw data. Roughly 
10% of all sampling areas are subject to double monitoring for quality control purposes. Comparative 
results gained this way allow for accurate assessment of data reliability and, thus, meaningfulness. 

In order to assess the development of species diversity in the past 10 years, BDM uses a generalized 
linear mixed model (GLMM). GLMMs are often used to compute trends in time because they can be very 
easily adapted to any data structure. This particular GLMM above all makes allowances for annual 
fluctuations in species diversity and the impact made by annual samples. For example, annual fluctuations 
may be influenced by weather conditions, hence creating the impression of false dependencies. 
Furthermore, the fact that only one fifth of all BDM sampling areas is surveyed each year is taken into 
account as well. Since the GLMM estimates the impact of this select sampling effect, BDM does not risk to 
report invalid increases or decreases due to sampling areas surveyed in any given year. 
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Further Information 
In charge of this indicator 

Christoph Bühler, buehler@hintermannweber.ch, Tel. +41 (0)61 717 88 83 

 

Related indicators 

> Species Diversity in Landscapes (Z7): in-depth information on species numbers in landscapes. 
   http://www.biodiversitymonitoring.ch/en/data/indicators/z/z7.html 

> Population Size of Common Species (Z8): in-depth information on individual species. 
   http://www.biodiversitymonitoring.ch/en/data/indicators/z/z8.html 

> Diversity of Species Communities (Z12): in-depth information on similarities of species composition. 
   http://www.biodiversitymonitoring.ch/en/data/indicators/z/z12.html 

 

Additional sources of information 

> http://www.bafu.admin.ch/?lang=en comprehensive information on the Federal Office for the 
Environment FOEN. 
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