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Abstract As conservation agents, biologists play a cen-
tral role in nature preservation as information-gatherers,
promoters of environmental education, lobbyists, and
members of societies. Consequently, it is important to
understand what factors determine their attitudes to-
wards conservation. We aimed to assess which taxa and
recovery measures students from biology core courses
consider priorities for conservation and to determine the
value students associate with conservation compared to
other topics. We asked students (n = 122) from two
private universities in São Paulo State, Brazil to fill out
an anonymous questionnaire. They highlighted rarity,
vanishing habitats and endemism as important criteria
in prioritizing species. Carnivores were identified as the
most threatened mammals and habitat recovery was
deemed to be the most efficient conservation action.
Students valued healthcare, cultural heritage and science
over conservation. Our results reveal a two-sided per-
spective of conservation among students from biology
core courses; they possess knowledge of conservation
issues but are greatly influenced by anthropocentric and
utilitarian views of nature.
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Introduction

Conservation biology emerged in the 1980s as a new
discipline aimed at understanding and protecting bio-
logical diversity at all scales and all levels of biological
organization (Meine 2010). To be successful, conserva-
tion biology requires a multifaceted approach involving
fields as distinct as genetics, ecology, biogeography and
an array of social sciences (Lindenmayer and Burgman
2005). Social/individual perspectives are a crucial ele-
ment of the conservation puzzle and they are increas-
ingly being addressed by conservation biologists.

The Society for Conservation Biology recognizes this
significant role of the social dimension in conservation,
stressing that education at all levels is an important way of
informing the general public, managers, and environ-
mental professionals about the principles of conservation
biology and driving pro-conservation actions (Trombu-
lak et al. 2004).Moreover, education improves knowledge
accessibility and raises environmental consciousness,
which together can change attitudes regarding conserva-
tion values (Jacobson 1990;Caro et al. 1994) and aid in the
sustainable development of human communities. How-
ever, apart from a person’s level of education, attitudes
towards nature conservation are influenced by many
other factors, such as social class (Van Liere and Dunlap
1980; Samdahl and Robertson 1989), economic status
(Yilmaz et al. 2004), cultural background (Skogen 1999),
area of residence (Berenguer et al. 2005), and school type
and gender (Schultz 2001; Tuncer et al. 2005). Conse-
quently, different societal groups can present distinct
attitudes towards conservation, which need to be evalu-
ated. For example, in China, teachers and students
showed a more pro-conservation attitude towards the
Protected Area of Jinyun Mountain than did farmers or
businessmen (Liu et al. 2010), as they were more involved
in touristic activities within the park, while farmers and
businessmen were focused on economically prof-
itable ones. In Greece, a similar pattern was detected
among students who showed more pro-environmental

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11284-018-1621-1) contains supplemen
tary material, which is available to authorized users.

C. Gheler-Costa (&) Æ B. M. Soncksen Æ G. M. C. Santos
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attitudes because they had easier access to information
than did farmers and other primary or non-primary sector
stakeholders (Kleftoyanni et al. 2011).

Biologists are central to nature conservation, acting
as information gatherers (collection, analyses and dis-
cussion of ecological patterns and processes), promoters
of environmental education (through outreach), lobby-
ists and as members of conservation societies. To ensure
the success of nature conservation actions—from defin-
ing conservation plans, implementing and managing
fieldwork, to disseminating information through out-
reach activities—it is important to understand what
factors determine the attitudes towards conservation of
students from biology core courses. According to Van
Liere and Dunlap (1980), degrees of environmental
concern can be directly associated with age, gender,
social class and place of residence. As these factors may
be geographically dependent (i.e., based on cultural,
economic, religious, or educational variation between
countries/regions; Chang 2010), it is crucial to under-
stand regional patterns to facilitate successful imple-
mentation of large-scale conservation initiatives.

