
Introduction

The Biodiversity Monitoring in Switzerland Pro-

gramme (BDM) is a long-term monitoring programme of

the Swiss Agency for the Environment, Forests and Land-

scape (SAEFL) which monitors vascular-plant species

richness over time. This on-going monitoring, initiated in

2001, focuses on changes in species richness of selected

taxa (Hintermann et al. 2000) and at different spatial

scales (Weber et al. 2004). Of central importance to the

programme is species richness on a local scale (i.e.,

within-habitat diversity) and on a landscape scale (i.e.,

within-habitat mosaic diversity) following the definitions

of Whittaker et al. (2001). Because local diversity is

strongly influenced by land-use, the local diversity indi-

cator (mean species richness on 10 m
2
, Z9) is suitable to

describe changes in species richness within different

types of land-use in the cultural landscape. The landscape

diversity indicator (mean species richness on 1 km
2
, Z7)

measures landscape diversity, which is the result of het-

erogeneity within patches, within habitat types (i.e., types

of land-use), and between types of the land-use as shown,

for example, by Wagner et al. (2000), Whittaker et al.

(2001) and Zechmeister and Moser (2001). In addition to

vascular plants, other taxa are surveyed (e.g., snails, but-

terflies). For details see the Interim Report on the BDM

by Hintermann et al. (2002)
1
.

Because a long-term monitoring programme such as

the BDM must guarantee data set comparability when

data are separated by large spans of time, highly reproduc-

ible methods are needed to reduce, control and quantify

imperfect detectability of species (Anderson 2001,

Boulinier et al. 1998, Pollock et al. 2002, Yoccoz et al.

2001, Kéry and Schmid 2004). Species detectability is the

crucial variable influencing reproducibility of Z7 and Z9.

It is affected by three classes of variables (Buckland et al.

1993): (1) variables related to the observer, (2) variables

related to the environment and (3) variables related to the

species. The species and their properties might stay the

same across years, as also environmental properties, but

the observers will change over time. It is therefore impor-

tant to know, to what extent species detectability is influ-

enced by the observer. The BDM therefore invests signifi-

cantly in developing and testing appropriate methods.
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Furthermore, data quality is examined continuously by

methods which are detailed below.

The research presented here aims to test whether the

BMD methodology is appropriate for detecting future

changes in species richness. We analyze data from the on-

going survey, its quality control and some results of meth-

odological tests. For both of the indicators Z9 and Z7 we

examine the following questions:

• How reproducible are our species richness measure-

ments?

• How precisely can changes in species richness be

predicted?

• To what extent could mean species richness possibly

change in the future?

Methods

Measuring changes in plant species richness

Since 2001 the BDM has routinely assessed vascular

plant species richness on fixed surveying areas which are

distributed systematically over Switzerland. The survey is

staggered: each year one fifth of the entire sample for Z7

and Z9 is surveyed. Thus on the sixth year (2006) the first

fifth of the areas will be re-assessed. Paired measures for

all sampling units will be available after 10 years (2011).

Table 1 provides an overview of the most important

methodological characteristics for Z9 and Z7. For more

detailed information, see Hintermann et al. (2002).

Table 1. Summary of the BDM methodological characteristics for measuring vascular plant species richness.
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A fundamental methodological difference between

Z7 and Z9 lies in the size and shape of the sampling plot.

For Z9, the species richness in small circles of 10 m
2

is

recorded. The exact centers of the circles that are defined

by their coordinates are precisely located with a differen-

tial GPS. After the assessement, they are allocated to a

single type of land use or habitat respectively. The land-

scape indicator Z7 is assessed along a 2.5 km transect with

a total of 12,500 m
2

area. It represents a 1 km
2

grid unit

with several different types of land use and habitats.

Evaluation of methods

Prior to the initial routine survey in 2001, methods

were evaluated and tested for reproducibility and effi-

ciency. Similar field data were previously assessed in the

Canton Argovia (Fig. 1). Beginning in 1996, the Argovian

survey consists of 517 Z9-sampling areas monitored with

the same methods as the BDM (Weber 2002)
2
. A total of

73 paired measures were used to analyze the effects of

paired samples (see below).

Routine survey

In 2001 and 2002, 13 botanists collected data from

493 Z9-sampling plots. The Z9 data are routinely inter-

preted for 10 types of land use (habitats) further differen-

tiated by elevation. For Z7 in 2001 and 2002, a total of

184 transects were surveyed by 14 botanists. The Z7 data

are routinely interpreted for the 6 main biogeographic re-

gions of Switzerland (Gonseth et al. 2001, Fig. 1). In the

Jura region and the Southern Alps, the sample size was

doubled to allow more precise statements on the changes

in species richness in these small regions.

