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Common and threatened animal identification and conservation 
preferences among 6 to 12 year-old students 

 

Biodiversity loss is one of the biggest environmental issues in the world today and the 

biodiversity literacy of citizens can be key to counteracting this. Considering that 

children can be change agents and actively take part in decision-making from early 

years, we have assessed the native fauna identification skills of Primary School students 

(aged 6 to 12 years-old; n=1975) from northern Spain along with their conservation 

preferences regarding common and threatened species. We have observed that, despite 

students’ species literacy increasing with the education level, it remains overall very 

low. Besides, the conservation preferences of children are not exclusively guided by 

conservation priorities and, although are partially explained by species identification 

accuracy, other factors also seem to skew these preferences. These findings point out 

the need to properly address knowledge of local fauna from the early school years and 

the urgent need to provide children with the appropriate training regarding the 

characteristics to be taken into account when selecting species for protection and ensure 

their conservation. 

Keywords: biodiversity education, native fauna, species identification, species 

conservation, primary school 

 

Introduction 

Together with climate change, biodiversity loss is one of the most pressing issues 

of the Anthropocene (Johnson et al., 2017). It is estimated that up to one million animal 

and plant species are threatened with extinction, many within decades (IPBES, 2019), and 

we are facing a sixth mass extinction (Barnosky et al., 2011). We have already exceeded 

the planetary boundary of biosphere integrity (formerly called “biodiversity loss”), at 

least at the “genetic diversity” level (Rockström et al., 2009; Steffen et al., 2015). The 

direct drivers of global biodiversity loss in descending impact order are land/sea use 

changes, direct exploitation of natural resources, pollution, climate change, and invasive 

alien species (Jaureguiberry et al., 2022). Among indirect causes that underlie and shape 



 

 

those direct drivers, scientists include sociocultural ones, such as values, norms, beliefs 

or education (Pörtner et al., 2021). Only if these indirect drivers (root causes of 

biodiversity loss) are transformed would current species decline be reversed (Díaz et al., 

2019). Therefore, education can be either the trigger of biodiversity loss as an indirect 

driver, or a weapon to battle against its threats, since improving environmental education 

and learning about biodiversity can increase people’s awareness about biodiversity issues, 

which is crucial for building broad-based support in society for conservation. 

Biodiversity literacy can be considered as a subcategory of scientific literacy and 

environmental literacy (Schneiderhan-Opel & Bogner, 2020), and refers to knowing and 

understanding the concept of biodiversity as well as adopting appropriate behavior to 

contribute to biodiversity preservation (Moss et al., 2015). One of the simplest and most 

assessed biodiversity literacy scales among citizens is species literacy, which can be 

evaluated through people’s species identification skills (Hooykaas et al., 2019). Latest 

research works employing this proxy suggest that citizens from westernized countries 

have little knowledge about local fauna (e.g., Almeida et al., 2018; Gerl et al., 2021), 

which can be attributable to their disconnection from nature (Soga et al., 2016). That 

would explain why public awareness of native species decreases the bigger or the more 

urbanized their hometown is (Barrutia et al., 2022; Díez et al., 2018; Enzensberger et al., 

2022). 

This is worrisome, since it has been suggested that a greater species literacy could 

be linked to higher pro-environmental attitudes, including pro-conservationists 

(Cornelisse & Sagasta, 2018; Kubiatko et al., 2021; Oražem et al., 2021; Papageorgiou et 

al., 2022). Likewise, attitudes towards conservation shape individuals' preferences for 

specific actions, policies, and resource allocations. As saving species usually requires 

human mediation, and public preference should influence conservation in democratic 



 

 

contexts (Czech et al., 1998; Smith, 2011), it is imperative to identify which factors shape 

citizens’ preferences to protect animals. That is, citizens’ choices dictate where funds are 

allocated, which species and their habitats receive protection, and the overall success of 

conservation plans (Martín-López et al., 2007, 2009; Norton, 1986). In fact, when 

conservation planning ignores how local people perceive a species, it may lead to 

unsuccessful conservation interventions because of a lack of public support or an 

unexpected public opposition (Kaltenborn et al., 2006). Furthermore, children’s’ opinions 

should also be taken into account as they can be natural change agents and actively take 

part in decision-making processes from early years (e.g., Chawla & Cushing, 2007; Roe, 

2007).  

Recent studies suggest that children's reasons for protecting a species can vary 

greatly, and several aspects come into play, such as species’ aesthetic characteristics, their 

profitability, their salience in media or their cultural heritage (Hopper et al., 2019; Panisi 

et al., 2022; Rosalino et al., 2017; Shapiro et al., 2016). Conservation preferences may 

also vary between genders (Prokop & Randler, 2018), females manifesting stronger 

preferences for cute animals whereas male score higher in preferences for less attractive, 

unpopular animals. Also, it has been observed that the socioeconomic status (sometimes 

linked to public/private schooling) and rurality may influence people’s conservation 

attitudes because of fear of economic losses (e.g., Oliveira, 2015). 

Thereby, considering that children will have to face individual as well as political 

decision-making processes about biodiversity issues both at present and in the future, it 

is key to assess their conservation preferences, and the factors shaping them, in order to 

design proper educational interventions in the field of biodiversity education. Moreover, 

attitudes and behavior toward the environment start developing at the early age of seven, 

increase until the age of ten, and afterwards level off and decrease (Otto et al., 2019). 



 

 

Hence, promoting positive attitudes during childhood is more feasible than during 

adulthood, when attitudes and behavior are consolidated. Interestingly, a similar trend has 

been observed for species identification skills, which are powerful during childhood and 

tend to reach a peak or even decrease during puberty (Huxham et al., 2006; Randler, 

2008). 

In previous works in the same region (Basque Autonomous Country), we 

identified that 11 to 14 year-old teenagers were not aware of local species (Barrutia et al., 

2022; Díez et al., 2018; Pedrera et al., 2023), especially the students living in urbanized 

areas, and we coined the phenomenon as “Native Species Awareness Disparity” (NSAD) 

(Barrutia et al., 2022). In the current study, we aim to delve deeper into the onset (age) 

and the factors that can influence this phenomenon by studying younger children because, 

as mentioned before, their interests, identification skills and conducts are still modifiable 

and can determine adulthood behavior (Evans et al., 2018; Hahn, 2021; Otto et al., 2019). 

As the NSAD previously diagnosed in teenagers was particularly prevalent for the case 

of animals (in comparison to plants), we have now focused only on the animal kingdom. 

Thus, in the current work we address the assessment of 6 to 12 year-old children species 

literacy about native animal species (common and threatened ones), and how this is 

influenced by different factors. For this purpose, we have employed species identification 

as a diagnostic tool since it has been proven to be a direct indicator of species in-depth 

knowledge (Hooykaas et al., 2022). In addition, we have approached the study of 

children’s conservation preferences for local fauna and the factors that might influence it, 

including species identification ability. Therefore, this is the first work assessing common 

and threatened native species knowledge and conservation preferences in the region. 

Accordingly, the research questions addressed by this research are as follows: 



 

 

1. What is the level of literacy regarding native animal species of 6 to 12 year-old 

children? How is this influenced by different factors (e.g., gender, educational 

level, type of school or hometown population)? 

2. What are their conservation preferences regarding common and threatened native 

animal species (among the ones shown)? Which factors can influence this 

decision (gender, educational level, type of school –public or private-, hometown 

population, species’ identification accuracy)? 