Mammals are considered a ‘flagship’ and charismatic
taxon (Ceballos et al. 2005) and are often used asmodels in
conservation planning. However, although most mam-
malian orders include threatened species, their relation-
ships with humans vary greatly; some species are widely
accepted as conservation priorities (e.g. Giant panda, Ail-
uropoda melanoleuca; Kontoleon and Swanson 2003),
whereas others elicit antagonism due to competition with
human activities (e.g. giant otter, Pteronura brasiliensis;
Lima et al. 2014), fear (tigers,Panthera tigris; Kruuk 2002),
or cultural/historical myths (e.g. bats; Prokop et al. 2009a).
Moreover, the same species/groups can generate a wide
range of perceptions, depending on the stakeholder or re-
gion (Linnell et al. 2013). Thus, regional evaluations of
which mammalian groups are considered priorities for
conservation is important to facilitate appropriate envi-
ronmental education strategies, especially in biodiversity
hotspots such as Brazil (Myers et al. 2000). Furthermore,
such evaluations are more relevant when the target popu-
lation will become responsible for generating ecological
data, defining/implementing conservation action plans,
and participating in outreach activities, i.e. biologists. Gi-
ven the varied strategies that canbe implemented toachieve
sustainable conservation of threatened populations (e.g.
habitat recovery, definition of protected areas) (Linden-
mayer and Burgman 2005), it is important to understand
how future biologists rank these strategies. This will help
universities to determine if the information being trans-
mitted to students regarding recovery measures are suc-
cessfully perceived by them.

Several studies have addressed how the attitudes of
students towards nature conservation are determined by
socio-economic contexts, but most have focused on ear-
lier stages of education (e.g. elementary and middle
school). For example, the attitudes of young students are
determined by different factors such as area context (ur-
ban vs rural) in Turkey (Yilmaz et al. 2004), parents’

education level in Portugal (Rosalino and Rosalino 2012),
or nature experiences in Greece (Paraskevopoulos et al.
1998). The importance of conservation among species
also can vary, with charismatic species being preferred
over species that instill fear (e.g. in Swiss primary schools;
Schlegel and Rupf 2010). In the tropics, Bizerril (2004)
found that sixth-grade students in the Brazilian Cerrado
biome possessed little knowledge of Cerrado natural va-
lue; a pattern determined by their unfamiliarity with that
natural system. In the Brazilian Pantanal, elementary
school students from riverside schools presented a
heterogeneous array of attitudes and knowledge towards
felines, with bigger species being more feared (Porfı́rio
et al. 2014). Even wider geographical approaches have
been implemented, showing that elementary school stu-
dents from rural Brazil are more prone to have a pro-
conservation attitude than those from Europe (Portugal)
and urban regions (Rosalino et al. 2017). However, to our
knowledge, no study has yet focused on the conservation
attitudes of Neotropical university students, especially
those undertaking biology courses. Such studies have
been conducted elsewhere, such as in Singapore where
more pro-conservation attitudes were reflected by income
level and biological knowledge among National Univer-
sity of Singapore students (Chua et al. 2008). Similarly, in
California (USA), University of California students that
already possessed conservation knowledge were more
committed to conserving biodiversity (Caro et al. 2003).

The objectives of our study were to: (1) understand
how graduate students from biology core courses, from
private universities, perceive nature conservation con-
cepts and their applications; (2) assess what are their
priorities in terms of which species/groups should be
conserved and what recovery measures should be imple-
mented; (3) evaluate how private universities’ students
attending biology core courses value nature conservation
compared to other issues (e.g. cultural heritage, tourism,
healthcare, ecosystem services, science, industry, intrinsic
and social values), and what factors determine this value
system (e.g. individual characteristics, socio-cultural or
local contexts). We defined four working hypotheses for
our third objective based on patterns detected elsewhere,
i.e. that student pro-conservation values are determined
by: (1) a student’s individual characteristics (e.g. Rosalino
et al. 2017); (2) parents’ education level (e.g. Rosalino and
Rosalino 2012); (3) nature-related experiences (e.g.
Paraskevopoulos et al. 1998); or (4) individual values
(cultural heritage, tourism, healthcare, ecosystem services,
science, industry, intrinsic and social values) (e.g. Caro
et al. 2003).

Methods

Study areas and the student population

We conducted our study in 2015, focusing on two pri-
vate universities located in the countryside of São Paulo
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State (Brazil): Universidade do Sagrado Coração (USC),
and Fundação Regional Educacional de Avaré (FREA),
the campuses of which are located in the municipalities
of Bauru and Avaré, respectively (Fig. 1). They repre-
sent two of the principle private universities in São Paulo
State hosting biology core courses and, therefore, are
import actors in the formation of biologists. Regret-
tably, none of the public universities we contacted would
participate in our survey, refusing to issue the legal
permits necessary to interview their students. The stu-
dent population from biology core courses is similar in
both locations (USC = 88; FREA = 76 students), the
majority of whom work during the day and attend
classes in the evening. Consequently, students do not
attend extra classes or practical courses related to biol-
ogy or associated fields.

