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Abstract

Question: To determine long-term vegetation changes in revisitation studies, it

is crucial to know how much of measured species turnover over time can be

attributed to pseudo-turnover (i.e. turnover caused by imperfect data acquisi-

tion), and which factors contribute to observation bias and pseudo-turnover.

Independent simultaneous surveys provide a powerful tool to quantify pseudo-

turnover and to indentify factors causing it, which may vary strongly between

lowland andmountain areas.

Location: Alpine mountain summits (2616 m to 3418 m a.s.l.) in the south-

eastern Swiss Alps.

Methods: Plant inventories of 48 summits were collected by two independent

observers simultaneously. Pseudo-turnover between observers was compared to

species turnover over one century based on historical species lists of the same

summits. Variables linked to observer characteristics and external (observer-

independent) factors were tested for their influence on pseudo-turnover and

number of species missed by one of the observers, and plant characteristics were

tested for their effect on species detection probability.

Results: Mean pseudo-turnover between observers (13.6%) was almost three

times smaller than species turnover over one century (41.4%). Pseudo-turnover

and the number of species missed increased with difference in botanizing time

between observers and with a longer ascent to the summit, especially in combi-

nation with a high species richness on the summit. Species had a higher proba-

bility to be missed if occurring on many summits but with a low abundance, if

small in stature and if belonging to certain taxonomic plant groups (e.g. Astera-

ceae).

Conclusions: Our critical evaluation of turnover over time vs pseudo-turnover

confirms that floristic changes on alpine summits over time represent an ecolog-

ical pattern. In mountainous terrain, factors related to observer characteristics

play a major role, as we found the best correspondence between simultaneous

records when the difference in botanizing time was small and the ascent was

short. Our results help to improve data quality in mountainous terrain by point-

ing out possible causes for observation bias. Long-term vegetation studies in

alpine ecosystems should make a strong effort to identify and minimize such

causes in advance, for instance by reducing between-observer differences in

botanical skills, fitness and timemanagement through appropriate training.

Introduction

Ecosystems have been changing rapidly in recent dec-

ades due to climate and land-use changes. Revisitation

studies are an effective tool to detect, monitor and ana-

lyse changes in vegetation composition (Grabherr et al.

1994; Klanderud & Birks 2003; Wipf et al. 2013). How-

ever, studies based on fieldwork are vulnerable to

undesired influences affecting data quality. Variability is

introduced by imperfect species detection, which may

be influenced by traits of the species, environmental

conditions or observer characteristics. In order to detect
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vegetation changes over time, it is crucial to determine

and understand variability between records.

Already Smith (1944) stated that variability between

observers had an influence on record quality, with high

inter- and intra-daily variations for individual observers.

MacArthur & Wilson (1967) defined the measure for

changes in species composition of island communities as

‘species turnover’. With the realization that part of this

turnover can be attributed to observer errors, the term

pseudo-turnover was then introduced (Lynch & Johnson

1974). In early studies (Lynch & Johnson 1974; Simberloff

1976; Nilsson & Nilsson 1982) pseudo-turnover seems to

have been the major fraction of the calculated turnover,

whereas in newer studies, pseudo-turnover usually ranges

from 5% to 20% (review by Vittoz et al. 2010).

With the ongoing efforts to quantify and reduce pseudo-

turnover, several studies tried to find out which factors are

responsible for it. Experience was considered one of the

most important factors potentially influencing record qual-

ity. However, some studies show that experience does not

necessarily lead to a lower observation bias since even

experienced botanists do overlook species, but the influ-

ence of experience on record quality remains unclear (Kir-

by et al. 1986; Vittoz & Guisan 2007; Milberg et al. 2008;

Vittoz et al. 2010). There is more agreement on the impor-

tance of botanizing time, with higher detection rates when

more time is invested into a record (Archaux et al. 2006;

K�ery et al. 2006; Chen et al. 2009). Seasonality affected

record quality in a range of studies, leading to decreased

species detectability and consistency between records at

the beginning and at the end of the field season (Kirby

et al. 1986; Rich &Woodruff 1992; K�ery & Schmidt 2008).

