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Abstract
Aims: Resurveys of vegetation plots are prone to several errors that can result in 
misleading conclusions. Minimizing such errors and finding alternative approaches for 
analyzing resurvey data are therefore important. We focused on inter-observer error 
and excluded other sources of variation. Our main questions were: How large is the 
inter-observer error (i.e. pseudoturnover) in vegetation surveys, and can it be reduced 
by simple data aggregation approaches? Which factors are affecting pseudoturnover 
and does it vary between morphological species groups or change over time? Is eco-
logical inference robust against inter-observer differences?
Location: Switzerland.
Methods: Over seven years, we double-surveyed a total of 224 plots that were 
marked once in the field and then sampled by two observers independently on the 
same day. Both observers conducted full vegetation surveys, recording all vascular 
plant species, their cover, and additional plot information. We then calculated mean 
ecological indicator values and pseudoturnover.
Results: Average pseudoturnover was 29% when raw species lists were compared. 
However, by applying simple aggregation steps to the species list, pseudoturnover 
was reduced to 17%. Pseudoturnover further varied among habitat types and de-
clined over the years, indicating a training effect among observers. Most overlooked 
taxa, responsible for pseudoturnover, had low cover values. Mean ecological indicator 
values were robust against inter-observer differences.
Conclusions: To minimize pseudoturnover, we suggest continuous training of observ-
ers and species-list aggregation prior to analysis. As mean ecological indicator values 
were robust against inter-observer differences, we conclude that they can provide a 
reliable estimate of temporal vegetation and ecological changes.
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dry grassland, ecological indicator value, fen, flood plain, inter-observer difference, long-term 
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www.wileyonlinelibrary.com/journal/avsc
mailto:﻿
https://orcid.org/0000-0003-2814-5343
https://orcid.org/0000-0003-1060-9808
https://orcid.org/0000-0002-3340-6838
https://orcid.org/0000-0001-5562-0643
https://orcid.org/0000-0003-3388-1353
https://orcid.org/0000-0001-7062-1759
https://orcid.org/0000-0001-8816-1420
http://creativecommons.org/licenses/by-nc/4.0/
mailto:steffen.boch@wsl.ch
http://crossmark.crossref.org/dialog/?doi=10.1111%2Favsc.12669&domain=pdf&date_stamp=2022-07-15


2 of 11  |    
Applied Vegetation Science

BOCH et al.

1  |  INTRODUC TION

In the past decades, the extent, quality and biodiversity of many 
habitat types declined strongly because of negative human im-
pacts (Janssen et al., 2016; Visconti et al., 2018). To document and 
to better understand such temporal changes, national monitoring 
programs, in which permanent vegetation plots are investigated 
on a regular basis, are suitable instruments. Today, statistically 
designed monitoring programs that are systematically conducted 
and stringently replicated are gaining relevance from a scientific, 
practical and political point of view. Because of their increasing 
importance for biological conservation and natural resource man-
agement, numerous programs that rely on permanent vegetation 
plots have been established across Europe in the past few de-
cades (e.g. Weber et al., 2004; Nichols & Williams, 2006; Milberg 
et al., 2008; Tomppo et al., 2010; Corona et al., 2011; Bergamini 
et al., 2019; Meier et al., 2021). In addition to coordinated moni-
toring programs, resurveys of historical vegetation plots, i.e. plots 
initially recorded before major environmental changes occurred, 
have become an important tool to detect vegetation and environ-
mental changes across time (e.g. Hedwall & Brunet,  2016; Hédl 
et al., 2017; Verheyen et al., 2017; Charmillot et al., 2021; Kummli 
et al., 2021; Simons et al., 2021).

Despite the high relevance of resurvey data for interpreting tem-
poral changes in biodiversity, ecology and conservation manage-
ment, resurveys are prone to several shortcomings that can affect 
data and subsequently result in misleading conclusions or manage-
ment recommendations (Ross et al., 2010; Kapfer et al., 2017). One 
shortcoming that often cannot be excluded in resurveys of histori-
cal vegetation plots is relocation error, i.e. shifts in plot position and 
therefore in the included vegetation (Kapfer et al., 2017; Verheyen 
et al., 2018; Boch et al., 2019). This type of error can only be avoided 
by using permanently marked plots, a method that enables the 
exact relocation of plots (Bakker et al.,  1996) and is now widely 
used in monitoring programs (e.g. Bergamini et al., 2019; Fischer & 
Traub, 2019).

A further shortcoming of resurveys that cannot be fully 
avoided is observer error (e.g. Lepš & Hadincová,  1992, Vittoz 
& Guisan,  2007, Milberg et al.,  2008, Archaux,  2009, Verheyen 
et al.,  2018, Lisner & Lepš,  2020; reviewed in Morrison,  2016). 
Two observer error types can be distinguished: while the less 
well-studied intra-observer error refers to different results of the 
same observer at different times (e.g. Morrison,  2016; Lisner & 
Lepš,  2020), the inter-observer error refers to different results 
from two or more observers. In this study, we focused on the inter-
observer error, which is multifaceted as observers differ in species 
knowledge and in their experience in conducting vegetation sur-
veys (an error that might decrease with time in long-term projects), 
but also includes personal biases such as mental fatigue and phys-
ical stress (Morrison, 2016). Species lists of vegetation plots that 
were compiled on the same day but by different observers usually 
differ from each other to a certain degree. The well-studied phe-
nomenon describing inter-observer differences between species 

lists from the same plot is called pseudoturnover, i.e. the amount 
of shared and differing taxa (Nilsson & Nilsson, 1985). In a review 
of 59 studies providing quantitative estimates of observer error, 
Morrison  (2016) reported that up to 30% of species were not 
recorded by both observers of the same plot (or even 36%; see 
Morrison et al., 2020). This error can be largely attributed to the 
overlooking of species but also, to a lesser extent, to misidentifica-
tion (Lisner & Lepš, 2020; Morrison et al., 2020). The detectability 
of species has been proposed to play a major role in this prob-
ability of being overlooked. Detectability can be influenced by 
population size, morphology and phenology (Garrard et al., 2013; 
Bornand et al., 2014; Dennett & Nielsen, 2018). In addition, there 
are other factors that can affect pseudoturnover, including sea-
sonal vegetation changes (Kirby et al., 1986; Kapfer et al., 2017), 
plot size (larger plots have higher pseudoturnover; e.g. Seidling 
et al.,  2014, Morrison et al.,  2020) or vegetation structure (e.g. 
dense vs open vegetation; Vittoz & Guisan, 2007).

Verheyen et al.  (2018) concluded that the accuracy of resur-
veys is largely unknown. They thus called for further investiga-
tion and the introduction of measures to increase the precision 
of vegetation plot data. First, Burg et al.  (2015) showed that the 
actual compositional changes of vegetation plots observed after 
one century can be three times higher than the observer-driven 
pseudoturnover. Nevertheless, in resurvey studies covering 
shorter time periods, e.g. less than 10 years, it is likely that the ob-
server error is more substantial, possibly equaling or even exceed-
ing actual vegetation changes (Futschik et al.,  2020). However, 
the magnitude of this pseudoturnover over shorter time-scales is 
largely unknown. Second, it has not yet been systematically ex-
plored whether observer-related pseudoturnover can be reduced 
by applying simple data aggregation approaches prior to analysis, 
e.g. by merging herb, shrub and tree layers, by setting subspecies 
to the species level, or by assigning species to aggregates. Third, as 
studies investigating observer error have mostly been conducted 
in one particular year or with varying observer teams across time, 
it remains unclear whether observer-related pseudoturnover 
declines with time within a group of observers, thanks to their 
continuous training in species identification and their increasing 
experience in conducting vegetation records. Fourth, most stud-
ies investigating observer differences in vegetation sampling have 
been carried out in a single region or even in a single habitat type 
(e.g. Verheyen et al., 2018; Morrison et al., 2020). They thus have 
largely excluded environmental variation and variation in species 
richness among plots. While observer effects in forests and grass-
lands have been studied before, flood plains and wetlands, includ-
ing fens and raised bogs, are underrepresented or even absent 
from the literature (Morrison, 2016). Thus, it is largely unknown 
whether pseudoturnover varies across different habitat types, e.g. 
species-rich dry grasslands vs species-poor raised bogs (but see 
Morrison et al., 2020 for a study of three wetland types).

