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Abstract: Natura 2000 is the European Union’s key strategy to address the current sharp decline in
biodiversity. However, according to a recent survey, most Europeans have never heard about it.
The present study intended to further explore the perceptions of residents in Portugal about this
network of protected areas through the nationwide implementation of a survey. Overall, 232
questionnaires were fulfilled, which showed that most respondents (n = 126, 54%) had never heard
of Natura 2000. Furthermore, even the respondents who knew what Natura 2000 is were not well-
informed about it. For instance, on average, they were only able to name 2.8 + 2.2 sites within
Portugal; plus, 66% (n = 65) could not correctly name any wild species that inhabited their favourite
site. Surprisingly, literacy levels were not significantly correlated with the number of visits to the
network (rs = 0.181, p = 0.082), and they were only weakly correlated with the frequency that the
respondents engaged in ecological behaviours (rs=0.277, p = 0.007). Overall, the current findings are
in agreement with similar studies carried out in Poland that revealed that the population was poorly
informed about this important network of protected areas. This scenario is especially worrisome,
considering that public participation is regarded as a key factor for successful nature conservation
initiatives.
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1. Introduction

Despite its intrinsic value and its importance for human wellbeing, biodiversity is being lost at
alarming rates worldwide [1,2]. To address this pressing issue, the European Union launched Natura
2000—a coordinated network of protected areas. This network has a huge coverage, comprising more
than 18% of the land of the European Union, plus 6% of its sea area [3,4]. Its goal is to ensure long-
term protection of the most valuable and threatened species and habitats. This requires taking action
to protect, maintain, or restore those species and habitats to a favourable conservation status [4,5].
Natura 2000 plans to fulfil its conservation mission through an inclusive and sustainable
management approach. Hence, cooperation with all stakeholders is highly desirable. Additionally,
this implies that socioeconomic activities compatible with site preservation are encouraged [4].

Despite Natura 2000’s intentions to engage stakeholders, according to a survey carried out by
the European Commission in 2018, most Europeans are still not aware of the existence of this network
(70%, N = 27,643). The same study also reported that only 11% of respondents claimed to know what
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Natura 2000 is [6]. Plus, previous research carried out in Poland revealed that even the people who
were aware of Natura 2000 knew little else about it [7-9], including members of the public that stated
to be interested in environmental protection [9]. This suggests that this important network is still
unknown to the majority of the European Union’s population, which is a very worrisome finding as
public participation plays a critical role in the achievement of biological conservation goals [2,10-13].
For instance, addressing the current drivers of biodiversity loss requires changes in citizens’
behaviour [2]. Plus, people can pressure the government to take action, become involved in policy
discussions, and also facilitate local conservation initiatives [2,10-12].

In Portugal, Natura 2000 is composed of 166 protected areas, covering almost 21% of the land
area of the country [14]. Despite devoting such a large relative area to nature conservation [14],
Portugal has failed to comply with some mandatory requirements regarding designation and
management of the sites forming this network [15]. Due to this non-compliance, the European
Commission referred Portugal to the Court of Justice of the European Union in January 2018 [15].
Furthermore, Portugal is also struggling with Natura 2000 monitoring demands. In fact, the country
submitted the most incomplete Habitats Directive monitoring report among all Member States for
the period 2007-2012. In this report, about 35% of the mandatory data was absent or referred to as
unknown [3]. Although Portugal found it rather difficult to fulfil all its network obligations [3,15], its
residents seemed to be more aware of Natura 2000 than the average European. In the aforementioned
survey carried out by the European Commission, 35% of respondents from Portugal claimed they
had heard of Natura 2000 before, which stands at 5% higher than the average [6]. Curiously,
according to the same survey, a higher percentage of people in Portugal were familiar with the term
“biodiversity” when comparing with the average of the European Union (74% > 71%) or Poland’s
numbers (74% > 46%) [6] —a country where Natura 2000 literacy has been showed to be very limited
[7-9]. Plus, 100% of the Portuguese respondents believed that humans have the responsibility to take
care of Nature, which, once again, is slightly above the average of the European Union (100% > 96%)
as well as Poland’s percentage (100% > 95%) [6]. Given this rationale, the present study intended to
further understand how knowledgeable the Portuguese population is about Natura 2000 and how
their literacy compares to countries where the public seems less sensitized to biodiversity and
environment-related issues.

