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method in a citizen science context with laypeople could 
support both the long term monitoring of butterfly habitat 
quality, as well as the efficient selection of sites for profes-
sional in-depth assessments.
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Introduction

Biodiversity assessments and continuous monitoring 
schemes are important and generally recognized prerequi-
sites to efficiently address the ongoing biodiversity crises 
(Schmeller et al. 2015). Nevertheless, resources for collect-
ing data on biodiversity are—and will always be—limited 
(Baan et  al. 2013; Rüdisser 2015). Public participation 
seems to be an interesting option to support the collection 
and processing of biodiversity data (Domroese and Johnson 
2017; Amano et al. 2016), and, at the same time, to generate 
authentic opportunities for environmental education (Chen 
and Cowie 2013). Such projects can lead to public engage-
ment and can have transformative learning potential (Bela 
et al. 2016; Dickinson et al. 2012; Hobbs and White 2012; 
Lewandowski and Oberhauser 2017). The involvement and 
contribution of volunteers to academic research by collect-
ing and submitting observation data has a long tradition in 
ecology and especially ornithology. For decades—the long-
est-running bird counting project in the US has collected 
data for over 110 years so far—thousands of amateur and 
professional ornithologists worldwide have been contrib-
uting to an otherwise unfeasible database (Tulloch et  al. 
2013). Public participation in scientific research, now often 
called ‘citizen science’ (CS) (cf. Irwin 1995), was for many 
years rarely reported in scientific publications. However, 
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this changed dramatically around the beginning of the cur-
rent decade (Follett and Strezov 2015). Out of 1935 CS-
related publications published before 2015-12-15 retrieved 
from the Web of Science by Kullenberg and Kasperowski 
(2016), 98% were published after 2000 and 75% after 2010. 
The observed boom in CS publications might still underes-
timate the potential for citizen science, because only a small 
portion of CS projects contribute data to peer-reviewed 
scientific articles (Theobald et al. 2015). The fast develop-
ment of the internet, digital databases, and mobile devices 
has stimulated the development of innumerable CS pro-
jects with almost limitless thematic applications (Kobori 
et al. 2016; Tulloch et al. 2013), but the majority of stud-
ies applying CS can still be found in biology, ecology and 
conservation research (Kullenberg and Kasperowski 2016).

CS appears to be a powerful possibility to gather data 
about biodiversity over large temporal and spatial scales, 
and consequently make valuable contributions to monitor-
ing activities. Today birds are the species most commonly 
observed in CS projects followed by terrestrial inverte-
brates, with the vast majority of projects focusing on but-
terflies (Follett and Strezov 2015). Both species groups 
are already used for the calculation of global and Euro-
pean biodiversity indicators covering species population 
and community composition trends (Butchart et  al. 2010; 
van Swaay et  al. 2008; van Swaay et  al. 2015). Butterfly 
monitoring schemes have been established in many Euro-
pean countries with the help of highly dedicated volunteers 
(EEA—European Environment Agency 2013).

Biodiversity monitoring depends on sound data collec-
tion, appropriate sampling designs and data quality (Loos 
et al. 2015). While data quality issues are not distinctive to 
CS projects, sampling schemes that incorporate data from 
many observers —with different levels of knowledge and 
experience—can lead to varying levels of error and specific 
bias that must be addressed (Dickinson et al. 2010; McDon-
ough MacKenzie et  al. 2017; Ward 2014). When dealing 
with quality issues of biodiversity data collected by laypeo-
ple two main topics must be distinguished: (1) error and 
bias related to observation and identification accuracy and 
(2) sampling effort in respect to time, space, and taxonomic 
identification level (Lewandowski and Specht 2015). While 
the second aspect is strongly determined by the applied 
sampling scheme, both aspects are influenced by the skills 
and motivation of the involved observers. Many tradi-
tional CS projects were built upon the gratuitous contri-
bution of experienced and skilled volunteers  (Lukyanenko 
et  al. 2016), now more and more projects involve laypeo-
ple. While the terms laypeople, layperson, volunteer, and 
citizen scientist are often used synonymously, one should 
be aware that the competence of volunteers contributing 
in citizen science projects can range from very experi-
enced (often highly qualified and with specialised formal 

education) to totally unexperienced. In this article we focus 
on unexperienced volunteers hereinafter being referred to 
as ‘laypeople’. To involve laypeople in biodiversity moni-
toring in an inclusive way—as proposed by Lukyanenko 
et  al. (2016)—simplified assessment protocols with flex-
ible identification levels need to be developed and must be 
evaluated in regards to explanatory power and achievable 
data quality.