Ecological indicator values describe the realized niche opti-
mum of a species on an ordinal scale (Ellenberg et al., 2001; Landolt 
et al.,  2010). Averaging values over all species in a plot yields 
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information on the environmental conditions of a site (Tölgyesi 
et al.,  2014). Ecological indicator values describe longer-term site 
conditions even better than exact point measurements (Wamelink 
et al.,  2002), making them particularly suitable for detecting eco-
logical changes (Diekmann, 2003; Küchler et al., 2018). Mean eco-
logical indicator values have been shown to be relatively robust to 
relocation error (Boch et al., 2019). They might increase the accuracy 
of plot data even further if they are proven robust to pseudoturn-
over as well, but this has yet to be explored (but see Ewald, 2003 for 
effects of species-list completeness on mean indicator values, and 
Futschik et al., 2020 for observer effects on a thermal vegetation 
indicator).

In this study, we examined inter-observer error in vegeta-
tion surveys conducted in the framework of the long-term pro-
gram “Monitoring the effectiveness of habitat conservation in 
Switzerland”. The program was established to monitor changes 
in nationally important habitats. Over seven years, we double-
surveyed 224 circular plots of 10 m2 that were distributed over 
129 sites of national importance, encompassing four major habitat 
types (flood plains, fens, raised bogs and dry grasslands) across 
Switzerland to explore observer differences across habitat types 
and time. By assigning two different observers to survey perma-
nently marked plots on the same day, we excluded several error 
sources, such as relocation error, plot size differences, seasonal 
changes in vegetation composition, and phenological differences. 
Our main questions were:

1.	 How large is the inter-observer error (i.e. pseudoturnover) in 
vegetation surveys, and can it be reduced by simple data ag-
gregation approaches?

2.	 Is pseudoturnover affected by the cover of species in a plot, does 
it vary between morphological species groups, vegetation struc-
tures and major habitat types, and does it change over time?

3.	 Are ecological indicator values robust against inter-observer 
differences?

2  |  METHODS

2.1  |  The monitoring program “Monitoring the 
effectiveness of habitat conservation in Switzerland 
(WBS)”

In 2011, the Swiss Federal Office for the Environment (FOEN) and 
the WSL Swiss Federal Research Institute launched the monitor-
ing program “Monitoring the effectiveness of habitat conservation 
in Switzerland (WBS)” to observe developments and changes at 
about 7000 sites of national importance that cover about 2.3% of 
the national territory. These sites are legally protected and include 
raised bogs, fens, dry grasslands, and flood plains, as well as amphib-
ian breeding sites. The WBS is operated as a long-term program and 
combines remote-sensing approaches and extensive floristic and 
faunistic field surveys. Based on the gathered data, indicators are 
calculated to evaluate whether the sites are developing in line with 
their conservation targets, i.e. whether the area and quality of habi-
tats is maintained (Bergamini et al., 2019).

For vegetation surveys, a weighted subsample of about 800 
sites was selected out of the pool of 7000 sites of national im-
portance using a complex sampling design, which gave more 
weight to rare vegetation types and small biogeographic regions 
than to common vegetation types and larger biogeographic re-
gions in Switzerland (Tillé & Ecker, 2014; Bergamini et al., 2019). 
Within these 800 sites, about 7000 plots were randomly cho-
sen, with rare vegetation types given more weight than common 
ones (for details see Tillé & Ecker, 2014). In the field, we used a 
high-accuracy real-time differential GPS (Trimble Geo 7X H-Star 
with minimum 10 cm accuracy after post processing; Trimble Inc., 
Westminster, USA) to locate the preselected plot centers. We 
then permanently marked the center of each plot 10–30 cm below 
ground with a magnetic probe to ensure future relocation with 
magnet detectors. The final plot center coordinates were further 

F I G U R E  1 Location of the 224 double-
surveyed plots in the 129 sites of national 
importance covering the four major 
habitat types across Switzerland
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measured with the high-accuracy GPS (>150 measurements per 
plot; Bergamini et al., 2019).

2.2  |  Vegetation sampling, double surveys and 
plot data

In long-term monitoring programs, the consistent high quality and 
reproducibility of vegetation surveys are mandatory requirements to 
ensure reliable analyses of temporal vegetation changes. We applied 
various measures to minimize observer effects (Morrison,  2016). 
Specifically, we minimized systematic spatial, temporal and habitat-
specific observer biases by using all observers at different times of 
the vegetation period, in all major habitat types, and in all biogeo-
graphic regions of Switzerland. Furthermore, species belonging to 
critical species groups that are difficult to identify were collected 
and identified together after field work. We also conducted excur-
sions and field courses on a regular basis to improve the observers’ 
species knowledge and identification skills. During the field season, 
we further carried out weekly double surveys of plot pairs.

From 2014 to 2020, we double-surveyed a total of 224 circu-
lar 10-m2 plots (Figure 1). The 224 plots were distributed over 129 
sites of national importance across Switzerland to explore observer 
differences across major habitat types (Figure 1), i.e. 22 flood plains 
(N  =  36 double-surveyed plots), 32 fens (N  =  57), 18 raised bogs 
(N = 27), and 57 dry grasslands (N = 104; see also Appendix S1). The 
two plots for the double surveys were selected in the morning by the 
field team (two persons) before they arrived on site. A map was used 
as the basis for the selection and the main criterion for the selection 
was a short distance between the two plots. In total, 19 professional 
botanists with a profound knowledge of the Swiss flora and expe-
rience in vegetation surveys were involved (see also Appendix S2).

Each double-surveyed plot was marked only once in the field 
and then sampled by the two observers independently on the same 
day, one immediately after the other. Observers had no restrictions 
regarding survey time and were instructed to identify taxa to the 
lowest level possible. As both observers were aware of the dou-
ble survey, it might be that observers were more thorough than in 
“regular” plots and that pseudoturnover was underestimated in the 
present study. In each plot, we recorded all occurring vascular plant 
species that had shoots growing in the plot. In the case of larger 
woody plants, at least 50% of the stem area at ground level had to be 
within the plot to be included. Cover was estimated for each species 
using a modified Braun-Blanquet scale (r, ≙ <0.1%; +, ≙ 0.1% to <1%; 
1, ≙ 1% to <5%; 2, ≙ 5% to <25%; 3, ≙ 25% to <50%; 4, ≙ 50% to 
<75%; 5, ≙ 75% to <100%). We further distinguished between three 
vegetation layers: herbs (herbaceous plants of any size, and woody 
species <0.5 m in height), shrubs (woody species 0.5–3 m in height) 
and trees (woody species >3 m in height), meaning that a woody 
species could be recorded in all three layers simultaneously. In ad-
dition, we estimated the percentage of the plot area covered by all 
vegetation. The two observers later compared the two surveys and 
discussed differences concerning species identification and cover 
estimations, but without correcting differences between the two 

surveys. In this way, we aimed to achieve a training effect, further 
equalizing observer differences in species identification knowledge 
over time. As effects of seasonality and relocation error could be 
excluded with the approach we used, the data were well suited to 
estimating observer-driven pseudoturnover.

