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The Role of Population Behavioural Traits *

Cathleen Petit-Cailleux ® Valentin Journé ® Etienne Dagorn

Abstract

Biodiversity loss demands urgent action, and protected area are one of the corner-
stone of biodiversity conservation measure. While conservation efforts are known to be
driven by economic and political factors, there is an absence of literature addressing the
potential role played by behavioural traits at the population level. We investigated how
population-level behavioural traits influence the proportion of terrestrial protected area
by using large-scale cross-cultural surveys and geospatial data from 75 countries. We
show that behavioural traits explain more variation in protected area coverage than eco-
nomic indicators alone. Furthermore, trust is negatively associated with protected area
coverage at the country level, suggesting that high-trust societies rely more on informal
conservation practices. These findings challenge conventional models focused on eco-
nomic and governance drivers and highlight the need for policies that align with pop-
ulation behaviours. Integrating behavioural insights into conservation planning could
unlock more effective biodiversity conservation strategies in the era of environmental
changes.

*Petit-Cailleux : FRB-CESAB, 5 rue de [l'école de médecine, Montpellier, France cath-
leen.petit@fondationbiodiversite.fr and LESSEM, INRAE, 2 rue de la Papeterie - Saint Martin d’Heres. Journé
: Forest Biology Center, Institute of Environmental Biology, Faculty of Biology, Adam Mickiewicz University -
journe.valentin@gmail.com Dagorn : INED - etienne.dagorn@ined.fr. ® symbol stands for randomized order
of author of the study.
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Introduction

We are entering the era of the sixth mass extinction of biodiversity. The last estimates
from the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Ser-
vices (IPBES) indicate that approximately one million species worldwide are at risk of ex-
tinction in the coming decades due to global environmental changes (2; 3; 4; 5). In response
to this growing threat, the implementation of protected areas has emerged as a strategy to
conserve local and global biodiversity. Protected areas are specifically designated geo-
graphic regions that are recognized, dedicated, and managed—through legal or other ef-
fective means—to achieve the long-term conservation of biodiversity (6). For this reason, in
2022, 194 countries have adopted the 30x30 target aiming to conserve 30% of the Earth’s
land and sea through the implementation of protected areas and other area-based con-
servation measures(7; 8). Global political awareness of biodiversity protection has grown,
as evidenced by the expansion of protected areas from 14.1% to 15.3% of global terres-
trial and freshwater environments (excluding Antarctica) and from 2.9% to 7.5% of marine
environments between 2010 and 2019 (9; 10). However, despite these advances, the rela-
tively modest increase in global terrestrial protected areas and the ambitious 2030 targets
underscore that current efforts remain insufficient to address the biodiversity crisis.

To explain this discrepancy between engagement and final implementation in real condi-
tions, several studies have examined the factors driving countries to establish these areas.
A commmon assumption is that wealthier countries may implement more ecological con-
servation measures (11; 12; 13). However, the gross domestic product (GDP) of a country,
a common indicator of national wealth, does not fully explain the proportion of protected
area within a country (14). Instead, the human development index (HDI), which considers
factors such as educational attainment, life expectancy, and per capita income, or more
globally socio-economics data coupled with environmental data emerged as more robust
predictors of protected area coverage (15; 16; 17). Lower GDP per capita, along with politi-
cal and educational limitations, could limit protected areas coverage. In contrast, a country
with strong political institutions is a proxy of a government’s ability to implement policies,
and a country with high level of education is associated with greater public concern for en-
vironmental protection (18). Moreover, the location of protected areas since 2010 cannot
be solely explained by differences in countries’ wealth or economic and social develop-
ment (10; 17). While traditional socio-economic predictors such as GDP and HDI provide
valuable insights, they fail to account for the behavioural and cultural factors that shape
conservation policies.

Human behaviour is increasingly recognized as a critical factor in implementing poli-
cies to mitigate climate change (19; 20; 21) and biodiversity loss (12; 22). For instance,
trust is often the foundation of successful community-managed forests, fisheries, and graz-
ing lands, where collective action prevents over-exploitation and supports sustainable re-
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sources use (23; 24). Individual behavioural traits also play a role in environmental out-
comes, where more altruist individual have been shown to reduce consumption of harmful
environmental products (25). However, biodiversity conservation challenges does not arise
necessarily from individual actions alone but from the interactions of multiple actors across
various levels (22). For example, during the COVID-19 pandemic, populations with higher
levels of trust delayed the implementation of restrictive measures and adopted less strin-
gent policies (26). Consequently, the aggregation of behavioural traits at the population
level offers a framework to explore collective responses to environmental crises, shaping
both policy-making and conservation strategies.

Table 1: Summary of population behavioural traits, meaning, and hypothesized relationship
to protected areas surface.