Also, species detectability is decreased in dense vegetation

(Shefferson et al. 2001; Vittoz & Guisan 2007) and for spe-

cies with lower abundance (Lep�s & Hadincov�a 1992; Ker-

cher et al. 2003; Vittoz & Guisan 2007). Other difficulties

of species detectability are related to species taxonomy,

morphology, life form or size (Scott & Hallam 2003; K�ery

et al. 2006; Chen et al. 2009). Plot area also affected record

quality in several studies, but results between studies are

contradictory or lead to no conclusion (Nilsson & Nilsson

1985; Klime�s et al. 2001; Milberg et al. 2008; Chen et al.

2009). Only one study considered difficulty of terrain, which

was found to have a negative influence on record quality

(Rich &Woodruff 1992).

While some of the above-mentioned variables obviously

influence data acquisition in the field, the direction and

magnitude of their influence differs between studies, possi-

bly due to the wide variety of study designs, vegetation

types and terrain in which the studies were conducted. For

instance, factors with minor influence in lowland situa-

tions may have a pronounced effect in alpine environ-

ments, where remoteness, exposed terrain and mountain

climate may pose particular challenges to observers. To

date, only a few studies have examined observation bias in

alpine field studies (Vittoz & Guisan 2007; Vittoz et al.

2010), and no special attention has been paid to which fac-

tors related to this particular environment could have a

special influence on data quality.

The Summit Flora Project (St€ockli et al. 2011) con-

ducted a large revisitation study based on historical data in

an alpine environment. By repeating historical vegetation

records of summits that were visited by botanists one cen-

tury ago, long-term changes in plant community composi-

tion, species richness and species distribution can be

traced. For the Summit Flora Project as well as for other

field studies, it is important to know how much of the cal-

culated species turnover can be attributed to observation

bias and which causing factors have to be considered care-

fully for future study designs to minimize variability in

field records.

The objectives of this study are to scrutinize the results

of the Summit Flora Project by (i) quantifying between-

observer variability in simultaneous field records (so-called

pseudo-turnover), (ii) comparing pseudo-turnover with

species-turnover over time, and (iii) analysing the main

factors causing variability between simultaneous field

records. For this, vascular plant compositions of the upper-

most 10 m of 48 summits were recorded simultaneously

by two independent botanists. These records were then

analysed for differences between observers and compared

to the historical records of these summits. We then used

general and generalized linear models to evaluate how

variables related to attributes of the summit (e.g. summit

area), observer characteristics (e.g. experience), botanizing

circumstances (e.g. weather) and plant traits (e.g. size;

Table 1) affected pseudo-turnover, the number of species

missed per record and species detection probability. We

hypothesized that in this complex alpine environment,

observation bias would be high compared to other studies

due to more difficult working conditions, but low com-

pared to species turnover over time, which was found to

be large on summits (summarized in St€ockli et al. 2011).

Moreover, we hypothesized that variability in summit

area, time constraints and differences in observer experi-

ence would have strong effects on observation bias and

number of species missed, and that small species stature,

low abundance and a short flowering period would reduce

species detectability.

Methods

Study sites

In the field seasons of 2010 and 2011, the Summit Flora

Project re-surveyed 120 summits in the southeastern Swiss

Alps (Fig. 1), in which there were ca. 100 yr-old historical
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inventories of vascular plant species. The records com-

prised the lower alpine vegetation belt with its dwarf

shrub-sized plants and closed vegetation cover, to the nival

belt with its low-stature plants and patchy plant cover.

To quantify the difference between simultaneous

records, independent records were performed on 48 sum-

mits, according to the protocol described below, by two

botanists that visited the summit at the same time, but did

not interact. The subset of summits was approximately

representative of the 120 summits in terms of distribution

in altitude (2616 to 3418 m a.s.l.), region (Fig. 1), bedrock

type (70% siliceous and 30% calcareous) and measured

species turnover.