2.3  |  Mean ecological indicator values

We calculated mean indicator values for nutrients (N), light (L), tem-
perature (T), continentality (K), moisture (F), reaction (R) and humus 
(H) for each survey based on Landolt et al. (2010) using the program 
Vegedaz (Küchler, 2019). We only present results of the arithmetic 
mean of the indicator values rather than the cover-weighted means, 
as results of the two approaches were qualitatively similar.

2.4  |  Data preparation and statistical analysis

Statistical tests were performed in R version 4.1.2 (R Core 
Team, 2021) and Vegedaz (Küchler, 2019). We calculated the pseu-
doturnover of taxa between the two surveys of each plot using 
Sørensen dissimilarity (Sørensen,  1948): pseudoturnover =  (b + c)/
(2a + b + c), where b is the number of taxa present in the first survey 
but not in the second, c is the number of taxa present in the second 
but not in the first survey, and a is the number of taxa present in 
both surveys. The Sørensen dissimilarity index multiplied by 100 is 
identical to the often-used measure of turnover according to Nilsson 
and Nilsson (1985). Pseudoturnover thus refers to the percentage of 
species overlooked by either of the two observers.

We then stepwise aggregated the species lists to test whether 
pseudoturnover can be minimized by data aggregation. We there-
fore calculated pseudoturnover: (1) for the raw species list where we 
considered the same species in different layers as different species 
in the calculations; (2) after merging the shrub and tree layers (i.e. 
when the two observers categorized the same woody species indi-
vidual differently, as either a shrub [0.5–3 m height] or a tree [>3 m 
height], because its height was around 3 m); (3) after merging all lay-
ers (i.e. herb, shrub and tree); (4) after reducing uncertainly identi-
fied species, i.e. merging taxa that were identified by one observer 
to the species level but more cautiously by the other observer, i.e. 
with “cf.” (e.g. merging entries Festuca cf. laevigata and Festuca lae-
vigata); (5) after removing subspecies (e.g. merging entries Festuca 
laevigata subsp. crassifolia and Festuca laevigata); and (6) after setting 
all species forming an aggregate to the aggregate level (based on the 
aggregates listed in Landolt et al., 2010; e.g. merging entries Festuca 
laevigata and Festuca ovina aggr.). We calculated pseudoturnover for 
each plot and aggregation step (Table 1). We then analyzed the dif-
ference in pseudoturnover between each further aggregation step 
and the previous one using paired Wilcoxon tests (Figure 2).

Using the fully aggregated species list, we conducted further 
analyses to test which factors affect pseudoturnover. We calcu-
lated pseudoturnover separately for two morphologically different 
groups: (1) graminoids (Poaceae, Cyperaceae, Juncaceae) and (2) 
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other taxa in each plot. We tested whether pseudoturnover between 
these two morphological groups differed significantly using paired 
Wilcoxon tests, i.e. testing whether pseudoturnover was driven by 
differences in graminoid species between observers (e.g. Dennett 
& Nielsen, 2018). To explore why a taxon was overlooked by one of 
the observers, we separated the number of observations summed 
across all plots per Braun-Blanquet cover category into shared taxa 
between the two observers and taxa that were overlooked by either 
one of the two observers. In addition, we used a linear mixed-effects 
model (lmerTestR package; Kuznetsova et al., 2017) to test the effects 
on pseudoturnover attributable to: (1) habitat type (flood plain, fen, 
raised bog and dry grassland); (2) total vegetation cover (i.e. whether 
more taxa were overlooked in densely vegetated plots); (3) average 
species richness per plot recorded by observers 1 and 2 (i.e. whether 
the chance of overlooking taxa was higher in species-rich plots than 

in species-poor ones); (4) mean percentage of low-cover species (taxa 
with a cover of <1% of the plot area; Braun-Blanquet categories “r”, 
“+” and “1”) out of the total species count per plot recorded by observ-
ers 1 and 2 (i.e. whether species with a low cover were more likely to 
be overlooked); and (5) observation year (2014–2020; as an indica-
tion of an increase in species knowledge of the observers because of 
training effects over time). We fitted site ID code as a random factor 
to account for site-specific differences. To avoid differences in the 
variance among factors and to improve model convergence, we first 
standardized all continuous variables (2–5) to a mean of 0 and stan-
dard deviation of 1. As some of the observers started their work in 
the monitoring program with more experience in mires than in dry 
grasslands, we additionally included the interaction between habitat 
type and observation year to test whether observer differences were 
consistent over time and across habitat types. Model assumptions 

Pseudoturnover (%) Shared taxa (%)

Mean SE Mean SE

Raw lists 28.5 0.71 56.7 0.01

Woody layers merged 28.5 0.72 56.7 0.01

All layers merged 28.0 0.74 57.5 0.01

Uncertainty removed 26.3 0.72 59.5 0.01

Without subspecies 21.8 0.62 65.1 0.01

Species aggregated 16.6 0.54 72.3 0.01

TA B L E  1 Mean pseudoturnover 
between two observers of the same plots 
and percentage of shared taxa (±SE) for 
each aggregation step

F I G U R E  2 Pseudoturnover of taxa 
between two observers of the same plots 
(N = 224 plots) across aggregation levels. 
The difference in pseudoturnover from 
one aggregation step to the next was 
analyzed using paired Wilcoxon tests (***, 
p < 0.001; **, p < 0.01; n.s.: p ≥ 0.05)
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Raw lists Woody layers
merged

All layers
merged

Uncertainty
removed

Without
subspecies

Species
aggregated

]
%[revonrutoduesP

***

***
*****n.s.

df Sum sq Mean sq F p

Habitat type 3 355.20 118.40 2.75 0.0455

Vegetation cover 1 3.47 3.47 0.08 0.7769

Species richness 1 165.04 165.04 3.83 0.0519

Percentage of low-cover species 1 477.00 477.00 11.07 0.0010

Observation year 1 539.43 539.43 12.52 <0.001

Habitat type × observation year 3 199.85 66.62 1.55 0.2050

R2
m 0.188; R2

c 0.379

Note: R2 is given as the marginal coefficient of determination (R2
m; proportion of variance explained 

by fixed factors alone) and the conditional coefficient of determination (R2
c; proportion of variance 

explained by both fixed factors and the random factor). Significant differences are indicated with 
bold p-values (p < 0.05).

TA B L E  2 Summary of the linear 
mixed-effects model with site ID code 
fitted as random factor, separating the 
effects of habitat type, observation year, 
vegetation cover, species richness and 
percentage of low-cover species, as well 
as the interaction between habitat type 
and observation year, on pseudoturnover 
(analysis of the fully aggregated species 
list)
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were checked visually by plotting residuals vs predicted values and 
with normal-quantile plots. We present the type III model summary 
with Kenward–Roger approximation (Table  2). We calculated R2 as 
the marginal coefficient of determination (proportion of variance 
explained by fixed factors alone) and the conditional coefficient of 
determination (proportion of variance explained by both fixed fac-
tors and the random factor) for mixed-effects models (Nakagawa & 
Schielzeth, 2013; MuMin R package: Barton, 2020; Table 2).