 

Methodology 

Context and participants 

The study was conducted in the Basque Autonomous Country, northern Spain, 

where nowadays there are more than 150 animal species listed in the catalogue of 

threatened species (Basque Government, 2022). All participants were from the small 

province of Bizkaia (2217 km2), where population density is the third highest in Spain 

and rural areas coexist with highly industrialized ones.  

Participants were enrolled in all the 6 different levels of Primary Education (PE) 

in Spain. Students’ age range at each academic level is displayed in Table 1, as well as 

school curriculum content relating to biodiversity and their conservation (Basque 

Government, 2016) when the study was conducted (2021/22 academic year). In short, 

students enrolled in the 1st cycle of PE (PE1, PE2 and PE3) should learn to differentiate 

living things (animals and plants) from non-living ones, and start observing living beings 

(directly and indirectly) in order to classify them based on noticeable characteristics. In 

the 2nd cycle of PE (i.e., PE4, PE5 and PE6), they should learn the characteristics and 

classification of vertebrate and invertebrate animals, and delve deeper into higher 

organization levels than the organisms (e.g., population or community), as well as into 



 

 

lower ones (e.g., cells, tissues). In both cycles, students should develop habits of respect 

and care towards living beings. 

 

Data collection 

All the schools taking part in the study were enrolled in an environmental 

education program launched by the Provincial Council of Bizkaia. The educators of the 

program moved to each participating school to conduct a workshop on local biodiversity. 

We were allowed to administer a questionnaire about native animals to students before 

starting with the activities of the program, which was considered a good starting point to 

approach the faunal biodiversity of the province. Questionnaires were administered to 

students by the program educators themselves after receiving some instructions: they 

should read the task aloud, explain the children how to conduct it, encourage them to fill 

in the questionnaire individually and prevent them from tattling on each other. The task 

was conducted at students’ classroom in the presence of their teacher and the educator of 

the program to answer any student questions. Children had 10’ to fill in the questionnaire 

and, when finished, they had to continue seated and in silence until the rest of the students 

finished theirs. Afterwards, the questionnaires were collected by the program educators 

and stored in folders where the educator wrote the name of the school. Questionnaires 

corresponding to each classroom were stored in different folders. 

To gather the data, students were provided an A4 size paper comprising three parts 

(appendix 1). In the first one, in order to collect students’ sociodemographic information, 

they were asked about their age, the grade level they were attending in Primary Education, 

and which their hometown was. Afterwards, they had to select their gender (female, male, 

or other). In the second part of the questionnaire, 10 color photographs of native wild 

animals from different taxa were displayed, and children were asked to write down which 



 

 

animal they thought it was. Similar tests have been used recently to assess species literacy 

(Almeida et al., 2018; Bashan et al., 2021; Colléony et al., 2019; Palmberg et al., 2015). 

Species were selected with the help of a zoologist who is a full professor at the University 

of the Basque Country. We selected pictures of adults and made sure that they displayed 

species-specific morphological characteristics. All species were occurring in the area 

students lived and birds were breeders/residents in the area. Photographs included two 

animals of each of the following taxa: mammals, birds, reptiles, amphibians and 

invertebrates. Species appearing in the photographs and their conservation status are 

displayed in Table 2. The first species of each group was a non-threatened common 

species in the area, whereas the second one was listed in the Basque Catalogue of 

Threatened Species (Basque Government, 2022). In addition, the global conservation 

status of some of the latter species was of concern according to the IUCN Red List of 

threatened Species (version 2022-2), such as the European mink that is critically 

endangered globally or the European pond turtle that is considered near threatened 

internationally. 

After the previous part about local species identification, and similar to Ballouard 

et al. (2011), in the third part of the questionnaire (in the same sheet) children were asked 

to select 5 animals (among the ones shown) they would like to protect. 

A previous pilot test was carried out with children who did not participate in the 

final study (n=30, five from each grade). The 10 minutes available were sufficient to 

answer the questionnaire in a relaxed manner, and questions were clear and 

comprehensible. The task was written in the Basque language, although the responses 

could be given in any language. 

Parents or legal guardians, school directors and teachers were informed in advance 

about the research objectives and study methods, and had filled in a consent form. 



 

 

Anonymity was guaranteed to all participants. Children were told that the survey was not 

an assessment, that they could ask questions at any time if something was not understood, 

and that participation in the survey was voluntary. 

The data was treated in accordance with the Declaration of Helsinki and having 

received permission from the Ethics Committee on Humans (CEISH) of the University 

of the Basque Country (UPV/EHU) (CEISH/161/2020). 

 

Data analysis 

To assess the correctness or accuracy of species identification, the taxonomic 

proximity of the animal suggested by the students towards the animal in the picture was 

analyzed. Hence, it was determined whether the identification was correct at species level, 

or to a higher taxonomic level (genus, family, order, class, phylum or kingdom). For 

example, if the picture displayed the European mink and the children named it “rat”, the 

nearest most precise taxonomic level both animals matched was class (Mammalia); if 

they wrote down “wild cat”, species mate at order level (Carnivora); if students claim it 

was a “badger”, the identification was right at subfamily level (Mustelinae); finally, 

naming “weasel” to the European mink would mean a genus level identification match 

(Mustela). 

Subsequently, each taxonomic level match was assigned an identification score. 

Following similar works (Enzensberger et al., 2022; Gerl et al., 2021), we conferred one 

point to a species-level match identification, and 0.5 to a genus-level one. However, above 

genus level, some authors do not confer any points (e.g., Randler et al., 2007), and others 

confer 0.5 points up to family level identification (Randler, 2010; Randler & Heil, 2021), 

or even to all the levels above genus (Enzensberger et al., 2022). We decided to give some 

points whatever taxonomic-level identification match children achieved, since they were 



 

 

very young (starting from 6 years old) and the information could be valuable for us. 

Hence, following the same punctuation system as from species to genus, we designed an 

exponentially decreasing pointing system at each higher taxonomic level, as follows: 1 

(species), 0.5 (genus), 0.25 (family), 0.125 (order), 0.0625 (class), and so on. Thus, 

punctuation raised exponentially (1/2n) the lower or more precise the matching of 

taxonomic level. 

 

Statistics 

Statistical analyses were conducted using R 4.0.3 (R Core Team, 2020). On the 

one hand, the links between students’ identification scores (species literacy or 

identification ability) and the possible factors affecting it (type of school, educational 

level, gender and hometown population) were explored via a Linear Mixed Model 

(LMM), since identification scores followed a Gaussian conditional distribution. And on 

the other hand, the links between the selection of each animal to be protected and the 

possible factors influencing it (all the aforementioned plus the identification score of the 

corresponding species and the total identification score) were investigated by Generalized 

Linear Mixed Models (GLMMs) with a binomial error structure and a logit link function 

for each animal species. 

All the models were constructed in the package lme4 and followed a similar 

procedure (Bates et al., 2015). First, a full or global model where classroom and school 

were included as nested random effects was built, including all explanatory variables plus 

their possible interactions as fixed effects. Using a stepwise model simplification 

procedure and a 0.05 significance level the minimum adequate model was selected based 

on Akaike Information Criterion (AIC) and the comparison of Model Performance 

Indices from the performance package (Lüdecke et al., 2021). To assess the amount of 



 

 

variance explained by the fixed effects alone and the combined fixed and random terms 

of the models, conditional and marginal R2 values were calculated (Nakagawa & 

Schielzeth, 2013). Squared scaled Generalized Variance Inflation Factors (GVIFs) were 

employed to detect any potential issues of multi-collinearity among the explanatory 

variables, assuming GVIF[1/(2ꞏdf)]^2<3 as threshold. Finally, significance and effect size 

were determined using the lmerTest package (Kuznetsova et al., 2017) and the effectsize 

package (Ben-Shachar et al., 2020), respectively. The first one estimates degrees of 

freedom and provides p-values for mixed models using Satterthwaite’s method, and the 

latter calculates odd ratios. 