Behavioural Meaning Hypothesis Supported

traits

Altruism A concern for the well-being More altruistic populations are ex- No
of others, often lead to ac- pected to support policies that
tions that benefit others at a benefit to the environment, lead-
personal cost. ing to higher proportion of pro-

tected areas.

Patience Preference for long-term More patient populations may No
rewards over immediate favour long-term environmental
gains, reflect inter-temporal policies, leading to greater pro-
decision-making. tected area proportion.

Risk-taking The willingness to engage in  Populations with high risk-taking No
behaviours or decisions that tendencies may be less inclined
involve uncertainty and po- to implement protected areas due
tential loss. to the ambiguity of climate change

impacts, resulting in lower propor-
tion of protected areas.
Trust The belief in the reliability Higher trust levels might reduce Yes

and goodwill of others, fos-
ter cooperative behaviour.

the need for formal conservation
measures resulting in lower pro-
portion of protected areas.

Our study examine how population-level behavioural traits influence the proportion of
terrestrial protected area across 75 countries. The study includes countries from diverse
regions across the world, with different level of protected area coverage, and with be-
havioural traits representing diverse cultural settings (Figure 1). Our analysis focuses on
four behavioural traits—trust, altruism, patience, and risk-taking— and takes into account
economic, social, and political factors. These behavioural traits operate within governance

2
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Figure 1: The 75 countries used in the analysis showing protected area coverage and behavioural traits
values (data displayed in Van der Grinten IV projection). a) Percentage of terrestrial protected areas coverage
for the 75 countries studied. The percentage of protected area coverage per country corresponds to the sum
of the non-overlapping surface of regional, national, and international terrestrial protected areas over the total
terrestrial surface of a main country. b) Maps of population behavioural traits value (altruism, patience, risk-
taking and trust) for the 75 countries studied. Behavioural traits are standardised (29). Countries not included
in our study are colored in pale grey.

frameworks, influencing whether conservation outcomes stem from top-down policies (e.g
U.S. National Parks implemented in 1872 (27)), or bottom-up initiatives (e.g. Nepal’'s com-
munity forestry programs in the 90’s (28)). We hypothesize that behavioural traits contribute
to higher variation in protected area proportion than economic or governance indicators
alone. Furthermore, higher levels of trust may reduce reliance on formal conservation poli-
cies, while altruistic and patient populations are likely to advocate for stronger protections.
Conversely, risk-taking populations may resist stringent measures due to their tolerance
for environmental uncertainty (Table 1). By integrating behavioural traits into conservation
research, this study contributes to a growing interdisciplinary dialogue on how human be-
haviour drives collective responses to global challenges.

Results

The coverage of terrestrial protected areas, as a percentage of each country’s total land
area, range from ~0.02% in Lybia to 58% in Cyprus (C195% = 0.6 - 44%). The percentage
of protected areas was higher in Latin America and Caribbean (20.7 + 12.4%), followed
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by Europe and Central Asia (20.5 4+ 11.8%), Sub-Saharan Africa (18.3 + 9.5%), East Asia
and Pacific (16.7 4+ 10.2%), Middle East and North Africa (13.0 = 14.6%), North America
(12.8 + 1.2%) and South Asia (9.8 + 11.9%) (Fig.1). On average most protected areas are
regional with 18.94-16.4%, followed then by national protected areas with 3.49+6.58% and
international protected areas with 1.594+2.80%. Larger surface of protected areas came
from Not Reported category (The IUCN management category has not been reported) or
Not Assigned category (A protected area whereby the data provider has chosen not to use
the IUCN management categories), with respectively 6.014+10.8% and 6.51+12.0% (Fig
A-2). The average proportion of other IUCN categories (1, II, Ill, 1V, V, VI) remained below
5%.

In order to take into account the combined effects of economic, political and urban char-
acteristics on protected area coverage, while also addressing the strong correlation among
them, we undertook a principal component analysis (PCA) to summarise these charac-
teristics at the country level. We retained the first two axis representing 81.6 % in total
dataset inertia (dimension 1 = 64.7%, dimension 2 = 16.9%). The first axis synthesized
most predictors related to politics and economy (referred as Governance & Economic axis),
whereas the second axis summarized population density and urban areas percentage re-
ferred as Population & Urbanisation axis (Figure A-1). A lower value of PCA1 indicates
countries with stronger governance indicators and greater wealth or Human Development
Index (HDI), while a higher value of PCA2 suggests a denser population and a larger share
of urban areas (see Figure A-1). These two PCA axis were then included as predictors in
the subsequent analysis (see Beta-regression analysis).