To analyze the effects of the observers on mean ecological indi-
cator values, we first ordered the double-surveyed plots by original 
species counts and then calculated differences in mean indicator 
values between the two observers’ surveys by subtracting the mean 
indicator values of the survey with the lower species count from 
those of the survey with the higher species count. We did this for 
raw species lists, as well as for all the above-mentioned aggregation 
steps. We then used Wilcoxon tests to evaluate if these differences 
were significantly different from zero. As we never found signif-
icant differences in mean indicator values between observers, we 
only present the results of the fully aggregated species list (Table 3). 
Analyzing effects of observers on mean indicator values separately 
for the four habitat types yielded qualitatively similar results (except 
of significant differences for continentality and reaction in fens, but 
only when the fully aggregated species list was analyzed). We there-
fore do not present or discuss these results further.

3  |  RESULTS

3.1  |  Quantifying pseudoturnover across 
aggregation levels of species lists

When comparing raw species lists as they were compiled in the field, 
the average pseudoturnover was high at 29% (Figure  2, Table  1). 
However, we found that pseudoturnover could be reduced by ap-
plying aggregation steps to the species lists. Overall, the five ag-
gregation steps reduced the average pseudoturnover to 17%. The 
strongest reduction in pseudoturnover was achieved by setting 

subspecies to the species level (minus 4.5% pseudoturnover) and by 
setting species to the aggregate level (minus 5.2% pseudoturnover; 
Figure 2, Table 1).

3.2  |  Pseudoturnover and cover of taxa, 
morphological species group, vegetation structure, 
habitat type, and time

We found no differences in pseudoturnover between two morpho-
logical species groups, i.e. graminoids and non-graminoids (mean dif-
ference ± SE = 2.01 ± 1.21, p = 0.186). The cover of a particular taxon 
in a plot seems to be one of the most important factors explaining 
why it may be overlooked by one of the observers: the number of 
overlooked taxa was highest for the first two cover categories “r” 
(<0.01 m2 cover in a 10-m2 plot; 1012 observations summed across 
all plots and overlooked by either one of the observers) and “+” (0.01 
to <0.1 m2 cover; 941 observations overlooked), low for categories 
“1” (0.1 to <0.5  m2 cover; 210 observations overlooked) and “2” 
(0.5 m2 to <2.5 m2; 63 observations overlooked), negligible for cat-
egories “3” (2.5 m2 to <5.0 m2; four observations overlooked) and “4” 
(5 m2 to <7.5 m2; two observations overlooked), and absent for cat-
egory “5” (7.5 m2 to <10 m2; no observations overlooked; Figure 3). 
These results mean that 87.5% of the overlooked observations (1953 
of the total 2232 overlooked observations) could be attributed to 
taxa with a cover of <1% of the plot area. Our linear mixed-effects 
model further showed that pseudoturnover increases as the per-
centage of low-cover species out of the total species count in a plot 
increases (Table 2; estimate 2.5 ± 0.75; t-value 3.35).

In addition, pseudoturnover differed marginally significantly 
among the four habitat types (Table 2), with highest mean pseudo-
turnover values occurring in dry grasslands (not significantly different 
from flood plains, but significantly different from the other two major 
habitat types), intermediate mean values in flood plains and fens, and 
lowest mean values (significantly different) in raised bogs (Figure 4). 
The percentage of overlooked taxa out of the total number of taxa 
followed a similar pattern regarding habitat type (Figure 5).

The vegetation structure (total vegetation cover) of the plots had 
no effect on pseudoturnover (Table 2). The effect of species richness 
of the plots on pseudoturnover was just not significant (Table 2; es-
timate −1.70 ± 0.86; t-value −1.97), despite differences in species 
richness among the four habitat types (Figure 5). Interestingly, pseudo-
turnover declined over the observation years (estimate −2.94 ± 1.35; 
t-value −2.18), suggesting a training effect of the observers. This effect 
was consistent across habitat types, as indicated by the non-significant 
interaction between habitat type and observation year (Table 2).

3.3  |  Ecological indicator values and inter-observer 
differences

We found no significant differences in any of the mean ecological 
indicator values between observers (Table 3). Differences in mean 

TA B L E  3 Results of paired Wilcoxon tests on inter-observer 
differences in mean ecological indicator values

Mean ecological 
indicator value p Mean change SE

Moisture 0.417 −0.001 0.005

Humus 0.083 0.007 0.006

Continentality 0.052 −0.006 0.004

Light 0.343 −0.004 0.006

Nutrients 0.398 0.004 0.006

Reaction 0.493 −0.003 0.006

Temperature 0.489 0.004 0.006

Note: As inter-observer differences were very similar between levels 
of aggregation, only the results of the fully aggregated species list are 
presented.
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continentality and, to a lesser degree also mean humus value, were, 
however, close to statistical significance. This indicates that despite 
the strong pseudoturnover, ecological indicator values are generally 
robust to inter-observer errors.

4  |  DISCUSSION

4.1  |  Reduction in observer-driven pseudoturnover 
by species-list aggregation and observer training

In comparison to the magnitude of pseudoturnover of 10%–
36% reported in previous studies covering various survey set-
tings and habitat types (e.g. Morrison et al.,  2020; reviewed in 
Morrison,  2016), the average value of 29% for the comparison 
of raw species lists in our study was rather high. In addition, the 
mean percentage of shared taxa of only 57% for raw species lists 
was relatively low and exactly the same value (57%) was reported 
by Scott and Hallam (2002), who studied inter-observer errors by 

double-surveying plots within the United Kingdom Environmental 
Change Network. However, Scott and Hallam  (2002) did not ac-
count for different vegetation layers, focusing more on misiden-
tifications instead. The lower values of pseudoturnover reported 
in other studies were mostly caused by systematically excluding 
misidentifications. For instance, Verheyen et al. (2018), who inves-
tigated inter-observer and relocation errors in temperate forests 
in 10 European regions, aimed to reduce misidentification errors 
by conducting a first survey with an experienced botanist and by 
having experienced observers double-check all species' identifica-
tions. They found an average pseudoturnover (excluding reloca-
tion and misidentification errors) of 21%. Groom and Whild (2017) 
evaluated the accuracy of species lists regarding “false-positive 
observations”, i.e. misidentifications, by comparing a species list 
recorded by a “normal” observer to a list recorded by a “gold 
standard” observer. More convincing than this method of relying 
on the accuracy of a single experienced observer, Archaux (2009) 
quantified the misidentification error of plots in French deciduous 

F I G U R E  3 Total number of 
observations summed across the 224 
double-surveyed plots per Braun-
Blanquet cover category, separated into 
shared taxa (recorded by both observers) 
and taxa that were overlooked by either 
one of the two observers (results of 
the fully aggregated species list). The 
percentage of overlooked taxa out of the 
total number of observations per cover 
category is also given
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forests, which were surveyed by only one observer, by comparing 
the records to “consensual species lists” compiled by a team of 
several observers who surveyed the same plots. Similarly, Scott 
and Hallam (2002) used a survey by a third observer to quantify 
the misidentification error between two other observers.

