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Abstract
1.	 Successful conservation efforts have led to recent increases of large mammals 

such as European bison Bison bonasus, moose Alces alces and grey wolf Canis 
lupus and their return to former habitats in central Europe. While embraced by 
some, the recovery of these species is a controversial topic and holds potential 
for human-wildlife conflicts. Involving the public has been suggested to be an 
effective method for monitoring wildlife and mitigating associated conflicts.

2.	 To assess two interrelated prerequisites for engaging people in Citizen Science 
(CS)—knowledge of returning species and respondents' readiness to participate 
in CS activities for monitoring and managing these species—we conducted a sur-
vey (questionnaire) in two wildlife parks located in different states of Germany. 
Based on 472 complete questionnaires, we developed generalized linear mod-
els to understand how sociodemographic variables and exposure to the species 
affected visitors' knowledge of each species, and to investigate if sociodemo-
graphic variables and knowledge influenced the likelihood of visitors to partici-
pate in CS activities.

3.	 Almost all visitors were aware of the returning wolf population, while knowledge 
and awareness about bison and moose were significantly lower. Knowledge of 
the two herbivores differed geographically (higher knowledge of moose in the 
north-eastern state), possibly indicating a positive association between exposure 
to the species and knowledge. However, models generally performed poorly in 
predicting knowledge about wildlife, suggesting that such specific knowledge is 
insufficiently explained by sociodemographic variables.

4.	 Our model, which explained stated willingness in CS indicated that younger par-
ticipants and those with higher knowledge scores in the survey were more will-
ing to engage in CS activities.
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1  |  INTRODUC TION

Citizen science (CS), the voluntary engagement of citizens in sci-
entific research (Follett & Strezov, 2015), is increasingly gaining at-
tention as a valuable tool for monitoring (Frigerio et al., 2018; Jordt 
et al., 2016; Kauffman et al., 2016; Liebenberg et al., 2017) and man-
agement (Ceausu et al., 2018; Todd, 2002) of wildlife. While one of 
the main goals of CS is to contribute to science by generating new 
knowledge, the process of CS also affects other fields: participants 
enhance their knowledge status (field of education), and communi-
cation between scientists and the public (field of communication) 
improves. In turn, these processes could lead to changes in the so-
ciety (field of society; Ostermann-Miyashita et al.,  2021). This in-
terdisciplinary and reciprocal characteristic of CS enables a holistic 
approach to societal challenges, which is especially crucial when 
tackling complex and multifaceted environmental challenges such as 
human-wildlife conflicts (Echeverri et al., 2018; Liordos et al., 2017).

As citizen scientists collect data voluntarily, CS projects can 
theoretically gather considerable amounts of data across large 
spatio-temporal scales at a low budget compared to professional 
wildlife monitoring carried out by research institutions (Commodore 
et al., 2017; Farhadinia et al., 2018; MacPhail & Colla, 2020; Pédarros 
et al.,  2020). For example in Botswana, trained rangers produced 
valid wildlife monitoring data at 60% of the budget required by wild-
life researchers for the same task (Keeping et al., 2018). In contrast, 
due to limitations of common funding schemes, wildlife research 
activities carried out by research institutions are frequently spa-
tially and temporally constrained to a few years and selected study 
sites. Although CS projects also require funds for organization, 
equipment, and data management, voluntary participation greatly 
reduces the cost for data collection (Dickinson et al., 2010; Kelling 
et al.,  2019). CS projects not only enable gathering data at larger 
spatial scales, for example nationwide or even globally (Bonney 
et al., 2009; Brown et al., 2016), but also in locations that are usually 
difficult to access for researchers, such as private homes and gar-
dens (Pernat et al., 2021).

Despite these advantages of CS projects, parts of academia are 
sceptical about the reliability and utility of citizen-generated data 
(Lewandowski & Specht,  2015). Multiple studies which addressed 
these concerns (Anhalt-Depies et al.,  2019; Galloway et al.,  2011; 

Swanson et al., 2016) showed that data collected by citizens, even by 
children under the age of 12 years (Ecoclub Amphibian Group, Pope, 
et al., 2016; Frigerio et al., 2018), can be as accurate as data collected 
by scientists if clear instructions and the necessary training are pro-
vided (Bonney et al.,  2009). However, CS data collection tends to 
be biased, for example due to heterogeneous spatial distribution of 
the sampling or lower detection probability compared to scientists 
(Brown et al.,  2018; Pédarros et al.,  2020). During data vetting or 
analysis, it is therefore crucial to apply methods that reduce errors 
and remove potential biases (Bird et al.,  2014; Isaac et al.,  2014; 
Kelling et al., 2019). A pre-collection approach in more structured 
CS projects could minimize such possible biases through rigorous 
protocols (Kelling et al., 2019), but also through targeted recruitment 
of citizen scientists based on their motivation, skills or time capacity 
(Ostermann-Miyashita et al., 2019).

CS methods are especially effective for monitoring rare 
(Tiralongo et al.,  2020) and invasive species (Jordt et al.,  2016; 
Pocock et al., 2017) which are typically difficult and costly to mon-
itor (Putman et al., 2021) due to their low abundance or cryptic be-
haviour (Pernat et al., 2021). CS approaches can also contribute to 
informing time-sensitive policy decisions for wildlife conservation. 
An example is the use of eBird—a global CS online database for bird 
observations—for the Species Status Assessment (SSA) in 2015. 
Monitoring records of eBird were applied to fill the missing data gap 
and provided the necessary information for assessing the conserva-
tion status of a migratory songbird species Anthus spragueii within a 
limited timespan (Long et al., 2019).