Models incorporating behavioural traits provided stronger explanatory power for cross-
country differences in protected area coverage (pseudo-R? = 0.05) compared to models
based solely on economic indicators such as the Human Development Index (pseudo-R?
= 0.03) or Gross Domestic Product (pseudo-R? = 0.03). When behavioural traits were
analysed alongside a broader set of economic and political controls derived from principal
component analysis (PCA), they demonstrated comparable explanatory performance to the
PCA-based models focused on Governance & Economic axis and Population & Urbani-
sation axis alone (pseudo-R? = 0.05 and 0.06, respectively). Notably, models combining
behavioural traits with Governance & Economic axis and Population & Urbanisation axis
outperformed (pseudo-R? =0.12) those relying solely on socio-economic and political vari-
ables.

In the best-fitting model, we found that trust is significantly and negatively associated
with protected area coverage (slope estimate = -0.69, p = 0.038; Fig. 2 and Table A-2,Fig.
A-6). In contrast, other behavioural traits—altruism, patience, and risk-taking—showed
weaker and non-significant relationships with protected area coverage (p > 0.1). Addition-
ally, Governance & Economics axis (PCA axis 1) was negatively related to protected area
implementation (p = 0.034), suggesting that countries with stronger economic and political



Table 2: Model selection based on pseudo-R? using Global Preferences Survey. In all
models, protected area coverage is defined as response. Values in bold represent the best
model selected here according to pseudo-R?. Additional models based only on the Human
Development Index (HDI) or Gross Domestic Product (GDP) have been tested. Governance
& Economic axis and Population & Urbanisation axis corresponds, respectively to the first
and second axis of the PCA. behavioural traits correspond here to Altruism, Trust, Patience
and Risk taking. Model table selection based on log-likelihood is reported in Table A-1.
Coefficients are provided in Tables A-2 and B for additional models.

Predictors included Pseudo-R*
Behavioural traits + Governance & Economic axis 0.12
+ Population & Urbanisation axis

Governance & Economic axis + Population & Ur- 0.06
banisation axis

Behavioural traits 0.05
Human Development Index (HDI) 0.03
Gross Domestic Product (GDP) 0.03

a 1 b .
Altruism 4 —:—0——
Trust 4 ——0——: 40% 8o

1

|

Patience 1 — —————

I

1

Risktaking —————

Protected area coverage

Governance and | .- ° %0 N
Economic axis . (usa]e — gé’o‘? ° o [(esv)o
| o
Population and | o & 0?©
Urbanisation axis ! o
! 0% * °
-1 0 1 -0.4 0.0 0.4
Coefficient value Trust (dimensionless)

Figure 2: Summary of behavioural traits effects on protected area coverage (N = 75 countries). a) Coefficient
plot from the best fitting beta-regression model, including behavioural traits (i.e. altruism, trust, patience, risk-
taking) and Governance & Economic axis and Population & Urbanisation axis (pseudo-R? = 0.13). Each dot
represents the slope effect (average estimate) with quantile intervals. The density estimator of sample data is
reported with the black thick line containing 66% of the density and the thinner line contains 95% of the density
data. Coefficient values are reported in Table A-2. b) Relationship between the percentage of protected area
coverage and trust, derived from the panel Figure 2a. Each dots represent country observations. The beta-
regression is reported in pink with the 95% confidence interval. Isocode: ARE, United Arab Emirates; EGY,
Egypt; HUN, Hungary; CMR, Cameroon; CZE, Czechia; UGA, Uganda; JPN, Japan; MWI, Malawi; ZWE,
Zimbabwe.

g institutions have more formal protected areas. Importantly, the magnitude of the effect of
19 the trait trust was 5.75 times greater than the Governance and Economic axis and 11.12
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times greater than the Population and urbanisation axis. These patterns remained consis-
tent across robustness checks, including bootstrap procedures (Table A-3) and analyses
using the 7" Wave of the European Values Survey (see Supplementary Section B). The
magnitude of the effect is slightly weaker in the complementary analysis due to differences
in the measurement of behavioural traits, but the direction and statistical significance of the
main results remain consistent.

Discussion

Reversing biodiversity loss requires innovative policies that effectively regulate human ac-
tivity, with protected areas serving as a cornerstone strategy for safeguarding ecosystems
within designated regions. While extensive evidence underscores the importance of these
measures, there remains a persistent gap in international action to establish and main-
tain protected areas for biodiversity conservation. A critical challenge lies in understand-
ing what drive both the creation and effectiveness of such areas. Previous research has
yielded mixed findings on the effect on economic and governance drivers on conservation
efforts (17; 30; 15). Our findings contribute to this gap of knowledge by highlighting the
role of behavioural traits at the population level—such as trust, altruism, patience, and risk
preferences—in shaping conservation outcomes. These results challenge the prevailing
assumption that only economic and political factors drive conservation policy.