Reproducibility of BDM-methods

The BDM invests approximately 10% of its annual

field work budget on quality control. To test data quality,

independent replicate surveys were performed on a part

of the routine survey sample by 2 botanists who were not

involved in the regular BDM survey. The regular BDM

botanist team was unaware of which sample areas were

replicated. This double sampling approach (Thompson et

al. 1998, Pollock et al. 2002) allows not only a quantifi-

cation of species detectability, but also of the reproduci-

bility of Z7 and Z9 values.

Reproducibility is defined here as precision following

Zar (1984). It is expressed by three indicators: (1) the dif-

ference of mean species richness between routine and

control, (2) the mean of the absolute differences of species

richness between routine and control and (3) the standard

deviation (SD) of the differences of species richness be-

Figure 1. Study area.

AG: Canton Argovia.

The biogeographic re-

gions of Switzerland

(Gonseth et al. 2001).

A: Jura, B: Central

Plateau, C: Northern

Alps, D: Western Cen-

tral Alps, E: Eastern

Central Alps, F: South-

ern Alps.
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tween routine and control. These indicators express dif-

ferent sources of data variability such as bias between ob-

servers (indicator 1) or random variability (indicators 2

and 3). To distinguish different kinds of random variabil-

ity (e.g., data vs. random observer variability) further

analysis would be necessary.

Local diversity indicator. In 2001 and 2002 the methods

used in the BDM replicate collections for Z9 differed

slightly from those used in the routine collection. The data

were therefore inappropriate for determining methodo-

logical reproducibility. Instead, data originating from the

Canton Argovia survey (see above) were used. In the Can-

ton Argovia in the years 1997, 1999 and 2000, 28 sample

plots were re-assessed by a second botanist one or two

days after the regular assessement.

Landscape diversity indicator. In 2001 and 2002, the

BDM performed an independent control survey on 23

transects with indicator Z7 using the same methods as the

routine survey.

Precision at detecting changes in species richness

Assuming a t-distribution, the precision in detecting

changes in species richness using the minimum detectable

difference (MDD) was determined by the following equa-

tion (Zar 1984, p. 111):

δ = [ (s
2

/ n) ]
0.5

* (t α (2), n-1 + tβ(1),n-1) (1)

δ: minimum detectable difference,

s
2
: variance of measured values,

n: sample size,

t: critical value of the t-distribution,

α: probability of committing a Type I error, and

β: probability of committing a Type II error.

Let α = 0.05 and β = 0.10.

For some of the strata that were routinely analyzed for Z9

and Z7, we calculated the MDD values. We set the vari-

ance of species richness values as s
2
, assuming that the

variance of changes in species richness over time never

surpasses spatial variance. To estimate s
2

for the entire

sample, we used the values of the subsamples from 2001

and 2002.

For the paired measures from Canton Argovia, Equa-

tion (2) was used as follows (Zar 1984, p. 153):

δ = [ (sD
2

/ n) ]
0.5

* (t α (2), n-1 + t β (1), n-1) (2)

sD
2
: variance of pairwise differences.

Comparing MDD values with possible changes in

species richness

To determine if the calculated MDD values will be

useful in detecting future changes in species richness, we

contrived the following scenario for demonstrating possi-

ble changes in species richness: We assumed the vegeta-

tion on an average sample plot is drifting to species poor

or species rich condition. Species richness of the ’poor‘

vegetation was defined as the mean for the third of sam-

ples with the lowest species richness and ’rich‘ vegetation

by the mean value for the third of samples with the highest

species richness.

We used species richness data from the BDM 2001

and 2002 survey for montane grassland (indicator Z9)

and the Central Plateau (indicator Z7). For both strata, we

Table 2. Results of 28 replicated sample plots from the Canton Argovia survey.

Table 3. Results from 23 replicated BDM transects.
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calculated the mean of all sample areas, the mean for the

third of samples with the lowest species richness and the

mean for the third of samples with the highest species

richness. We compared the differences between the three

mean values to the calculated MDD values to assess the

utility of our survey techniques in detecting future

changes in species richness.