Vegetation record protocol

For each of the 120 summits, a list of vascular plant species

was assembled for the uppermost ten altitudinal meters

without prior knowledge of the historical species list. The

lower limit of the 10-m area was determined with baro-

metric altimeters calibrated at the top of the summit (reso-

lution � 1 m; Garmin GPS, Olathe, US) and marked with

cairns. Along a searching route starting at the top and lead-

ing in circles outward around the summit, each plant spe-

cies was recorded with its highest occurrence. An

inventory did not necessarily cover each spot within the

10-m area, but potential habitats for additional species

Summits with revisitation data (N = 120)
Summits with independent recent records (N = 48)

Elevation (m a.s.l.)

0 50 km

N

4600350024001300200

Fig. 1. Overview of study area and location of 120 summits sampled for their floristic composition in the Summit Flora re-survey study. On 48 of these

summits, two independent, simultaneous species records were done and analysed for observation bias.

Table 1. Explanatory variables analysed in this study for their potential influence on observation bias (a,b) and species detectability (c). Factors of group (a)

potentially vary strongly between individual observers, or in the effect they have on them. Factors of group (b) have no direct effect on observers, or influ-

ence individual observers in a similar way.

(a) Factors Directly or Differentially Affecting Observers (b) Factors Not or Similarly Affecting Observers (c) Species-Dependent Factors

Observer-Dependent Mountain-Dependent

Botanizing time per observer

Experience

Species number on summit

Ascent length

Dangerousness of terrain

Density of vegetation

Botanizing time per summit

Area of summit

Habitat diversity

Weather

Date of record

Year of record

Mountain altitude

Species frequency

Average abundance

Minimum& average size

Flowering period

Start & end of flowering

Taxonomic group

Life form

Functional group

Habitat preferences
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were checked with particular care, as described in the his-

torical literature we refer to (Braun 1913; Braun-Blanquet

1958). For safety reasons, areas that we judged dangerous,

but were likely to have been accessed by historical bota-

nists, were either botanized secured with a rope or

searched with binoculars. Areas that were inaccessible or

were likely not to have been accessed by earlier botanists

were ignored. All plant species were recorded using a digi-

tal field book (custom-made program ‘mIraculix’ on a

HTC� Sense Smartphone (Taoyuan, Taiwan); C. Suter, V.

Stöckli & M. Gerber, unpublished resource), along with

coordinates, time stamp (built-in GPS unit and watch) and

altitude (estimated to the nearest meter). After the record,

the abundance of each plant species was estimated on an

ordinal scale with five categories (1 = 1 individual, 2 = 2–

3 ind., 3 = 4–10 ind., 4 = 11–50 ind., 5 = >50 ind. per

summit); ‘individual’ referring to spatially distinct ramets

or clusters of ramets with a size of <1 m2. In the case of lar-

ger patches (e.g. Carex curvula patches), each square meter

covered was counted as one ‘individual’. The protocol did

not specify any recording time, thus each botanist decided

when the summit was adequately surveyed. All summits

were visited on foot from the nearest access point.

Fieldwork was performed between the end of June and

mid-September in 2010 and 2011 by a team of three per-

manent researchers and eight student field assistants (two

of them only taking part in 2010, three only in 2011 and

three in both years). Field assistants went through an ini-

tial training phase of 2–4 wk until they proved capable of

recording species lists comparable to those of more experi-

enced teammembers. Records assembled during the train-

ing phase, incomplete records or records stated as

unsatisfactory by the observer due to very bad weather

(e.g. snow on the ground, thunderstorms) or health prob-

lems (i.e. headaches) were excluded from analyses, result-

ing in the 48 summits with simultaneous records to be

analysed. Team composition changed almost every day.

The species lists were corrected for obvious misidentifica-

tions (i.e. if out of two very similar species, the more unli-

kely species was found on a certain bedrock type by one

observer, the more likely species by the other). Analyses

were run both with corrected and uncorrected data, with

negligible influences on the outcome and the same conclu-

sions, thus we report results from the corrected data set

here.