In addition, Kruskall-Wallis non-parametric tests followed by Mann-Whitney 

post-hoc with Bonferroni correction were conducted in order to determine whether 

differences existed in the number of answers given by students from different PE levels. 

 

Results 

In total, the data of 1975 students attending 50 different schools (35 public and 17 

private) and corresponding to 66 classrooms were analyzed. They were enrolled in all 

Primary Education levels: PE1 (n=164), PE2 (n=340), PE3 (n=545); PE4 (n=245); PE5 

(n=447), PE6 (n=234). They belonged to 81 different towns, ranging from 77 to 345,122 

inhabitants (appendix 2). Regarding gender, 47.5% were boys, 46.2% were girls, 0.6% 

identified themselves as other gender (non-binary), and the rest did not specify their 

gender. Almost half of the students (42%) attended private schools, and the rest attended 

public ones. 

  

Native species identification 



 

 

Children, on average, proposed a name (independently of its correctness) to 7.6 

animals from the photographs, and the number of animals receiving a name augmented 

along with the students’ educational level (p<0.001). Most answers in blank were 

registered for the European mink (44.0%) whereas the photograph showing the least 

blanks was the one corresponding to the smooth snake (4.3%). The diversity of names 

given to each animal was very heterogeneous (see Table 3), with the European mink being 

the one receiving the greatest variety of names (49), and the European pond turtle the 

least (10). 

Regarding the identification accuracy (taxonomic matching), wild boar achieved 

the highest mean identification score (IS), and the white-throated dipper and the common 

pill-bug the lowest. In general, children achieved a higher mean identification score when 

naming the common non-threatened animal of each taxa, with the exception of 

invertebrates (similar values for each of them). It can also be observed that mammals 

achieved the highest identification scores, distantly followed by amphibians, reptiles and 

birds. Invertebrates were the least accurately identified animal group. Altogether, children 

scored a mean of 1.99 points (out of 10) when trying to identify all the animals in the 

pictures (sum of identification scores). 

 

Factors influencing species identification 

The LMM analysis revealed that the school grade the students were enrolled in 

(PEL) was the main factor significantly and positively affecting the total sum of 

identification scores (Table 4). In fact, matches at broad taxonomic levels (i.e., kingdom, 

phylum, subphylum, class or order) were more frequent among the youngest children 

from the first cycle of Primary Education, whereas matches at more specific levels than 

suborder (i.e., family, subfamily, gender or species) were higher overall among older 



 

 

students from the second cycle. Nevertheless, identification score and, consequently, 

species literacy, was not only influenced by students educational level, since other 

explanatory variables such as students’ hometown population (POP) and gender (G) also 

presented significant associations (Table 4). Thus, although the effect sizes of these 

variables were rather small, students living in towns with a smaller population were able 

to identify native species more accurately than those living in more urbanized areas and 

male students presented overall higher identification skills than female students. 

Moreover, the interaction between educational level and hometown population 

(PEL*POP) had also a significant and positive effect reflecting that the effect of students’ 

hometown population is dependent on their educational level or age. Finally, it is worth 

noting that, even if the effect sizes were relatively small, the model's total explanatory 

power is substantial (conditional R2). 

 

Selection of animals for protection 

The animal most frequently selected by students was the European mink 

(70.1%), followed by the fire salamander (60.2%) (Table 3). The less selected animals 

were the common pill-bug (31.1%) and the natterjack toad (30.3%). 

 

Factors influencing species conservation preferences  

Regarding conservation preferences, the GLMMs showed that the studied 

variables did not present a clear pattern explaining why certain species were preferred 

over others, nor were they able to elucidate the factors influencing the selection of 

threatened species for conservation over common ones (Table 5). Nevertheless, the 

statistical analysis showed that most of the studied factors influenced students’ 

willingness to protect certain species one way or another, with the exception of the type 



 

 

of school (public/private) students were enrolled in. Overall, the bulk of factors related to 

species’ identification both individually (ISx) and together (SIS) influenced the selection 

of the highest number of species (six), and showed the highest amount of significant 

effects (seven). In particular, the sum of the total identification scores (SIS) achieved by 

students was the independent explanatory factor positively affecting the highest number 

of species for protection (four). This variable partially explained the selection of the 

European mink, the white-throated dipper, the fire salamander and the common pill-bug; 

that is, both common and endangered species. The strong effect of this variable in the 

selection of the European mink and the fire salamander was especially noteworthy. 

The subsequent factors showing individually a greater influence on species 

selection for protection (three species, each) were the identification scores achieved for 

each species (ISx), the primary education level students were attending (PEL) and 

students’ gender (G). All the detected effects for ISx and PEL on animal selection were 

positive, and both variables partially explained the selection of two threatened species 

and one common one. Conversely, gender influenced the selection of two common 

species and a threatened one, and its effect was quite heterogeneous depending on the 

species. Male gender was negatively related to the selection of the wild boar and the 

smooth snake in comparison to females, and also in comparison to other genders in the 

case of the latter, and positively with the selection of the European pond turtle in 

comparison to females. 

Finally, students’ hometown population (POP) revealed a sole significant negative 

relation with students’ protection preference, showing a higher predilection for the 

orange-spotted emerald the smaller students’ hometown was. 

 

Discussion 



 

 

The poor native animal species knowledge detected in the current study (students 

reaching a mean of 19.9% of the potential identification score for all animals altogether) 

is in agreement with some previous observations stating that teenagers from the region 

have a limited species literacy (Barrutia et al., 2022; Díez et al., 2018; Pedrera et al., 

2023). However, the present results reflect that this phenomenon has deep roots, being 

already present at early elementary schooling, and involves knowledge of both common 

and threatened native species in the region. This is deeply concerning, since children are 

usually very skillful in identifying and cataloguing species (Balmford et al., 2002), and 

this tends to drop off later, principally because of the low interest of youngsters when 

entering puberty (Bebbington, 2005). Hence, unless these children receive some training 

to help them increase their native ecological knowledge, they will reach adulthood as 

native species illiterates who cannot make proper decisions on local biodiversity issues. 

This low awareness of native species seems to be a generalized syndrome in 

westernized countries (Genovart et al., 2013; Pilgrim et al., 2008) and can be a 

consequence of the “extinction of experience” (Pyle, 1978), that is, the current 

disconnection of citizens from nature (Soga et al., 2016). According to the NUTS 

(Nomenclature of Territorial Units for Statistics) classification (Eurostat, 2022), the study 

area (ES213) is predominantly urban, and urbanization has pressed children to have fewer 

opportunities to experience local fauna (Soga et al., 2016). Furthermore, urbanization per 

se, as a land-use change, is having a profound impact on biodiversity (IPBES, 2019), 

further minimizing children’s chances of interacting with native wildlife. To all this, it 

must be added that people no longer need to know the names of local species in order to 

survive (Pilgrim et al., 2008), and that this traditional ecological knowledge does not pass 

from one generation to the next anymore, which has led to the societal extinction of native 

species names (Jarić et al., 2022). 