2. Materials and Methods

A questionnaire on Natura 2000 was adapted from the literature [6-9,16,17]. This questionnaire
was divided into five parts: (1) demographic data (age, gender, place of residency, education level,
job/study field); (2) awareness about Natura 2000; (3) ecological behaviours; (4) nationally threatened
species; and (5) knowledge about Natura 2000 and familiarity with its sites. These parts are described
in further detail in Table S1 (available in the Supplementary Material). Only inquired people that
claimed to know what Natura 2000 is fulfilled the last part of the questionnaire. Completing the first
four parts of the questionnaire took usually less than 5 min, while fulfilling the complete version took
up to 15 min. During 2019, this questionnaire was broadly disseminated through the internet (e.g.,
published on Facebook groups, shared by a national citizen science platform) and was also
implemented in-person during a few science communication activities somewhat related to Natura
2000 (e.g., activity about soil quality under the scope of Universidade Junior
(https://universidadejunior.up.pt/); monitoring sessions of Lutra lutra inside and outside Natura
2000). In these events, the questionnaire was applied both before and after the activities. All collected
data were codified and submitted to a quantitative analysis on Microsoft Office Excel (2002 version),
consisting of the calculation of percentages and descriptive statistics (arithmetical averages, standard
deviations). Plus, Spearman’s correlations (more details in Table S1, in the Supplementary Material)
were computed using IBM SPSS Statistics (version 26), in order to test the hypotheses described
below:

Hypothesis 1 (H1). People who visit Natura 2000 sites more often are better informed about the network.
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Hypothesis 2 (H2). Respondents that are more informed about biodiversity in general (e.g., threatened species)
are also more knowledgeable about this network of protected areas.

Hypothesis 3 (H3). Members of the public that engage more frequently in ecological behaviours have a higher
Natura 2000 literacy.

3. Results and Discussion

Overall, 232 individuals participated in this study: 60 (26%) fulfilled the questionnaires
remotely, while 172 (74%) completed it at face-to-face events. Despite the great dissemination efforts
carried out on social media and by resorting to the authors’ personal network of contacts, the number
of questionnaires fulfilled online was very low. The authors attribute this situation, first, to the huge
number of requests to fulfil questionnaires that are saturating the public online, a phenomenon
highlighted by other authors [18]. Secondly, the unfamiliarity of the average internet user with the
term “Natura 2000” and/or their lack of interest in the topic might have dissuaded them from reply.

3.1. Sociodemographic Data

As shown in Figure 1, most respondents were females aged between 12 and 29 (67%, n = 155).
Regarding the geographical location of residence, Porto was the best represented district (52%, n =
121), followed by Aveiro (16%, n = 38), Braga (9%, n = 20), and Braganca (9%, n = 20), all from the
centre and north of Portugal.
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Figure 1. Age and Gender Distribution of Respondents.

Almost half of the participants were still attending middle school (48%, n = 111); but, a great
number of questionnaires were also fulfilled by people who held a university degree (29%, n = 68) or
a high school diploma (22%, n = 50). About 30% of participants (n = 70) had jobs or were pursuing
studies related to biology and/or nature conservation.

3.2. Awareness about Natura 2000

As expected, based on the previous literature reports [6,8,16], most respondents had never heard
of Natura 2000 (54%, n = 126). However, 20% (n = 47) had heard of the term beforehand and claimed
to know what Natura 2000 is. This percentage is slightly higher than the one obtained for Portugal in
the survey carried out by the European Commission (20% > 15%) [6]. This difference in percentages
is likely due to a lower representativeness level of the sample, which is supported by the fact that
81% of respondents (1 = 38) contributing to the “20% result” studied or worked in fields related to
biology and/or nature conservation. Furthermore, a high proportion of respondents, who knew what
Natura 2000 is, held a university degree (74%, n = 35); in a similar study carried out in Poland, this
population segment was shown to be more aware of the network than people who did not attend
higher education [8]. Nonetheless, as the goal of the present research was to further explore the
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perceptions of respondents, this higher percentage of participants aware of Natura 2000 was
welcome.