The biology core course curricula in both universities
are similar and fulfill the minimum criteria required by
the Brazilian Ministry of Education (Resolução CNE/
CES 2009) for graduation in biology. Courses comprise
at least three disciplines focused on ecology (population
ecology, community ecology, and ecosystems ecology),
but none of the university departments focus on nature
conservation or conservation biology. Some universities
offer optional conservation courses, but they are not
mandatory for graduation core courses in biology in
Brazil and neither of the universities we monitored do
so.

We used a sampling survey approach (i.e. we gath-
ered data from a representative group of the core biol-
ogy graduate student population of both universities)
and only those students that volunteered to participate
were included in our study (Fowler 2014).

Fig. 1 Location of Bauru and Avaré Municipalities within São Paulo State, Brazil
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Questionnaire protocol

Students were asked to anonymously fill out a ques-
tionnaire focused on nature conservation issues. The
questionnaire was subdivided into six sections (see ESM
1), construction and analysis of which was based on the
study by Rosalino and Rosalino (2012):

Section I Aimed at describing the student’s perspectives
regarding nature conservation in general and their
importance in society and school curricula (elementary,
colleges and high schools). Three questions were posed:
(1) to ensure mankind’s survival, nature conservation
is…?; (2) citizens’ participation in nature conservation
actions is…?; (3) the inclusion of nature conservation
issues in school (elementary, colleges and high schools)
curricula is…? (questions P1–P3 in ESM 1). Students
were asked to select among five possible answers based
on the Likert scale [1 = not important; 2 = low
importance; 3 = no opinion; 4 = important;
5 = highly important; Likert (1932)].
Section II Focused on evaluating the relative importance
of different intrinsic individual values (cultural heritage,
tourism, healthcare, ecosystem services, science, indus-
try, intrinsic and social values) compared to nature
conservation. Some questions were adapted from the
study of Caro et al. (2003) and focused on the reasons
why nature should be conserved (as described by
Ehrenfeld’s (1976) scale for measuring conservation
values). For each question, students chose the Likert
score (see above) that best described their feelings to-
wards the issue. To account for random score selection,
we considered two different statements for each tested
value (questions P4–P19 in ESM 1).
Section III Students were asked to select four items from a
list of eight criteria to identify priority species for con-
servation, grouped as having intrinsic (e.g., endemism,
rarity, fragmented distribution, vanishing habitat) or
instrumental values (edible, poisonous/venomous,
harmless, aesthetic) (questions P23–P30 in ESM 1).
Section IV Students were asked to select three items
from a list of seven that represent environmental man-
agement approaches used as recovery measures for the
conservation of threatened priority species (questions
P31–P37 in ESM 1).
Section V Students were asked to select four groups of
mammals (from among carnivores, Artiodactyla, lago-
morphs, rodents, Perissodactyla, bats, cetaceans and
sirenians; although Artiodactyla and cetaceans are cur-
rently included in the same clade—Cetartiodactyla—we
considered them separately) that in their opinion should
be a priority for mammal conservation (questions P38–
P45 in ESM 1).
Section VI To test the influence of socio-economic and
individual characteristics on the pattern of student’s
answers, we asked questions regarding the student’s
individual characteristics and social/cultural back-
ground, namely sex, age, living area (rural, suburbs or
city center), education level of both parents, frequency

of visits to the countryside, protected areas, city parks or
zoological parks (e.g. zoos, aquariums, etc.), and extent
of reading exposure to conservation-related materials
(ESM 1).

The questionnaire also included the following state-
ments addressing simple concepts related to conserva-
tion and ecology that students classified according to the
Likert scale: (1) nature conservation actions should be
implemented only in protected areas; (2) protected areas
should be regions focused on nature conservation where
human presence and activities should be excluded; and
(3) nature conservation should be implemented in all
regions of a country without any regional bias (ques-
tions P20–P22 in ESM 1). We avoided the use of tech-
nical expressions to overcome/reduce possible bias
associated with unfamiliar terms.

Researchers explained the study and questionnaire
structure (but refrained from giving any personal
opinions regarding the questions) before students
completed the written questionnaire. Students under-
taking biological courses answered the questionnaire
during class and inside the classroom in the presence of
the researchers to avoid students influencing each oth-
er’s answers and/or interpretations of the questions.
The questionnaires were completed within 45 min. A
pilot test of the questionnaire was implemented prior to
presenting it to the target population to evaluate and
correct possible errors/misinterpretations and to vali-
date how those issues were addressed. This pilot study
was performed using a sample of 10 students from each
university (students selected for the pilot and main
study differed). This study was evaluated and approved
by the Human Research Ethics Committee (CAAE no:
50976115.0.0000.5502).