 

 

Despite overall identification scores being low, mammals were the taxa achieving the 

highest identification scores, and the common wild boar (a large mammal) was the best 

identified among all the animals in the photographs. This observation coincides with the 

assertion that the most charismatic animal species for the Western public are large, often 

exotic, terrestrial mammals (Albert et al., 2018), and thus, these are the animals people 

better identify (Gerl et al., 2021; Hooykaas et al., 2019; Huxham et al., 2006; Jaun-

Holderegger et al., 2022; Robles-Moral et al., 2022). Also, the high identification scores 

achieved by the wild boar can be the result of being a hunting species (Peterson et al., 

2017). On the other hand, invertebrates’ identification scored lowest, as they have in other 

studies (Bashan et al., 2021; Hooykaas et al., 2019; Huxham et al., 2006), which may be 

a consequence of the relatively low level of interest citizens have in this animal group 

(Palmberg et al., 2015).  

The main factor associated with students’ total identification scores was the primary 

school level they were attending. It has already been mentioned in a previous section that, 

in relation to biodiversity knowledge, the school curriculum in the Basque Country 

becomes more enriched when students go from the first cycle to the second cycle of 

Primary Education. Thus, this can partially explain the higher species knowledge of these 

students. In any case, personal experiences out of school can also have a positive effect 

on biodiversity literacy. Indeed, according to some authors, parents and the wider family 

can have more influence on children’s knowledge of species than the school (Gatt et al., 

2007; Lindemann-Matthies et al., 2017; Remmele & Lindemann-Matthies, 2018). The 

increase in the identification scores achieved by children as they grew older could also be 

linked to their developmental stage, since particularly the final period of Primary 

Education is usually marked by a major increase in cognitive, factual understanding, and 

knowledge of animals (Kellert, 1985).  



 

 

Students’ hometown population also had a weak although significant effect on the 

total identification score achieved by students, reflecting that the smaller or more rural a 

student’s hometown was, the higher their knowledge of native fauna was. This result is 

in agreement with previous observations in the study area assessing 11 to 14 year-old 

teenagers (Barrutia et al., 2022; Díez et al., 2018; Pedrera et al., 2023), and also with other 

works conducted in westernized countries (Enzensberger et al., 2022; Palmberg et al., 

2015). Most probably, as contact with nature is inversely proportional to urbanization 

(Zhan et al., 2014), the lower a student’s hometown population was in this study, the more 

rural their surroundings would be, offering children more opportunities to interact with 

nature. Nevertheless, this effect was weak in the current work, probably because other 

factors can neutralize the influence of people's provenance on ecological knowledge, such 

as the predominantly urban character of the region (Eurostat, 2022), the convergence of 

rural and urban lifestyles nowadays and the stronger effect of the educational level as 

observed in other works (Bermudez et al., 2017, 2018; Gerl et al., 2021; Hooykaas et al., 

2019). 

Regarding gender, it has frequently been observed that boys outperform girls in their 

knowledge of species (Campos et al., 2012; Huxham et al., 2006; Jaun-Holderegger et 

al., 2022), although these effects appear to be increasingly diluted nowadays in 

westernized countries (Hooykaas et al., 2019, 2022) due to girls currently not 

experiencing the same gender socialization processes as in the past. In the present study, 

we have also observed that males identified slightly more accurately native animals than 

females, although the effect was very weak. In any case, this could be a consequence of 

boys having a stronger interest in wildlife (Fančovičová & Prokop, 2011), or due to 

cultural reasons, such as the hobby of hunting (Peterson et al., 2017). 



 

 

When it comes to students’ preferences for protecting the observed animals, we 

detected no tendency towards selecting the ones with a concerning conservation status. 

Among the three most selected animals, two were common and non-threatened in the 

area, and among the three least selected, two were threatened/endangered. Hence, factors 

other than conservation priority knowledge came into play in these students’ selection of 

species for conservation. The highest preference for the European mink, one of the most 

endangered mammals in Europe, was not related to an overall higher familiarity or 

identification of this species, since it was the animal students had most problems to give 

a name to (most blank answers). Thus, its selection can be partially the result of humans’ 

innate tendency to lavish attention and affection on animals with anthropomorphic 

infantile physical features, such as broad forehead, forward-facing rounded eyes, or a 

little, pointed nose (e.g., Martín-Forés et al., 2013; Smith et al, 2012). Also, the preference 

for protecting the salamander may be a consequence of children having a significantly 

stronger willingness to protect aposematic animals over inconspicuous, cryptic ones 

(Prokop & Fančovičová, 2013). On the contrary, the least chosen animals were the 

common pill-bug and the common toad, which can be a consequence of their discrete 

coloration but also because of emotions such as fear or disgust aroused by these taxa 

(Fančovičová & Prokop, 2017; Jimenez & Lindemann-Matthies, 2015; Soga et al., 2020). 

In any case, we have statistically confirmed that there are some factors significantly 

linked to students’ conservation preferences, with the strongest and the more frequent 

ones being species identification accuracy related factors (species specific, and the overall 

sum of identification accuracy). Indeed, individual species identification accuracy 

together with the total sum of species identification scores achieved by students accounted 

for the partial explanation of the selection of six species for conservation, three common 

and three threatened. Native fauna identification scores even predicted (although weakly) 



 

 

the selection of the most unpopular species for conservation (the common pill-bug and 

the natterjack toad). Hence, it seems that species identification skills could partially shape 

peoples’ conservation preferences in our study. These results may partially be explained 

by the fact that, when people can identify a species, their relationship with it becomes 

more respectful and intensive, receiving higher affinity levels and appreciation 

(Lindemann‐Matthies, 2005; Schlegel & Rupf, 2010). However, this finding differs from 

the conclusions drawn from other works (e.g., Panisi et al., 2022) in which no link 

between species identification and conservation preference was detected. Maybe, the 

identification accuracy score method employed in the current study may have helped in 

finding these relations. It would also be interesting to check if ecological knowledge of 

species explain people’s preferences for certain species protection, since  knowing the 

name of a species does not mean students know everything about its ecology and 

conservation status, although it has been suggested that species identification skill can be 

a strong predictor of species in-depth knowledge (such as origin, habitat, diet, or 

behavior) (Hooykaas et al., 2022). 

To finish, students’ gender, PE level or hometown size also partially explained the 

selection of some species, but the effect was inconsistent and overall weak. Therefore, we 

conclude that the partial effects of the factors studied in the current work do not fully 

explain children’s predilections when selecting species for conservation purposes. Thus, 

these resulting models with low explanatory power could mean that other factors not 

studied in the present work must also account for students’ preferences, most probably 

cultural or subjective ones, such as aesthetic and emotional factors, personal values and 

beliefs, or the cultural significance of species (Castillo-Huitrón et al., 2020; Mota Pereira 

et al., 2023; Panisi et al., 2022). Consequently, future works should delve deeper into the 

reasons of these children for selecting some species over others. 



 

 

 

Conclusions and educational implications 

Disconnection from nature in wealthy countries, the lack of a proper biodiversity 

education, and the decline of many animal populations due to the current pressure of 

human activities on natural habitats, are resulting in a low knowledge of laypeople about 

native biodiversity. Current species extinction rates are much higher than in the past, 

when there was no anthropic effect. However, citizens usually do not know which species 

are endangered in their area, and their conservation preferences are biased by other factors 

rather than conservationists ones. They feel more attracted towards mammals, which is 

reflected in their knowledge and conservation preferences towards this animal group, 

eschewing groups which are less appealing to them, such as invertebrates. All this directly 

affects conservation campaigns and policies which is deeply concerning, since other taxa 

such as amphibians are in major risk of extinction. 