Our major findings aligns with research highlighting the heterogeneity in terrestrial pro-
tected area coverage across countries, often attributed to disparities in socio-economic de-
velopment (15; 14; 31) and governance quality (12). While wealthier countries with stronger
governance systems tend to have larger surface of protected area, our results suggest that
governance and economy have lower influence than population-level behavioural traits. No-
tably, a one standard deviation increase in the behavioural trait trust is associated with a
0.6% decrease in protected area coverage—an effect nearly six times stronger than eco-
nomic and governance factors alone.

Trust may also act as a substitute for formal governance, fostering informal conservation
practices and strengthening community-driven stewardship. In high-trust societies, individ-
uals are more likely to engage in collective action for the common good (32). This result
suggest that collective action can sustain common goods (33; 34). In contrast, the other
behavioural traits—altruism, patience, and risk-taking—do not show significant association
with protected area coverage. The non-significant relationship with altruism aligns with find-
ings that protected areas often emerge from institutional frameworks and tenure systems
rather than altruistic motives (35). Cai et al (36) found that patience correlates with climate
policy implementation. Yet our study does not identify a similar link between patience and
protected area coverage. One possible explanation is that climate policies are typically for-
mulated at the national level, requiring long-term commitments and intertemporal trade-off,

6
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which align with patient societies. In comparison, protected areas can be established at
different scale, from local to national levels initiatives. With regard to the final trait, desig-
nated risk-taking, the absence of statistical significance does not preclude the possibility of
its impact on conservation decisions. Risk-taking trait may assume a more significant role
during the implementation stage or when modifying conservation measures, rather than in
determining the coverage of protected areas (37).

Integrating population-level behavioural traits enhances our understanding of protected
area coverage; yet a significant proportion remained unexplained. While our model ac-
counts for approximately 12% of the observed variance, the remaining 88% underscores
the complexity of conservation dynamics. Investigating mechanisms at different spatial and
temporal scales—from national measures to local socio-ecological dynamics, as well as
historical, cultural, and environmental contexts—is crucial. For example, the effectiveness
of community-managed conservation areas in Nepal (28) and indigenous-led stewardship
in the Amazon (38) illustrates how governance structures, cultural traditions, and environ-
mental conditions shape conservation outcomes. Additionally, protected area coverage
does not always reflect conservation effectiveness (39). Hence the integration of local pop-
ulation characteristics could provide insights often overlooked in national-level analyses.
Furthermore, the cross-sectional approach of our study limits the ability to capture tem-
poral changes in both behavioural traits and protected area coverage. While conservation
policies evolve in response to environmental threats, political shifts, and economic condi-
tions (40; 41; 42), behavioural norms also adapt to crises and policy interventions (43). A
natural extension of this work would be to integrate historical archives to examine the imple-
mentation of protected areas and local governance structures using text analysis of regional
and local newspapers. Such an approach would complement our study by offering a tem-
poral perspective on the relationship between population characteristics and protected area
development over time.

Understanding population-level behavioural traits is crucial for explaining global hetero-
geneity in biodiversity conservation and advancing more effective conservation strategies
(22). Our study offers the first large-scale perspective on the relationship between be-
havioural science and the environment, which has primarily relied on individual-level ap-
proaches. Specifically, in high-trust societies, policymakers can harness trust to foster col-
laboration among stakeholders, facilitating the implementation of effective bottom-up biodi-
versity conservation policies. Conversely, governments overseeing populations with lower
trust levels may need to rely on formal regulations and enforcement mechanisms to en-
courage pro-environmental behaviours. Integrating behavioural insights into conservation
planning could unlock more effective and context-specific strategies to safeguard biodiver-
sity in an era of unprecedented environmental change.
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Material & Methods

Terrestrial protected area coverage

National-level commitment to biodiversity preservation is assessed through the establish-
ment of protected areas (44). We used the World Database on Protected Areas ((45),
version November 2023) to extract data on the location, boundaries, and year of establish-
ment of protected areas from a total of the 75 countries available in open-source. Terrestrial
protected areas were extracted for each country and are categorised with IUCN criteria be-
tween |, highly restrictive or no-take, and VI least restrictive IUCN category. To avoid the
under-representation of international protected areas at the country level, we also extracted
national and regional protected areas within each country, including not assigned and not
reported categories.

The coverage of protected areas may overlap according to their regulation (e.g. regional
protected areas overlap international protected areas). We first combined all spatial geome-
tries of all three features, regional, international and national protected areas all together
in one large spatial feature (46). We then extracted terrestrial country boundaries to de-
termine the coverage of terrestrial protected areas for each country by using the Database
of Global Administrative Areas (GDAM, https://gadm.org/data.html, (47)). We deter-
mined the percentage of the protected area by dividing the total surface of the terrestrial
protected area by the total area of the country. All extraction and cleaning of the protected
area was done by using the R package wdpar (48).