Data analysis

We used proportion tests (Armitage 1966) to evaluate
differences in the frequencies of the five categories of the
Likert scale relating to students’ perspectives regarding
nature conservation (questions P1–P3 in ESM 1). We
applied a Wilcox W test (Zar 2010) to compare the
frequencies of each Likert scale category between male
and female students. Differences in the frequencies of
answers related to conservation-associated concepts
(questions P20–P22), ecology conservation priorities
(questions P23–P30), environmental management ap-
proaches (questions P31–P37), and priority mammalian
groups (questions P38–P45) were also tested using pro-
portion tests. We used a Bonferroni correction to adjust
P values for multiple comparisons (Bland and Altman
1995).

To evaluate what factors might promote a pro-con-
servation attitude among students, we used a generalized
linear mixed model (GLMM; Bolker et al. 2009), with a
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log-link function (Poisson family), to assess the influence
of: (1) students’ individual characteristics [i.e. gender
(male vs female), age, graduation year, place of residence
(rural, city center, city suburbs)]; (2) parents’ education
(mother and father scholar group: first grade, second
grade or university degree); (3) nature-related experi-
ences [frequency of visits to the countryside/rural areas,
to urban parks, to Protected Areas, to Zoological Parks
(e.g. Zoos, Aquariums, etc.) and frequency of nature
related book/magazines reading; six categories each,
ranging from almost never (0) to every week (5)]; and (4)
individual values (i.e. cultural heritage, tourism,
healthcare, ecosystem services, science, industry, intrin-
sic and social values) [higher Likert scores reveal a
negative attitude towards conservation]. We used stu-
dent ID as a random factor in the GLMM to account
for individual bias. We produced models according to
our four predefined working hypotheses. Individual
models were generated corresponding to a combination
of all variables related to that hypothesis (see above).
We selected the best models based on the Akaike
Information Criterion corrected for small samples
(AICc; Burnham and Anderson 2002). Best models were
considered to be those with a DAICc < 2, i.e. whose
difference between the model and the one with the lowest
AICc is less than 2 (Burnham and Anderson 2002).

In a second analytical stage, we compared the best
models of each hypothesis and selected the one that
fulfilled the criteria for being considered best model (i.e.
DAICc < 2). Finally, we also generated a full model (all
variables) and a null model (no variables). We compared
the AICc values of all these models (full, null, and best
models of each hypothesis) and then selected the best
models using the procedure described above. As more
than one model fulfilled the selection criteria for best
model, we applied a model averaging procedure (Burn-
ham and Anderson 2002). We estimated the 95% con-
fidence intervals (CI 95%) for the variables included in
the best models, and only considered those whose
intervals did not include 0 (so we could establish whether
their influence was positive or negative). All analyses
were performed in R software (R Core Team 2013), and
the GLMMs were performed using the packages lme4
(Bates et al. 2015) and MuMIn (Barton 2016).

Results

One hundred and twenty-two students from biology
core courses filled out the questionnaire (USC = 71;
FREA = 51 students). The average age of the students
was 22 years (range 18–33 years), with 75 females and
43 males (four students did not specify their gender).
This sex-ratio (1.7 females/1 male) is lower than that
estimated for both monitored universities as a whole (3
females/1 male) and reflects the gender bias among core
biology graduates in Brazil (INEP 2016). Most students
are in the first year of their biology core course (52%),

with the number of students greatly decreasing in the
last years of the course (14 and 10%, for third and
fourth year, respectively, probably due to socioeconomic
issues, as some students have informally stated). Most
students live in suburban areas (60%), with 28% living
in urban areas and 12% in rural areas.

Nature conservation in society and schools

Students considered that nature conservation was highly
important to ensure the survival of mankind (question
P1; v2 = 529.407, df = 4, P < 0.001) and for it to be
included in school curricula (question P3; v2 = 413.836,
df = 4, P < 0.001). It was also considered highly
important for citizens to participate in nature conser-
vation actions (question P2; v2 = 428.269, df = 4,
P < 0.001) (Fig. 2). There were no significant differ-
ences between genders for any of these three questions

Fig. 2 Numbers of students [females (F) and males (M)] that
selected one of the five possible answers to the following questions:
P1—to ensure mankind’s survival, nature conservation is…? (a);
P2—citizens’ participation in nature conservation actions is…? (b);
and P3—the inclusion of nature conservation issues in school
curricula (elementary, colleges and high schools) is…? (c)
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(WP1 = 1742, P = 0.079; WP2 = 1697.5, P = 0.218;
WP3 = 1701, P = 0.106; Fig. 2).