However, in the current study, species identification accuracy was partially linked to 

a higher preference to protect certain species, including unpopular ones. Consequently, 

we conclude that more efforts towards enhancing species identification skills and 

promoting species knowledge should be conducted both in formal and non-formal 

education. In addition, conservation education should feature the appropriate information 

about effective conservation priorities, such as species with declining or threatened 

populations, or those with important ecological or evolutionary roles. In fact, some works 

have revealed that young people are willing to protect and prevent species loss, but they 

lack the necessary information regarding biodiversity preservation (Christ & Dreesmann, 

2023; Gavrilakis et al., 2023). In this sense, although it had already been proposed in the 

last century (e.g., Noss et al., 1997), scientists are only recently realizing and ratifying 

that one of the keys to preserving biodiversity lies in the protection or adequate 



 

 

management of species’ habitats (O’Connor et al., 2021), as habitat loss is one of the main 

pressures on biodiversity nowadays (IPBES, 2019). From an educational point of view, 

teaching/learning about conservation linking species and their habitats, including the 

possible anthropogenic threats for habitat conservation, has several advantages: (i) 

teaching/learning can be properly contextualized; (ii) it offers an opportunity to learn 

based on real problems (Problem Based Learning) that are close to the students, that can 

be accomplished collaboratively and using inquiry as the main strategy to address it; (iii) 

it provides the opportunity to handle different information (such as anthropogenic effects 

on the environment) for a successful promotion of a committed eco-citizenship; and 

finally (iv) it is an excellent opportunity to teach/learn biodiversity place-based, in nature.  

If these educational efforts are conducted from early ages, they can have a double 

impact on conservation attitudes and politics, as they will not only change children’s 

knowledge and preferences towards species conservation, but also those of their parents, 

since children have a direct influence on the pro-environmental behaviors of close 

relatives (e.g., Deng et al., 2022; Lawson et al., 2019; Peterson et al., 2019). Hence, 

providing a proper biodiversity education to children would ensure more aware present 

and future generations towards biodiversity, and a more proactive eco-citizenship, 

opening the door to a hopeful future in the face of this serious problem of biodiversity 

loss and global change. 

 

Limitations of the study 

A limitation of this work, and probably of most works of this kind, could be the 

different vocabulary used by children (laypeople) and taxonomists when naming an 

organism (Patrick, 2017). The former name organisms at a superficial level whereas 

taxonomists possess a multilayered understanding of species which enable them to further 



 

 

discriminate between the members of a group hierarchically. This can have implications 

in the current study when defining the taxonomic level of the animal mentioned by the 

student, and consequently in the identification score achieved. On this occasion, we have 

followed strict criteria when classifying students’ responses into their corresponding 

taxonomic level because we sincerely think that imprecise species naming of laypeople 

can have severe consequences in their ecological knowledge and resulting biodiversity 

conservation preferences. For instance, it might have consequences when differentiating 

an alien species from a native one. For that reason, we also think that the methodology 

employed in this work (assigning 1/2n exponential score values to each taxonomic level 

match) is the most appropriate one for this purpose. 

Another limitation of the study was the age of youngest students (around 6 years 

old), who had difficulties conducting reading and writing exercises. In any case, the task 

was short, uncomplicated and did not require much writing. However, a contextualized 

task, rather than filling in a paper without a context, would have been preferable. 

The selection of the species could also have a significant effect on children’s 

results (both in the identification and conservation preferences). Hence, it would be 

interesting to conduct this type of research by focusing on a single taxon and/or using 

morphologically/evolutionarily more closely related species, preferably sharing the same 

ecological niche. 

 

Acknowledgments 

We would like to thank all the schools involved in this study, Equinoccio-Natura 

(association supporting environmental education) for helping us collect all the data, and 

the Provincial Council of Bizkaia for giving us the opportunity to conduct this research. 

This study has been partially supported by the Basque Government through the 



 

 

IKASGARAIA (Education, Culture and Sustainable Development) Research Group 

(IT1637-22). 

 

Disclosure statement 

No potential conflict of interest was reported by the author(s). 

 

References 

Albert, C., Luque, G. M., & Courchamp, F. (2018). The twenty most charismatic species. PloS 

one, 13(7), e0199149. 

Almeida, A., Fernández, B. G., & Strecht-Ribeiro, O. (2018). Children’s knowledge and contact 

with native fauna: A comparative study between Portugal and Spain. Journal of 

Biological Education, 54, 17–32. 

Ballouard, J.-M., Brischoux, F., & Bonnet, X. (2011). Children Prioritize Virtual Exotic 

Biodiversity over Local Biodiversity. PLoS ONE, 6(8), e23152. 

https://doi.org/10.1371/journal.pone.0023152 

Balmford, A., Clegg, L., Coulson, T., & Taylor, J. (2002). Why Conservationists Should Heed 

Pokémon. Science, 295(5564), 2367–2367. 

https://doi.org/10.1126/science.295.5564.2367b 

Barnosky, A. D., Matzke, N., Tomiya, S., Wogan, G. O. U., Swartz, B., Quental, T. B., 

Marshall, C., McGuire, J. L., Lindsey, E. L., Maguire, K. C., Mersey, B., & Ferrer, E. 

A. (2011). Has the Earth’s sixth mass extinction already arrived? Nature, 471(7336), 

51–57. https://doi.org/10.1038/nature09678 

Barrutia, O., Ruiz-González, A., Sanz-Azkue, I., & Díez, J. R. (2022). Secondary school 

students’ familiarity with animals and plants: Hometown size matters. Environmental 

Education Research, 28, 1564–1583. 



 

 

Bashan, D., Colléony, A., & Shwartz, A. (2021). Urban versus rural? The effects of residential 

status on species identification skills and connection to nature. People and Nature, 3(2), 

347–358. https://doi.org/10.1002/pan3.10176 

Basque Government. (2016). Decreto 236/2015, de 22 de diciembre, por el que se establece el 

currículo de la Educación Básica y se implanta en la Comunidad Autónoma del País 

Vasco. Boletín Oficial del País Vasco. 

Basque Government. (2022). ORDEN de 24 de mayo de 2022, de la Consejera de Desarrollo 

Económico, Sostenibilidad y Medio Ambiente, por la que se modifica el Catálogo Vasco 

de Especies Amenazadas de Fauna y Flora Silvestre y Marina, y se incluye a la tórtola 

europea (Streptotelia turtur) en la categoría de especie «en peligro de extinción». 

BOPV no. 113. 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects Models 

Using lme4. Journal of Statistical Software, 67(1), Article 1. 

https://doi.org/10.18637/jss.v067.i01 

Bebbington, A. (2005). The ability of A-level students to name plants. Journal of Biological 

Education, 39(2), 63–67. 

Ben-Shachar, M., Lüdecke, D., & Makowski, D. (2020). effectsize: Estimation of Effect Size 

Indices and Standardized Parameters. Journal of Open Source Software, 5(56), Article 

56. https://doi.org/10.21105/joss.02815 

Bermudez, G. M. A., Battistón, L. V., García Capocasa, M. C., & De Longhi, A. L. (2017). 

Sociocultural variables that impact high school students’ perceptions of native fauna: A 

study on the species component of the biodiversity concept. Research in Science 

Education, 47(1), 203–235. 