Results

Reproducibility of data

Although there are considerable differences in the val-

ues produced for single plots, resulting mean species rich-

ness values were very similar for the local diversity indi-

cator Z9 in the Canton Argovia survey (Table 2). The

same statement can be made on the landscape diversity

indicator Z7 in the replicated BDM transects (Table 3).

Distribution of values and precision

There are not yet paired measures for the BDM pro-

gramme. Therefore, the BDM estimated the precision in

detecting changes in species richness using the variance,

or the SD, of species richness.

In the local diversity indicator, the SD of the stated

species richness values for grassland (meadows and pas-

tures) was higher than the forest samples (Table 4). The

precision in detecting future changes in species richness

(MDD) was calculated using Equation (1).

In the landscape diversity indicator, a high degree of

variability was found for the SD of the stated species rich-

ness values between biogeographic regions (Table 5). The

MDD values using Equation (1) ranged from 10.6 species

for the Central Plateau to 46.7 species for the Western

Central Alps.

The effect of paired samples

From the Z9 survey in the Canton Argovia, there were

paired measures for 73 sample areas in grasslands and for-

ests. We used these data to demonstrate the effect of

paired samples on the MDD. First, we calculated the

MDD using the SD of species richness analogous to Ta-

bles 4 and 5 (Table 6.a). By calculating the MDD with the

Table 4. Means and SD of species richness of BDM Z9 plots and calculation of the MDD for the entire BDM sample using

Equation (1) (n= sample size).

Table 5. Means and SD of species richness of BDM Z7 transects and calculation of the MDD for the entire BDM sample us-

ing Equation (1) (n= sample size).
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Table 6. a. Unpaired Samples: Means, SD and variances of species richness of Z9 plots collected and re-collected in the

Canton Argovia. Calculation of the MDD for the entire sample using Equation (1). b. Paired Samples: Means, SD and vari-

ances of differences of species richness of Z9 plots collected and re-collected in the Canton Argovia. Calculation of the

MDD for the entire sample using Equation (2). n = sample size.

Table 7. Means and SD of species richness of BDM Z9 plots and Z7 transects. Calculation of the MDD for the entire BDM

sample, assuming that the variances were halved by the effect of paired samples, using Equation (2) (n = sample size). a. Lo-

cal diversity indicator (Z9). b. Landscape diversity indicator (Z7).

Table 8. Species richness of vascular plants from the BDM survey in 2001 and 2002. (n: number of sample areas, min: mini-

mum value, max: maximum value, mean low 1/3: mean of the third of sample areas with the lowest species richness/ ‘poor

vegetation’, mean high 1/3: mean of the third of sample areas with the highest species richness/ ‘rich vegetation’). a. Local

diversity indicator (Z9); 10 m
2

plots. b. Landscape diversity indicator (Z7); 12,500 m
2

transects.

a

b

a

b

a

b
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differences of species richness of the paired measures us-

ing Equation (2), the variance in the actual data set was

considerably smaller. Reductions of the MDD by almost

one species resulted (Table 6.b).

Table 7 shows modifications of Tables 4 and 5. We

assumed that for BDM strata the variances were halved

by the effect of paired samples. This resulted in a reduc-

tion of the MDD from 0.5 to 1.8 species (Table 7.a) for

the shown Z9 strata. For Z7 strata the MDD was reduced

by 3.1 up to 13.7 species (Table 7.b).

Species richness from the BDM survey 2001/02

To determine if the calculated MDD values will be

useful in detecting future changes in species richness, we

defined ’poor‘ and ’rich‘ vegetation. Table 8 shows spe-

cies richness values of the routinely analyzed strata mon-

tane grassland (Table 8.a) and Central Plateau (Table 8.b).

Discussion

Reproducibility of species richness

For routine and control collections of the local diver-

sity indicator Z9, we achieved a nearly identical mean of

the species richness of 18.2 species (regular) and 18.1 spe-

cies (control). Similarly, for the landscape indicator Z7,

the difference of the means of the species richness was

only 5 species with a mean of species richness of more

than 250 species. This indicates the stated differences

–that must be understood as methodical errors– were

nearly random (neither control nor regularly team worked

better on an average). Although the methods do not allow

a one hundred percent species detectability, detectability

seems more influenced by random environmental and

species-specific phenomena than by the observer.

When discussing reproducibility, it is important to ad-

dress random deviation of differences. Deviation can be

seen as statistical noise that makes changes more difficult

to detect. The SD of the differences of species richness

was 3.3 species for Z9 and 23.4 species for Z7 (Tables 2

and 3). By comparing these to the SD values of the ana-

lyzed strata for Z9 and Z7 (Tables 4 and 5), we observed

that the former are much smaller than the latter, which is

a basic requirement for methodological reproducibility.