Our results demonstrate that the magnitude of pseudoturnover 
can be strongly reduced, from 29% to an intermediate to low value 
of 17% (Morrison, 2016) through simple stepwise species-list aggre-
gation. While merging all vegetation layers resulted in only a moder-
ate pseudoturnover reduction (by about 0.5%), removing uncertain 
identifications led to a further reduction by 1.7% (Table 1), which is 
partly comparable to the “cautious error” (i.e. one observer identi-
fied a plant to the species level and the other identified it only to the 
genus level) used in several other studies (e.g. Morrison et al., 2020, 
2020). Our value of 1.7% is within the range of values reported by 
Morrison et al. (2020, 2020), who quantified the cautious error to be, 
on average, around 1% and 1.4% for double-surveyed plots in wet-
land habitats in Ohio (USA) and in prairie grasslands in Kansas (USA), 
respectively. Notably, after the above-mentioned aggregation steps, 
removing subspecies and further setting species to the aggregate 
level yielded the largest overall reductions in pseudoturnover in our 
study, by 4.5% and 5.2%, respectively. In other studies, these steps 
were a priori excluded because plants were identified only to the 
species level and then aggregated only to the genus level (Morrison 
et al., 2020).

In our study, pseudoturnover declined over the years of obser-
vation, indicating a training effect of the observers. This effect was 
consistent across the four habitat types, as indicated by the non-
significant interaction between habitat type and observation year, 
and therefore cannot be attributed to the more extensive experi-
ence of some observers in conducting vegetation surveys in mires 
than in dry grasslands at the beginning of the program. Based on 
the review by Morrison  (2016), such training effects seem to be 
common in vegetation surveys. However, he mentioned that train-
ing is likely to have a greater potential to increase precision among 
less-experienced observers. In our program, a training effect is also 
visible in the overall set of 7000 plots, as in many cases plants that 
had been recorded on the aggregate level at the beginning of the 
program were later recorded at the subspecies level (unpublished re-
sult), indicating improved species knowledge of the team of observ-
ers over time. However, our results of overlooking species even with 
high cover values that can either be attributed to misidentification 
or personal biases such as mental fatigue and lack of concentration 
also demonstrate that the observer error cannot be fully avoided.

4.2  |  Factors affecting observer-driven 
pseudoturnover

In line with other studies, we found that species with very low cover-
age were particularly overlooked (Figure 3; 87.5% of the overlooked 
observations out of the total number of overlooked observations 
had a cover of <1%) and that an increasing percentage of low-cover 

species increased pseudoturnover (Table 2). This result confirms the 
findings of Vittoz and Guisan (2007), who studied inter-observer dif-
ferences in Swiss alpine meadows and likewise found that the ma-
jority of overlooked species had low cover values. Similarly, Milberg 
et al. (2008) and Morrison et al. (2020), who studied inter-observer 
differences during resurveys of permanent plots in Swedish boreal 
forests and in wetland habitats in Ohio (USA), respectively, reported 
that most species that were overlooked in double surveys were in 
the two lowest cover classes. Likewise, Dennett and Nielsen (2018), 
who studied graminoids vs other life forms in Carex-rich vegetation 
types of Alberta (Canada), found that the abundance of a species 
was one of the most important factors predicting its detectability. 
Other studies additionally included investigations of whether spe-
cies traits might help explain missed occurrences. For instance, 
Milberg et al. (2008) tested the effect of plant mean height and life 
form on missed occurrences but found no significant relationship. 
One reason for this finding might be that seedlings or juvenile indi-
viduals with low abundances, are particularly prone to being over-
looked, but traits retrieved from databases usually refer to adult 
plants.

Similar to the findings of Dennett and Nielsen  (2018), who re-
ported no differences in pseudoturnover across life forms (including 
graminoids), we found no differences when comparing graminoids 
vs non-graminoids. In addition, Dennett and Nielsen  (2018) de-
tected only a weak effect of horizontal and total vegetation cover on 
pseudoturnover, which supports our findings of a non-significant re-
lationship between pseudoturnover and vegetation cover. However, 
this result is in contrast to that of Vittoz and Guisan  (2007), who 
found significantly higher pseudoturnover in plots with dense vege-
tation than in plots with open vegetation, indicating that species are 
easier to detect in open vegetation and that high vegetation cover-
age might be a source of error and should not be neglected in future 
studies.

In accordance with the results reported by Morrison et al. (2020), 
who found no effect of species richness on pseudoturnover, our lin-
ear mixed-effects model indicated only a non-significant relation-
ship between species richness and pseudoturnover. Nevertheless, 
the differences in pseudoturnover among habitat types indicated in 
our linear mixed-effects model, might at least partly be explained 
by the combined effect of species richness tending to differ and 
the percentage of overlooked taxa differing among habitat types, 
with highest values in dry grasslands and the lowest in raised bogs 
(Figure  5). These factors might contribute to variation in pseudo-
turnover and should be considered more closely in future work.

4.3  |  Pseudoturnover effects on 
ecological inference

In our study, mean ecological indicator values were mostly robust 
against inter-observer differences. Notably, this was true for cover-
weighted and -unweighted mean indicator values. Cover-weighted 
mean indicator values account for dominant species that likely better 
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reflect the ecological conditions of a site and therefore are preferred 
when the goal is studying environmental differences among sites 
(e.g. Boch et al., 2021). In contrast, cover-unweighted means rather 
overestimate the influence of low-cover species, which may be 
growing outside their ecological optimum. Thus, as low-cover spe-
cies are more likely to be overlooked, cover-unweighted mean indi-
cator values are even more sensitive to observer differences than 
cover-weighted means. Our findings of non-significant relationships 
when comparing unweighted mean indicator values between the 
two observers suggest that mean indicator values are also relatively 
robust against differences in cover estimates. Our findings are in line 
with those of Futschik et al. (2020), who assessed inter-observer er-
rors using plots on mountains in Austria and Slovakia and found that 
a thermal vegetation indicator, i.e. a cover-weighted value compara-
ble to the mean indicator value for temperature used in the present 
study, was relatively weakly affected by observer differences. These 
authors therefore concluded that such indicators can be used to reli-
ably estimate vegetation changes when studying the effects of cli-
mate change on vegetation.

4.4  |  Implications for long-term monitoring 
programs and the analysis of resurvey data

Long-term vegetation monitoring programs often include basic 
measures to keep observer errors consistently low, such as employ-
ing experienced observers, providing continuous training opportu-
nities (e.g. identification and field courses, excursions), facilitating 
ongoing professional exchange between observers, and avoiding 
systematic spatial, temporal and syntaxonomic observer biases by 
using all observers at different times of the survey period and in 
different habitat types and biogeographic regions. As an additional 
measure, we propose the double-surveying of plots on a regular 
basis to monitor the magnitude of inter-observer error.

While the actual change in vegetation composition in terms of 
species turnover usually exceeds the magnitude of observer-driven 
pseudoturnover in studies where historical plots sampled more than 
10 years ago are resurveyed (Burg et al., 2015; Futschik et al., 2020), 
in shorter-term studies and in monitoring programs pseudoturnover 
should be seen as a serious issue and be minimized. In this study, we 
observed that the magnitude of pseudoturnover can be strongly re-
duced by simple stepwise species-list aggregation. When analyzing 
resurvey data, we therefore suggest conducting such aggregation 
steps prior to analysis to minimize and equalize inter-observer errors. 
However, as no information on the conservation status is usually 
available for species aggregates (e.g. Bilz et al., 2011; FOEN, 2011; 
Bornand et al., 2016), this method largely precludes deeper analy-
sis of changes in particular taxonomic groups, such as threatened or 
national priority species. The identification to the lowest possible 
taxonomic level delivers information on the occurrence and distribu-
tion of particular taxa, which is important, e.g. for revising Red Lists 
of threatened species. Thus, in contrast to the common procedure 
in many monitoring programs, we propose that species aggregates 

should not be defined a priori and recommend instead the identifi-
cation of taxa to the lowest level possible, only applying aggregation 
later, before the analyses.