Bermudez, G. M. A., Díaz, S., & De Longhi, A. L. (2018). Native plant naming by high-school 

students of different socioeconomic status: Implications for botany education. 

International Journal of Science Education, 40(1), 46–66. 

https://doi.org/10.1080/09500693.2017.1397297 



 

 

Campos, C. M., Greco, S., Ciarlante, J. J., Balangione, M., Bender, J. B., Nates, J., & 

Lindemann-Matthies, P. (2012). Students’ familiarity and initial contact with species in 

the Monte desert (Mendoza, Argentina). Journal of Arid Environments, 82, 98–105. 

Castillo-Huitrón, N. M., Naranjo, E. J., Santos-Fita, D., & Estrada-Lugo, E. (2020). The 

Importance of Human Emotions for Wildlife Conservation. Frontiers in Psychology, 

11, 1277. https://doi.org/10.3389/fpsyg.2020.01277 

Chawla, L., & Cushing, D. F. (2007). Education for strategic environmental behavior. 

Environmental Education Research, 13(4), 437–452. 

https://doi.org/10.1080/13504620701581539 

Christ, L., & Dreesmann, D. C. (2023). Protect + prevent = preserve? Exploring students’ 

arguments for and attitudes toward conservation. Environmental Education Research, 

29(1), 45–62. https://doi.org/10.1080/13504622.2022.2128059 

Colléony, A., White, R., & Shwartz, A. (2019). The influence of spending time outside on 

experience of nature and environmental attitudes. Landscape and Urban Planning, 187, 

96–104. https://doi.org/10.1016/j.landurbplan.2019.03.010 

Cornelisse, T. M., & Sagasta, J. (2018). The Effect of Conservation Knowledge on Attitudes 

and Stated Behaviors toward Arthropods of Urban and Suburban Elementary School 

Students. Anthrozoös, 31(3), 283–296. https://doi.org/10.1080/08927936.2018.1455450 

Czech, B., Krausman, P. R., & Borkhataria, R. (1998). Social Construction, Political Power, and 

the Allocation of Benefits to Endangered Species. Conservation Biology, 12(5), 1103–

1112. https://doi.org/10.1046/j.1523-1739.1998.97253.x 

Deng, J., Tang, J., Lu, C., Han, B., & Liu, P. (2022). Commitment and intergenerational 

influence: A field study on the role of children in promoting recycling in the family. 

Resources, Conservation and Recycling, 185, 106403. 

https://doi.org/10.1016/j.resconrec.2022.106403 

Díaz, S., Settele, J., Brondízio, E. S., Ngo, H. T., Agard, J., Arneth, A., Balvanera, P., Brauman, 

K. A., Butchart, S. H. M., Chan, K. M. A., Garibaldi, L. A., Ichii, K., Liu, J., 

Subramanian, S. M., Midgley, G. F., Miloslavich, P., Molnár, Z., Obura, D., Pfaff, A., 



 

 

… Zayas, C. N. (2019). Pervasive human-driven decline of life on Earth points to the 

need for transformative change. Science, 366(6471), eaax3100. 

https://doi.org/10.1126/science.aax3100 

Díez, J., Meñika, A., Sanz-Azkue, I., & Ortuzar, A. (2018). Urban and rural children’s 

knowledge on biodiversity in Bizkaia: Tree identification skills and animal and plant 

listing. International Journal of Humanities and Social Sciences, 12(3), 427–431. 

Enzensberger, P., Schmid, B., Gerl, T., & Zahner, V. (2022). Robin Who? Bird Species 

Knowledge of German Adults. Animals, 12(17), 2213. 

https://doi.org/10.3390/ani12172213 

European Commission. Statistical Office of the European Union. (2022). Statistical regions in 

the European Union and partner countries: NUTS and statistical regions 2021 : 2022 

edition. Publications Office. https://data.europa.eu/doi/10.2785/321792 

Evans, G. W., Otto, S., & Kaiser, F. G. (2018). Childhood Origins of Young Adult 

Environmental Behavior. Psychological Science, 29(5), 679–687. 

https://doi.org/10.1177/0956797617741894 

Fančovičová, J., & Prokop, P. (2011). Plants have a chance: Outdoor educational programmes 

alter students’ knowledge and attitudes towards plants. Environmental Education 

Research, 17(4), 537–551. https://doi.org/10.1080/13504622.2010.545874 

Fančovičová, J., & Prokop, P. (2017). Effects of Hands-on Activities on Conservation, Disgust 

and Knowledge of Woodlice. EURASIA Journal of Mathematics, Science and 

Technology Education, 14(3). https://doi.org/10.12973/ejmste/80817 

Gatt, S., Tunnicliffe, S. D., Borg, K., & Lautier, K. (2007). Young Maltese children’s ideas 

about plants. Journal of Biological Education, 41(3), 117–122. 

https://doi.org/10.1080/00219266.2007.9656080 

Gavrilakis, C., Stamouli, E., & Liarakou, G. (2023). Primary school students’ awareness of and 

attitudes toward local threatened animals. Human Dimensions of Wildlife, 1–17. 

https://doi.org/10.1080/10871209.2023.2212687 



 

 

Genovart, M., Tavecchia, G., Enseñat, J. J., & Laiolo, P. (2013). Holding up a mirror to the 

society: Children recognize exotic species much more than local ones. Biological 

conservation, 159, 484–489. 

Gerl, T., Randler, C., & Jana Neuhaus, B. (2021). Vertebrate species knowledge: An important 

skill is threatened by extinction. International Journal of Science Education, 43(6), 

928–948. https://doi.org/10.1080/09500693.2021.1892232 

Hahn, E. R. (2021). The developmental roots of environmental stewardship: Childhood and the 

climate change crisis. Current Opinion in Psychology, 42, 19–24. 

https://doi.org/10.1016/j.copsyc.2021.01.006 

Hooykaas, M. J. D., Schilthuizen, M., Albers, C. J., & Smeets, I. (2022). Species identification 

skills predict in-depth knowledge about species. PloS one, 17(4), e0266972. 

Hooykaas, M. J. D., Schilthuizen, M., Aten, C., Hemelaar, E. M., Albers, C. J., & Smeets, I. 

(2019). Identification skills in biodiversity professionals and laypeople: A gap in 

species literacy. Biological Conservation, 238, 108202. 

https://doi.org/10.1016/j.biocon.2019.108202 

Hopper, N. G., Gosler, A. G., Sadler, J. P., & Reynolds, S. J. (2019). Species’ cultural heritage 

inspires a conservation ethos: The evidence in black and white. Conservation Letters, 

12(3), e12636. https://doi.org/10.1111/conl.12636 

Huxham, M., Welsh, A., Berry, A., & Templeton, S. (2006). Factors influencing primary school 

children’s knowledge of wildlife. Journal of Biological Education, 41(1), 9–12. 

https://doi.org/10.1080/00219266.2006.9656050 

IPBES. (2019). Summary for policymakers of the global assessment report on biodiversity and 

ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity 

and Ecosystem Services. IPBES secretariat. www.ipbes.net 

Jarić, I., Roll, U., Bonaiuto, M., Brook, B. W., Courchamp, F., Firth, J. A., Gaston, K. J., Heger, 

T., Jeschke, J. M., & Ladle, R. J. (2022). Societal extinction of species. Trends in 

Ecology & Evolution, 37(5), 411–419. 