The citizen science project Viel-Falter (http://www.
viel-falter.at), which was launched in 2013 aims to investi-
gate if and how trained and supervised pupils can system-
atically collect data about the occurrence of butterflies, and 
how the data could be used to support a permanent biodi-
versity monitoring program as requested by international 
conventions (Convention on Biological Diversity (CBD) 
2010; Han et al. 2014). While international experience has 
shown that involving qualified volunteers can substantially 
contribute to the implementation of such monitoring tasks 
(Amano et  al. 2016; Burgess et  al. 2016), only few stud-
ies have focused on laypeople or pupils (cf. Abadie et  al. 
2008; Ballard et  al. 2017; Olivier et  al. 2015). Therefore, 
we developed and applied a specific assessment scheme 
suitable for pupils or any other layperson, to systemati-
cally collect data on butterflies. By comparing with inde-
pendent assessments conducted by professional butterfly 
experts, we investigated if the achieved data quality is suf-
ficient to support a permanent butterfly monitoring system. 
Additionally, we investigated how the pupil’s motivation to 
engage in butterfly observation activities develops during 
the course of the project and what project factors might be 
crucial to support a continuous engagement. In this article, 
we focus on the question of whether the proposed simpli-
fied butterfly assessment scheme, which can be executed 
by any trained layperson, could be used to determine but-
terfly habitat quality of different sites. We investigated if 
we can predict a butterfly habitat quality index, based on 
comprehensive expert assessments on species level, with 
data derived from a simplified assessment scheme. Using 
data from both experts and laypeople we tried to separate 
the effects of the information reduction caused by the sim-
plified assessment scheme from the effects related to inac-
curate data collection.

Methods

Participating schools and study sites

From 2013 to 2015 548 pupils, of ages ranging from 6 to 
20 years and from 14 different schools, collected data at 35 
sampling sites in Tyrol, Austria. The sites which are distrib-
uted all over Tyrol were chosen to represent characteristic 
butterfly grassland habitats in and around settlement areas. 

http://www.viel-falter.at
http://www.viel-falter.at
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Thus, the sites, ranging in altitude from 505 to 1485  m 
above sea level, included hay meadows (n = 27), pastures 
(n = 4), and fallow land or ruderal sites (n = 4). Land use 
intensity ranged from none or extensive (one cut per year) 
to very intensive (three or more cuts per year).

Simplified assessment scheme

Butterfly surveys were performed by supervised school 
classes using a predefined and visualised list of 13 charac-
teristic species and ten species groups (Fig.  1). To facili-
tate the assessments morphologically similar species were 
grouped. The species groups consisted of species from 
the same genus (Coenonympha, Erebia), from a group of 
genera (Apatura & Limenitis), from the same subfamily or 
tribe (Coliadinae, Heliconiinae, Melitaeini, Pyrginae), and 
from the same family (Lycaenidae, Hesperiidae, Pieridae). 
The selection of species and species groups was based on 
habitat preferences (Spiss 2014). The species and species 

groups used in Viel-Falter were similar to those used by 
Olivier et al. (2015) for butterfly monitoring in private gar-
dens in France.

In order to ensure survey quality, pupils and their teach-
ers were intensively trained during two half-day workshops 
in butterfly identification and on how to perform the sur-
vey. Additionally they received butterfly identification keys 
and learning materials. During the surveys, pupils scattered 
themselves across the study site, remaining at least 10  m 
apart. All pupils used the graphic butterfly list (Fig. 1) to 
support identification and counted all the butterflies within 
a semi-circle of five meters and for a period of 5  min. If 
the pupils observed a species that was not on the list or 
they were unsure about, they were asked to record it in 
the aggregated groups indicated with rectangles in Fig. 1. 
Schools were asked to conduct at least three surveys in 
May, June, and July and—following the recommendations 
of Pollard & Yates (1993)—between 10:00 and 17:00, dur-
ing sunny or warm days with no or only low wind speed. 