Our approach is based on the methodology from (10). The proportion of protected
areas might be higher than those reported from Protected Planet reference (45) because
this methodology would include eventually more protected areas, either regional or national
(see Figure A-2a).

Population’s behavioural traits

Population’s behavioural traits represent behaviours that are usually observed in laboratory
experiments where individuals are faced with monetary trade-offs to elicit their behaviours.
Such behavioural traits possess substantial explanatory power as they are associated with
observable outcomes at the individual (e.g. (49)), and country level (e.g. (50)). We derived
the experimental behavioural traits measures of risk-taking, patience, altruism and interper-
sonal trust from the Global Preferences Survey (GPS, (29; 51)) for a total of 75 countries.
Those countries represent approximately 90% of the world’s population and more than
90% of the global Gross Domestic Product in 2012. The Global Preferences Survey initially
contained risk-taking, patience, altruism, interpersonal trust, and also positive and negative
reciprocity. To ensure the internal validity of these measures, the Global Preferences Survey
employed a novel validation process that assesses behavioural traits through survey ques-
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tions linked to incentivised experimental economic games. Falk et al. (51) implemented
in the Global Preferences Survey survey the set of questions that maximize the variance
of each preference under scrutiny. By relating these preferences to behaviours observed
in controlled lab environments, the approach confirmed that the results are reliable and
consistent (internal validity). Furthermore, the survey included a diversity of participants
making the population behaviour response more representative of the population (external
validity) (see Supplementary Material A). We did not use the positive and negative reci-
procity traits because of the strong correlation between reciprocity (negative-positive) to
other traits (26). For the measures of behavioural traits, we aggregated observations at the
national level and standardized the result at the international level. More details about the
behavioural traits database are reported in the Supplementary Section A and in the refer-
ences (51; 26). We reported relation among traits in Figure A-5. We ran similar analysis
by using a second survey of population behavioural traits, the 7** Wave - European Values
Survey (EVWS, (52)). The second survey included three behavioural traits that are similar
to Global Preferences Survey; altruism, trust and patience (69% countries overlapping be-
tween the Global Preferences Survey and Wave - European Values Survey). Results of the
analysis with EVWS survey are reported in the Supplementary Section B B and provided
quantitatively the same outcomes.

Economic, Political and Urban areas

We included a sets of controlling variables, with population’s behavioural traits and the
implementation of protected areas.

Economic & Political variables: We used the Gros Domestic Product (GDP) per capita,
population density, Human Development Index (HDI) and Worldwide Governance Indicators
as these variable have been documented as main drivers of protected area (12; 17). Pop-
ulation density has been extracted from World Bank data (53). The Human Development
Index (HDI), extracted from the United Nations Development Programme, is a composite
measure that assesses a country’s overall development based on three key dimensions:
health (life expectancy at birth), education (mean years of schooling and expected years
of schooling), and standard of living (gross national income per capita) (54). Finally, we
considered the effectiveness of a government to implement policy using the Worldwide
Governance Indicators (55) that considered five dimensions of governance: Voice and Ac-
countability, Political Stability, Regulatory Quality, Rule of Law, and Control of Corruption.

Urban areas variable: We chose the total urban areas percentage as a descriptive fac-
tor of land availability that can not be converted as a protected area surface. We ex-
tracted this variable from the Organisation for Economic Co-operation and Development
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(http://stats.oecd.org, version October 2023).

Analysis
Multivariate analysis to summarise economic-political-urban areas data

To address the strong correlations between predictors related to economics, political gov-
ernance, urban areas (Figure A-4) and to reduce bias model estimates caused by a large
number of predictors for a relatively low sample size (<80 observations), we used principal
components analysis (PCA) to summarise the information from these variables by using the
R package ade4 ((56), version 1.7-22) (57).

Relation between protected areas and behavioural traits

We aimed to determine whether population behavioural traits were significantly associated
with the percentage of protected areas while accounting for the political, land-use, and eco-
nomic context of each country. We used a beta regression, with the total proportion of
terrestrial protected areas as the response variable and population behavioural traits (altru-
ism, trust, patience, and risk-taking) as fixed predictors. We also included the two PCA axes
as additional fixed effects. The two PCA axis are control variables to capture governance,
economic, and land-use effects. The beta distribution is a family of continuous probability
distributions defined on the interval (0, 1) in terms of two positive parameters, that is why
the beta regression was chosen because the response variable is a proportion scaled be-
tween 0 and 1. We tested additional models that would include the combination of either
behavioural traits only or PCA axis only, or both as predictors. We also tested two more ad-
ditional models that would include only GDP or only HDI as fixed predictors. We compared
the different models by using the pseudo-R? and log-likelihood (58). In the main text, we
reported the results coming from the model with higher pseudo-R? and log-likelihood. Anal-
ysis was done with glmmTMB ((59), version 1.1.9). We extracted and visualized the model
coefficients with ggdist ((60), version 3.3.2) which reports the average estimate and den-
sity of the estimator. We assessed the model’s diagnostic with the DHARMa package (61)
(version 0.4.6). All the models did not present any modeling issues based on model’s diag-
nostics. We used a bootstrap procedure to check the consistency of the results because of
the relatively low sample by using the R package performance ((62), version 0.11.0) and
limited the number of bootstrap iterations to 100.
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A Measuring behavioural Traits