Another important finding is that the commonly used mean indi-
cator values are robust to inter-observer differences in species lists. 
They thus can provide a reliable estimate of temporal vegetation and 
ecological changes, and at the same time help to minimize pseudo-
turnover in monitoring programs.

AUTHOR CONTRIBUTIONS
Ariel Bergamini and Rolf Holderegger conceived the monitoring 
program. Ariel Bergamini, Helen Küchler, Meinrad Küchler and 
Steffen Boch developed the initial concept of this study. Angéline 
Bedolla, Ariel Bergamini, Helen Küchler, Meinrad Küchler, Steffen 
Boch, Tobias Moser and Ulrich H. Graf gathered field data. 
Angéline Bedolla, Klaus T. Ecker and Ulrich H. Graf compiled the 
data. Helen Küchler, Meinrad Küchler and Steffen Boch analyzed 
the data. Steffen Boch wrote the first draft of the manuscript. All 
authors commented on the manuscript and contributed to the final 
version.

ACKNOWLEDG EMENTS
We thank the Federal Office for the Environment (FOEN) for fund-
ing the program “Monitoring the effectiveness of habitat conser-
vation in Switzerland”, the Swiss cantonal authorities for providing 
fieldwork permits in protected areas, and all the field observers 
who helped with the vegetation surveys. We further thank Melissa 
Dawes for linguistically editing the manuscript. Open access funding 
provided by ETH-Bereich Forschungsanstalten.  Open access fund-
ing provided by ETH-Bereich Forschungsanstalten.

DATA AVAIL ABILIT Y S TATEMENT
Primary data are available via EnviDat (http://doi.org/10.16904/​
envid​at.317).

ORCID
Steffen Boch   https://orcid.org/0000-0003-2814-5343 
Helen Küchler   https://orcid.org/0000-0003-1060-9808 
Meinrad Küchler   https://orcid.org/0000-0002-3340-6838 
Angéline Bedolla   https://orcid.org/0000-0001-5562-0643 
Klaus T. Ecker   https://orcid.org/0000-0003-3388-1353 
Rolf Holderegger   https://orcid.org/0000-0001-7062-1759 
Ariel Bergamini   https://orcid.org/0000-0001-8816-1420 

R E FE R E N C E S
Archaux, F. (2009) Could we obtain better estimates of plot spe-

cies richness from multiple-observer plant censuses? 
Journal of Vegetation Science, 20, 603–611. https://doi.
org/10.1111/j.1654-1103.2009.01079.x

Bakker, J.P., Olff, H., Willems, J.H. & Zobel, M. (1996) Why do we 
need permanent plots in the study of long-term vegetation dy-
namics? Journal of Vegetation Science, 7, 147–156. https://doi.
org/10.2307/3236314

Barton, K. (2020) MuMIn: multi-model inference. R package version 
1.43.17. https://CRAN.R-proje​ct.org/packa​ge=MuMIn

https://doi.org/10.16904/envidat.317
https://doi.org/10.16904/envidat.317
https://orcid.org/0000-0003-2814-5343
https://orcid.org/0000-0003-2814-5343
https://orcid.org/0000-0003-1060-9808
https://orcid.org/0000-0003-1060-9808
https://orcid.org/0000-0002-3340-6838
https://orcid.org/0000-0002-3340-6838
https://orcid.org/0000-0001-5562-0643
https://orcid.org/0000-0001-5562-0643
https://orcid.org/0000-0003-3388-1353
https://orcid.org/0000-0003-3388-1353
https://orcid.org/0000-0001-7062-1759
https://orcid.org/0000-0001-7062-1759
https://orcid.org/0000-0001-8816-1420
https://orcid.org/0000-0001-8816-1420
https://doi.org/10.1111/j.1654-1103.2009.01079.x
https://doi.org/10.1111/j.1654-1103.2009.01079.x
https://doi.org/10.2307/3236314
https://doi.org/10.2307/3236314
https://cran.r-project.org/package=MuMIn


10 of 11  |    
Applied Vegetation Science

BOCH et al.

Bergamini, A., Ginzler, C., Schmidt, B.R., Bedolla, A., Boch, S., Ecker, K. 
et al. (2019) Status and development of biotopes of national im-
portance: results 2011–2017 from the monitoring the effective-
ness of habitat conservation in Switzerland program (German). WSL 
Berichte, 85, 1–104.

Bilz, M., Kell, S.P., Maxted, N. & Lansdown, R.V. (2011) European red list 
of vascular plants. Luxembourg: Publications Office of the European 
Union.

Boch, S., Bedolla, A., Ecker, K., Graf, U., Küchler, H., Küchler, M. et al. 
(2019) Mean indicator values suggest decreasing habitat quality in 
swiss dry grasslands and are robust to relocation error. Tuexenia, 
39, 315–334.

Boch, S., Kurtogullari, Y., Allan, E., Lessard-Therrien, M., Rieder, N.S., 
Fischer, M. et al. (2021) Effects of fertilization and irrigation on 
vascular plantspecies richness, functional composition and yield 
in mountain grasslands. Journal of Environmental Management, 279, 
111629.

Bornand, C., Gygax, A., Juillerat, P., Jutzi, M., Möhl, A., Rometsch, S. et al. 
(2016) Red list of vascular plants. Endangered species of Switzerland 
(German). Bern: Bundesamt für Umwelt.

Bornand, C.N., Kéry, M., Bueche, L. & Fischer, M. (2014) Hide-and-seek 
in vegetation: time-to-detection is an efficient design for estimat-
ing detectability and occurrence. Methods in Ecology and Evolution, 
5, 433–442. https://doi.org/10.1111/2041-210X.12171

Burg, S., Rixen, C., Stöckli, V. & Wipf, S. (2015) Observation bias and 
its causes in botanical surveys on high-alpine summits. Journal 
of Vegetation Science, 26, 191–200. https://doi.org/10.1111/
jvs.12211

Charmillot, K., Hedinger, C., Babbi, M., Widmer, S. & Dengler, J. (2021) 
Vegetation change in meso-xeric grasslands of the swiss Jura mts. 
Over 40 years. Tuexenia, 41, 441–457. https://doi.org/10.14471/​
2021.41.019

Corona, P., Chirici, G., McRoberts, R.E., Winter, S. & Barbati, A. (2011) 
Contribution of large-scale forest inventories to biodiversity as-
sessment and monitoring. Forest Ecology and Management, 262, 
2061–2069. https://doi.org/10.1016/j.foreco.2011.08.044

Dennett, J.M. & Nielsen, S.E. (2018) Detectability of species of Carex 
varies with abundance, morphology, and site complexity. Journal 
of Vegetation Science, 30, 352–361. https://doi.org/10.1111/
jvs.12713

Diekmann, M. (2003) Species indicator values as an important tool in 
applied plant ecology—a review. Basic and Applied Ecology, 4, 493–
506. https://doi.org/10.1078/1439-1791-00185

Ellenberg, H., Weber, H.E., Düll, R., Wirth, V. & Werner, W. (2001) 
Indicator values of plants in Central Europe (German). Scripta 
Geobotanica, 18, 1–262.

Ewald, J. (2003) The sensitivity of Ellenberg indicator values to the 
completeness of vegetation releves. Basic and Applied Ecology, 4, 
507–513.

Fischer, C. & Traub, B. (Eds.). (2019) Swiss national forest inventory: meth-
ods and models of the fourth assessment. Cham: Springer Nature 
Switzerland.