Priorities for nature conservation and management op-
tions

The criteria used by students to identify priority species
for conservation was not uniform (v2 = 478.79, df = 7,
P < 0.001; Bonferroni P value adjustment = 0.006;
Fig. 3a). Two groups of criteria are apparent in Fig. 3;
those less selected and corresponding to instrumental
value (edible, poisonous/venomous, harmless, aesthetic),
and those more selected and associated with species
characteristics (e.g., endemism, rarity, fragmented dis-
tribution, vanishing habitat). Thus, our results show

that students more significantly valued rarity, vanishing
habitats and endemism criteria (without any difference
between them; P > 0.006 for all comparison tests be-
tween these three criteria, which is higher than the
Bonferroni correction threshold). The criterion ‘‘frag-
mented distribution’’ was selected less than these three
criteria (v2 = 13.747, df = 1, P < 0.001), but more
than the instrumental values ‘‘Poison/venomous’’ and
‘‘Edible’’ (v2 = 62.222, df = 1, P < 0.001). The least
important criteria were ‘‘Aesthetic’’ and ‘‘Friendly’’,
which were ranked significantly lower than the remain-
ing two criteria from the instrumental group
(v2 = 14.902, df = 1, P = 0.005). We can summarize
these results as: Rarity = Vanishing habitat = En-
demism > Fragmented distribution > Poison/ven-
omous = Edible > Aesthetic = Friendly. We only
detected a gender bias for the ‘‘Poisonous/venomous’’
criterion, with a higher proportion of males selecting it
(v2 = 8.086, df = 1, P = 0.004).

Carnivores were ranked as a significantly higher pri-
ority group for conservation (v2 1st vs 2nd/3rd rank =
10.228, df = 1, P = 0.001; Bonferroni P value
adjustment = 0.008; Fig. 3b), followed by cetaceans
and sirenians, which were equally selected by students
(v2 = 0.270, df = 1, P = 0.603). Bats, rodents and
lagomorphs were equally selected (v2 = 4.800, df = 2,
P = 0.091), but were considered to be significantly less
important (comparison between bats and the fourth
lowest rank group, Perissodactyla: v2 = 26.835, df = 1,
P < 0.001). There was no sex bias among selected
groups (all P > 0.05).

Regarding management conservation options, stu-
dents considered habitat recovery actions as significantly
more important (v2 = 15.192, df = 1, P < 0.001;
Bonferroni P value adjustment = 0.008; Fig. 3c),
whereas creation of zoological parks was ranked lowest
(v2 = 13.017, df = 1, P < 0.001, compared to the
second lowest ranked criterion of ‘‘Re-Introduction’’).
There were no significant differences among the
remaining management options (all P > 0.05, Fig. 3c).
Again, there was no sex bias among responses (all
P > 0.03; Bonferroni P value adjustment = 0.008).

Factors promoting a pro-conservation attitude

For each of our working hypotheses different models
were identified as the best models (Table 1). For our
hypothesis of ‘‘student’s individual characteristics’’,
eight models, including the null model, fulfilled the cri-
terion for the best models (i.e. DAICc < 2, Table 1).
For our ‘‘Parents’ schooling’’ hypothesis, no model
outranked the null model. For the ‘‘Nature-related
experience’’ hypothesis, only two models could be con-
sidered best models. However, the best models of all of
these hypotheses had a DAICc > 2 (i.e. did not fulfill
the best model criterion) when compared to the best
model generated using ‘‘Personal values’’ variables (with
DAICc = 28.5 for the next best model, full model; Ta-

Fig. 3 Numbers of students [females (F) and males (M)] that
selected different: a criteria to identify conservation priority species
(endemism, rarity, fragmented distribution, vanishing habitat,
edible, poisonous/venomous, harmless and aesthetic; questions
P23–P30); b groups of mammals that should be a priority for
mammal conservation (i.e. carnivores, Artiodactyla, lagomorphs,
rodents, Perissodactyla, bats, cetaceans and sirenians; questions
P38–P45); and c management conservation options (i.e. habitat
recovery, natural parks, environmental education, legal tools, ex
situ reproduction, re-introduction from natural populations,
zoological parks; questions P31–P37 (ESM 1)
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ble 1). Thus, our modeling procedure suggests that stu-
dents prioritize ‘‘Healthcare’’, ‘‘Cultural Heritage’’ and
‘‘Science’’ over conservation (Table 2; positive coeffi-
cients indicate that students have a lower probability of
being pro-conservation if the question is focused on one
of these values). ‘‘Ecosystem services’’ were also highly
valued (Table 2). None of the 95% confidence intervals
for these variables spanned 0.