Fig. 1  The simplified butterfly assessment scheme used by pupils for 
identification and systematic counting of butterflies. The original ver-
sion used by the schools was printed with German names and in A3 

format so that the size of the illustrated butterflies corresponded to 
their natural size. Rectangles indicate the aggregated species groups 
used to predict butterfly habitat quality
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After conducting the surveys the pupils transferred the data 
into the project database using an online application devel-
oped for this purpose (http://www.viel-falter.at). All analy-
ses presented in this article are based on data collected in 
the years 2013–2015.

Expert butterfly surveys

At all study sites (n = 35) a butterfly expert conducted four 
comprehensive butterfly assessments on species level. 
These expert assessments were executed in the same season 
as by the schools (May–July) for at least 2 years between 
2013 and 2015. Consecutive assessments at the same site 
were separated by at least three weeks. Assessments were 
conducted, as recommended by Pollard & Yates (1993), 
between 10:00 and 17:00, during sunny or warm days, and 
with no or only low wind speed. To guarantee a similar 
sampling effort at each study site, diurnal butterflies were 
counted for 30 min from an area of approximately 2500 m².

Estimating butterfly habitat quality

Although butterflies are widely accepted as a meaningful 
and applicable indicator to investigate and monitor biodi-
versity changes (Pearman and Weber 2007; van Swaay 
et  al. 2008, EEA—European Environment Agency 2012; 
Feest et al. 2011), there is no commonly applied indicator 
that measures butterfly habitat quality. The two most com-
monly applied measures for habitat quality are species rich-
ness and abundance. While species richness—if measured 
properly—is a natural measure of biodiversity (Gotelli and 
Colwell 2001), abundance incorporates aspects of ecosys-
tem functions and services (Schwartz et  al. 2000). There-
fore, we combined both species richness and abundance to a 
butterfly habitat quality index (BHQ). BHQ was calculated 
for each site by multiplying the rarefied species richness 
(Sest) with butterfly abundance (A) estimated on the basis 
of the pooled data from four expert surveys at each site. 
Gotelli and Colwell (2001) clearly illustrated that the num-
ber of observed species at different sites using a standard-
ized sampling effort depends not only on species richness, 
but also on the number of individuals, or the mean density 
of individuals. Thus the observed number of species per 
sampling represents species density—the number of spe-
cies per sampling area—and not species richness, which is 
the number of observed species in relation to the number of 
potential species. In order to account for the effect of abun-
dance in the estimation of species richness, we used indi-
vidual-based rarefied species richness for 50 individuals for 
the calculation of the BHQ (Chao et al. 2014). Rarefaction 
is a technique computing the expected number of species 
(Sest) from a so-called individual-based rarefaction curve 
that provides the estimated dependence of the number of 

species on the accumulated number of individuals (Gotelli 
and Colwell 2001). This curve is constructed by drawing 
repeatedlly random subsamples from the sampled at a site 
and plotting the mean number of obtained species against 
the subsample size (i.e., the number of sampled individu-
als). Sest was computed using EstimateS (Version 9, R. K. 
Colwell, http://purl.oclc.org/estimates). Both  Sest and A 
were normalized with the min–max method. Hence BHQ 
was calculated as:

 where Sest, i is the rarefied species richness at site i and Ai 
the abundance at the corresponding site.

BHQ, which theoretically ranges from 0 to 1, was used 
as dependent variable in all of the following analyses. 
However, before using BHQ, we validated its relevance for 
biodiversity and conservation related aspects by comparing 
BHQ values at all sites with the number of butterfly species 
on the national Red List and with the number of individu-
als from Red List species (cf. Höttinger and Pennerstorfer 
2005). For this we estimated Spearman’s rank correlation 
coefficient, because this relationship might not be linear.