In addition to being a potentially effective wildlife monitor-
ing tool, CS enables the general public to participate in scientific 
research on environmental challenges (Ravetz,  2004). In some 
cases, this will increase the scientific knowledge of the participat-
ing citizens and enhance the transparency of science (Haywood 
& Besley,  2014). For example, involving South African citizens 
in baboon monitoring activities not only delivered scientifically 
valuable data in a fast, non-invasive and low-cost manner but also 
provided insights into local stakeholder knowledge on tackling 
this conflict situation (Pédarros et al., 2020). Through the recip-
rocal communication between citizens and scientists, local and 
scientific knowledge can be combined to better understand com-
plex socio-ecological challenges (Beach & Clark, 2015; Forrester 

5.	 Overall, our analyses highlight how exposure to large mammals, knowledge 
about wildlife and human demographics are interrelated—insights that are help-
ful for effectively recruiting citizen scientists for wildlife conservation.
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et al., 2017; Reed, 2008) and to find pathways for facilitating coex-
istence between humans and wildlife (Reed et al., 2009; Soulsbury 
& White, 2015).

In a recent review, Echeverri et al. (2018) highlighted the diversity 
of scientific fields conducting research on human-animal relation-
ships, ranging from natural sciences, social sciences, humanities to 
arts. Given the complexity of different cultural backgrounds globally 
(Camill et al., 2013) and the dynamic relationships between humans 
and nature (which comprises animals; Kaltenborn & Linnell, 2022), 
the importance of approaching these challenges from an interdis-
ciplinary lens is stressed (Jiren et al.,  2021). This is also true on a 
bigger scale; not only for the preservation of single species but also 
for the conservation of biodiversity as a whole. Although we are liv-
ing in the Anthropocene (Kremen & Merenlender, 2018), where hu-
mans exert strong influences on the environment (Cepic et al., 2022; 
Isbell et al.,  2017), there is still a strong bias towards natural sci-
ence approaches in the field of biodiversity conservation (Lozano 
et al., 2019). To contribute to the interdisciplinary development of 
the field and to account for the human dimension of wildlife con-
servation, sociological approaches are needed. Such studies could 
help improving our understanding of human-nature relationships 
and could contribute to mitigating human-wildlife conflicts, and thus 
to address a key driver of biodiversity loss (Ferreira et al., 2022). CS 
is an effective tool for a bottom-up approach to this challenge; not 
only does it include multiple (concerned) parts of the human popu-
lation, it also provides a chance for individuals to deepen or restore 
their connection to nature and gain a first-hand experience of wild-
life research (Clayton et al., 2017; Kaplan & Kaplan, 1989).

As interactions with large carnivores (Lozano et al.,  2019; 
Pooley et al.,  2017) and with reintroduced or recolonizing spe-
cies (Corlett,  2016) are particularly challenging, we here focus on 
three large mammal species: European bison Bison bonasus, moose 
Alces alces and grey wolf Canis lupus. A detailed description of the 
historical background of the three target species in Germany is 
found in the material and methods section. Although the return of 
these three species is welcomed by some parts of society (Arbieu 
et al., 2019; Carpio et al., 2020; Schwerk et al., 2021), bison, moose 
and wolf also pose a high potential for human-wildlife conflicts 
(Arbieu et al.,  2021; Darimont et al.,  2018; Jung, 2020). Collisions 
with vehicles and trains are major concerns for the two large her-
bivores (Borowik et al., 2021; Jasińska et al., 2019), while the grow-
ing number of wolves and livestock depredation are at the core of 
an emotional and political debate (Kiffner et al.,  2019; Reinhardt 
et al., 2019; Ronnenberg et al., 2017; Trouwborst, 2018). Involving 
citizens in monitoring and management activities could improve the 
public's understanding and support for these species and contribute 
to effectively addressing the multiple potential conflicts associated 
with these species (Kansky et al., 2021; Schuttler et al., 2018).

For citizens to effectively participate in wildlife monitoring and 
management, a certain level of scientific and environmental knowl-
edge is necessary. Knowledge is mediated by sociodemographic 
variables such as formal education, profession, residential context 
(hereafter referred to as ‘degree of urbanisation’), gender, and age 

(Crall et al., 2013). Particularly age and gender were shown to be in-
fluencing factors for environmental knowledge (Imbulana Arachchi 
& Managi, 2021; Shafiei & Maleksaeidi, 2020). For example, several 
studies suggest that today's youth (school and university students) 
are more knowledgeable and motivated to address environmen-
tal issues (Haugestad et al.,  2021; Randler et al.,  2020; Shafiei & 
Maleksaeidi, 2020). With regards to gender, investigations showed 
mixed results depending on the specific topic and regional con-
text (Cruz-Garcia et al., 2019; Imbulana Arachchi & Managi, 2021; 
Vicente-Molina et al.,  2018). In addition, the level of exposure of 
people to wildlife species can affect their knowledge about these 
species (König et al., 2020). In this study, we were thus particularly 
interested how the predominant sociodemographic context, includ-
ing ‘age’, ‘gender’ and ‘degree of urbanization’ influenced knowledge 
about wildlife, as this information could contribute to designing and 
applying CS approaches in wildlife management for specific target 
groups, adjusting to their different knowledge levels. Further, the 
geographical location in which people live may affect the potential 
exposure to different wildlife species (Arbieu et al., 2019). For spe-
cies which are heterogeneously distributed in Germany (moose), we 
expected knowledge to differ between localities, while for species 
that are rather homogenously distributed (wolf) or currently not 
present in the research area (bison), we expected no spatial differ-
ences in knowledge.