Potential factors influencing observation bias and

species detectability

Of the multitude of factors that could contribute to obser-

vation bias in our study, the following variables were

quantified (Table 1): time spent botanizing by an observer

on a summit was defined as the time elapsed between the

first and last species record, and difference in botanizing

time between two observers calculated from this. Botaniz-

ing time per summit was calculated as the time when one

or both of the observers started the record until the last

one was finished. Observers were classified into three

experience categories based on personal judgment of the

authors. For each summit, total species number was calcu-

lated from the combined species lists of both observers. As

a measure of strenuousness of ascent, ascent length was

determined as the total altitudinal meters hiked before

reaching the summit. Dangerousness of terrain for each

visited summit was estimated in three classes (easily acces-

sible terrain, terrain needing increased concentration, and

parts of the summit with dangerous access) by each obser-

ver, as was the vegetation density (in two categories:

‘open’ for very scarcely vegetated summits, and ‘patchy-

to-dense’ for summits at least partly covered with continu-

ous vegetation. The area of the summit (uppermost 10 m)

was determined in ArcGIS (v 10.0, ESRI, Redlands, CA,

US) from a digital surface model with 2-m resolution. Hab-

itat types and diversity (Simpson’s index) of a summit were

calculated from estimates of percentage cover of different

habitat types (solid rock, coarse scree, fine scree, mineral

soil vegetated and unvegetated, organic soil vegetated and

unvegetated). Weather conditions were described during

the record and subsequently categorized into three classes

by the authors according to potential impact on the observ-

ers (fine weather; intermediate weather with low potential

impact, e.g. moderate cold or threat of rain; conditions

potentially experienced as stressful, i.e. rain, cold, strong

winds, low visibility or threat of a thunderstorm).

Species frequency (as number of summits occupied by a

species), species average abundance (mean abundance of a

species over all summits where it occurred) and first and

last date when a species was recorded were derived from

the full data set of the Summit Flora Project (120 summits).

Minimum and average plant size, beginning and end of

flowering, length of flowering period, taxonomic group

(family or order), functional group (graminoids, forbs,

dwarf shrubs, cushion plants, ferns), Raunkiær life form

and habitat preferences (wet, tall forb, grassy, rocky,

woody vegetation) for each species were derived from

Flora Indicativa (Landolt 2010).

Statistical analyses

Species turnover (T) between historical and recent records

of a summit served as a measure for vegetation change

over time. The same metric was used to calculate turnover

between two records made at the same site and the same

time, so-called pseudo-turnover (Nilsson & Nilsson 1985),

as T = 100*(A + B)/(SA + SB), whereA and B are the num-

ber of species exclusive to each of two records, and SA and
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SB are the total number of species in each record. We then

compared species turnover over time (between historical

and recent records) and pseudo-turnover between two

observers with paired Student’s t-test for 43 summits, since

for five summits, historical records were not available or

incomplete. While pseudo-turnover is a relative measure

of observation bias including species richness in its calcula-

tion, we also calculated the number of species exclusively

found by one of the observers (A + B in the above for-

mula) as an absolute measure of observation bias. More-

over, we calculated the probability that a species was

missed as the proportion of missed occurrences at the

number of total occurrences, for a total of 252 species. To

determine which factors influence observation bias and

probability to be missed, these dependent variables were

tested for how they were affected by observer-dependent

and observer-independent variables, or species-related

variables, respectively (Table 1). Due to the different struc-

tures of these variables, we used different statistical meth-

ods for the analysis: pseudo-turnover was analysed with a

linear model (lm), and number of exclusive species per

summit with a generalized linear model (GLM) for Poisson

distributed data with a log link, with observer and summit

characteristics as explanatory variables (models M1 and

M2, N = 48; Table 2). Probability to miss a species was

analysed using a GLM for proportions with a logit link and

a binomial error function with plant characteristics as

explanatory variables (R-package ‘stats’; model M3,

N = 252; Table 2). Variables in all models were selected

using step-wise forward selection. Multi-collinearities in

the models were previously identified and eliminated

using a Variance Inflation Factor-threshold of 3 (R-pack-

age AED; Zuur et al. 2009). Standardized residuals were

visually checked for normality, independence and con-

stant variance. All statistical analyses were performed in R

(v 2.14.1; R Foundation for Statistical Computing, Vienna,

Austria).

