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In postmodern societies socioeconomic changes characterizing
the last decades shifted value orientations and attitudes towards
wildlife, diminishing consumptive uses of wildlife, such as recre-
ational hunting or fishing. However, no study has tested yet
whether the same forces of modernization also increased non-
consumptive uses of wildlife. We adopted multivariate ran-
dom forests to model the effect of urbanization, average in-
come and higher education over the conjoint incidence of recre-
ational hunters and people who volunteer with animals at the
municipal scale, in Tuscany (Central Italy). We also used time-
series analysis to see if these effects were supported by long
term trends in recreational hunting across different areas. Ur-
banized areas, characterized by higher proportion of residents
with a higher education, are negatively associated with the in-
cidence of recreational hunters, and positively to the incidence
of people volunteering with animals. Cluster analysis identi-
fied two groups of municipalities, characterized by opposite in-
cidences of hunters and volunteers, by a different magnitude of
change in recreational hunting and by a different level of ur-
banization. Although hunting participation declined steadily
over the last 15 years, this decline was greater at urbanized
municipalities. These differences are likely to produce conflicts
about wildlife management, and we believe regional agencies
should adopt preemptive measures to mitigate them, such as
improved data sharing and staff training about human dimen-
sions of wildlife. Our findings indicate that the cognitive hier-
archy can be a valuable theoretical frame to link socioeconomic
dynamics to changes in human-wildlife relationships, even for
non-consumptive wildlife uses.
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Introduction

Over the last few decades, Western countries faced a large-
scale shift in basic human values, which changed from ma-
terialist to post-materialist ones, due to increased income,
higher levels of education and urbanization (Inglehart, 1997).

This shift had major social and political implications, as
it affected many different phenomena, like politics, self-
expression, environmentalism, economic growth, leisure, af-
fective relationships, marriages, divorces and gender roles
(Granato et al., 1996; Inglehart, 1997, 2000, 2008; Ingle-
hart and Welzel, 2010; Van de Kaa, 2001). This shift also
changed human-wildlife relationships. Notably, moderniza-
tion was found to affect wildlife value orientations (WVO),
belief networks providing specificity to general human val-
ues and governing their effect over attitudes and behaviour
concerning wildlife. Domination WVO makes people regard
wildlife as a resource, which should be mastered to maximize
human well-being, even if animals suffer. On the other hand,
mutualistic WVO make people consider wild animals as sen-
tient creatures deserving full consideration and possessing
rights similar to those of humans (Manfredo et al., 2003,
2009). In the United States, modernization produced a shift
towards mutualistic WVO, with consequences over the public
support for wildlife management initiatives, attitudes towards
wildlife and trust towards governmental policies (Manfredo
et al., 2009, 2016, 2017a; van Eeden et al., 2017). However,
some rural areas were left behind by modernization, and are
still characterized by large social groups with domination-
oriented WVO, whereas others host substantial groups of ei-
ther traditionalists and mutualists. This spatial heterogeneity
poses new challenges to conservationists: the rural-urban di-
vide makes it hard to develop shared and inclusive wildlife
policies, while areas with segregated groups with polarized
attitudes towards wildlife are prone to social conflicts over
wildlife and its management (Manfredo et al., 2017b). WVO
were found to predict human attitudes and behaviour towards
wildlife even outside North America, e.g. in most European
countries (Cerri et al., 2017; Gamborg and Jensen, 2016; Her-
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mann et al., 2013; Kaltenbron et al., 2017; Jacobs et al., 2014;
Raadik and Cottrell, 2007; Sijtsma et al., 2011; Teel et al.,
2010) and in some non-Western countries (Zainal Abidin and
Jacobs, 2016; Zinn and Shen, 2007). The classic predictions
of the cognitive hierarchy, on the effect of socio-economic
changes over the observed decrease in recreational hunting,
were found to be valid for Italy and Netherlands (Cerri et al.,
2018; Vaske et al., 2011). Therefore, the cognitive hierarchy
seems to be a valuable theoretical frame to explore how mod-
ernization can produce long-term changes in the relationship
between society and wildlife, or more broadly, between soci-
ety, nature and its conservation.
However, the cognitive hierarchy still has one major gap:
to date, researchers focused mostly on consumptive wildlife
uses only, such as recreational angling or hunting. To the
best of our knowledge, no study explored how well the cog-
nitive hierarchy can generate predictions about the effects
of modernization over those behaviours which enhance the
well-being of animals, like animal rights activism or animal
protection. Mutualists disapprove hunting and can support
petitions against it, but they should also support and get in-
volved in those activities that maximize animal well-being.
Although some of these activities are constrained by practi-
cal barriers (e.g. the existence of wildlife centres or protected
areas), others are relatively unconstrained and depend mostly
upon individual willpower (e.g. joining an NGO which man-
ages a dog house). Therefore, their diffusion should be
strongly affected by large-scale shifts in socioeconomic con-
ditions and mutualism. However, no study has yet tested for
this prediction, nor explored how modernization can produce
spatially-explicit patterns of hunting participation and animal
volunteering.
Our work aims to address this gap, by exploring the predic-
tive power of the cognitive hierarchy for predicting the ef-
fects of socio-economic changes over recreational hunting
and membership to animal protection NGOs. Notably, we
will address three research questions: i) does increased in-
come, education and urbanization lead to a diminished par-
ticipation in recreational hunting?, ii) does increased income,
education and urbanization lead to higher levels of volunteer-
ing with animals? iii) do these relationships reflect a value
shift?