Environmentally informed citizens are more likely to partici-
pate in conservation-oriented actions, with greater awareness of 
anthropogenic impact on local ecosystems (Haywood et al., 2016). 
Therefore, we expected to see positive correlations between visi-
tors' knowledge about the species and their readiness to participate 
in CS activities. Sociodemographic variables also affect individ-
ual attitudes towards wildlife species (Arbieu et al.,  2019; Bencin 
et al.,  2016; Boulet et al.,  2021; Hermann et al.,  2013; Koziarski 
et al., 2016), which is one of the deciding factors regarding if and 
how individuals participate in conservation activities. Based on 
these backgrounds (Bonney et al., 2016; Decker et al., 2010; Maund 
et al., 2020), we analysed the effect of the visitors' knowledge about 
the three target species on their willingness to participate in CS ac-
tivities, in addition to the four sociodemographic variables (gender, 
age, degree of urbanization and park location). We hypothesized that 
people with greater overall knowledge about the three target spe-
cies (bison, moose and wolf) were more likely to participate in CS 
projects.

The study was conducted in two wildlife parks located in the 
federal states of Brandenburg and Lower Saxony in Germany. 
Wildlife parks are ‘an enclosed area of land where uncaged wild an-
imals roam, fairly freely, in conditions designed to mimic their natural 
habitat as closely as possible’ (Collins English Dictionary, 2022). We 
expected sufficient interest of visitors towards the three return-
ing wildlife species (bison, moose and wolf) to take some time for 
participating in a survey, as well as a wide range in knowledge and 
sociodemographic background. Due to the assumption that wild-
life park visitors tend to have higher interest in wildlife, we would 
like to point out that the results of this study are not necessarily 
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representative of the general public. Research also suggests the 
positive effects of facilities accommodating wildlife on environmen-
tal learning (Botha et al., 2021) and behavioural changes of visitors 
(Ballantyne et al., 2018; Fukano et al., 2020; Hacker & Miller, 2016), 
which suggest that these are may be suitable locations for recruiting 
participants for CS projects on wildlife monitoring and management.

The aims of this study were to (1) evaluate which sociodemo-
graphic variables mediated visitors' knowledge of three selected 
wildlife species (bison, moose and wolf) and (2) to test if sociode-
mographic variables, exposure to the wildlife species and knowledge 
of the three wildlife species were associated with the stated willing-
ness to participate in CS activities.

2  |  MATERIAL S AND METHODS

2.1  |  Historical background of the target species

Free-ranging European bison were driven to extinction in the wild 
in the early 20th century through a combination of unregulated 
hunting, habitat loss and other environmental factors (Decker 
et al., 2010; Pucek, 2004). After World War II, a reintroduction pro-
gram was started, facilitated by few individual bison that had sur-
vived in captivity (Bleyhl et al., 2015). Population increase in western 
Poland due to rigorous conservation efforts (Churski et al.,  2021; 
König et al., 2021) led to one bison crossing the border to Germany 
in 2017. This bison was shot dead in Germany by a local hunter, as a 
result of ineffective communication and uninformed decision mak-
ing among authorities (MLUK, 2020). Currently, the only free-living 
population in Germany is in the ‘Rothaar Gebirge’ (a low mountain 
range in the states of North Rhine-Westphalia and Hesse) these 
bison were reintroduced in 2013.

While the moose (we are aware, that in UK English, the European 
population of Alces alces is normally referred to as ‘elk’, but to avoid 
being mistaken for Cervus canadensis, we will consistently apply 
‘moose’ in this article) population in central Europe dropped to 
a low point in the early 20th century, moose persisted in Poland 
(Niedziałkowska, 2017). In Germany, moose disappeared around the 
17th century, and repeated attempts to re-establish a population failed 
in the 20th century (Schönfeld, 2009). When the Polish moose popu-
lation further decreased in the 1990s, Poland imposed a hunting ban 
across the country (Borowik et al., 2021). After the population started 
to increase due to effective enforcement of the hunting ban (Borowik 
et al., 2018), there have been repeated moose sightings in the eastern 
part of Germany (Janik et al., 2021; Martin, 2013). Notably, the moose 
‘Bert’ which had crossed over from the Polish border in 2018 and ever 
since has stayed in the north-eastern part of Germany, is regularly 
covered by the local media of Brandenburg (Gandl, 2020).

During the Middle Ages, the grey wolf was widespread across the 
European continent. Persecution led to large-scale eradication in many 
parts of Europe (Hindrikson et al., 2017) until the population reached 
an all-time low in the 1960s (Reinhardt et al., 2019). This trend has been 
reversed through several European legal instruments for the protection 

of large carnivores, which were agreed upon in the 1980s and 1990s 
(Trouwborst, 2018). From the 1990s, wolves entered Germany from 
western Poland and the first reproduction within Germany was docu-
mented in 2000 (Arbieu et al., 2019). Since then, the wolf population in 
Germany has been increasing at an astounding rate of about 36% per 
year (Hindrikson et al., 2017; Reinhardt et al., 2019).

2.2  |  Survey background and design

In October 2020, we conducted a survey in two wildlife parks lo-
cated in two states of Germany. ‘Wildpark Schorfheide’ (hereafter: 
Schorfheide) is located in Brandenburg state (Northeast Germany), 
a state that is bordering with Poland and currently hosts the highest 
wolf density of Germany and Europe (König et al., 2020). This state 
also holds a small moose population. The other park, ‘Wisentgehege 
Springe’ (hereafter: Springe) is located in Lower Saxony (Northwest 
Germany), which also has an established wolf population but cur-
rently does not host a moose population (Figure  1). As its name 
(Wisentgehege = Bison park) indicates, Springe has a strong focus 
on bison. Both wildlife parks host most wildlife species common 
in Germany, including the three target species of our study (bison, 
moose, and wolf). Nevertheless, the two wildlife parks differ: 
Schorfheide is a private organization, while Springe is supported by 
the State Forest Administration of Lower Saxony. Both wildlife parks 
offer guided tours, and Schorfheide has a ‘Wolf information centre’ 

F I G U R E  1  The location of the two wildlife parks Schorfheide in 
Brandenburg state and springe in Lower Saxony state.
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which specifically caters for visitors who want to learn historical and 
ecological facts about the wolf. We hypothesized, that the cumula-
tive effect of different locations of the wildlife park (a coarse proxy 
for exposure to different wildlife species) and differences in visitor 
engagement contributed to varying knowledge of the species as well 
as different interest levels to engaging in CS activities.