Analysis of the explanatory power of the simplified 
assessment scheme

To investigate the validity of the simplified assessment 
scheme, we explored if the BHQ which was obtained on 
the basis of detailed expert surveys could be assessed with 
data from a simplified assessment scheme. To separate the 
effects of the information reduction caused by the aggre-
gation into species groups, from effects related to possible 
biases or errors resulting from wrong butterfly identifica-
tion by laypeople, the analysis was split in two different 
steps. First, the explanatory power of the simplified assess-
ment scheme to predict butterfly habitat quality was ana-
lysed using only the data collected by experts, and second 
the same analysis was conducted with the data collected by 
schools (Fig. 2): to investigate the explanatory power of the 
reduced assessment scheme to predict BHQ we aggregated 
the individual species abundance data from the expert sur-
veys to the following nine species groups: Pieridae (excl. 
Coliadinae), Coliadinae, Nymphalinae (excl. Melitaeini), 
Lycaenidae, Satyrinae, Apatura & Limenitis, Heliconii-
nae plus Melitaeini, Hesperiidae (without Pyrginae), and 
Pyrginae (Species groups are indicated with rectangles 
in Fig.  1). These nine species groups complemented with 
the three very characteristic and large species (Parnas-
sius apollo, Papilio machaon, and Nymphalis antiopa) 
were then used as independent variables to predict BHQ 
with a linear regression model. Iphiclides podalirius was 
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excluded from analysis, because it occurs in only small 
parts of the study region. We used linear regression model 
because BHQ is based equally on Sest and A and therefore a 
direct recalculation on the basis of aggregated species data 
does not make sense, because the aggregation to species 
groups impairs the calculation of Sest. Because the dataset 
comprised only 35 sites but 12 independent variables, the 
degrees of freedom were small, consequently the power of 
the statistical tests weak, and the risk for overfitting is high 
(Babyak 2004). Therefore, we opted to reduce the number 
of variables using principal component analysis (PCA) 
with Varimax as rotation method. A PCA extracts orthogo-
nal components, each component comprises all variables 
highly correlated with each other but separating these vari-
ables form the ones not highly correlated with them. Com-
ponents with an eigenvalue larger than one were employed 
to identify groups of variables containing almost the same 
information. In our case the variables used in PCA were 
the pooled abundance data from the four expert surveys 
aggregated to the nine species groups plus the three char-
acteristic species listed above. Based on the PCA results, 
we selected a species or species group as representative for 
each component. Hence, the selection of these variables 

was done completely independent from the BHQ which 
was used (as dependent variable) in the regression step: 
estimating the explanatory power of the simplified assess-
ment scheme to predict BHQ, just using the selected repre-
sentatives as explanatory variables in the linear regression 
model (Fig. 2).

Results

Data collection and commitment of schools

Between 2013 and 2015, the 14 schools involved conducted 
159 site visits and 2616 individual butterfly assessments. 
Although most schools participated with a very high level 
of commitment, two schools, due to internal organizational 
and motivational reasons, did not manage to conduct at 
least three independent visits per site following the out-
lined assessment protocol. After exclusion of the data from 
those schools, the final dataset used for the validation of the 
simplified assessment scheme consisted of 2456 individual 
assessments during 151 site visits at 30 different sites. The 
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Fig. 2  Chart of the applied approach to estimate the explanatory 
power of the simplified butterfly assessment scheme in order to pre-
dict the Butterfly Habitat Quality Index (BHQ). BHQ was calculated 
at each investigated site on the basis of the rarefied species rich-
ness (Sest) and butterfly abundance (A). 1−adj. r²1 = estimation of 

the information loss if the nine species groups and three character-
istic species instead of all individual species are employed. adj. r²2 
= explanatory power if just five representatives are used. adj. r²3 = 
explanatory power of the pupils data using only the five representa-
tives
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number of school visits per site ranged thereby from 3 to 9 
resulting in 30–163 individual assessments per site.

Despite some organizational problems with a few 
schools, 83% of the pupils stated in an anonymous online 
survey that they would like to participate in a similar pro-
ject again. 87% of the pupils reported a high degree of 
interest and enjoyment in participating.