Methods

A. Study area. The study area includes the Tuscany region,
in Central Italy. Tuscany includes 273 municipalities, cov-
ering a surface of 22985 km2. The region hosts the highest
number of recreational hunters in Italy, who nevertheless de-
clined by approximately 37 % between 2001 and 2017 (Fig.
1). The last demographic data about hunters, collected in
2011, showed that 52.2% of hunters at that time were more
than 50 years old and 24.0% were more than 70 years old. In
the study area, hunting can be practised by people holding a
valid license on public land and most private properties, by
paying a yearly fee. Private hunting estates exist but cover
a minority of the total surface which is eligible for hunting.
Game is regarded as a public good, and privates cannot ex-
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Fig. 1. Map of the study area: the decrease in recreational hunting between 2001
and 2017.

ercise property rights on wildlife. Traditional forms of hunt-
ing targeted mostly small game and migratory bird species.
However, the decline in small game and the strong increase in
wild ungulates, deer species and the wild boar, shifted hunt-
ing habits. Nowadays, deer stalking and boar hunting are
the most important forms of hunting and recreational hunt-
ing and voluntary wildlife control coexist. As wild ungulates
damage croplands (damages, approx. 1 mln C/year in 2018),
and professional hunting is illegal in Italy, hunting revenues
from licenses contribute to compensate for crop -damaging
and recreational hunters volunteer in control schemes, for the
eradication of wild ungulates from selected areas.
On the other hand, information about NGOs for animal pro-
tection and animal right activism are scarcer. Italy surveyed
non-profit organizations, such as NGOs, in 1999 and 2001,
and the second national survey was carried out in 2011, with
different criteria (Barbetta, Ecchia e Zamaro, 2016). Data
from the 2011 census are the only available at the municipal
scale and they indicate that in Tuscany 130 NGOs focused on
animal protection and the defence of animal rights. Overall,
these NGOs relied on 2763 volunteers. Although some ani-
mal rights activists operate outside of registered NGOs, and
their number is unknown, they are likely to be a tiny minority
of the total (Bertuzzi et al., 2019).