FOEN (2011) List of national priority species. Species of national priority 
for conservation and promotion, as of 2010 (German). Bern: Federal 
Office for the Environment.

Futschik, A., Winkler, M., Steinbauer, K., Lamprecht, A., Rumpf, S.B., 
Barančok, P. et al. (2020) Disentangling observer error and climate 
change effects in long-term monitoring of alpine plant species com-
position and cover. Journal of Vegetation Science, 31, 14–25. https://
doi.org/10.1111/jvs.12822

Garrard, G.E., McCarthy, M.A., Williams, N.S.G., Bekessy, S.A. & 
Wintle, B.A. (2013) A general model of detectability using spe-
cies traits. Methods in Ecology and Evolution, 4, 45–52. https://doi.
org/10.1111/j.2041-210x.2012.00257.x

Groom, Q.J. & Whild, S.J. (2017) Characterisation of false-positive ob-
servations in botanical surveys. PeerJ, 5, e3324.

Hédl, R., Bernhardt-Römermann, M., Grytnes, J.A., Jurasinski, G. & 
Ewald, J. (2017) Resurvey of historical vegetation plots: a tool 
for understanding long-term dynamics of plant communities. 
Applied Vegetation Science, 20, 161–163. https://doi.org/10.1111/
avsc.12307

Hedwall, P. & Brunet, J. (2016) Trait variations of ground flora species 
disentangle the effects of global change and altered land-use in 
Swedish forests during 20 years. Global Change Biology, 22, 4038–
4047. https://doi.org/10.1111/gcb.13329

Janssen, J., Rodwell, J.S., García Criado, M., Gubbay, S., Haynes, T., 
Nieto, A. et al. (2016) European red list of habitats: part 2. Terrestrial 
and freshwater habitats. Luxembourg: Publications Office of the 
European Union.

Kapfer, J., Hédl, R., Jurasinski, G., Kopecký, M., Schei, F.H. & Grytnes, 
J.-A. (2017) Resurveying historical vegetation data – opportunities 
and challenges. Applied Vegetation Science, 20, 164–171. https://
doi.org/10.1111/avsc.12269

Kirby, K., Bines, T., Burn, A., Mackintosh, J., Pitkin, P. & Smith, I. (1986) 
Seasonal and observer differences in vascular plant records from 
British woodlands. Journal of Ecology, 74, 123–131. https://doi.
org/10.2307/2260353

Küchler, M. (2019) Vegedaz. Version 2019. Available at: https://www.wsl.
ch/en/servi​ces-and-produ​cts/softw​are-websi​tes-and-apps/veged​
az.html [Accessed 4 January 2022]

Küchler, M., Küchler, H., Bergamini, A., Bedolla, A., Ecker, K., Feldmeyer-
Christe, E. et al. (2018) Peatlands of Switzerland: state, development, 
regeneration (German). Bern: Haupt.

Kummli, J., Widmer, S., Wilhelm, M., Dengler, J. & Billeter, R. (2021) 
Vegetation changes in urban grasslands over 25 years in the city of 
Zurich, Switzerland. Tuexenia, 41, 423–440.

Kuznetsova, A., Brockhoff, P.B. & Christensen, R.H.B. (2017) lmerTest 
Package: tests inlinear mixed effects models. Journal of Statistical 
Software, 82, 1–26.

Landolt, E., Bäumler, B., Erhardt, A., Hegg, O., Klötzli, F., Lämmler, W. 
et al. (2010) Flora Indicativa. Ecological indicator values and biological 
characteristics on the flora of Switzerland and the Alps (German). Bern: 
Haupt.

Lepš, J. & Hadincová, V. (1992) How reliable are our vegetation anal-
yses? Journal of Vegetation Science, 3, 119–124. https://doi.
org/10.2307/3236006

Lisner, A. & Lepš, J. (2020) Everyone makes mistakes: sampling errors 
in vegetation analysis – the effect of different sampling methods, 
abundance estimates, experimental manipulations, and data trans-
formation. Acta Oecologica, 109, 103667. https://doi.org/10.1016/j.
actao.2020.103667

Meier, E.S., Lüscher, G., Buholzer, S., Herzog, F., Indermaur, A., Riedel, S. 
et al. (2021) State of biodiversity in the swiss agricultural landscape. 
Status report ALL-EMA 2015 − 2019 (German). Agroscope Science, 
111, 1–88. https://doi.org/10.34776/​as111g

Milberg, P., Bergstedt, J., Fridman, J., Odell, G. & Westerberg, L. (2008) 
Observer bias and random variation in vegetation monitoring 
data. Journal of Vegetation Science, 19, 633–644. https://doi.
org/10.3170/2008-8-18423

Morrison, L.W. (2016) Observer error in vegetation surveys: a review. 
Journal of Plant Ecology, 9, 367–379. https://doi.org/10.1093/jpe/
rtv077

Morrison, L.W., Bingham, S.N. & Young, C.C. (2020) Inter-observer error 
in wetland vegetation surveys. Wetlands, 40, 249–258. https://doi.
org/10.1007/s1315​7-019-01173​-8

Morrison, L.W., Leis, S.A. & DeBacker, M.D. (2020) Interobserver error 
in grassland vegetation surveys: sources and implications. Journal 
of Plant Ecology, 13, 641–648. https://doi.org/10.1093/jpe/rtaa051

Nakagawa, S. & Schielzeth, H. (2013) A general and simple method 
for obtaining R2 from generalized linear mixed-effects mod-
els. Methods in Ecology and Evolution, 4, 133–142. https://doi.
org/10.1111/j.2041-210x.2012.00261.x

https://doi.org/10.1111/2041-210X.12171
https://doi.org/10.1111/jvs.12211
https://doi.org/10.1111/jvs.12211
https://doi.org/10.14471/2021.41.019
https://doi.org/10.14471/2021.41.019
https://doi.org/10.1016/j.foreco.2011.08.044
https://doi.org/10.1111/jvs.12713
https://doi.org/10.1111/jvs.12713
https://doi.org/10.1078/1439-1791-00185
https://doi.org/10.1111/jvs.12822
https://doi.org/10.1111/jvs.12822
https://doi.org/10.1111/j.2041-210x.2012.00257.x
https://doi.org/10.1111/j.2041-210x.2012.00257.x
https://doi.org/10.1111/avsc.12307
https://doi.org/10.1111/avsc.12307
https://doi.org/10.1111/gcb.13329
https://doi.org/10.1111/avsc.12269
https://doi.org/10.1111/avsc.12269
https://doi.org/10.2307/2260353
https://doi.org/10.2307/2260353
https://www.wsl.ch/en/services-and-products/software-websites-and-apps/vegedaz.html
https://www.wsl.ch/en/services-and-products/software-websites-and-apps/vegedaz.html
https://www.wsl.ch/en/services-and-products/software-websites-and-apps/vegedaz.html
https://doi.org/10.2307/3236006
https://doi.org/10.2307/3236006
https://doi.org/10.1016/j.actao.2020.103667
https://doi.org/10.1016/j.actao.2020.103667
https://doi.org/10.34776/as111g
https://doi.org/10.3170/2008-8-18423
https://doi.org/10.3170/2008-8-18423
https://doi.org/10.1093/jpe/rtv077
https://doi.org/10.1093/jpe/rtv077
https://doi.org/10.1007/s13157-019-01173-8
https://doi.org/10.1007/s13157-019-01173-8
https://doi.org/10.1093/jpe/rtaa051
https://doi.org/10.1111/j.2041-210x.2012.00261.x
https://doi.org/10.1111/j.2041-210x.2012.00261.x


    |  11 of 11
Applied Vegetation Science

BOCH et al.