During 140 site visits the butterfly experts identi-
fied 73 different butterfly species at 35 sites. The number 
of recorded species per site ranged from 5 to 28 and the 

number of individuals ranged from 17 to 191. Aglais urti-
cae, Coenonympha pamphilus and Polyommatus icarus 
were the species with the highest frequency, occurring 
at 91, 80, and 77% of the investigated sites respectively. 
The most abundant species was Maniola jurtina with 308 
observed individuals, followed by Polyommatus icarus 
with 182, Coenonympha pamphilus with 178, Aglais urti-
cae with 154, and Pieris rapae with 149 observed individu-
als. Fourteen species occurred only at two sites and 13 spe-
cies only at one site.

Data accuracy and quality

Comparing the data collected by pupils with the data from 
expert surveys revealed that the degree of accordance 
varied substantially between different species or species 
groups (Table 1). Pearson’s correlation coefficient between 
abundance data from experts and schools ranged from not 
significant for Nymphalis antiopa, Apatura & Limenitis, 
Coliadinae & Pyrginae to above 0.9 for Parnassius apollo 
and Hesperiidae (Table 1).

Butterfly habitat quality (BHQ) and endangered species

An important aspect of butterfly habitat conservation is 
the protection of endangered species. To investigate the 
indicator capacity of BHQ for rare or endangered species, 
we compared it with the occurrence of Red List species 
(Fig. 3). Both Red List species richness and Red List spe-
cies abundance were significantly correlated with BHQ 
(Spearman R = 0.73, p < 0.001, and R = 0.71, p < 0.001, 
respectively). Red List species richness and Red List spe-
cies abundance were also correlated (but with lower cor-
relation coefficients) with the two components of BHQ 

Table 1  Range of individuals counted at four expert visits summa-
rized per site (Min, Median, Max), the portion of the corresponding 
species or species group of the total butterfly abundance, and Pear-
son’s correlation coefficient between abundance data from experts 
and schools (significance level p < 0.05)

Species/species groups Min Median Max Portion of 
abundance

Pearson r

Parnassius apollo 0 0 27 1.5 0.94
Hesperiidae (ex. Pyr-

ginae)
0 2 44 8.7 0.92

Papilio machaon 0 0 9 1.4 0.64
Nymphalinae (ex. 

Melitaeini)
0 5 22 11.5 0.60

Heliconiinae & Meli-
taeini

0 1 37 4.8 0.56

Pieridae (ex. Coliaedi-
nae)

1 8 27 19.1 0.51

Satyrinae 0 18 96 34.5 0.47
Lycaenidae 0 5 36 13.1 0.37
Nymphalis antiopa 0 0 1 0.1 Not sig
Apatura & Limenitis 0 0 1 0.1 Not sig
Coliadinae 0 3 10 4.7 Not sig
Pyrginae 0 0 7 0.5 Not sig

(a) (b)

Fig. 3  Relation between Butterfly Habitat Quality Index (BHQ) and (a) number of Red List species (Spearman R = 0.74) and (b) abundance of 
Red List species (Spearman R = 0.72) at 35 investigated sites
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namely rarefied species richness (Spearman R = 0.53, 
p < 0.05, and R = 0.37, p < 0.05, respectively) and abun-
dance (Spearman R = 0.60, p < 0.001, and R = 0.65, p < 0 
0.001, respectively). This indicates that BHQ is a sensitive 
proxy for the occurrence of rare species and has more pre-
dictive power than each of its components.

Explanatory power of the simplified assessment scheme

The linear regression model to predict BHQ using all 12 
variables of the aggregated species groups based on expert 
data provided a very good fit (r² = 0.92, adjusted r² = 0.87, 
p < 0.001, n = 35). Although all variance inflation fac-
tors (VIFs) were smaller than four we opted to reduce the 
number of independent variables to increase the power 
of the statistical tests and to reduce collinearities in order 
to obtain appropriate standard errors and therefore p val-
ues. This was appropriate due to the relatively low num-
ber of sampling sites (n = 35). Thus, we applied PCA with 
Varimax rotation using all 12 variables of the aggregated 
species groups from the expert’s data and selected a rep-
resentative variable for each component. Based on the 
PCA results we selected Parnassius apollo, Nymphalinae, 
Lycaenidae, Heliconiinae & Melitaeini and Hesperiidae 
as representative variables. All selected variables—with 
the exception of Hesperiidae—were those with the highest 
component loadings. Hesperiidae were selected instead of 
Apatura & Limenitis, because they occur more frequently. 
Nymphalis antiopa, a typical species in woody habitat, 
would have been representative for a 6th component, but 
we excluded the species from further analysis due to its 
rarity in the study area and our focus on grasslands. The 
linear regression model to predict BHQ using only the 
five selected variables still provided a very appropriate 
fit (r² = 0.86, adjusted r² = 0.84, p < 0.001, n = 35) with all 
variables being significant (p < 0.05) and all VIFs being 
smaller then 1.3. In the next step, we assessed the explana-
tory power of the data collected by schools. We used the 
same five selected variables and estimated the model again 
via linear regression analysis. The model based on the data 
collected by schools still provided a good fit (r² = 0.73, 
adjusted r² = 0.67, p < 0.001, n = 30), although the variables 
Lycaenidae and Nymphalinae were not significant (Fig. 4).