3.3. Knowledge about Natura 2000 Sites

The 47 respondents that claimed to know what Natura 2000 is were asked to name between one
and ten Portuguese Natura 2000 sites. Overall, 39 distinct protected areas were named, which
represented 23% of all network sites located in Portugal [14]. On average, each participant correctly
named 2.8 + 2.2 sites; but, this was highly variable, e.g., six participants named none and one
mentioned 10. Peneda/Gerés (PTCONO0014) was the site mentioned by a higher number of
participants; Serra da Estrela (PTCONO0014) and Montesinho/Nogueira (PTCONO0002) came second
and third, respectively (Table 1). The overall low ability of respondents to name Natura 2000 sites in
Portugal was not a surprising finding, since research in other countries showed that most inquired
inhabitants were unaware of the existence of such protected areas in the vicinities of their household
[7,8].

Table 1. Portuguese Natura 2000 sites named by respondents, their respective site code, and number
of participants mentioning each one (N = 47).

Natura 2000 Sites Site Code n
Peneda/Gerés PTCONO0001 33
Serra da Estrela PTCONO0014 12
Montesinho/Nogueira PTCONO0002 9
Alvao/Marao PTCONO0003 7
Ria de Aveiro PTCONO0061 7
Arrabida/Espichel PTCONO0010 5
Litoral Norte PTCONO0017 5
Sintra/Cascais PTCONO0008 4
Douro Internacional PTCONO0022 3
Estuario do Tejo PTCONO0009 3
Malcata PTCONO0004 3
Ria Formosa PTZPE0017 3
Rio Lima PTCONO0020 3
Corno do Bico PTCONO0040 2
Costa Sudoeste PTCONO0012 2
Estuario do Sado PTCONO011 2
Ilhas Berlengas PTZPE0009 2
Serras da Freita e Arada PTCONO0047 2
Valongo PTCONO0024 2
Barrinha de Esmoriz PTCONO0018 1
Cabrela PTCONO0033 1
Complexo do Agor PTCONO0051 1
Dunas de Mira, Gandara e
Gafanhas PTCONO0055 1
Gardunha PTCONO0028 1
Lagoa da Sancha PTZPE0014 1
Lagoa de Santo André PTZPE0013 1
Laurissilva da Madeira PTMADO0001 1
Maci¢o Montanhoso Central
da Ilha da Madeira PTMADO002 1
Monfurado PTCONO0031 1
Montemuro PTCONO0025 1
Paul de Arzila PTCONO0005 1
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Paul do Boquilobo PTZPE0008 1
Ria Formosa/Castro Marim PTCONO0013 1
Rio Minho PTCONO0019 1
Rio Vouga PTCONO0026 1
Serras d’Aire e Candeeiros PTCONO0015 1

The recording of Peneda/Gerés as the most mentioned site was expected as this is
simultaneously the only national park in Portugal [19] and a very popular protected area in the
country, as demonstrated by the fact that this is the one contacted by the highest number of visitants
(more than 1 million visitor contacts/year during the period 1996-2019) [20]. The presence of Serra da
Estrela in the top 3 was also expected; being the highest mountain range on the mainland [21], this
site receives many visitors during Winter to enjoy snowfall [22]. However, the high number of people
mentioning Montesinho/Nogueira is harder to explain. This situation may have occurred because
this is one of the largest protected areas in northern Portugal [19], where most respondents were
from.

Afterwards, respondents were asked to name their favourite Natura 2000 site along with some
species that inhabit it (max. 10) as well as to select from a list the main threats that such protected
area faces (max. 5). From this point on, unless otherwise stated, besides the 47 participants that said
they knew what Natura 2000 is beforehand, the data analysis also included answers given to post
tests by 99 respondents that claimed to already know what Natura 2000 is. Overall, 21 different sites
were designated by participants as their personal favourites: Peneda/Gerés, Serra da Estrela, Ria de
Aveiro, and Rios Sabor e Magas were the ones selected by most respondents (65%, 1 = 95); all the
other sites were mentioned by up to four individuals.