In each wildlife park, the survey was carried out for 4 consecutive 
days during the autumn school holidays. We handed out the ques-
tionnaires at the entrance of the park, and asked visitors to complete 
the form on the spot or during their visit and return them before 
leaving the park. It was not possible to keep count of how many par-
ticipants initially took the questionnaire with them, because some 
had asked for a second or third copy, when the paper-based ques-
tionnaires became unidentifiable due to the rainy weather condi-
tion. The questionnaire was designed based on the EU General Data 
Protection Regulation and was approved by the institutes' review 
board for data protection and research ethics after detailed exam-
ination on October 2nd 2020 (no reference number applied). All 
participants were informed about the content of the survey and the 
purpose for which the data would be used through an explanatory 
paragraph at the beginning of the questionnaire and also verbally. 
Only the questionnaires where the participants had given their writ-
ten consent to the usage of the data were analysed.

We defined empty, unclear and multiple selected (for a single 
answer question) answers as ‘invalid’. Questionnaires with less than 
10% of complete answers (9 and less question answered out of 
97 questions) were omitted from the analyses (Schorfheide = 0%, 
Springe  =  1.8%), resulting in a total of 589 surveys (Schorfheide: 
n = 321; Springe: n = 268).

The survey consisted of 97 multiple choice questions and we 
analysed the following three parts for this study. The first section 
focussed on knowledge about the three target species and was pre-
sented as an animal quiz. The quiz attempted to gauge conventional 
knowledge regarding the ecology and population status of the spe-
cies in Germany. For brevity, we refer to the aggregated quiz results 
as ‘knowledge’ yet acknowledge that this is a very narrow scope for 
defining ‘knowledge’ of a species. The second section addressed is-
sues pertaining to knowledge about and interest in participating in 
CS projects. In this part, a small explanation box for the term CS 
(‘Bürgerwissenschaften’ in German) was provided at the bottom of 
the section for participants who were not familiar with the term. 
Participants were then asked to answer the following questions (e.g. 
whether they were interested to participate in CS activities) based on 
this information. The third section focused on the sociodemographic 
background (residential state, degree of urbanization, gender, age, 
income, education and current occupation) of the participants. For 
more details on the survey, please refer to Appendix Table A1.

2.3  |  Statistical analysis

We conducted all statistical analyses in R ver.3.6.3 (R Core 
Team,  2020). To gauge overall knowledge about the species, we 

included 7 questions for each species (Figure A1), and each correct 
answer was scored as 1 point, while wrong, invalid, and ‘do not know’ 
answers were scored as 0 points for the specific answer. To assess 
if visitors' knowledge about the three species differed, we used 
Kruskal-Wallis-Anova and tested if the knowledge points scored 
for each species (max. of 7 points) differed between bison, moose, 
and wolf. For evaluating the hypothesized associations between 
knowledge of the three target species and the sociodemographic 
variables, we used generalized linear models. Prior to modelling, we 
applied case-wise deletion for incomplete questionnaires, resulting 
in n  =  472 complete questionnaires. As explanatory variables, we 
categorized the degree of urbanization as a four-level variable (rural, 
rather rural, rather urban and urban), gender as a two-level cat-
egorical variable (female and male; in total 2 participants identified 
as non-binary and due to this small sample size in this category we 
omitted these cases), and age of the participants, defined as categor-
ical variables with six-levels (under 24, 25 to 29, 30 to 39, 40 to 49, 
50 to 59 and over 60 years of age). We considered the wildlife park 
as a two-level variable (Schorfheide and Springe) reflecting differ-
ences in the presentation of the three target species in each wildlife 
park, and possible differences in exposure of visitors to free ranging 
target species (Table A2; the location of the park was strongly cor-
related with the participants' residence, see 3.1).

Prior to model fitting, we assessed collinearity among the ex-
planatory categories using Cramer's V index for categorical variables 
and epsilon square statistics for associations between numerical 
and categorical variables. For this, we used the packages ‘vcd’, and 
‘rcompanion’ (Mangiafico, 2021; Meyer et al., 2022; Wei et al., 2021). 
As there were no strong associations among the variables (Table A3), 
we included all explanatory variables for initial model fitting.

For addressing our first objective – assessing participants' 
knowledge of returning wildlife species – we used a generalized 
linear model with a Poisson error structure because of the discrete 
nature of the response variable (i.e. the knowledge points which 
could range from 0 to 7 points). For each target species, we first 
fitted a global model with all 4 hypothesized variables and then used 
backward selection to iteratively remove the least contributing pre-
dictors based on the Akaike Information Criterion (AIC). This was 
done using the stepAIC function of the mass package (Venables & 
Ripley,  2002). For the final model, we estimated robust standard 
errors and 95% confidence intervals of the regression coefficients 
using the sandwich package (Zeileis et al., 2020) and ran a goodness 
of fit test.