B. Data and hypotheses. To avoid hypothesizing after
the results are known (HARKING, Hollenbeck and Wright,
2017), we pre-registered our research idea and protocol
(Nosek et al. 2018) on the website of the Open Science
Foundation. The research protocol is available at osf.io/
fj238.
Following Manfredo et al. (2009) we measured moderniza-
tion by its three main components: urbanization, income and
education. Urbanization was measured as the proportion of
the urbanized surface of each municipality. Income was mea-
sured as the average value of the eligible income for each mu-
nicipality (IRPEF, i.e. the Italian personal income tax). Ed-
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ucation was measured as the proportion of residents in each
municipality who have a high school diploma or a university
degree. Hunting participation was measured as the incidence
of recreational hunters over the resident population, namely
the number of hunters out of 1000 adult residents. The in-
cidence of volunteers at animal protection NGOs was mea-
sured in the same way (Fig. 2). We used data from 2011, as
it was the only year when information about NGOs from the
national survey was available. We tested for the following
hypotheses:

• H1) urbanization would show a strong negative rela-
tionship with the rate of recreational hunters;

• H2) average income would show a negative relation-
ship with the rate of recreational hunters;

• H3) education would show a negative relationship with
the rate of recreational hunters;

• H4) average income and urbanization would have an
interactive effect on the rate of recreational hunters,
with poorer and highly rural areas scoring the highest
in terms of recreational hunters;

• H5) urbanization would show a strong positive rela-
tionship with the rate of people who volunteer in an-
imal protection NGOs;

• H6) average income would show a positive relationship
with the rate of people who volunteer in animal protec-
tion NGOs;

• H7) education would show a weakly positive relation-
ship with the rate of people who volunteer in animal
protection NGOs;

• H8) median income and urbanization would have an
interactive effect on the rate of people who volunteer
in animal protection NGOs, with wealthier and highly
urbanized areas scoring the people who volunteer in
animal protection NGOs;

• H9) hunters, from 2002 to 2017, experienced the high-
est decline in areas that in 2011 had many volunteers
and few hunters;

• H10) hunters, from 2002 to 2017, experienced the low-
est decline in areas that in 2011 had few volunteers and
many hunters;

C. Statistical analysis. Before any statistical analysis, we
tested for spatial correlation through Moran’s I and Moran’s
correlograms (Plant, 2012). We found no evidence of spatial
correlation. Correlation indexes, significance tests and cor-
relograms are available in the supplementary material (S1).
However, to account for large-scale spatial trends in model
variables, we included latitude and longitude of municipal
centroids as covariates in our model.
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Fig. 2. Map of the study area: municipal participation rates (n.cases every 1000
residents) for recreational hunting and animal welfare volunteering. Data refers to
2011.

We modelled the effect of urbanization, income and educa-
tion over the incidence of recreational hunting and volunteer-
ing in animal protection NGOs by means of multivariate ran-
dom forests (Segal and Xiao, 2011). Conventional random
forests, combining multiple regression trees, produce inter-
pretable predictions by dividing data into homogeneous sub-
groups characterized by similar values of the response vari-
able and the predictors, usually subgroup means for continu-
ous variables. Multivariate random forests extend the appli-
cation of random forests to more than one response variable,
enabling researchers to model the effect of covariates over a
subset of responses. By doing so, and not by modelling re-
sponse variables separately, multivariate random forests are
able to detect shared patterns of responses to covariates (Fer-
rier and Guisan, 2006). We calculated variable importance,
as our model randomly permuted the values of predictors
and evaluated the change in the Mean Squared Error (MSE,
Breiman, 2001), and we used partial dependence plots to
graphically represent the marginal effect of covariates over
the two responses.
Then, we extracted the proximity matrix from the random
forest model, which represents a measure of similarity be-
tween observations, and we performed PAM cluster analy-
sis to identify groups of municipalities characterized by sim-
ilar trends in the incidence of recreational hunters (2002-
2017) differed between the different clusters of municipal-
ities. We used the silhouette-width method to identify the
optimal number of clusters (Kassambara, 2017)
To conclude, we tested whether temporal trends in the inci-
dence of recreational hunters (2002-2017) differed between
the different clusters of municipalities. We fitted a linear re-
gression with a normal distribution of the error, by using a
variable assigning each municipality to a specific cluster and
the year as predictors. A first-order autocorrelation struc-
ture was sufficient to account for temporal autocorrelation
between observations, as shown by the temporal variogram.