Results

Species turnover vs pseudo-turnover

For the 48 summits analysed, pseudo-turnover between

two contemporary botanists ranged between 0% and

33.3%, with a mean of 13.5 � 1.14 (�SE). Species turn-

over between historical and recent records was signifi-

cantly higher than pseudo-turnover, with mean turnover

over time exceeding pseudo-turnover between observers

almost three-fold (41.4 � 2.35; t paired = �11.0, df = 42,

P < 0.001; Fig. 2).

The mean species richness on the 48 summits analysed

was 38.4 � 3.63 (�SE) species, with a range from three to

96 species per summit. An average of 4.6 � 4.1 species per

summit (range: 0–20 species) were missed by one observer

but found by the other; i.e. 9.1 � 7.3 species per summit

were found by only one of the two observers (range: 0–31

species).

Influence of observer andmountain characteristics on

observation bias

Themajor cause of a high pseudo-turnoverwas a large differ-

ence in botanizing time between observers (model M1;

Fig. 3a, Table 2). This was confirmed in model M2, which

showed that more species were missed by one of the observ-

erswhen the difference in botanizing timewashigh (Fig. 3d).

On summitswith a higher species richness, a record generally

took longer to complete (linear regression, F1,46 = 112.4,

P < 0.001) and recording timedifferedmore betweenobserv-

ers (linear regression, F1,46 = 7.42, P < 0.001).

A long ascent to reach the summit significantly

increased the number of species missed by one of the

observers (model M2; Fig. 3e, Table 2) and marginally

increased pseudo-turnover (model M1; Fig. 3b). Against

expectation, a long ascent did not seem to have led to time

constraints, since there was no significant relationship

Table 2. Summary of the model results, testing for the influence of different observer-, summit-, or species-related variables on pseudo-turnover (M1),

number of species per summit found by only one observer (M2) and species detectability (M3) using forward selection. Significant and marginally significant

(in brackets) explanatory variables after a step-wise model selection procedure are shown. In model M3, z-value instead of F-value was calculated.

Model Type Response Variable Sample Size Significant Explanatory Variables F Value P Value

M1 Linear model Pseudo-turnover 48 Difference in botanizing time 8.71 0.005

(Ascent length) 3.95 (0.053)

M2 Poisson generalized

linear model

N species per summit only

found by one observer

48 Species number on summit 10.80 <0.001

Difference in botanizing time 3.79 <0.001

Ascent length 3.05 <0.001

M3 Binomial generalized

linear model

Probability for a species

to bemissed

252 Frequency �6.17 <0.001

Average abundance �4.65 <0.001

(Minimum size of plant) �1.67 (0.082)

Taxonomic group 1.7–2.3 <0.001
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between ascent length and botanizing time (linear regres-

sion, F1,46 = 0.19, P = 0.66) or difference in botanizing

time per record (F1,46 = 0.56, P = 0.46).

More species were missed on summits with higher spe-

cies richness (model M2; Fig. 3c, Table 2), when the differ-

ence in botanizing time between two observers was high,

andwhen the ascent was long (Table 2, Fig. 3d,e).

Influence of plant characteristics on probability that a

species wasmissed

A species’ detectability was mainly influenced by its fre-

quency and abundance: species occurring on many moun-

tains but with low abundance had a higher probability to be

missed by an observer (model M3). The taxonomic group a

species belongs to had a highly significant effect on species

detectability (model M3); species were more oftenmissed if

they belong to Liliaceae/Orchidaceae (z = 2.3, P = 0.021),

Asteraceae (z = 1.89, P = 0.058), Scrophulariaceae (genus

Veronica; z = 1.76, P = 0.078) or Juncaceae (z = 1.65,

P = 0.098). Finally, species with a small minimum size had

amarginally higher chance of beingmissed (see Table 2).