For our second objective—to test if the sociodemographic vari-
ables, the respective wildlife park, and knowledge about the three 
target species were associated with the stated willingness to partic-
ipate in citizen science projects (yes = 1, no = 0)—we fitted a logistic 
regression model. Sociodemographic variables included degree of 
urbanization, gender, age, (defined exactly as in the models exploring 
knowledge), and the wildlife park. Knowledge about the three target 
species was calculated as the sum of all species (3 species × 7 ques-
tions = max. of 21 points). We first parameterized the most com-
plex model and then used backward model selection to derive our 



1206  |   People and Nature OSTERMANN-MIYASHITA et al.

final model applying the same packages as above. To predict relative 
effects of the explanatory variables we computed the odds ratios 
(exponent of regression coefficients), associated 95% confidence in-
tervals. For the final model, we also ran a goodness of fit test.

3  |  RESULTS

3.1  |  Sociodemographic background

Selected variables of the sociodemographic background (state of 
residence, degree of urbanization, gender and age) of the partici-
pants in both wildlife parks are summarized in Table 1. On average, 
85.7% of the participants lived in the state (or in case of Schorfheide 
either in the state or the adjacent city-state of Berlin) where the 
wildlife park is located in (Schorfheide: 81.3%, n = 261 from Berlin 
Brandenburg and Springe: 91.0%, n  =  244 from Lower Saxony). 
While the majority of participants in Schorfheide reportedly lived 
in urban (48.6%, n = 156) and rather urban (16.2%, n = 52) areas, 
the majority of participants in Springe lived in rural (34.3%, n = 92) 

and rather rural (27.2%, n = 73) areas. In both wildlife parks, more 
women participated compared to men (female participants: 53.6%, 
n = 172 in Schorfheide and 55.6%, n = 149 in Springe). While the 
majority of participants were between 30 and 49 years of age in both 
parks (Schorfheide: 49.9%, n = 160 and Springe 42.1%, n = 113), the 
number of very young participants under the age of 24 was higher 
in Springe (14.6%, n = 39) than in Schorfheide (5.0%, n = 16). The 
percentages of invalid answers in all categories were between 7.1 
and 10.4%.

3.2  |  Knowledge of returning wildlife species

The answers to the 7 questions for each target species (total of 21 
questions) are shown in Figure A1. On average, participants got 3 an-
swers correct for bison, 2 for moose and 4 for wolf. Over 98% of par-
ticipants in both wildlife parks knew that there are free living wolves 
in Germany, yet only 33% knew that there were free-living moose 
and only 26% knew that there are free living bison in the country. 
Knowledge about the status of the three species in Germany also 

Number of participants

Schorfheide Springe Totala

321 268 589

Number of visitors from the 
states in which the wildlife 
park is located in (Berlin 
and Brandenburg state for 
Schorfheide and Lower 
Saxony for Springe)

261 81.3% 244 91.0% 505 85.7%

Degree of urbanization

Urban 156 48.6% 50 18.6% 206 35.0%

Rather urban 52 16.2% 32 11.9% 84 14.3%

Rather rural 54 16.8% 73 27.2% 127 21.6%

Rural 36 11.2% 92 34.3% 128 21.7%

Invalid 23 7.1% 21 7.8% 44 7.5%

Gender

Female 172 53.6% 149 55.6% 321 54.4%

Male 120 37.4% 92 34.3% 212 36.0%

Diverse 1 0.3% 1 0.4% 2 0.3%

Invalid 28 8.7% 26 9.7% 54 9.2%

Age

Under 24 16 5.0% 39 14.6% 55 9.3%

25–29 25 7.8% 19 7.1% 44 7.5%

30–39 79 24.6% 47 17.5% 126 21.4%

40–49 81 25.3% 66 24.6% 147 25.0%

50–59 62 19.3% 34 12.7% 96 16.3%

Over 60 34 10.6% 35 13.6% 69 11.7%

Invalid 24 7.5% 28 10.4% 52 8.8%

aFor the column ‘Schorfheide’ and ‘Springe’ the numbers in the brackets show the percentage 
within the respective wildlife parks and for the column ‘Total’ the percentage of the total 
participants of both the wildlife parks.

TA B L E  1  The sociodemographic 
background of the participants in the 
wildlife parks Schorfheide and Springe
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differed by location. For example, 44.5% (n = 143) of participants 
in Schorfheide knew that moose are present in Germany while 
only 19.4% (n = 52) of participants in Springe thought so. The only 
question where the correct answer differed between the two wild-
life parks was the one regarding the current distribution status of 
moose in the state where each wildlife park is located in. As there is a 
small moose population in Berlin Brandenburg currently, the correct 
answer to this question (Are there currently any free living moose 
in Berlin and Brandenburg?) for participants in Schorfheide is ‘yes’, 
while for the participants in Springe the correct answer to the ques-
tion (Are there currently any free living moose in Lower Saxony?) is 
‘no’, as there are currently no free living moose in Lower Saxony. In 
Schorfheide, 28.7% (n = 92) chose the correct answer ‘yes’, while in 
Springe 72.0% (n = 193) chose the correct answer ‘no’.

A high percentage of participants left the remaining questions 
of the knowledge section unanswered for bison and moose, which 
contributed to an overall lower score for these species. The majority 
of participants in both wildlife parks (Schorfheide: 58.9%, n = 189; 
Springe: 53.7%, n = 144) thought that the wolf had recently returned 
to Germany (within the last 10 years), while the correct answer was 
more than 10 years ago (Schorfheide: 38.3%, n = 123; Springe: 40.3%, 