 

 

Jaun-Holderegger, B., Lehnert, H.-J., & Lindemann-Matthies, P. (2022). Knowledge and 

perception of common local wild plant and animal species by children and their 

teachers – a case study from Switzerland. International Journal of Science Education, 

44(8), 1318–1335. https://doi.org/10.1080/09500693.2022.2076949 

Jaureguiberry, P., Titeux, N., Wiemers, M., Bowler, D. E., Coscieme, L., Golden, A. S., Guerra, 

C. A., Jacob, U., Takahashi, Y., Settele, J., Díaz, S., Molnár, Z., & Purvis, A. (2022). 

The direct drivers of recent global anthropogenic biodiversity loss. Science Advances, 

8(45), eabm9982. https://doi.org/10.1126/sciadv.abm9982 

Jimenez, J. N., & Lindemann-Matthies, P. (2015). Public knowledge of, and attitudes to, frogs 

in Colombia. Anthrozoös, 28(2), 319–332. 

Johnson, C. N., Balmford, A., Brook, B. W., Buettel, J. C., Galetti, M., Guangchun, L., & 

Wilmshurst, J. M. (2017). Biodiversity losses and conservation responses in the 

Anthropocene. Science, 356(6335), 270–275. https://doi.org/10.1126/science.aam9317 

Kaltenborn, B. P., Bjerke, T., Nyahongo, J. W., & Williams, D. R. (2006). Animal Preferences 

and Acceptability of Wildlife Management Actions around Serengeti National Park, 

Tanzania. Biodiversity and Conservation, 15(14), 4633–4649. 

https://doi.org/10.1007/s10531-005-6196-9 

Kellert, S. R. (1985). Attitudes toward Animals: Age-Related Development among Children. 

The Journal of Environmental Education, 16(3), 29–39. 

https://doi.org/10.1080/00958964.1985.9942709 

Kubiatko, M., Fančovičová, J., & Prokop, P. (2021). Factual knowledge of students about plants 

is associated with attitudes and interest in botany. International Journal of Science 

Education, 43(9), 1426–1440. https://doi.org/10.1080/09500693.2021.1917790 

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). lmerTest Package: Tests in 

Linear Mixed Effects Models. Journal of Statistical Software, 82(13), Article 13. 

https://doi.org/10.18637/jss.v082.i13 



 

 

Lawson, D. F., Stevenson, K. T., Peterson, M. N., Carrier, S. J., L. Strnad, R., & Seekamp, E. 

(2019). Children can foster climate change concern among their parents. Nature 

Climate Change, 9(6), 458–462. https://doi.org/10.1038/s41558-019-0463-3 

Lindemann‐Matthies, P. (2005). ‘Loveable’ mammals and ‘lifeless’ plants: How children’s 

interest in common local organisms can be enhanced through observation of nature. 

International Journal of Science Education, 27(6), 655–677. 

https://doi.org/10.1080/09500690500038116 

Lindemann-Matthies, Petra, Remmele, Martin, & Yli-Panula, Eija. (2017). Professional 

competence of student teachers to implement species identification in schools – a case 

study from Germany. https://doi.org/10.25656/01:12956 

Lüdecke, D., Ben-Shachar, M., Patil, I., Waggoner, P., & Makowski, D. (2021). performance: 

An R Package for Assessment, Comparison and Testing of Statistical Models. Journal 

of Open Source Software, 6(60), Article 60. https://doi.org/10.21105/joss.03139 

Martín-Forés, I., Martín-López, B., & Montes, C. (2013). Anthropomorphic Factors Influencing 

Spanish Conservation Policies of Vertebrates. International Journal of Biodiversity, 

2013, 1–9. https://doi.org/10.1155/2013/142670 

Martín-López, B., Montes, C., & Benayas, J. (2007). The non-economic motives behind the 

willingness to pay for biodiversity conservation. Biological Conservation, 139(1–2), 

67–82. https://doi.org/10.1016/j.biocon.2007.06.005 

Martín-López, B., Montes, C., Ramírez, L., & Benayas, J. (2009). What drives policy decision-

making related to species conservation? Biological Conservation, 142(7), 1370–1380. 

https://doi.org/10.1016/j.biocon.2009.01.030 

Moss, A., Jensen, E., & Gusset, M. (2015). Evaluating the contribution of zoos and aquariums 

to Aichi Biodiversity Target 1: Educational Impacts of Zoo Visits. Conservation 

Biology, 29(2), 537–544. https://doi.org/10.1111/cobi.12383 

Mota Pereira, H., Braga-Pereira, F., Azeredo, L. M. M., Lopez, L. C. S., & Romeu Nóbrega 

Alves, R. (2023). Assessing factors influencing students’ perceptions towards animal 

species conservation. PeerJ, 11, e14553. https://doi.org/10.7717/peerj.14553 



 

 

Nakagawa, S., & Schielzeth, H. (2013). A General and Simple Method for Obtaining r2 from 

Generalized Linear Mixed-Effects Models. Methods in Ecology and Evolution, 4(2), 

Article 2. https://doi.org/10.1111/j.2041-210x.2012.00261.x 

Norton, B. (1986). The preservation of species (Libk. 430). Princeton University Press. 

Noss, R. F., O’Connell, & Murphy, D. D. (1997). The science of conservation planning: Habitat 

conservation under the Endangered Species Act. Island Press. 

O’Connor, L. M. J., Pollock, L. J., Renaud, J., Verhagen, W., Verburg, P. H., Lavorel, S., 

Maiorano, L., & Thuiller, W. (2021). Balancing conservation priorities for nature and 

for people in Europe. Science, 372(6544), 856–860. 

https://doi.org/10.1126/science.abc4896 

Oražem, V., Smolej, T., & Tomažič, I. (2021). Students’ Attitudes to and Knowledge of Brown 

Bears (Ursus arctos L.): Can More Knowledge Reduce Fear and Assist in Conservation 

Efforts? Animals, 11(7), 1958. https://doi.org/10.3390/ani11071958 

Otto, S., Evans, G. W., Moon, M. J., & Kaiser, F. G. (2019). The development of children’s 

environmental attitude and behavior. Global Environmental Change, 58, 101947. 

https://doi.org/10.1016/j.gloenvcha.2019.101947 

Palmberg, I., Berg, I., Jeronen, E., Kärkkäinen, S., Norrgård-Sillanpää, P., Persson, C., Vilkonis, 

R., & Yli-Panula, E. (2015). Nordic–Baltic Student Teachers’ Identification of and 

Interest in Plant and Animal Species: The Importance of Species Identification and 

Biodiversity for Sustainable Development. Journal of Science Teacher Education, 

26(6), 549–571. https://doi.org/10.1007/s10972-015-9438-z 

Panisi, M., Pissarra, V., Oquiongo, G., Marques Palmeirim, J., Faustino de Lima, R., & Nuno, 

A. (2022). An endemic‐rich island through the eyes of children: Wildlife identification 

and conservation preferences in São Tomé (Gulf of Guinea). Conservation Science and 

Practice, 4(3). https://doi.org/10.1111/csp2.12630 

Papageorgiou, M., Bengil G.T., E., Snape, R., & Hadjioannou, L. (2022). Increased knowledge 

affects public attitude and perception towards elasmobranchs and support for 



 

 

conservation. Mediterranean Marine Science, 23(3), 637–649. 

https://doi.org/10.12681/mms.28749 

Patrick, P. G. (2017). Sense of Conservation: When Is a Black Rat Snake (Elaphe obsolete) 

Really Just a Snake? In P. G. Patrick (Arg.), Preparing Informal Science Educators (or. 