Discussion

Species turnover vs pseudo-turnover

Since its introduction by Lynch & Johnson (1974),

pseudo-turnover has been used as a relative measure for

the quality of field observations. As such, it remains an

approximation, as the true number of species, and thus the

true bias introduced by each observer, remains unknown.

Studies conducted under a wide variety of conditions

reported pseudo-turnover values between 5% and 20%

for vascular plants, with an average of 14.5% (calculated

from: Nilsson & Nilsson 1985; Lep�s & Hadincov�a 1992;

Kercher et al. 2003; Scott & Hallam 2003; Archaux et al.

2006; Vittoz & Guisan 2007; Vittoz et al. 2010). Due to fac-

tors such as large and variable plot area, complex alpine

terrain, potentially harsh environmental characteristics

and large variation in team composition, we would have

expected to find relatively high pseudo-turnover in our

study; contrary to our hypothesis, however, pseudo-turn-

over in our study (13.6%) was well within the range of

that found in the above-mentioned studies. As those were

performed mainly in lowland and grassland sites, dense

vegetation and high species numbers might have counter-

balanced factors potentially raising observation bias at

alpine sites.

Our results showed that species turnover between his-

torical and recent records far exceeded pseudo-turnover

between observers. Although we have no data to assess

observer effort and bias in the historical surveys, the histor-

ical botanists we refer to were, at their time, highly

esteemed for their expertise. They invested years into their

research, with their stated goal of assembling exhaustive

species lists during their relev�es, some even resurveying

their own records (St€ockli et al. 2011). Thus, their records

were at least of equal quality to ours, and we confidently

assume that the fraction of turnover between historical

and recent records that can be attributed to variability

between observers or recording protocol was within the

same range as pseudo-turnover between recent surveys.

Our measured species turnover over time can thus be

accepted as corresponding mainly to an ecological rather

than amethodological signal.

Influence of observer andmountain characteristics on

observation bias

Of themultitude of variables that we tested for their poten-

tial influence on observation bias (Table 1), three stood

out as having a significant effect: difference in time

invested into the record, length of ascent to reach the

record site and species richness on a summit. We consid-

ered all of these variables as depending on the observer or

affecting individual observers differently – in contrast,

none of the variables that we judged to be independent of

observers or affecting both observers in the same way, had

a detectable influence on record quality.

The time invested into a record has been considered a

prevalent influence on observation bias in several studies.

Fig. 2. Box plots comparing pseudo-turnover between floristic summit

records of two independent simultaneous observers in 2010/2011 (left)

with species turnover over time (between historical and recent summit

records; right). Each line connects pseudo-turnover and species turnover

over time on the same summit.
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Detection probability generally increases with survey effort

(K�ery et al. 2006; Chen et al. 2009) and, crucial for many

biodiversity studies, rare species are generally found

towards the end of a record (Archaux et al. 2006). It is thus

remarkable that in our study, the absolute duration of the

record had no effect on observation bias, but the difference

in botanizing time between the observers did. The absolute

duration to find a certain proportion of the species present

on a summit is likely dependent on characteristics of the

respective summit, for instance species number, summit

area, topography or microhabitat distribution. Because of

these differences between summits, botanizing time was

not standardized nor prescribed in the record protocol.

Therefore, the resulting difference in botanizing time

between the two observers depended on the individual

judgment of the observers working on the mountain, ergo

their botanizing speed, searching method and perception

of when the site was sufficiently covered.

The finding that the species richness of a summit had an

effect on record quality can be explained in two ways. In

our experience, species-rich sites pose a greater challenge

to botanists than species-poor sites. Consequently, the

results of two observers resolving a difficult task are more

variable than when resolving an easy one. An alternative

explanation could be that there is simply a higher likeli-

hood to overlook species if more of them are present. In

our study, species richness only influenced the number of

species missed by one of the observers, but not pseudo-

turnover. Thus, the number of species missed is more or

less proportional to the total species number on the sum-

mit; i.e. the percentage of species missed was not increased

in particularly species-rich areas.