n = 108). Only 9.3% (n = 30) of the participants in Schorfheide and 
13.8% (n  =  37) in Springe answered correctly that there are more 
than 600 wolves in Germany at present. Most of the people assumed 
that there were fewer than 300 wolves in Germany (Schorfheide: 
52.3%, n = 168; Springe: 42.5%, n = 114). The majority of participants 
(Schorfheide: 69.8%, n = 224; Springe: 65.7%, n = 176) knew correctly 
that the wolves have immigrated naturally into Germany from neigh-
bouring countries. A similar share of participants in both wildlife parks 
(Schorfheide: 26.5%, n = 85; Springe: 28.0%, n = 75), knew that the 
bison currently residing in Germany were actively reintroduced by 
humans. While 38.9% (n = 125) of participants in Schorfheide knew 
that moose immigrated naturally into Germany from neighbouring 
countries, only 13.4% (n = 36) in Springe answered this question cor-
rectly. The majority of participants assumed that there were currently 
no moose in Germany. More than 60% of participants in both wildlife 
parks knew that bison (Schorfheide: 61.7%, n = 198; Springe: 68.3%, 
n = 183) and moose (Schorfheide: 61.1%, n = 196; Springe: 65.7%, 
n = 176) mainly feed on wild plants. The majority of participants as-
sumed that wolves mainly feed on smaller wild animals (Schorfheide: 
29.3%, n  =  94; Springe: 32.1% n  =  86), and some participants re-
sponded that wolves feed on domestic animals (Schorfheide: 15.3%, 
n = 49; Springe: 18.7%, n = 50), while the correct answer was larger 
wild animals (Schorfheide: 27.1%, n = 87; Springe: 25.4%, n = 68) such 
as wild boar Sus scrofa or deer (mostly Capreolus capreolus, Cervus ela-
phus, and Dama dama). Overall, the participants in Springe knew more 
about bison, while the participants in Schorfheide scored more points 
with regard to moose (Figure 2). The participants in both wildlife parks 
had significantly greater knowledge about wolves compared to the 
other two species (Kruskal-Wallis Test: W = 439.9; df = 2; p < 0.001).

The backward selection approach indicated that the best model 
to explain knowledge of bison included the location of the wild-
life park only (Table 2). Compared to participants in Schorfheide, 
participants in Springe had greater knowledge of bison. The next 
ranked model (∆AIC  =  1.8) additionally included gender. Based 
on a goodness of fit test with the residual deviance, the selected 
model did not fit observed data well (p < 0.001). To explain the 
knowledge of moose, model selection indicated that the park lo-
cation and the degree of urbanization were influential (Table  2). 

F I G U R E  2  Boxplots showing the distribution of knowledge 
points (number of correct answers in the animal quiz: Maximum of 
7 points for each species) for bison, moose, and wolf achieved by 
participants in the two wildlife parks Schorfheide and springe. The 
small, jittered points depict the raw data.

Estimate LL UL SE p-value

Bison

Intercept 0.946 0.868 1.023 0.040 <0.001

Springe (vs. Schorfheide) 0.109 −0.004 0.222 0.058 0.059

Moose

Intercept 0.923 0.740 1.107 0.094 <0.001

Springe (vs. Schorfheide) −0.112 −0.263 0.040 0.077 0.150

Rather rural (vs. rural) −0.021 −0.208 0.165 0.095 0.823

Rather urban (vs. rural) 0.025 −0.203 0.253 0.116 0.830

Urban (vs. rural) −0.244 −0.447 −0.041 0.103 0.018

Wolf

Intercept 1.453 1.430 1.476 0.012 <0.001

TA B L E  2  Regression coefficient 
estimates, associated 95% confidence 
intervals (LL = lower limit; UL = upper 
limit), standard errors (SE) and p-values 
of generalized linear models explaining 
variation in knowledge of bison, moose 
and wolf among participants in the wildlife 
parks Schorfheide and Springe
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Participants in Schorfheide had greater knowledge of moose 
than those in Springe and participants who lived in urban settings 
scored significantly fewer knowledge points than those who re-
portedly lived in a rural setting. Similar to the bison knowledge 
model, the next best competing model (∆AIC  =  0.4) additionally 
included gender. Goodness of fit test also suggested poor fit to 
the data (p < 0.001). With regards to knowledge of wolves, none of 
the tested variables produced a significant signal (Table 2). Like the 
models for bison and moose, the second most supported model to 

explain participants' knowledge of wolves (∆AIC = 1.6) contained 
gender as an additional variable.

3.3  |  Participation interest in citizen science and 
attractive activities

More participants in Schorfheide (22.1% = 71) had previously heard 
of the term ‘citizen science’ than in Springe (16.4% = 44; Figure 3a). 

F I G U R E  3  Knowledge and interest of wildlife park visitors in citizen science: (a) Have you ever heard the term ‘citizen science’ before? (b) 
have you ever participated in a CS project? (c) are you currently taking part in CS projects? (d) would you be interested to take part in a CS 
project? (e) how often would you want to take part in CS projects? (f) which format is the most interesting for you? Responses to (a)–(e) are 
on a percentage scale; due to multiple possible answers, we provide the absolute number of responses for (f).
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Similarly, more participants in Schorfheide reported having taken 
part in (Figure  3b) or to currently participate (Figure  3c) in a CS 
project than participants in Springe. A little fewer than half of the 
participants in both parks answered that they were interested in 
participating in a CS project (Figure 3d), and more than half could im-
agine participating if one-time occasions were included (Figure 3e). 
Participants in both parks considered a field trip with a group, fol-
lowed by a smartphone app and workshops (Figure 3f) as the most 
interesting format.

As we were particularly interested in the willingness of visitors to 
participate in CS projects, we further analysed if sociodemographic 
variables and knowledge about wildlife were associated with such 
willingness. The backward selection approach indicated that the 
model which only included the age and the knowledge level of the 
participants explained their willingness to participate in CS activities 
best (Table 3). The next best competing model (∆AIC = 1.4) addition-
ally included wildlife park location. The chi-square value of 18.33 
with 6 degrees of freedom and an associated p-value of 0.005 indi-
cates that this model fits significantly better than an intercept only 
model. When looking at the age variable, participants above 60 years 
of age were four times less likely to participate in a CS project than 
participants younger than 24 years of age (odds ratio 0.23; 95% CI: 
0.10–0.51). Participants in other age groups were also less likely to 
participate in CS projects than those below 24 years of age but not 
significantly so. For each additional point that participants scored 
in the animal quiz, they were about 6% more likely (odds ratio 1.06; 
95% CI: 0.99–1.12) to participate in a CS project (Table 3).