Discussion

Estimating butterfly habitat quality

While inconsistent or low data quality can be a severe 
obstacle to the scientific use of citizen science data (Bur-
gess et al. 2016), a systematic review of peer-reviewed arti-
cles dealing with the quality of data collected by volunteers 

revealed that many citizen science projects already proved 
its potential to collect high-quality data (Lewandowski and 
Specht 2015). Although well-designed and executed citi-
zen science projects with adequate volunteer training can 
provide biodiversity data comparable to data collected by 
professionals (Holt et al. 2013; Kremen et al. 2011; Lewan-
dowski and Specht 2015; Lovell et  al. 2009) and support 
the conservation of endangered species (Jue and Daniels 
2015), new survey schemes involving laypeople should be 
rigorously evaluated regarding its adequacy and applicabil-
ity for the involved volunteers and its final data quality. The 
characteristics of survey protocols including preliminary 
training, survey duration, or number of surveyors can have 
important implication on detection probability and identi-
fication quality (Albergoni et  al. 2016). Furthermore, the 
desirable inclusion of a broad array of citizens in the col-
lection of biodiversity data (Lukyanenko et al. 2016) may 
make it necessary to use higher level classification instead 
of species identification, and the resulting loss of informa-
tion must be evaluated regarding its remaining informative 
value for the desired purpose (cf. Le Féon et al. 2016).

To compare butterfly diversity of different sites (or for 
analysing trends in time) one needs applicable and mean-
ingful measures (MacDonald et al. 2017). There is a wide 
consensus that diversity of an ecosystem consists of two 
components: richness (the number of species or traits) and 
evenness (the proportional abundance of species or traits 
among a community) (Hillebrand and Matthiessen 2009; 
Tuomisto 2012). While species richness is a commonly 
applied and straightforward measure of diversity there 

Fig. 4  Correlation of expert based Butterfly Habitat Quality Index 
(BHQ) values with predicted (modelled) BHQ values using aggre-
gated abundance data of Parnassius apollo, Nymphalinae, Lycaeni-
dae, Heliconiinae & Melitaeini, and Hesperiidae collected by schools 
as independent variables (r² = 0.73, adjusted r² = 0.67, p < 0.001, 
n = 30)
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is much debate about adequate measures for community 
abundance composition (Tuomisto 2012). The increasing 
emphasis on the question how biodiversity affects ecosys-
tem functions and related services, by both research and 
politics, has further boosted this debate. Although some 
authors reported effects of community abundance composi-
tion on ecosystem functions (Hillebrand et al. 2008;  Tilman 
et  al. 2014), the effects of changing evenness on ecosys-
tem properties cannot be generalised and might be more 
influenced by specific arrangements of dominant species 
than by evenness per se (Winfree et al. 2015; Wohlgemuth 
et  al. 2016). MacDonald et  al. (2017) analysed data from 
a long-term butterfly monitoring program and revealed 
that species richness and evenness of the observed butter-
fly communities were negatively related. They conclude 
that evenness might be an important and helpful addi-
tional measure to investigate differences in butterfly com-
munities but should not be used in a compound index (e.g. 
Shannon-Wiener index or Simpson’s index). Therefore we 
deliberately avoided using evenness indicators as a measure 
for habitat quality in our study but opted to consider over-
all butterfly abundance as an additional measure related 
to ecosystem functions and services. It is well known that 
population sizes of most butterfly species fluctuate from 
year to year due to changing weather conditions for exam-
ple (Pollard and Yates 1993; Thomas 2005). Although we 
aggregated data from four expert surveys in two consecu-
tive years for the calculation of BHQ to reduce the effect 
of short term population fluctuations, the relatively short 
time period of our survey weakens its informative value 
regarding absolute habitat quality. However, population 
fluctuations of butterfly species are generally similar over 
large areas and therefore relative values of population index 
comparing different sites remain fairly stable (Pollard and 
Yates 1993; Roy et  al. 2015). Thus we are confident that 
BHQ is a suitable metric to compare different sites and to 
estimate the explanatory power of the simplified butterfly 
assessment conducted by laypeople.