The Global Preferences Survey

The Global Preferences Survey (GPS) dataset (51) provides insights into fundamental be-
havioural traits across social and non-social domains, including attitudes toward financial
risk, patience, altruism, and trust. In standard economic theory, risk preferences are charac-
terized by the curvature of the utility function (convex for risk-taking, linear for risk-neutral,
and concave for risk-averse); time preferences reflect the valuation of inter-temporal re-
wards (with patience indicating a preference for delayed gratification); and pro-social pref-
erences incorporate considerations for others’ well-being and intentions (e.g., altruism and
trust) (63).

The table A-1 provides a comprehensive definition of the variables created in the survey
Global Preferences Survey.

Table A-1: Preference measures in the Global Preferences Survey

Preference Quantitative item Qualitative item

The Willingness Sequence of five interdependent questions, following a stair- “Please tell me, in general, how willing or unwilling you are to

to take risks

case procedure’:

“Please imagine the following situation. You can choose be-
tween a sure payment of a particular amount of money, or
a draw, where you would have an equal chance of getting

take risks. Please use a scale from 0 to 10, where 0 means
“completely unwilling to take risks” and a 10 means you are
“very willing to take risks”. You can also use any numbers
between 0 and 10 to indicate where you fall on the scale, like

amount x or getting nothing. We will present to you five dif-
ferent situations. What would you prefer: a draw with a 50
percent chance of receiving amount x, and the same 50 per-
cent chance of receiving nothing, or the amount of y as a sure
payment?”

0,1,2,3,4,5,6,7,8,9,10”

Patience Sequence of five interdependent questions, following a stair-
case procedure’:

“Suppose you were given the choice between receiving a pay-
ment today or a payment in 12 months. We will now present
to you five situations. The payment today is the same in each
of these situations. The payment in 12 months is different in
every situation. For each of these situations, we would like
to know which you would choose. Please assume there is
no inflation, i.e., future prices are the same as today’s prices.
Please consider the following: Would you rather receive 100
Euro today or x Euro in 12 months?”

“How willing are you to give up something that is beneficial for
you today in order to benefit more from that in the future?”

Trust "I assume that people have only the best intentions.”

Altruism “Imagine the following situation: Today you unexpectedly re-
ceived 1,000 Euro. How much of this amount would you do-
nate to a good cause? (Values between 0 and 1000 are al-

lowed.)”

“How willing are you to give to good causes without expecting
anything in return?”

T The staircase procedure has a tree structure that works as follows: i) all subjects are
exposed to the same initial choice between A) a lottery payment (for risk preferences) or a
payment at a later date (for time preferences) and B) a safe payment (for risk preferences)
or a payment today (for time preferences); ii) depending on their choice, they are next
exposed to a second price list with a different B) option; and iii) they repeat step ii) several
times.

The selection of the survey items relies on an ex-ante validation procedure, which con-
sists in selecting from a large set of survey questions the items that best predict incentivized

A-1
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choices in the laboratory (see (51) for details on the procedure).

The World Values Survey

The World Values Survey is an international survey documenting the evolution of individual
beliefs, values, and motivations over time and across many different societies. Of the seven
waves conducted since 1981, this study relies on the 7** waves carried out between 2016
and 2021. As a bonus, the 7** wave data is complemented by additional data from the
European Values Survey which asks similar questions but is specific to Europe, to create
the joint WVS/EVS database (52). We use this survey to serve as alternative measures
of behavioural traits and to perform a sensitivity to change analysis across the pool of
countries.

» Times preferences. We construct our measure of patience from the question that
presents respondents with a list of qualities that children can be encouraged to learn
at home, asking them to indicate whether or not they consider each quality to be
especially important (up to a maximum of five qualities). We consider a respondent
to be patient if they select “Thrift, saving money and things.”

» Trust. The interpersonal trust measures are based on a question asking respondents
to rank how much they trust people from several groups, using a 4-point Likert-scale

ranging from “not at all” to “a great deal.” The groups are “Your family,” “Your neighbor-
hood,” “People you know personally,” “People you meet for the first time,” “People of
another religion,” and “People of another nationality.” Interpersonal trust is determined
to be narrow if it is restricted to the item “People you meet for the first time”. This
item indeed appears to most closely match the behavioural measure of interpersonal
trust in the standard trust game. The global version of interpersonal trust is computed
as the sum of responses from all items. The results remain consistent regardless of
whether the narrow or global version of interpersonal trust is used. Therefore, we
report only the results based on narrow interpersonal trust to maintain consistency

across datasets and avoid redundancy..