The BMD focuses on detecting changes in species

richness. For Z9, we compared the difference of mean

species richness (Table 2) to the mean difference of

changes in species richness in the Argovian survey (Table

6). The difference of the mean species richness values

achieved in the replicate collections were lower by a fac-

tor of ten than the changes in species richness observed in

the Argovian survey between 1996/97 and 2001/02. If

these changes can be confirmed in 2005 when paired

measures for the entire Argovian sample are available,

some relevant changes in biodiversity can be demon-

strated at a highly significant level. To what extent such

statements will be possible for BDM Z9 data or even for

Z7 (because of a lack of data) cannot yet be tested.

Detecting changes in mean species richness

We also would like to discuss how precisely the BDM

will be able detect future changes in mean species rich-

ness. The MDD for some selected Z9 and Z7 strata was

calculated (Tables 4 and 5). The MDD determines the

minimum size of changes that can be detected for a given

variance and sample size. The BDM has yet to obtain

paired measures. Alternatively, we used the variance of

species richness from the 2001/2002 BDM subsample for

the calculation (Equation 1). Some of the MDD values are

encouragingly precise, but for some of the strata the val-

ues are only within reach by large, improbable changes in

richness. It has to be noted that these are strata with a natu-

rally high degree of spatial heterogeneity with regards to

species richness, such as the alpine regions for Z7. Here

the gain of precision by using paired measures will be par-

ticularly above average as we will demonstrate in the fol-

lowing section.

The advantage of paired samples

Analysis of the Argovian data showed that the vari-

ances of differences of species richness of paired samples

(Table 6.b, Equation 2) were only half of the species rich-

ness variances (Table 6.a, Equation 1). We postulate that

when examining future changes in the whole of Switzer-

land the effects of paired samples will be even greater,

because the Argovian data originate from a small, rela-

tively homogeneous region. The benefit of analyzing

paired samples increases with the spatial heterogeneity of

species richness in a stratum because the MDD value is

calculated by the differences of the pair-wise measures

(Equation 2). We assume, therefore, that for the BDM,

current variances of species richness will be reduced by

fifty percent when paired measures are available. Com-

parison of Tables 4, 5 and 7 shows that for Z9 strata the

MDD will be reduced by up to 2 species (colline grass-

land) and for Z7 up to 14 species in the Western Central

Alps.

Comparing MDD values with possible changes in

species richness

Differences in species richness between sample areas

can be caused by multiple factors such as soil pH (Ewald
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2003), and other site conditions (Ellenberg et al. 1991,

Wohlgemuth 1993), disturbance (Tiegs et al. 2004), or

natural hazards (e.g., windthrow, Palmer et al. 2000, Fi-

scher et al. 2002). But the most important factor in a cul-

tural landscape is the manner of land use, for example in

different grassland types (Willems et al. 1993, Pauli 1998,

Peintinger 1999, Fischer and Wipf 2002, Fischer et al.,

2004) or in Middle European forests (Egloff 1991,

Walther and Grundmann 2001, Dzwonko and Gawronski

2002).

The BDM is designed to detect changes in species

richness over short periods, which are mainly caused by

human interactions. In order to test and illustrate the pre-

cision that can be achieved, we assumed the vegetation on

an average sample plot is drifting to species poor or spe-

cies rich condition (Table 8). For montane grassland, with

an overall mean of 32 species, this translated to a decrease

of 13 species and an increase of 17 species. For Z7 Central

Plateau, the differences between the mean values were

about 35 species. Both strata montane grassland and Cen-

tral Plateau are strongly influenced by human action.

Therefore, ‘poor’, ‘average’ and ‘rich’ vegetation states

can fluctuate between each other by changing the inten-

sity and/or techniques of land use.

We compared the values in Table 8 to the MDD val-

ues in Table 7 and observed the expected MDD is ap-

proximately six times (Z9) and more than four times (Z7)

smaller than the values from our scenario. This demon-

strates that future changes for Z9 and Z7 will be detect-

able even if they are much smaller then our scenario val-

ues or if they only refer to a part of the sample areas.

Conclusions

These assumptions, based on the actual results, show

that the reproducibility and the precision that can be

achieved by BDM methods will be appropriate for detect-

ing future changes in species richness.
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