Butterfly data collected by laypeople should be used and 
analysed thoughtfully. Our systematic and planned com-
parison of expert butterfly assessments with data collected 
by pupils using a simplified assessment scheme illustrates 
both potentials and limitations of such data. Comparison 
of abundance data from species and species groups col-
lected by pupils with the data from experts revealed sub-
stantial differences. While some of these differences might 
be caused by time lags between the surveys conducted 
by pupils and experts, the varying degree of accordance 
(Table  1) indicates substantial identification uncertainties. 
This is in line with Vantieghem et al. (2016) who encoun-
tered substantial species identification errors among mor-
phologically similar skipper butterflies examining photo-
graphs uploaded with observations from citizen scientists. 

Data collected by laypeople using aggregated species 
groups should definitely not be seen as a substitute to but-
terfly assessment on species level. Such detailed and high 
quality data are irreplaceable for species distribution and 
population estimations in the context of nature conserva-
tion and environmental impact assessments. However, data 
from simplified butterfly assessment schemes applicable 
for laypeople could complement the professional collection 
and processing of biodiversity data in the context of long 
term biodiversity monitoring (Rüdisser 2015; Theobald 
et al. 2015).

The abundance data of Parnassius apollo and the four 
species groups Nymphalinae, Lycaenidae, Heliconiinae 
& Melitaeini, and Hesperiidae collected by pupils could 
explain 73% of the variance of the butterfly habitat quality 
measured by the BHQ index. The BHQ index was obtained 
on the basis of completely independent and detailed 
expert surveys at species level. Considering the heteroge-
neous character of the involved school classes as well as 
the observed and reported identification uncertainties, the 
predictive power of the data collected by pupils is surpris-
ingly high. As BHQ is calculated on the basis of species 
richness and total butterfly abundance assessed by experts 
one could speculate that the high explanatory power of the 
data collected by pupils could be driven mainly by butterfly 
abundance differences and therefore just counting butter-
flies without any further identification would lead to simi-
lar results. However Pearson correlation between BSQ and 
the overall butterfly abundance assessed by pupils was low 
(r = 0.23) and not significant, indicating that species iden-
tification—at least at the coarse level proposed—in fact is 
important for adequately predicting the BHQ. As we had 
only 30 sites with parallel butterfly assessments of pupils 
and experts we opted to reduce the number of independent 
variables (observed species groups by pupils) to increase 
statistical power. The selection of these variables was based 
on a PCA including all independent variables and not on 
the explanatory power in the subsequent regression model. 
It is important to notice that the decision to use only five 
explanatory variables to predict BSQ instead of the whole 
dataset has only methodological reasons. Therefore fur-
ther studies leading to a larger sample size would, per-
mit the inclusion of the data of additional species groups 
as independent variables, and likely lead to an even better 
predictability of the BHQ. Although our results should be 
evaluated with further investigations (including additional 
sites), the results are already very good news for citizen sci-
ence initiatives that aim to foster biodiversity assessments 
with the help of laypeople. The proposed observation and 
reporting method for diurnal butterflies can be relatively 
easily applied by any layperson after elementary training. 
Although these assessments might not serve to draw con-
clusions about the occurrence of individual species, they 
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could permit meaningful predictions about the general 
habitat quality for butterflies on the investigated sites and 
its surroundings. As adult (nectarivorous) butterflies—on 
which we are focusing—might use different habitats than 
their larval stages, results should be interpreted from a 
landscape perspective rather than focusing on individual 
site characteristic.