» Altruism. We construct our measure of patience using, once again, the question
that presents respondents with a list of qualities where children can be encouraged
to learn at home, asking them to indicate whether or not they consider each quality to
be especially important (up to a maximum of five qualities). In this case, we consider
a respondent to be altruistic if they select “Unselfishness.”

A-2
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Table A-2: Model selection based on pseudo-R? using the for Wave - European Values
Survey. Values in bold represent the best model selected here according to log-likelihood
and pseudo-R?. Additional models based only on the Human Development Index (HDI)
or Gross Domestic Product (GDP) have been tested. Governance & Economic axis and
Population & Urbanisation axis corresponds, respectively to the first and second axis of the
PCA. behavioural traits correspond here to Altruism, Trust, Patience and Risk taking. Model
table selection based on log-likelihood is reported in Table A-6. Coefficients are provided in
Table A-5

Predictors included Pseudo-R*
behavioural traits + Governance & Economic axis + 0.23
Population & Urbanisation axis

Governance & Economic axis + Population & Ur- 0.14
banisation axis

Human Development Index (HDI) 0.07
behavioural traits 0.03
Gross Domestic Product (GDP) 0.03

B Additional analysis with the Wave - European Values
Survey

Wave - European Values Survey (EVWS): The second measure of population behavioural
traits is taken from EVS (European)/WVS (Wave 7' Values Survey) (52), abbreviated
EVWS hereafter. This database initially includes 79 countries (2017-2021) and also in-
cludes several questions on trust ranging from institutional to interpersonal trusts (e.g.
neighbors, strangers, community groups). The narrow trust is the score related to strangers
and is likely closest to the Global Preferences Survey measure. The global trust adds up the
scores from all the survey questions on trust in others. We used here the narrow trust, as
the relationship between population behavioural traits and policy making is similar whether
considering interpersonal or global trust (26). This database does not contain data related
to risk-taking.

After extraction, we obtained a list of 75 countries with both protected area coverage and
behavioral traits. We then ran a PCA to summarise variance explained from economic-
political and urban areas, because the list of countries is different from Global Preference
Survey database. We retained the first two axis representing 84.6% of the total dataset
inertia (dimension 1 = 67.3%, dimension 2 = 17.3%). We then used beta-regression as in
the main text.
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Figure A-1: Summary of behavioural traits effects on protected area coverage (N = 75 countries). a)
Coefficient plot from the Wave - European Values Survey beta-regression model, including behavioural traits
(i.e. altruism, trust, patience, risk-taking) and Governance & Economic axis and Population & Urbanisation
axis (pseudo-R? = 0.13). Each dot represents the slope effect (average estimate) with quantile intervals. The
density estimator of sample data is reported with the black thick line containing 66% of the density and the
thinner line contains 95% of the density data. Coefficient values are reported in Table A-5. b) Relationship
between the percentage of protected area coverage and trust, derived from panel a. Each dots represent
country observations. The beta-regression is reported in pink with the 95% confidence interval.
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Table A-1: Model selection based on log-likelihood using Global Preferences Survey. In all
models, protected area coverage is defined as response. Values in bold represent the best
model selected here according to log-likelihood and pseudo-R2. Additional models based
only on the Human Development Index (HDI) or Gross Domestic Product (GDP) have been
tested. Governance & Economic axis and Population & Urbanisation axis corresponds,
respectively to the first and second axis of the PCA. behavioural traits correspond here to
Altruism, Trust, Patience and Risk taking. Coefficients are provided in Table B.

Predictors included Log-Likelihood
Behavioural traits + Governance & Economic axis 67.901
+ Population & Urbanisation axis

Governance & Economic axis + Population & Ur- 65.109
banisation axis

Behavioural traits 64.904
Human Development Index (HDI) 64.068
Gross Domestic Product (GDP) 63.576




Table A-2: Coefficient estimates from beta regression models fitted either with GPS survey
(top) or EVWS survey (bottom) from the best fitting model (higher pseudo R2 and loglike-
hood). Model coefficients are reported with average estimate, standard deviation (SD),
low and high Cl 95%, and p-value. Section A presents the definition of variables in both
datasets.