Discussion

Our results show that Brazilian undergraduate students
of biological core sciences courses in private universities
clearly recognize that nature conservation is an impor-
tant issue that can influence human survival. Their re-
sponses highlight that citizen participation, individually
or as a group of stakeholders, in conservation actions is

important to guarantee successful conservation strate-
gies. Furthermore, their responses also indicate that
conservation issues are highly relevant in school curric-
ula. Several authors have previously identified that citi-
zens’ participation in conservation efforts increases the
likelihood of success (Pujadas and Castillo 2007; Sakurai
et al. 2015; Comin and Gheler-Costa 2016), especially
because distinct societal groups may have different
conservations perspectives (Liu et al. 2010; Kleftoyanni
et al. 2011). Furthermore, when the interests and
knowledge of societal groups are incorporated into the
planning and implementation of conservation activities,
long-term success is more likely (Pretty and Smith 2004).
However, participation of such groups could be more
effective, constructive, and robust if conservation con-
cepts and issues are debated in school environments (and
curricula), as our surveyed students recognized. This is
especially relevant when dealing with stakeholders

Table 1 Best models produced for each of our working hypotheses (i.e. DAICc < 2)

Model df LogLik AICc DAICc (hypothesis) DAICc (total)

Full model 13 � 2436.1 4974.3 28.5
Null model 1 � 2585.4 5174.9 229.1
Student’s individual characteristics
Gender + age 4 � 2583.1 5174.3 0.0 228.5
Gender + age + place 6 � 2581.3 5174.6 0.3 228.8
Null model 2 � 2585.4 5174.9 0.6 229.1
Age 3 � 2584.6 5175.3 1.0 229.5
Gender 3 � 2584.7 5175.3 1.0 229.5
Age + place 5 � 2582.7 5175.5 1.2 229.7
Place 4 � 2583.8 5175.6 1.3 229.8
Grad_Y 7 � 2581.0 5176.1 1.8 230.3
Parents’ schooling
Null modela 2 � 2585.4 5174.9 229.1 229.1
Nature-related experience
Freq_read 7 � 2576.7 5167.5 0.0 221.7
Freq_read + Freq_country 13 � 2571.5 5169.2 1.7 223.4
Personal values models
Values 8 � 2463.9 4945.8 0.0 0.0

Models are ordered for each hypothesis according to their AICc scores. The overall best model is presented in bold
LogLik log-likelihood, AICc Akaike Information Criterion corrected for small samples, DAICc difference between the lowest AICc score
of all generated models and the focus model’s AICc score, Place place of residence (rural, city center, suburbs), Grad_Y graduation year,
Freq_read frequency of reading nature-related book/magazines, Freq_country frequency of visits to the countryside, Values intrinsic
individual values (cultural heritage, tourism, healthcare, ecosystem services, science, industry, intrinsic and social values)
aFor this hypothesis the null model was considered the best model (i.e. lowest AICc, DAICc > 2 for all other models)

Table 2 GLMM best model variables’ coefficients (b), standard error (SE), z value test scores, significance (P), and 95% confidence
intervals (CI 95%)

Variable ba SE Z value P CI 95%

Intercept 0.562 0.055 10.2 < 0.001 0.454/0.670
Value:Cult 0.264 0.072 3.7 < 0.001 0.123/0.406
Value:Sci 0.0529 0.068 7.7 < 0.001 0.395/0.663
Value:ES 0.663 0.067 9.9 < 0.001 0.531/0.793
Value:Ind 0.020 0.076 0.3 0.789 � 0.129/0.170
Value:Health 0.372 0.070 5.3 < 0.001 0.234/0.510
Value:Soc 0.003 0.077 0.1 0.971 � 0.147/0.153
Value:Tour � 0.041 0.077 � 0.5 0.594 � 0.193/0.110

Statistically significant variables P < 0.001 are represented in bold
Cult cultural heritage, Sci science, ES ecosystem services, Ind industry, Health healthcare, Soc social values, Tour tourism
aPositive coefficients indicate that students have a lower probability of being pro-conservation if the question is focused on the mentioned
value because higher values of the dependent variable indicate that students strongly agreed with the sentence that was formulated to
evaluate the value being tested (see ESM 1)
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whose activities overlap with conservation issues, such
as biologists (Clark 2001).