Results
Our random forest model supported most of the hypotheses
that were advanced and it explained 62.64% of the variabil-
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ity in the two response variables. Partial dependency plots
revealed that urbanization showed a marked negative, non-
linear, association with the incidence of recreational hunters.
At the same time, urbanization showed a specular pattern, a
positive nonlinear association with the incidence of residents
who volunteered in animal protection NGOs. Another couple
of opposite patterns also emerged when we considered edu-
cation: the number of respondents with higher education was
negatively associated with the incidence of hunters, while it
was positively associated with the number of volunteers. Hy-
potheses H1, H3, H5 and H7 were therefore accepted. On the
other hand, our hypotheses about the effect of income (H4,
H6, H8) were rejected: income showed a positive relation-
ship with the incidence of recreational hunting, as well as a
U-shaped association with the incidence of volunteers (Fig.
3). In terms of variable importance, the proportion of urban-
ized areas was the most important predictor for the incidence
of recreational hunting at the municipal scale, while average
income and education were the most important predictors for
volunteering.
PAM cluster analysis and the silhouette method revealed the
presence of two groups of municipalities (Fig. 4). The first
cluster showed a higher median incidence of recreational
hunters (66.97 hunters every 1000 adult residents) and a
lower incidence of volunteers (0.24 hunters every 1000 adult
residents), compared to the second cluster (hunters = 35.38,
volunteers = 0.65).

Fig. 3. Partial dependency plots from the multivariate random forest algorithm.
Effect of the proportion of urbanized surface (a), the proportion of residents with a
higher level of education (b) and the median income per year (c) over the incidence
of recreational hunters (left panel) and animal welfare volunteering (right panel).
Incidence is expressed as the number of hunters/volunteers per 1000 residents.

Time-series analysis, based on the linear regression revealed
significant differences in the decline of the incidence of recre-
ational hunters over the adult population, between 2002 and
2017. Hunters declined steadily throughout all the munici-
palities of the two clusters. However, the average incidence
of recreational hunting was consistently lower at municipal-
ities from the second cluster, where volunteers were more
abundant in 2011. These municipalities also faced a higher
overall variation in the incidence of hunters (median ± sd =
- 0.42 ± 0.09), compared to those who had more hunters in
2011 (median ± sd = - 0.29 ± 0.16; Fig.5).
Municipalities from the two clusters also differed in their av-
erage proportion of urbanization, with municipalities from
cluster 2 that were more urbanized (median ± sd = 0.02 ±
0.00) than municipalities from cluster 1 (median ± sd = 0.07
± 0.07). A complete map of the two groups of municipalities
is available in Fig. 6.