Nichols, J.D. & Williams, B.K. (2006) Monitoring for conservation. Trends 
in Ecology and Evolution, 21, 668–673. https://doi.org/10.1016/j.
tree.2006.08.007

Nilsson, I.N. & Nilsson, S.G. (1985) Experimental estimates of census ef-
ficiency and pseudoturnover on islands: error trend and between-
observer variation when recording vascular plants. Journal of 
Ecology, 73, 65–70.

R Core Team. (2021) R: a language and environment for statistical com-
puting. Vienna: R Foundation for Statistical Computing. https://
www.R-proje​ct.org/

Ross, L.C., Woodin, S.J., Hester, A., Thompson, D.B.A. & Birks, H.J.B. 
(2010) How important is plot relocation accuracy when interpreting 
re-visitation studies of vegetation change? Plant Ecology & Diversity, 
3, 1–8. https://doi.org/10.1080/17550​87100​3706233

Scott, W.A. & Hallam, C.J. (2002) Assessing species misidentification 
rates through quality assurance of vegetation monitoring. Plant 
Ecology, 165, 101–115. https://doi.org/10.1023/A:10214​41331839

Seidling, W., Kanold, A., Kompa, T., Lambertz, B., Scheibe, O., Schiller, 
M. et al. (2014) Vegetation surveys: observer differences in spe-
cies numbers of vascular plants (German). Tuexenia, 34, 329–346. 
https://doi.org/10.14471/​2014.34.002

Simons, N.K., Felipe-Lucia, M.R., Schall, P., Ammer, C., Bauhus, J., 
Blüthgen, N. et al. (2021) National Forest Inventories capture 
the multifunctionality of managed forests in Germany. Forest 
Ecosystems, 8, 5. https://doi.org/10.1186/s4066​3-021-00280​-5

Sørensen, T.A. (1948) A method of establishing groups of equal ampli-
tude in plant sociology based on similarity of species content, and 
its application to analyses of the vegetation on Danish commons. 
Kongelige Danske Videnskabernes Selskab, Biologiske Skrifter, 5, 1–34.

Tillé, Y. & Ecker, K. (2014) Complex national sampling design for long-
term monitoring of protected dry grasslands in Switzerland. 
Environmental and Ecological Statistics, 21, 453–476. https://doi.
org/10.1007/s1065​1-013-0263-2

Tölgyesi, C., Bátori, Z. & Erdős, L. (2014) Using statistical tests on relative 
ecological indicator values to compare vegetation units – different 
approaches and weighting methods. Ecological Indicators, 36, 441–
446. https://doi.org/10.1016/j.ecoli​nd.2013.09.002

Tomppo, E., Gschwantner, T., Lawrence, M. & McRoberts, R.E. (Eds.). 
(2010) National forest inventories. In: (Eds)Pathways for common 
reporting. Heidelberg, Dordrecht, London, New York: Springer.

Verheyen, K., Bažány, M., Chećko, E., Chudomelová, M., Closset-Kopp, 
D., Czortek, P. et al. (2018) Observer and relocation errors matter 
in resurveys of historical vegetation plots. Journal of Vegetation 
Science, 29, 812–823.

Verheyen, K., De Frenne, P., Baeten, L., Waller, D.M., Hédl, R., Perring, 
M.P. et al. (2017) Combining biodiversity resurveys across regions 
to advance global change research. Bioscience, 67, 73–83. https://
doi.org/10.1093/biosc​i/biw150

Visconti, P., Elias, V., Sousa Pinto, I., Fischer, M., Ali-Zade, V., Báldi, A. 
et al. (2018) Status, trends and future dynamics of biodiversity 
and ecosystems underpinning nature's contributions to people. 
In: Rounsevell, M., Fischer, M., Torre-Marin Rando, A. & Mader, 
A. (Eds.) The IPBES regional assessment report on biodiversity and 
ecosystem services for Europe and Central Asia. Secretariat of the 
Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services: Bonn, pp. 187–382.

Vittoz, P. & Guisan, A. (2007) How reliable is the monitoring of per-
manent vegetation plots? A test with multiple observers. Journal 
of Vegetation Science, 18, 413–422. https://doi.org/10.1111/
j.1654-1103.2007.tb025​53.x

Wamelink, G.W.W., Joosten, V., van Dobben, H.F. & Berendse, F. (2002) 
Validity of Ellenberg indicator values judged from physico-chemical 
field measurements. Journal of Vegetation Science, 13, 269–278. 
https://doi.org/10.1111/j.1654-1103.2002.tb020​47.x

Weber, D., Hintermann, U. & Zangger, A. (2004) Scale and trends in spe-
cies richness: considerations for monitoring biological diversity for 
political purposes. Global Ecology and Biogeography, 13, 97–104. 
https://doi.org/10.1111/j.1466-882X.2004.00078.x

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

Appendix S1. Number of double-surveyed plots per year for all plots 
and separately for each habitat type
Appendix S2. Number of sampling years of each of the 19 observers, 
showing little turnover of observers over time with a relatively 
constant core team present in most of the years

How to cite this article: Boch, S., Küchler, H., Küchler, M., 
Bedolla, A., Ecker, K.T. & Graf, U.H. et al. (2022) Observer-
driven pseudoturnover in vegetation monitoring is context-
dependent but does not affect ecological inference. Applied 
Vegetation Science, 25, e12669. Available from: https://doi.
org/10.1111/avsc.12669

https://doi.org/10.1016/j.tree.2006.08.007
https://doi.org/10.1016/j.tree.2006.08.007
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1080/17550871003706233
https://doi.org/10.1023/A:1021441331839
https://doi.org/10.14471/2014.34.002
https://doi.org/10.1186/s40663-021-00280-5
https://doi.org/10.1007/s10651-013-0263-2
https://doi.org/10.1007/s10651-013-0263-2
https://doi.org/10.1016/j.ecolind.2013.09.002
https://doi.org/10.1093/biosci/biw150
https://doi.org/10.1093/biosci/biw150
https://doi.org/10.1111/j.1654-1103.2007.tb02553.x
https://doi.org/10.1111/j.1654-1103.2007.tb02553.x
https://doi.org/10.1111/j.1654-1103.2002.tb02047.x
https://doi.org/10.1111/j.1466-882X.2004.00078.x
https://doi.org/10.1111/avsc.12669
https://doi.org/10.1111/avsc.12669

	Observer-­driven pseudoturnover in vegetation monitoring is context-­dependent but does not affect ecological inference
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|The monitoring program “Monitoring the effectiveness of habitat conservation in Switzerland (WBS)”
	2.2|Vegetation sampling, double surveys and plot data
	2.3|Mean ecological indicator values
	2.4|Data preparation and statistical analysis

	3|RESULTS
	3.1|Quantifying pseudoturnover across aggregation levels of species lists
	3.2|Pseudoturnover and cover of taxa, morphological species group, vegetation structure, habitat type, and time
	3.3|Ecological indicator values and inter-­observer differences

	4|DISCUSSION
	4.1|Reduction in observer-­driven pseudoturnover by species-­list aggregation and observer training
	4.2|Factors affecting observer-­driven pseudoturnover
	4.3|Pseudoturnover effects on ecological inference
	4.4|Implications for long-­term monitoring programs and the analysis of resurvey data

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