Another option to use simplified butterfly surveys is in 
the context of result-oriented measures for biodiversity 
protection as done by Stolze et  al. (2015). Especially, if 
considering ecosystem services such as pollination or the 
potential for resilience in ecosystems, rough but affordable 
estimates based on volunteer surveys could complement 
biodiversity monitoring programs as proposed by Obrist 
and Duelli (2010). However, simplified butterfly surveys 
conducted by laypeople should not be seen as a substitute 
for expert surveys. The use of species groups impedes con-
clusions about distinct species and it is impossible to calcu-
late estimates on beta or gamma diversity at the landscape 
scale (Obrist and Duelli 2010). For inventories, biogeo-
graphical studies, or prioritization of sites for conservation, 
expert surveys on species level are needed (Krell 2004).

Citizen science and biodiversity monitoring

The principal aim of the presented study was to investigate 
whether trained and supervised pupils together with their 
teachers are able to systematically collect data about the 
occurrence of diurnal butterflies. While international expe-
riences showed that involving adult (and often experienced) 
volunteers can substantially contribute to the successful 
implementation of biodiversity monitoring programmes 
(Miller-Rushing et al. 2012; Schmeller et al. 2009; Pocock 
et  al. 2015), until now only few projects have focused on 
juvenile or unexperienced volunteers. Our findings sup-
port the assumption that even data from laypeople (such 
as pupils) may contribute to biodiversity monitoring tasks. 
While relaying on volunteers might seem a cost-effective 
approach to collect large scale biodiversity data (Gardiner 
et al. 2012; Theobald et al. 2015), one should be aware that 
CS projects are not cheap or even free of charge (Chan-
dler et  al. 2016). The development and maintenance of 
a well-functioning framework for effective data collec-
tion, storage and analysis, as well as the training and sup-
port of volunteers to achieve the desired data quality are 
often demanding, time consuming and hence costly tasks 
(Tulloch et  al. 2013). However cost analysis of CS pro-
jects should consider that CS often provides many benefits 
beyond its merely scientific aim (McKinley et  al. 2017). 
Involving volunteers in the collection of biodiversity data 
can increase both scientific and environmental literacy 
as well as engagement. In our case the cooperation with 
schools enabled us to reach many and different pupils, but 

also resulted in additional challenges. Communication and 
organisational aspects were often demanding and fluctua-
tion of responsible teachers due to school change or leave 
was surprisingly high in some schools. While very young 
pupils clearly needed more support from their teachers, 
organisational aspects and the motivation of the involved 
pupils were better in primary schools than in middle and 
high schools. However, the high degree of interest and 
enjoyment in participating in the project, as well as sev-
eral grassroots projects autonomously initiated by the par-
ticipating schools including peer teaching, environmental 
protection, and awareness rising activities confirmed the 
potential to promote education and empowerment with 
well-designed CS projects.

Conclusions

Summarizing, data collected by laypeople using the pro-
posed survey method could support both the long-term 
monitoring of butterfly habitat quality, as well as the effi-
cient selection of sites for further investigation conducted 
by experts. In practice, monitoring-data from laypeople 
could serve for ‘surveillance’ purposes as proposed by 
Forrester et al. (2015) to facilitate early protection of envi-
ronmental changes. Furthermore spatially comprehensive 
observation by volunteer laypeople could be the basis for a 
cost efficient site selection for focused and complementary 
expert assessments. However, for an effective biodiversity 
monitoring a long term perspective including the necessary 
funding for a continuous collection of data by both experts 
and laypeople is needed. Promoting an easy way of butterfly 
observation could broaden the addressed target groups and 
enthuse more individuals for nature observation and biodi-
versity issues. In successful CS projects (some) laypeople 
gradually gain experience, resulting in positive effects on 
data quality and meaningfulness. They sometimes even turn 
into experts. Butterfly observation conducted by laypeople 
should not substitute expert assessments, but rather com-
plement them. More data—collected by both professionals 
and laypeople—are needed to develop a robust forecasting 
tool for butterfly habitat quality based on the simplified sur-
vey scheme, to establish benchmarks, and to strengthen the 
results of this study.
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