Dataset Predictor Estimate SD Clo25 CI975 pvalue
GPS (Intercept) -1.500 0.089 -1.700 -1.400 0.000
Altruism 0.180 0.240 -0.290 0.660 0.452
Trust -0.690 0.330 -1.300 -0.035 0.038
Patience -0.180 0.350 -0.860 0.500 0.604
Risk taking 0.350 0.310 -0.260 0.960 0.265
Governance & Economic axis -0.120 0.056 -0.230 -0.009 0.034
Population & Urbanisation axis 0.062 0.069 -0.073 0.200 0.366
EVWS  (Intercept) -1.600 0.083 -1.800 -1.500 0.000
Altruism -0.130 0.079 -0.280 0.028 0.107
Trust (global) -0.230 0.093 -0.420 -0.052 0.011
Patience -0.064 0.078 -0.220 0.089 0.412
Governance & Economic axis -0.170 0.041 -0.250 -0.091 0.000

Population & Urbanisation axis -0.140 0.054 -0.240 -0.029 0.012




Table A-3: Coefficient estimates from beta regression after bootstrap procedure. Model
fitted either with GPS survey (top) or EVWS survey (bottom)from the best model (higher
pseudo R2 and loglikehood). Model coefficients are reported with average, low and high
Cl95% and p-value. Section A presents the definition of variables in both datasets. We
limited the number of bootstrap iterations to 100.

Dataset Predictor Estimate CIl025 CI975 pvalue
GPS (Intercept) -1.587 -1.767 -1.368 < .001
Altruism 0.218 -0.324 0.713 0.50
Trust -0.737 -1.410 -0.111 0.04
Patience -0.286 -0.921 0.453 0.40
Risk taking 0.409 -0.203 0.958 0.14
Governance & Economic axis -0.137 -0.233 -0.027 0.04
Population & Urbanisation axis 0.048 -0.06 0.223 0.52
EVWS  (Intercept) -1.632 -1.782 -1.485 < .001
Altruism -0.137 -0.285 0.034 0.14
Trust (global) -0.230 -0.383 -0.051 < .001
Patience -0.069 -0.222 0.101 0.34
Governance & Economic axis -0.172 -0.233 -0.1 < .001

Population & Urbanisation axis -0.124 -0.242 -0.028 0.02
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Table A-6: Model selection based on log-likelihood using the Wave - European Values
Survey. Values in bold represent the best model selected here according to log-likelihood
and pseudo-R?. Additional models based only on the Human Development Index (HDI)
or Gross Domestic Product (GDP) have been tested. Governance & Economic axis and
Population & Urbanisation axis corresponds, respectively to the first and second axis of
the PCA. behavioural traits correspond here to Altruism, Trust, Patience and Risk taking.
Coefficients are provided in Table A-5

Predictors included Log-Likelihood
behavioural traits + Governance & Economic axis + 77.356
Population & Urbanisation axis

Governance & Economic axis + Population & Ur- 72.268
banisation axis

Human Development Index (HDI) 69.143
behavioural traits 67.359
Gross Domestic Product (GDP) 66.989
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Figure A-1: Contribution and loadings from principal component analysis (PCA) based on GPS survey (left)
and EVWS survey (right) list of countries. a) Contribution to the first two PCA axis based on GPS survey. b)
Contribution to the first two PCA axis based on EVWS survey. ¢c) Summary of PCA loadings based on GPS
survey. d) Summary of PCA loadings based on EVWS survey.
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Figure A-2: a) Distribution of percentages according to the implementation scale of the protected area
(regional, national, and international terrestrial protected areas). A more detailed map of the total surface
according to protected area design (i.e. international, national or regional only) is reported in Fig A-3. b) Per-
centage of protected area according to IUCN categories. [more details on not reported, assigned, applicable.]
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Figure A-3: Total percentage of protected areas (from the 75 unique countries in total) according to the type
of protected areas - international, national, or regional. Maps are restricted to the 75 distinct countries used in
our analysis. The grey colour represents no data source. (Map is displayed in Vander Grinten IV projection).
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Figure A-4: Pearson correlation matrix of economic and governance variables. (a) Correlation matrix for
countries included in the GPS dataset. (b) Replication of (a) for countries included in the WVS dataset.
Crossed cells indicate correlation coefficients which are not statistically different from zero (p>0.1).
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Figure A-5: Ccomparisons among behavioral traits and protected area coverage: scatter plots of all com-
bination of traits and protected area coverage, data distributions, and their correlation. For correlations, we
used Pearson correlation with *** for P-values <0.001, ** for 0.001, * for 0.01. The lower panel presents
kernel density estimation of data, from pale to dark blue for higher density data observation, and each dots
represent values of each countries. The red line is loess regression with CI195.
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Figure A-6: Summary of behavioural traits effects on protected area coverage without controls (N = 75
countries). a) Coefficients estimates based on GPS dataset and b) Coefficients estimates based on EVWS
survey. In a) Summary of behavioural traits effects on the percentage of protected areas as a response (N
= 75 countries). Each dot represents the slope effect (average estimate) and its quantile intervals. For both
plots, we reported the density estimator for sample data. The black thick line contains 66% of the density and
the thinner line contains 95% of the density.
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