Discussion and conclusions
To the best of our knowledge, this study is the first where pre-
dictions from the cognitive hierarchy about the consequences
of modernization over human-wildlife relationships, were
tested through a conjoint analysis of consumptive and non-
consumptive wildlife uses. We believe that this approach pro-
vides a robust evaluation of the cognitive hierarchy as a theo-
retical framework, as preexisting studies focused mostly the
effect of value shifts over attitudes towards wildlife (Gam-
borg et al., 2019; Hermann et al., 2013; Jacobs et al., 2014;
Sijtsma et al., 2011), or considered only consumptive wildlife
uses, like recreational hunting (Cerri et al., 2017, 2018). Al-
though attitudes are antecedents of human behaviour, over
the last few years researchers emphasized the need to focus
on human behaviour directly, to develop sounder theoretical
frames that can better inform policymakers about the con-
sequences of social changes and conservation policies (Nils-
son et al., 2019). By considering two behaviours which lie
as opposites in the spectrum of human-wildlife interactions,
we believe to have provided strong evidence for the cogni-
tive hierarchy and its predictions on the effects of modern-
ization on human-wildlife relationships. Although we did
not carry out any mediation analysis, which is challenging in
non-experimental studies (Bullock and Ha, 2011), our find-
ings perfectly align with what would be expected from a me-
diating effect of wildlife value orientations between value
changes and attitudes/behaviour towards wildlife. When ar-
eas become more urbanized and characterized by a higher
level of education, the number of people who engage in recre-
ational hunting decreases, while we observe an increase in
those who decide to engage in activities which enhance the
well-being of animals, e.g volunteering for animal protection
NGOs (Manfredo, 2008; Manfredo et al., 2009).
Our multivariate random forest model relied on data from
only one year, but cluster analysis and time-series modelling
complemented it, providing further support for its outputs:
we identified two distinct groups of municipalities, that dif-
fered in their incidence of hunters and volunteers in 2011,
but who also differed in hunting participation over a 15-
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Fig. 4. PAM algorithm cluster analysis: silhouette width (top panel) and clusters of
municipalities (bottom panel): Cluster 2 (red, on the left) and Cluster 1 (white, on
the right)

years long timespan. Notably, rural municipalities had more
hunters in 2011 and faced a smaller decline in hunting partic-
ipation between 2002 and 2017. We believe that these find-
ings could have been even more extreme, if we had data from
a longer timespan. In fact, our data starts in the early 2000s,
after many decades of shifting values and wildlife value ori-
entations, when the number of recreational hunters in Italy
had already halved from the 1980s (Ministero delle Politiche
Agricole, Alimentari e Forestali, 2009).
However, our expectations about the association between me-
dian income and the incidence of hunters and volunteers was
not supported by the data. While we expected recreational
hunters to decrease with increasing incomes, the opposite
was true. Moreover, we observed a complex, nonlinear asso-
ciation with volunteers. These findings could have depended
upon the small geographical scale of some municipalities,
as well as on the dynamics that occur during rural abandon-
ment. In Tuscany, some municipalities have a few hundreds
of residents only: in these conditions median income is prob-
ably prone to some bias due to extremely wealthy residents.
Moreover, although many rural areas of Tuscany are being
abandoned and marginalized, facing hard economic condi-
tions (Sallusti et al., 2018), they also face the emigration
of their younger residents. As young people are also those
who shifted their values, it is easy to see how their emigra-
tion from poor areas might contribute to blur the effect of
poverty over human-wildlife interactions. These two issues
could be mitigated in cross-sectional studies, only by adopt-
ing larger geographical scales, such as provinces. At these
scales, more complex metrics of economic development are

Fig. 5. Number of hunters every 1000 residents in the two clusters (cluster: 1 solid
line; cluster 2:, dashed line) between 2002 and 2017.

available (Calcagnini and Perugini, 2019) and the effect of
emigration and small samples is probably lower.
Our findings also raise concerns about the difficulties that
will affect wildlife management in the Tuscany Region, dur-
ing the next few years. Wildlife will be managed in an in-
creasingly fragmented context, where municipalities are be-
coming progressively separated in their hunting participation
rate and in the number of people who endorse animal rights
activism and animal protection. Municipalities hosting vol-
unteers from NGOs are more urbanized than strongholds of
recreational hunting. This divide will certainly affect wildlife
management, just as it was already seen in North America
and other European countries: some portions of the soci-
ety will conflict over intrusive forms of wildlife management
such as lethal control, over the legitimacy of hunting on pri-
vate properties and over the credibility of management agen-
cies and policies (Manfredo 2008; Manfredo et al., 2009,
2016, 2017a). These tensions are likely to constrain wildlife
management policies and to trigger long-term social conflicts
and tensions between stakeholders and agencies.
Thus, two different preemptive measures may be adopted,
in the short term, to avoid the emergence and the chronic-
ity of these conflicts. First, agencies may improve the shar-
ing of information about wildlife management, for example
by creating websites and open-access datasets about wildlife
populations and hunting statistics, as well as by promoting
regular informative meetings targeting diverse social groups.
This would constitute a leap forward from the current situa-
tion, where information is contained in technical reports (Re-
gione Toscana, 2012, 2017) and where communication ini-
tiatives target mostly organizations of hunters and farmers.
Second, although large-scale recruitment of personnel with
dedicated competences is unfeasible in the short term, pro-
viding formal training about human dimensions to wildlife
technicians, who usually have a background in the life sci-
ences, could make them more capable to handle social con-
flicts about wildlife and to understand their drivers. These
two actions would come at a minor cost and can have a pro-
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Fig. 6. Distribution of the two clusters of municipalities in the study area: cluster 1
(dark) and cluster 2 (white).