4  |  DISCUSSION

The questionnaire was designed to evaluate the visitors' level of 
knowledge about the three target species (bison, moose and wolf). In 
addition, a section specifically addressing CS was included to evalu-
ate respondents' willingness to participate in CS projects, as well as 
which formats would be preferred. Not only was the questionnaire 
carried out in wildlife parks, where a potential positive bias towards 
a greater interest for wildlife was expected, but visitors were also 
informed that the entire questionnaire would take more than 10 min. 

Thus, the participants were likely to be people who had a strong 
enough motivation to dedicate their leisure time to wildlife-related 
topics.

4.1  |  State of knowledge regarding returning 
wildlife species

Our results showed that knowledge about wolves was particu-
larly high among participants (Figure  2), likely reflecting not only 
the relatively high abundance and longer residence time of wolves 
(Reinhardt et al.,  2019) but possibly also their perceived presence 
in people's minds, relative to bison and moose in this case (Arbieu 
et al., 2019; Hermann et al., 2013; Hermann & Menzel, 2013; Randler 
et al., 2020; Treves et al., 2013). As a ‘livestock killer’ and competitor 
for game (Gosling et al., 2019; Mech, 2012), wolves have been in the 
spotlight of human history. This is underlined by numerous reports 
on wolf attacks that have accumulated for centuries in many parts 
of the world (Linnell et al.,  2002). In addition to human-carnivore 
conflicts being reported more frequently and dramatically (Bombieri 
et al., 2018; Bornatowski et al., 2019; Penteriani et al., 2016; Rode 
et al., 2021), the high cultural salience of wolves leads to increased 
media exposure (Delibes-Mateos, 2020). Although this has not been 
a focus of our study, we acknowledge that media—or more pre-
cisely the way how species are represented in media—plays an im-
portant role in how the species are perceived by the public (Pernat 
et al., 2022; Schakner et al., 2019).

The higher score of moose knowledge among visitors to 
Schorfheide (compared to Springe; Figure  2) could indicate that 
the wildlife parks also reflect the local context in the presentation 
of their animals and potential exposure of visitors to the species: 
moose are occasionally sighted in Eastern Germany (Brandenburg 
state)—in areas relatively close to potential source populations of 
moose in western Poland. In contrast, moose are basically absent 
in states further west (Janik et al., 2021). Visitors in Springe scored 
higher in the bison part of the quiz, potentially because the bison 
was one of the highlighted species in this park. Also, visitors re-
siding in rural or rather rural areas scored significantly higher for 
the moose part of the animal quiz compared to visitors living in 

TA B L E  3  Regression coefficient estimates, associated 95% confidence intervals (LL = lower limit; UL = upper limit), standard errors 
(SE) and p-values of a logistic regression model, testing the likelihood of willingness among participants in the wildlife parks springe and 
Schorfheide to participate in a citizen science project. To predict effect sizes, we converted regression coefficients to odds ratios (OR)

Estimate LL UL SE z-value p-value OR OR LL
OR 
UL

Intercept −0.01 −0.78 0.77 0.39 −0.03 0.98

Age 25 to 29 (vs. under 24) −0.75 −1.62 0.10 0.44 −1.72 0.09 0.47 0.20 1.10

Age 30 to 39 (vs. under 24) −0.38 −1.06 0.29 0.34 −1.10 0.27 0.68 0.35 1.34

Age 40 to 49 (vs. under 24) −0.44 −1.11 0.21 0.34 −1.31 0.19 0.64 0.33 1.23

Age 50 to 59 (vs. under 24) −0.50 −1.22 0.20 0.36 −1.39 0.16 0.61 0.30 1.22

Age 60+ (vs. under 24) −1.47 −2.30 −0.68 0.41 −3.56 0.00 0.23 0.10 0.51

Knowledge of wildlife 0.05 −0.01 0.12 0.03 1.76 0.08 1.06 0.99 1.12
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urban or rather urban areas, which also supports the hypothesis 
that greater exposure to the species can result in higher knowl-
edge (Arbieu et al.,  2019; Tomaselli et al.,  2018; Wojciechowski 
et al.,  2021). Indicated by the goodness of fit tests, the models 
to explain knowledge about moose and bison did not fit the data 
well. This suggests that there could be other influential factors 
that were not either not included in the questionnaire or could 
not be included for the analysis. For example, we were not able 
to include variables such as ‘formal education’, ‘occupation’ and 
‘income’, due to low response rates. In addition, we suspect that 
knowledge in specific wildlife species may be difficult to predict 
with coarse variables (such as age or gender) and may rather re-
flect individual interests.

4.2  |  Willingness to participate in citizen science

Except for the age group between 25 and 29 years, the younger the 
participants the more they were motivated to take part in CS activi-
ties related to the conservation of the three target species. Overall, this 
matches other findings showing that the young generation has high inter-
est in wildlife conservation, natural resource management and other en-
vironmental issues such as climate change (George et al., 2016; Giachino 
et al., 2021), as well as generally more positive environmental attitudes 
(Salman et al., 2020). With this emerging trend of higher environmental 
awareness in the younger generation and youth environmental activism 
such as #FridaysForFuture, multiple studies have tried to determine what 
triggers the motivation of youth to engage in these activities (Haugestad 
et al., 2021; Shafiei & Maleksaeidi, 2020). A study in Thailand on youth's 
motivation for voluntary participation in water onion (Crinum thaianum 
J. Schulze) conservation examined several factors such as demographic 
background, intrinsic and extrinsic motivation and ideal effort (conserva-
tion effort of closely related person), and found that pro-nature intrin-
sic motivation had the largest effect on participation (Athihirunwong 
et al., 2018). Other studies listed self-motivation, influence by peers and 
social expectations (Leyshon et al.,  2021) as well as responsibility for 
climate change, necessity for shared action to mitigate it and collective 
identity (Haugestad et al., 2021) as factors that motivated the youth to 
engage in conservation and environmental actions.