Yet, how knowledgeable were the inquired people about their favourite Natura 2000 protected
areas? Regarding the threats, the ones selected by more participants were: pollution (30%, n = 44),
tourism/recreational activities (28%, n = 41), and climate change (26%, n = 38). In a survey recently
carried out by the European Commission, pollution was also the threat that most Portugal inhabitants
thought to be considerably affecting biodiversity; man-made disasters and climate change came
second and third, respectively [6]. Thus, the current results align with the European Commission
findings, especially considering that (1) man-made disasters were not an option in the questionnaire
used in the scope of this work, and that (2) tourism/recreational activities were not included in the
abovementioned literature [6].

To better understand their perceptions, a detailed analysis was performed focusing on threats
to Peneda/Gerés, Serra da Estrela, Ria de Aveiro, and Rios Sabor e Magas (Table 2). On average,
respondents who provided a valid answer selected correctly only 1.7 + 1.4 threats (out of five). It is
important to highlight that a response was deemed correct if the selected threat had a medium or
high relevance to the respondent’s favourite site. Pollution, tourism/recreational activities, and
climate change were the threats selected by more participants (Table 2). However, according to the
managing authorities, climate change is not a relevant threat in any of the analysed sites; pollution
only has a low to medium relevance, and the relevance of tourism/recreational activities varies
between none to medium [23]. In contrast, invasive alien species —which represent a highly relevant
threat in two of the protected areas further scrutinised and has a medium relevance in the other ones
[23] —were selected by just 19 participants (Table 2). Therefore, respondents did not seem to have a
clear perception about the main factors threatening their favourite Natura 2000 site. Plus, it is worth
noticing that in the previously mentioned European Commission assessment, invasive alien species
were also the threat that less Portuguese respondents thought to be relevant [6].
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Table 2. Main Threats to Each Natura 2000 Site, as Selected by Respondents (N = 95), and Threat

"

Relevance (R) to the Respective site (H—high; M—medium; L—low; “-” —irrelevant threats).

Peneda/Gerés  Serra daEstrela  Ria de Aveiro  Rios Sabor e Magis

Threats Total
R n R n R n R n

Agriculture/Grazing M 8 - 1 M 3 H 2 14
Forest plantations L 8 L 2 M 2 M 0 12
Mmmg and extraction of L 3 L ’ M 1 M 0 6
materials
Energy production L 3 - 4 - 0 - 0 7
Trar}sportatlon/ service M 9 M 7 H 3 M 1 20
corridors
Urbanization M 7 M 8 H 3 - 0 18
Fishing/Aquaculture - 6 - 0 H 4 - 5 15
Hun.tmg (1.ncl. collection H 1 L 5 M 0y M 0 19
of wild animals)
Removal of terrestrial M 6 M 1 ) 0 } 5 12
plants
TOLAlr}sAm/Recreatmnal M 14 L 10 } 4 M 0 28
activities
Climate change - 9 - 11 - 4 - 0 24
Invasive alien species H 13 M 2 H 4 M 0 19
Pollution L 10 M 12 M 6 L 0 28
Do not know/remember 10 3 1 3 17
Invalid answers 5 9 1 2 17

A detailed analysis of the wild species that respondents thought to inhabit Natura 2000 protected
areas was also performed, focusing only on the answers given by participants who elected
Peneda/Gerés, Serra da Estrela, Ria de Aveiro, or Rios Sabor e Macas as their favourite site. Overall,
52 taxa were correctly named, with birds being the most well-represented group (Figure 2). All
mentioned taxa were native, except for one: the common water hyacinth (Eichhornia crassipes), an
invasive alien aquatic plant that is present in mainland Portugal and Azores [24].

Most participants (n = 65, 66%) were not able to name any species correctly (in order to assess if
a given species was present—or not—in a specific Natura 2000 site, several sources were consulted
[23-30]). The remaining respondents correctly mentioned, on average, 3.3 + 2.5 taxa (out of 10). These
numbers suggest they were not very familiar with the biodiversity of their favourite Natura 2000
sites. It is also worth mentioning that, regarding this question, many participants provided broad
answers, referring to kingdoms, orders, or families (e.g., animals, plants, bats, ants); but, for the
purpose of this work, only common names exclusively used for genera or species were considered.