Our study is, to our knowledge, the first to find a con-

nection between physical effort of the fieldwork and the

quality of resulting data, as we show that a longer ascent

(in terms of elevation meters to reach a summit) led to a

higher observation bias. Since ascent length was unrelated

to the altitude of amountain, species richness or time spent

on a record (all correlations P > 0.1), any artifacts related

to species richness or time constraints could be excluded.
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Fig. 3. Relationships between observation bias (y-axis) and explanatory variables (x-axis) with significant or marginally significant effects in general linear

models (see Table 2). A high difference of botanizing time between the observers (a) and a long ascent (elevation gain in m to reach a summit) (b)

increased pseudo-turnover. Number of exclusive species (number of species per summit missed by one of the observers) increased with species richness

on the summit (c), difference in botanizing time between the observers (d) and a long ascent (e). Plots show linear regressions (solid line) and 95%

confidence intervals (grey).
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Generally, physical exhaustion after a long ascent might

impair a botanist’s record. Whether an ascent is experi-

enced as exhausting or not, however, is a matter of indi-

vidual fitness. Additionally, it is likely that exhaustion

interacts with other observer-related traits such as experi-

ence, as experienced observers may cope better with work-

ing when tired than less trained observers. Thus, it is likely

that any two observers in a teamwill be affected differently

by physical strain, resulting in a larger difference between

records after more strenuous ascents. It is thus important

that observers in alpine terrain not only train their botani-

cal skills but also their physical fitness.

Contrary to our expectations, we did not find any effect

of observer independent factors, such as plot area on obser-

vation bias, although several previous studies had found

such influences (Nilsson & Nilsson 1985; Klime�s et al.

2001; Klime�s 2003; Milberg et al. 2008; Chen et al. 2009).

Most of these studies worked with smaller, well-defined

plots (usually 1–400 m2), but others, such as Nilsson &

Nilsson (1985) worked at a similar scale as we did (637–

16720 m2 for the 48 summits of this study). The impor-

tance of plot area might thus be higher in denser and more

complex lowland vegetation than in the comparably open

alpine vegetation. Neither did we find any effects of sea-

sonality, contrary to other studies (Kirby et al. 1986; Rich

& Woodruff 1992; McCune et al. 1997; Scott & Hallam

2003; Archaux et al. 2006; K�ery & Schmidt 2008). Its

importance may be less pronounced at higher altitudes,

most probably due to the absence of therophytes (all spe-

cies are potentially visible during the whole season) and to

the fact that our fieldwork generally started relatively late

in the summer (July in our case) and was concentrated

over a short vegetation period of maximum 10 wk.

In contrast to our hypothesis, a botanist’s experience did

not influence observation bias in this study, and neither

did other observer-perceived factors such as dangerousness

of terrain and density of vegetation. As these variables

were classified on subjective assessments by the observers

or authors themselves, it is possible that their explanatory

power is too low or the assessments too variable to evalu-

ate their influence on data quality. Such subjective classifi-

cations could be improved by a more standardized ranking

of observer assessments and abilities, for instance by com-

paring subjective classifications made by all observers on

the same summit. Nonetheless, because observer perfor-

mance changes over time and shows inter- and intra-daily

variation (Smith 1944), and because increased observer

experience does not necessarily exclude bias (since even

experienced botanists do overlook species), the effect of

observer experience on record quality remains difficult to

quantify (McCune et al. 1997; Scott & Hallam 2003; Mil-

berg et al. 2008; Chen et al. 2009; Vittoz et al. 2010). In

our project, all observers were trained in joint excursions

at the start of the field season until their performance was

judged satisfactory by more experienced peers. The lack of

an observer effect related to experience in our study may

thus also underline that time investment into rigorous

training, even in the short alpine field season, very likely

helps to reduce variability in the field data.

Influence of plant characteristics on species detectability

Frequency and abundance of a species, its taxonomic plant

group and size influenced detectability of plant species on

our alpine summits. In agreement with other studies (Lep�s

& Hadincov�a 1992; Rich & Woodruff 1992; Kercher et al.