found effect over the functioning, the perceived credibility
and the resilience of environmental agencies.
Our data also showed that the number of recreational hunters
declined more in urbanized areas than in the countryside: this
trend will probably continue in the near future, if the same so-
cioeconomic dynamics would endure. Predicting the magni-
tude of this decrease will be fundamental to design effective
and inclusive management policies, and to forecast the extent
to which revenues from hunting licenses will decrease. How-
ever, modelling data from hunting licenses will be useless for
this task (Manfredo et al., 2018) and it will be fundamental
for future studies to build explicit matrix population models
(Caswell, 2006) accounting for recruitment and mortality in
the population of recreational hunters.
Finally, our study also emphasizes the importance of data
about volunteering in animal rights and animal protection
NGOs. Our data indicates that in 2011 the incidence of
volunteers was relatively low at the municipal scale, much
lower than that of recreational hunters. It would be interest-
ing to see how the scenario will change in the future, when-
ever some data from the next national inventory of nonprofit
and NGOs will be available. Recently, various authors raised
concerns about the possibility of a large scale detachment
from nature in Western countries, with fewer people expe-
riencing nature and engaging in outdoor activities than in the
past (Kareiva, 2008; Pergams and Zaradic, 2008; Soga et al.,
2016). At a time of environmental crisis, it would be impor-
tant to monitor these dynamics and to understand their deter-
minants. Pro-environmental and animal welfare volunteering
could be valuable indicators to detect them and we encourage
future research exploring them and their relationships with
postmodernization and value change.
In this study, we explored the conjoint response of recre-
ational hunting and animal protection volunteering to socioe-
conomic changes caused by modernization in Central Italy.
Our findings indicate that modernization affected both of
them, producing territorial discrepancies in the incidence of

Coef. Values S.E p-value
(Intercept) 2963.05 89.44 ∗∗∗

Year −1.44 0.04 ∗∗∗

Cluster (2 vs 1) −369.15 116.65 ∗∗

epsilon 0.86 0.01 ∗∗∗

Year : Cluster 0.17 0.06 ∗∗

R2 0.87
Adjusted R2 0.87
Observations (n) 4322
RMSE 8.66
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05

Table 1. Output of the linear regression model (with 1st order temporal autocorre-
lation structure)

both recreational hunters and people who volunteered for an-
imal protection NGOs. Hunters between 2002 and 2015 de-
creased more at urbanized areas with highly educated resi-
dents, where animal protection volunteers were more abun-
dant, whereas their decrease was lower in rural areas. Apart
from providing a comprehensive validation of the cognitive
hierarchy, as a model to understand long-term changes in
human-wildlife relationships, we also believe our findings
raise an alarm for wildlife managers.
In Tuscany, we are observing a rural-urban divide, which
is likely to produce polarization in public attitudes towards
wildlife management and social conflicts. Wildlife and envi-
ronmental agencies should cope with these dynamics, antic-
ipating their negative consequences by improving their com-
munication policies and by providing formal training about
human dimensions to wildlife technicians.
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