These results are in accordance with similar studies carried out in Poland, which also revealed
that the majority of people who were aware of what Natura 2000 is knew little else about it [7,9].

25
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5 j I I
0 . . B BN
M A B R P | F

Taxonomic group

Nr. of taxa

Figure 2. Number of Taxa That Respondents Correctly Indicated to Be Present at Their Preferred
Natura 2000 Site, By Taxonomic Group. Taxonomic groups: M—mammals; A—amphibia; B—Dbirds;
R—reptiles; P—plants; I—invertebrates; F —fish.
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3.4. Natura 2000 Visits

Most respondents who were aware of what Natura 2000 is only visited it once per year or even
less frequently (Figure 3). Regardless, the number of times participants visited this network was not
significantly correlated with their knowledge about it (rs=0.181, p=0.082). This is a surprising finding
as it suggests that spending time more often at Natura 2000 sites has little improvement on visitors’
knowledge about them. This may also suggest that there is a shortage of Natura 2000 information at
the network sites and/or that people visit these sites mostly for leisure and their landscape value.

60

50

40

30

20

Nr. of respondents

10

<1 2 3 4 5 6 7 28
Nr. of visitis to Natura 2000 per year

Figure 3. Number of Self-Reported Visits to Natura 2000, per Year (N = 144).

3.5. Knowledge about Threatened Species

Each participant, on average, correctly named 1.7 + 1.2 taxa (out of 10) that were threatened with
extinction in Portugal (conservation status was checked in the Portuguese Red Book of Vertebrates
[25] and on Flora-On [24]). In total, 33 nationally threatened taxa were mentioned, with most of them
being mammals (1 = 12, 36%) or birds (n =11, 33%). However, currently, there are 568 taxa classified
as threatened with extinction in Portugal [24,25], which means that the replies given by the sampled
population represent only around 6% of the total specific richness. Previous studies carried out in
Portugal, targeting high school students, revealed that overall, this audience was poorly informed
about national threatened species [31-33]. Despite the sample of the present research comprising a
large proportion of students, 30% of the respondents were working or pursuing studies related to
biology and/or nature conservation; therefore, a higher literacy about threatened species was
expected. The Iberian lynx (Lynx pardinus), Iberian wolf (Canis lupus signatus), and Spanish imperial
eagle (Aquila adalberti) were the ones referred by more participants (Figure 4). All the other taxa were
only named by up to seven respondents. This might be related to the fact that charismatic species
(e.g., wolfs and tigers [34]) are disproportionately more often targeted by conservation actions as well
as by public awareness efforts [35,36]. Although some of these species hold a high conservation value,
since they can effectively act as an umbrella for the protection of other taxa [37-39], this is not true
for all charismatic species [37,40]. Their keystone role in the ecosystem and/or their large home range
are two characteristics widely shared by charismatic species that can function as surrogates for the
preservation of other biodiversity [41]. However, this charismatic-based strategy may limit the pool
of conservation issues that the public is exposed to [35]. Plus, the authors of a recent study argued
that the wide overrepresentation of charismatic species in Western culture (e.g., magazines [35], social
media [42]) seems to be responsible for a biased public perception regarding their conservation status,
making them appear more abundant than what they are in reality [34]. Hence, the present results
showing disparity in awareness about different threatened species in Portugal is very intriguing and
should be further studied. Regardless, it is relevant to highlight that in other studies that took place
in Portugal, the majority of the inquired high school students were unaware of the main factor leading
to the reduction in population size of the Iberian lynx (L. pardinus) [31-33]. Therefore, even though
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this was the national threatened species mentioned by the most participants in the scope of the
present work, this should not be interpreted as evidence that they were well-informed about it.
Finally, the number of threatened taxa mentioned by respondents was weakly correlated with their
knowledge about Natura 2000 (rs = 0.393, p = 0.000).

180
160
140
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80
60
40
20
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Nr. of respondents

Iberian lynx Iberian wolf Spanish imperial eagle Others

Threatened taxa

Figure 4. Threatened taxa in Portugal that were mentioned by respondents (N = 232).