545–559). Springer International Publishing. https://doi.org/10.1007/978-3-319-50398-

1_27 

Pedrera, O., Ortega-Lasuen, U., Ruiz-González, A., Díez, J. R., & Barrutia, O. (2023). Branches 

of plant blindness and their relationship with biodiversity conceptualisation among 

secondary students. Journal of Biological Education, 57(3), 566–591. 

https://doi.org/10.1080/00219266.2021.1933133 

Peterson, M. N., Chesonis, T., Stevenson, K. T., & Bondell, H. D. (2017). Evaluating 

relationships between hunting and biodiversity knowledge among children: Childhood 

Hunting and Biodiversity Knowledge. Wildlife Society Bulletin, 41(3), 530–536. 

https://doi.org/10.1002/wsb.792 

Peterson, M. N., Stevenson, K. T., & Lawson, D. F. (2019). Reviewing how intergenerational 

learning can help conservation biology face its greatest challenge. Biological 

Conservation, 235, 290–294. https://doi.org/10.1016/j.biocon.2019.05.013 

Pilgrim, S. E., Cullen, L. C., Smith, D. J., & Pretty, J. (2008). Ecological Knowledge is Lost in 

Wealthier Communities and Countries. Environmental Science & Technology, 42(4), 

1004–1009. https://doi.org/10.1021/es070837v 

Pörtner, Hans-Otto, Scholes, Robert J., Agard, John, Archer, Emma, Arneth, Almut, Bai, 

Xuemei, Barnes, David, Burrows, Michael, Chan, Lena, Cheung, Wai Lung (William), 

Diamond, Sarah, Donatti, Camila, Duarte, Carlos, Eisenhauer, Nico, Foden, Wendy, 

Gasalla, Maria A., Handa, Collins, Hickler, Thomas, Hoegh-Guldberg, Ove, … Ngo, 

Hien. (2021). Scientific outcome of the IPBES-IPCC co-sponsored workshop on 

biodiversity and climate change (Bertsioa 5). Zenodo. 

https://doi.org/10.5281/ZENODO.5101125 



 

 

Prokop, P., & Fančovičová, J. (2013). Does colour matter? The influence of animal warning 

coloration on human emotions and willingness to protect them: Animal coloration and 

conservation. Animal Conservation, 16(4), 458–466. https://doi.org/10.1111/acv.12014 

Prokop, P., & Randler, C. (2018). Biological Predispositions and Individual Differences in 

Human Attitudes Toward Animals. In Ethnozoology (or. 447–466). Elsevier. 

https://doi.org/10.1016/B978-0-12-809913-1.00023-5 

Pyle, R. M. (1978). Extinction of Experience. Horticulture, 56, 64–67. 

R Core Team. (2020). R: A Language and Environment for Statistical Computing (R-4.0.3). R 

foundation for statistical computing. 

Randler, C. (2008). Teaching Species Identification – A Prerequisite for Learning Biodiversity 

and Understanding Ecology. Eurasia Journal of Mathematics, Science and Technology 

Education, 4(3), 223–231. 

Randler, C. (2010). Animal Related Activities as Determinants of Species Knowledge. Eurasia 

Journal of Mathematics, Science & Technology Education, 6(4), 237–243. 

Randler, C., & Heil, F. (2021). Determinants of Bird Species Literacy—Activity/Interest and 

Specialization Are More Important Than Socio-Demographic Variables. Animals, 

11(6), 1595. https://doi.org/10.3390/ani11061595 

Randler, C., Höllwarth, A., & Schaal, S. (2007). Urban Park Visitors and Their Knowledge of 

Animal Species. Anthrozoös, 20(1), 65–74. 

https://doi.org/10.2752/089279307780216696 

Remmele, M., & Lindemann-Matthies, P. (2018). Like Father, Like Son? On the Relationship 

between Parents’ and Children’s Familiarity with Species and Sources of Knowledge 

about Plants and Animals. EURASIA Journal of Mathematics, Science and Technology 

Education, 14(10). https://doi.org/10.29333/ejmste/92287 

Robles-Moral, F. J., Fernández-Díaz, M., & Ayuso-Fernández, G. E. (2022). What Do Pre-

Service Preschool Teachers Know about Biodiversity at the Level of Organisms? 

Preliminary Analysis of Their Ability to Identify Vertebrate Animals. Sustainability, 

14(18), 11406. https://doi.org/10.3390/su141811406 



 

 

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E. F., & Foley, J. A. 

(2009). A safe operating space for humanity. Nature, 461(7263), 472–475. 

Roe, M. (2007). Feeling ‘secrety’: Children’s views on involvement in landscape decisions. 

Environmental Education Research, 13(4), 467–485. 

https://doi.org/10.1080/13504620701581562 

Rosalino, L. M., Gheler-Costa, C., Santos, G., Gonçalves, M. T., Fonseca, C., & Leal, A. I. 

(2017). Conservation priorities for elementary school students: Neotropical and 

European perspectives. Biodiversity and Conservation, 26(11), 2675–2697. 

https://doi.org/10.1007/s10531-017-1380-2 

Schlegel, J., & Rupf, R. (2010). Attitudes towards potential animal flagship species in nature 

conservation: A survey among students of different educational institutions. Journal for 

Nature Conservation, 18(4), 278–290. https://doi.org/10.1016/j.jnc.2009.12.002 

Schneiderhan-Opel, J., & Bogner, F. X. (2020). FutureForest: Promoting Biodiversity Literacy 

by Implementing Citizen Science in the Classroom. The American Biology Teacher, 

82(4), 234–240. https://doi.org/10.1525/abt.2020.82.4.234 

Shapiro, H. G., Erickson, K. A., Peterson, M. N., Frew, K. N., Stevenson, K. T., & Langerhans, 

R. B. (2016). Which species to conserve: Evaluating children’s species-based 

conservation priorities. Biodiversity and Conservation, 25(3), 539–553. 

https://doi.org/10.1007/s10531-016-1067-0 

Smith, C. A. (2011). The role of state wildlife professionals under the public trust doctrine: Role 

of SWA Professionals. The Journal of Wildlife Management, 75(7), 1539–1543. 

https://doi.org/10.1002/jwmg.202 

Smith, R. J., Veríssimo, D., Isaac, N. J. B., & Jones, K. E. (2012). Identifying Cinderella 

species: Uncovering mammals with conservation flagship appeal: Identifying Cinderella 

species. Conservation Letters, 5(3), 205–212. https://doi.org/10.1111/j.1755-

263X.2012.00229.x 

Soga, M., Evans, M. J., Yamanoi, T., Fukano, Y., Tsuchiya, K., Koyanagi, T. F., & Kanai, T. 

(2020). How can we mitigate against increasing biophobia among children during the 



 

 

extinction of experience? Biological Conservation, 242, 108420. 

https://doi.org/10.1016/j.biocon.2020.108420 

Soga, M., Gaston, K., Yamaura, Y., Kurisu, K., & Hanaki, K. (2016). Both Direct and Vicarious 

Experiences of Nature Affect Children’s Willingness to Conserve Biodiversity. 

International Journal of Environmental Research and Public Health, 13(6), 529. 

https://doi.org/10.3390/ijerph13060529 

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., & Ludwig, C. (2015). The trajectory of 

the Anthropocene: The Great Acceleration. The Anthropocene Review, 2(1), 81–98. 

https://doi.org/10.1177/2053019614564785 

 

 