2003; Archaux et al. 2006; Vittoz & Guisan 2007; Milberg

et al. 2008) is the finding that species with a low average

abundance and a high frequency (occurring onmany sum-

mits) are missed more often. It is likely that a frequent spe-

cies is more often missed by one of the observers. As our

summit records covered a relatively large area and our pro-

tocol did not prescribe covering each spot, it is also likely

that species usually occurring at low abundance or as sin-

gle individuals are more often missed than species that are

usually dominant.

Smaller plants can be expected to be overlooked more

often, and in fact our data confirm that the minimum size

of a species was negatively related to its detectability. Trait

information from databases usually spans values of a vari-

ety of populations of a species, but not necessarily the full

range of plasticity of a species. We observed that at our

sites, where several species are near their upper distribu-

tion limit, plant individuals are often particularly small in

stature and non-flowering. The latter cannot be repre-

sented adequately in trait databases andwas not systemati-

cally recorded in our data, although individuals are more

conspicuous when flowering than in vegetative state.

That some taxonomic plant groups were particularly

often overlooked may be related to the reasons stated

above. Orchidaceae, Liliaceae and Scrophulariaceae

(mainly the genus Veronica), for instance, are small in stat-

ure and often occur at low abundance. While Asteraceae

are a notoriously difficult group for species determination,

especially when not flowering, they were also generally

frequent (Matteodo et al. 2013), increasing their chance to

bemissed. The samemay be true for Juncaceae (genus Luz-

ula and Juncus), which are also difficult to determine when

not flowering. Although grass species of the genera Festuca

and Agrostiswere among those overlooked or misidentified

most often, the Poaceae family as a whole was not signifi-

cantly often missed, likely due to the fact that the very fre-

quent Poa laxa and P. alpina were usually found by both

observers.

Although our study identified a few general traits

with an effect on species detectability, predictions of
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which species are particularly prone to being overlooked

and should receive special attention remain difficult,

because traits such as frequency and mean abundance

are not known during the planning phase of a study.

Expert knowledge of the studied vegetation type and

species is essential in order to identify potentially diffi-

cult and rare taxa before the field season and to provide

targeted training or determination keys for taxa that are

difficult to find and identify.

Conclusions

The large data set of the Summit Flora Project and a repre-

sentative subset of summits with two independent records

enabled us to calculate the proportion of turnover that

could be attributed to inter-observer variability. Moreover,

we identified factors with major influence on observation

bias out of our a priori set of variables potentially important

in the alpine environment, several of which have never

been considered in earlier studies. The influence of differ-

ence in botanizing time and, unexpectedly, strenuousness

of ascent, stress the importance of observer-dependent fac-

tors in challenging working environments such as alpine

summits.

The following recommendations should help to maxi-

mize the quality of field records and minimize the variabil-

ity between observers. Issues related to botanizing time

need to be carefully considered in the study design. First,

field records should not be assembled under time pressure.

Second, in many cases no standardized time frame for the

record can be pre-defined, for instance due to varying sur-

vey area, structural complexity, vegetation types or work-

ing pace of observers. Instead, refined criteria on when to

conclude a record could help to reduce inconsistencies

between observers.

Rigorous training before sending observers out to the

field should be a key component of each field project. Such

training should lead to an in-depth understanding of par-

ticular recording techniques and protocols, but also

improve species identification skills (particularly of difficult

taxa) and, as was surprisingly demonstrated in our study,

even include physical fitness. When working with several

observers split up into small teams, frequent changes in

team composition or regular common field days will coun-

teract the development of observer-specific habits and help

in equalizing record procedures and observer skills.

Although this study gives new insights into causes of

observation bias in alpine summit relev�es, it is likely that

factors influencing record quality vary depending on the

particular environment and circumstances of a study, and

thus need to be considered anew for each study. However,

simultaneous independent records should be a standard

component of monitoring and revisitation studies to

determine observation bias, analyse its causes and thus

ensure high data quality.
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