3.6. Pro-Environment Behaviours

Taking part in citizen science projects was the behaviour participants showed less frequently
(Table 3), which indicates this was the most difficult task to accomplish for the sampled population
[17]. This may be related to the fact that citizen science is still at its infancy in the country [43,44]. In
contrast, reusing shopping bags, having a shower, and depositing garbage in the appropriate
recycling bins seemed to be easier behaviours to adopt [17]. The relative ease of engaging in these
behaviours was already documented for other populations worldwide [7,9,17]. Concerning recycling
habits, the present finding is in accordance with a nationwide inquiry carried out in 2019, where 89%
of the questioned people self-reported to adopt such behaviour [45]. However, in the last few years,
the recycling rate of municipal waste in Portugal was far below the average of the European Union
[46]. This suggests that Portugal residents may not be recycling properly.

Table 3. Average frequency with which respondents engaged in the ecological behaviours described
above (N =232).

Average SD
vera
Ecological Behaviour & (Standard
Frequency ..
Deviation)
Depositing garbage in the appropriate recycling bin 4.3 0.9
Reusing shopping bags 4.6 0.8
Avoiding buying single use plastics 3.6 1.2
Talking to others about environmental issues and Nature 35 11
in general ' )
Being involved in environmental restoration actions (e.g., 26 12
tree plantations) ) )
Participating in citizen science initiatives targeting
. 2.2 1.1
Nature and/or the environment
Having a shower instead of a bath 4.4 1.2

A 5-point Likert scale was used by participants to indicate the frequency with which they adopted
pro-environment behaviours (1 —never; 2—rarely; 3—sometimes; 4—often; 5—regularly).

The frequency of ecological behaviours was poorly correlated with the respondents” knowledge
about Natura 2000 (s = 0.277, p = 0.007). Increasing the public’s knowledge about biodiversity is
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widely considered necessary to foster the willingness to adopt pro-environment behaviours [2,47];
however, this study failed to show a strong correlation between Natura 2000 knowledge and
engagement in ecological behaviours. This may be due to the fact that knowledge about the network
is restricted to people highly literate about biological diversity, which is supported by our records
that (i) in this study, 81% of respondents who were aware of Natura 2000 worked or pursued studies
related to biology or nature conservation (1 = 38); (ii) 74% of respondents that claimed to know what
Natura 2000 is held at least one university degree (n = 35). This explanation is also supported by the
results of a survey published by the European Commission in 2015, which revealed that Natura 2000
was unknown even for 39% of Europeans that self-reported to be well-informed about biodiversity
loss [16].

4. Conclusions

Although this network of protected areas intends to fulfil its conservation goals while engaging
stakeholders in the management process, previous studies have showed that Natura 2000 is still
unknown by a large majority of Europeans. This can undermine its conservation mission, as public
participation is considered a crucial factor for successful nature conservation initiatives [2,10-13]. The
present study demonstrated that in Portugal, even the people aware of Natura 2000’s existence knew
little else about it. For instance, respondents could only name a very restricted number of sites
belonging to this network. Furthermore, participants had very limited knowledge regarding the
species inhabiting their favourite site as well as the main factors threatening it. Therefore, despite a
recent Eurobarometer showing that the Portuguese population is more familiar with biodiversity and
Natura 2000 than the average of the European Union [6], Natura 2000 knowledge was still found to
be rather restricted. Plus, similar conclusions were reached for Poland. The limited literacy levels
detected are especially worrisome, given that the current study had an overrepresentation of people
who were expected to be highly literate in the topics of the survey. It is also worth highlighting that
no statistically significant correlation was found between Natura 2000 literacy and the annual number
of visits to this network. This raises the important question of whether these protected areas have
enough conservation-related activities and/or information displayed on-site. The bottom line is that
the current paper is another testimony of the urgent need for the improvement of science
communication efforts focusing on Natura 2000, with the ultimate aim of enhancing its performance
regarding species and habitats conservation. Overall, no significant strong correlation was found
between the knowledge about nationally threatened species and Natura 2000 literacy or the adoption
frequency of ecological behaviours.
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