The integration of environmental and biological conservation 
subjects in formal education continues to be of importance (Grace 
& Ratcliffe, 2002) as the students will be the generation that has to 
deal with the environmental challenges including the severe loss of 
biodiversity (Soanes et al., 2020). CS can be a promising additional 
approach, as youth-focused CS activities not only increase pupils' 
understanding of the subject but also improves scientific thinking 
(Trumbull et al., 1999) and positively affects their families and com-
munities (Maund et al., 2020), sometimes even leading to improved 
local habitat management (Ballard et al., 2017). As participation in 
CS activities enhances youth engagement in current conservation 
actions, integrating it into the current educational system could lead 
to a positive feedback loop increasing the environmental awareness 
of the young people.

However, the interest in citizen science demonstrated by younger 
age groups contrasts with findings on the demographic background 
of the participants of environmental citizen science projects. Many 
studies find participants to be over 50 years old independent of 
the structure of the project (Larson et al.,  2020; Merenlender 
et al., 2016; Pateman et al., 2021). The contrasting result here may 
be due to the response options provided in the questionnaire on cit-
izen science activities: excursions, smartphone app or workshops. 
All three options might present barriers for senior age groups, e.g. 
a (possibly) strenuous field trip, a time-consuming workshop or the 
handling of an unknown technology (Vasiliades et al., 2021), espe-
cially when specific information on the future design of the pro-
gramme is lacking. The possible enthusiasm about the wildlife park 
visit that prevailed when filling out the questionnaire, as well as the 
leisure time capacity of the younger respondents might also have led 
to a positive attitude towards CS activities.

The results of this study broadly confirmed the hypothesis that 
citizens who have a higher species knowledge level are more likely 
to participate in conservation-oriented actions. This is in line with a 
study conducted prior to the restoration project of free-ranging bison 
in North Rhine-Westphalia, Germany, where residents with a higher 
knowledge level of the species were more willing to support the proj-
ect (Decker et al., 2010). Broadening the scope, general environmental 
knowledge also plays an important role, specifically in increasing the 
readiness to participate in CS activities (Bonney et al., 2016; Haywood 
et al., 2016) and some scholars have analysed the type of knowledge 
which had direct effects on individual conservation behaviour (Frick 
et al., 2004). Again, these effects were seen at early stages of edu-
cation, such as a case in Slovenia, which showed that children with 
better general knowledge of ecology placed more importance on con-
servation issues (Torkar & Krašovec, 2019). It should also be noted, 
that citizens repeatedly named ‘knowledge improvement’ as their 
motivation to participate in CS projects (Land-Zandstra et al., 2016; 
Larson et al., 2020; Merenlender et al., 2016), indicating that ‘positive 
attitude’ and ‘knowledge’ are interlinked. While this can be seen as a 
positive feedback loop (higher knowledge leading to more willingness 
to participate, and participation in CS projects leading to knowledge 
gain), this knowledge—CS relationship could possibly also be a bar-
rier for people to engage in CS projects. Therefore it is important to 
work on both ends: increase the integration of environmental studies 
into formal education and increase the knowledge level of the wide 
public, and at the same time design conservation-oriented CS projects 
attractive to a wider audience. In other words, it is important to make 
the step of transforming motivation into action as easy as possible 
(Nolan, 2010). CS projects designed to have low barriers and a variety 
of activities may be most effective at bridging the intent-action gap 
(Ostermann-Miyashita et al., 2019).

5  |  CONCLUSION

The results of this study suggest that wildlife park visitors in 
Germany are better informed about the wolf compared to the bison 
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or moose. Perhaps, this is not only due to longer residence time of 
the species but may also reflect the fact that carnivore-human con-
flicts are more frequently reported than human-herbivore conflicts. 
As the ‘returning wolf’ is often a highly emotional and political issue 
causing polarization in most debates, it is crucial to communicate 
research-based evidence and facts transparently to the public. For 
the two herbivores, this could be achieved by informing and prepar-
ing the public about both the positive effects as well as the negative 
interactions. Overall, CS could complement the toolbox to mitigate 
the consequences of wildlife restoration efforts on human-wildlife 
conflicts by raising awareness and actively including citizens in wild-
life research and management.

Since higher exposure typically leads to a higher knowledge 
about a species, CS could reverse the trend of urban residents losing 
their connection to nature (Clayton et al., 2017), by providing op-
portunities for citizens to get involved in conservation activities. For 
the recruitment of citizen scientists, this study indicates a high po-
tential for doing so at wildlife parks. Thus, we recommend research 
institutes and CS initiatives utilize these wildlife facilities and their 
networks to enhance cooperation for conservation activities.

In our study, the young generation had the highest motivation 
to participate in CS activities, reflecting their genuine interest and 
engagement in environmental activities. As educational programs 
have shown to increase interest and promote participation in en-
vironmental and conservation activities, this can lead to a positive 
feedback loop. While this can and should be utilized to foster an 
environmentally aware generation, CS is open to all generations and 
encourages interactions between different social groups. Therefore, 
it is important to regard an inclusive and user-friendly format while 
designing a CS project, in order to fulfil this promise.
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