Our surveyed students believe that rare species, en-
demic species, and those whose habitats are disappear-
ing should be the principle targets of conservation
efforts. They also recognize that species with fragmented
distributions should not be ignored. These results are in
accordance with other studies that have identified these
factors as the main causes for classifying species as
threatened (Villard and Metzger 2014; Meyer et al.
2015). Thus, by identifying as priority criteria the factors
that are the major drivers of species declines (Linden-
mayer and Burgman 2005), biology students seem to
have already acquired relevant information prior to
conservation issues being addressed in biology courses.
This knowledge might be assimilated from different
sources such as media (TV, newspapers, journal), books,
or non-university classes (Blewitt 2010; Schelly et al.
2012) as it is not addressed in the monitored universities.
Interestingly, we found that females are less prone to
prioritize for conservation animals that are poisonous/
venomous. Usually women show a more pro-conserva-
tionist attitude (e.g. Herzog 2007; Rosalino and Ros-
alino, 2012), but this behavior is highly complex and
multidimensional. For many dimensions of Human-an-
imals interactions there are no gender differences (e.g.,
desire to live with animals; Herzog 2007), or man seem
more concerned (e.g. habitat conservation; Herzog
2007). However, several studies have detected that wo-
men are more fearful of specific taxa (e.g. reptiles;
Ghimire et al. 2014) or dangerous and unpopular ani-
mals than men (Kaltenborn et al. 2006; Prokop et al.
2009b). This may be the underlying reason for the pat-
tern we detected.

Students considered Carnivora (e.g. puma, Puma
concolor), cetaceans (e.g. dolphins, whales) and sirenians
(e.g. manatees, Trichechus inunguis) as being the most
threatened mammals. These groups are considered
highly threatened in the IUCN Red List of Threatened
Species (IUCN 2017) or by the Brazilian list of endan-
gered fauna (ICMBio 2016). The Carnivora have been a
target species of numerous conservation projects, many
of which involve outreach activities. They are also con-
sidered flagship and/or umbrella species, because they
occupy the highest trophic level within the food chain
(top predators) and perform important functions in
ecosystems such as prey population control, seed dis-
persal, etc. (Noss et al. 1996; Duffy et al. 2007; Terborgh
et al. 2001; Williams et al. 2004; Schipper et al. 2008).
Moreover, mammalian carnivores are often the subjects
of TV documentaries and news stories (Andersone and
Ozolinš 2004; Clucas et al. 2008), promoting their pop-
ularity further. The same reasoning can be applied to
cetaceans (Fortner 1985), and since some of these taxa
are hosted in aquariums where environmental education
programs are implemented (dolphins and killer whales)
(Ballantyne et al. 2007), their ranking as conservation
priorities is enhanced. The high ranking of sirenians
might be a local effect due to the fact that Amazonian

manatees (Trichechus inunguis) are an important and
charismatic species that are subject to large-scale con-
servation programs in Brazil (Marsh et al. 2011).

However, it remains crucial to develop environmental
education programs aimed at other less charismatic
taxa, such as rodents that are often considered pests but
may nonetheless be threatened species (Fox-Parrish and
Jurin 2008). According to Wilson (2007), a gene-culture
hypothesis can explain the origin of biophilia (a natural
tendency to pay attention to living things), as well as
human relationships towards bats, rats, snakes, scorpi-
ons, spiders, etc. These species are sometimes associated
with myths (e.g. vampires), which can negatively influ-
ence attitudes towards them (Prokop et al. 2009a). Some
bats are associated with diseases (e.g. rabies; Mayen
2003), which can make people averse to them. Why
lagomorphs are considered of lower importance is not
clear from our analyses and should be investigated fur-
ther.

Habitat recovery, which is one of the main conser-
vation management actions being implement worldwide
(Lindenmayer and Burgman 2005), was considered the
most important by our surveyed students. This outcome
once more seem to indicate that students have already
acquired sound ecological knowledge and that this
knowledge was gained prior to attending university,
most likely through media, pre-university courses or
environmental education activity. This latter activity can
play an important role in shaping students’ attitudes
towards nature conservation (Trewhella et al. 2005),
with our surveyed students ranking ‘‘Environmental
Information’’ third among the most important man-
agement conservation options.

Regarding the importance of nature conservation
values versus other individual and socio-economic val-
ues (ecosystem services, medicine, culture, science, soci-
ety, industry, tourism, or species intrinsic value), our
results demonstrate a somewhat anthropocentric bias.
Most students revealed that they would favor activities
related to medicine/healthcare, cultural heritage and
science over those linked to nature conservation. Stu-
dents also highly valued ecosystem services. All these
value systems can be directly linked to human survival
(provisioning services—e.g. food; regulatory ser-
vices—e.g. climate; support services—e.g., species habi-
tats; cultural services—e.g. recreation) (Wallace 2007).
According to Grün (2007), among the main reasons
hindering nature conservation is the fact that we live
according to an anthropocentric ethic, perhaps
explaining the selection of medicine/healthcare over
conservation. Even the high value attributed to science
relative to nature conservation fits this perspective, i.e.
the overall objective of science is to generate knowledge
useful to humans (for resource production, to under-
stand how nature functions or solely as an intellectual
challenge), although it is influenced by cultural, societal,
and other drivers (Lederman 2007). For all the questions
regarding individual values and conservation, the rate of
neutral replies (i.e. ‘‘Neither agree nor disagree’’) was
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low (overall percentage: 11%; mean per question: 11;
SE: 2.4). Other studies showed that a neutral position
regarding some conservation issues by specific social
groups can be relevant, indicating a detachment from
nature [e.g. 30% of Swedish hunters showed a neutral
attitude towards wolf importance as a species—Ericsson
and Heberlein (2003); 24% of local people revealed that
they did had no opinion regarding Tanzania Protected
areas—Newmark et al. (1993)]. However, the low per-
centage of neutral answers detected in our study may
indicate a higher involvement of biology graduate stu-
dents in conservation questions,

Although we believe this is the first study to assess
how future biologists perceive nature conservation, we
acknowledge that our small sample size and the sample
composition may bias our results and interpretations.
We sampled 122 students from private universities in
São Paulo state and our results should be interpreted
accordingly, especially since São Paulo exhibits socio-
economic specificities even within Brazil (it is the
Brazilian state responsible for most of Brazilian Gross
Domestic Product; SEADE 2018). Furthermore, cul-
tural and religious values may also influence people’s
attitudes towards nature (e.g. Lindemann-Matthies et al.
2014), but we did not evaluate such factors due to the
need to acquire specific permits to collect data on reli-
gion. However, these parameters should be assessed in
future studies. Finally, the variation in numbers of stu-
dents from different academic years may have influenced
our results. However, since the topic of conservation
biology is not addressed in any year of their biology
courses, we do not think this fact significantly influenced
students’ responses. Moreover, this variation is corre-
lated with student age (older students attend later years;
significant correlation Spearman q = 0.60, P < 0.001),
which we explicitly factored into our analysis.

Our study demonstrates a two-faceted perspective for
how students from biology core courses relate to nature
conservation. First, the student responses seem to indi-
cate that they have already acquired knowledge that
allows them to properly identity: (1) which species
characteristics warrant a high priority conservation
status; and (2) which management conservation options
are most widely used and appropriate. However, the
students also revealed limited knowledge regarding
which mammalian species are more threatened (proba-
bly under the influence of species’ ‘‘popularity’’ in media
or environmental education projects) and evidenced an
anthropocentric or even utilitarian perspective of nature.
Therefore, it is crucial to include conservation topics in
biology courses’ curricula. Doing so might motivate
students to challenge their values and views of nature
conservation based on available ecological knowledge.
We believe our findings could prove important to uni-
versity and environmental education managers in São
Paulo and might serve as a guideline for future studies to
be developed in the Neotropics.
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Andersone Ž, Ozolinš J (2004) Public perception of large carnivores
in Latvia. Ursus 15:181–187. https://doi.org/10.2192/1537-
6176(2004)015<0181:ppolci>2.0.co;2

Armitage P (1966) The Chi square test for heterogeneity of pro-
portions, after adjustment for stratification. J R Stat Soc B
28:150–163

Ballantyne R, Packer J, Hughes K, Dierking L (2007) Conservation
learning in wildlife tourism settings: lessons from research in
zoos and aquariums. Environ Educ Res 13:367–383. https://doi.
org/10.1080/13504620701430604

Barton K (2016) MuMIn: multi-model inference. R package ver.
1.15. 6. https://cran.r-project.org/web/packages/MuMIn/Mu
MIn.pdf. Accessed 26 Jun 2016
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