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The depopulation of rural areas by humans (or rural exodus) in southern Europe, and the associated abandon-
ment of cropland, had marked ecological consequences on wildlife, which became evident approximately fifteen
years ago. Shrub and tree encroachment, and the expansion of forest birds and the formerly persecuted
mammalian ungulates and carnivores, were highlighted as the major consequences of the rural exodus in Italy. In
this report, we provide a more integrative view, and show that a rural exodus also explains other ecological
phenomena that are usually treated independently. After reviewing the ecological consequences of the rural
exodus that has been affecting a large part of Spain during the last six decades, we suggest that this set of
ecological consequences also includes the movement of shy-selected predators and large, big game species out of
their former ecological refuges, as well as increased frequencies of individuals with bolder-behaviours in
recovering populations. We develop a tentative conceptual model linking the increasing approach of wildlife to
anthropogenic habitats and human depopulation of rural areas. These links are created by the increasing diffi-
culty to survive and reproduce in recovering, high-predation wild areas, due to mesopredator release and the loss
of fear to humans, among other factors. We acknowledge that the recovery of formerly persecuted wildlife in
depopulated landscapes has been helped by conservation policies, but we suggest that policies alone cannot
explain the observed changes. Finally, we propose that the processes we analyse on a national scale could be
taking place in Europe on a continental scale as well, and will most likely occur in the future in other regions of
the world, with the current growth in economies.

1. Introduction MacDonald et al., 2000; Robinson and Sutherland, 2002). The ecological

consequences and conservation implications of this process have been

The structure of animal communities is determined by environ-
mental factors such as climate, geography, or species interactions.
However, human activity can also play a substantial role in regions in
which human presence has a long history of ecosystem alteration and
interaction with wildlife, such as the Mediterranean region (see e.g.
Blondel and Aronson, 1999). A large-scale depopulation process (rural
exodus, hereon) has been taking place in rural parts of Europe since, at
least, the 1960s of the 20th century (Pereira and Navarro, 2015;
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well identified in some southern European countries, notably Italy, and
are known to include a) shrub and tree encroachment on abandoned
cropland, and b) the associated expansion of forest birds and formerly-
persecuted large mammalian ungulates and carnivores (Farina, 1991,
1997; Garcia-Ruiz et al., 1996; Preiss et al., 1997; Debussche et al., 1999;
Falcucci et al., 2007). These processes have been reported to proceed
independently of conservation policies (Falcucci et al., 2007).

In this report, we focus on the case of Spain, a southern European
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country that has also experienced profound demographic changes dur-
ing the last six decades. We suggest that the consequences of human
depopulation of rural areas not only include the two major processes
cited above but also the movement out of ecological refuges by previ-
ously shy-selected fauna, and increased frequencies of individuals with
bolder personalities in animal populations (Geffroy et al., 2015; Marti-
nez-Abrain et al., 2019a), leading to increased approach of wildlife to
humanized areas. Therefore, we group several phenomena, that are
usually overlooked or studied independently in the literature, into a
single process. We also suggest a tentative conceptual framework linking
human depopulation of rural areas with an increasing approach of
wildlife to urban areas. Spain has more than 8000 municipalities
distributed throughout a country of roughly 506,000 km?, with a pop-
ulation of approximately 47 million people. Human population density
is 92 inhabitants/kmz, well under the European mean (177 inhabitants/
kmz). Most Spaniards now live in large cities (51%). The country is a
major tourism destination (ca. 83 million visitors in 2019), with tourism
mainly concentrated in coastal areas. Rural exodus started in the 1960s,
and it is still an ongoing process. The start of this process was triggered
on purpose in 1959, by means of the so-called “Stabilization Plan” to
industrialize the country (Pérez-Pintos, 2009). Nowadays, a large part of
the territory (ca. 50%) is at risk of depopulation, when using the crite-
rion of sparsely-populated areas, as defined by the European Union
(<12.5 inhabitants/km?) (https://www.mptfp.gob.es/dam/es/portal/
reto_demografico/Indicadores_cartografia/Diagnostico_Despoblacion.
pdf).

The historical impact of humans on wildlife, in Spain, can be thor-
oughly tracked back for several centuries. The middle Ages meant a
period of great interaction between humans and wildlife due to the
growth of a strong hunting tradition, as evidenced in books such as “El
libro de la monteria” (https://bibliotecadigital.jcyl.es/es/consulta/regist
ro.cmd?id=16478), that was specifically devoted to big game hunting
in, as early as, the 14th century. This led to the protection of some large
wildlife species (both predators and prey), the hunting of which was
reserved to the aristocracy. However, in Spain, the official persecution of
some large mammalian carnivores by the crown, can be traced back to
the 16th century. This was the case for grey wolves, that were officially
persecuted since the reign of King Carlos I. Brown bears in the Canta-
brian Mountains experienced an intense persecution from the 16th to
the 19th century. For example, 243 adult bears and 120 cubs were killed
between 1751 and 1757, in Asturias alone (Torrente, 1999). Policies
developed in the 19th and 20th centuries were especially harmful for
wildlife. Approximately 15,000 wolves were culled in the period of
1855-1859 (Rico and Torrente, 2000). The extinction of many European
brown bear populations (French Alps, Switzerland, Germany) also took
place during this period. Persecution of the brown bear was continuous
and intense in the French and Spanish Pyrenees during the final part of
the 19th century and first decades of the 20th century (Casanova, 2002).
In 1953, the Spanish government began promoting the persecution of
predators that could represent a possible check to small game species.
This persecution led to the killing of ca. 16,000 small carnivorous
mammals, 2000 wolves, 54,000 foxes, and 150 Iberian lynxes, as well as
550,000 birds (mostly raptors and corvids). This occurred across one
fourth of the Spanish territory during the nine years following the
governmental decision to sponsor the extirpation of vermin (Ministerio
de Agricultura, 1962). This campaign did not include brown bears (that
were intensively persecuted in previous centuries) because the species
was already scarce and valued as a big game trophy. When this
governmental campaign was about to succeed in its urge to extirpate the
remaining major predators from the countryside, farmers moved to
cities en masse. Modernity arrived in the country by 1970 and wildlife
conservation began to change at a rapid pace. By that time, the first
(hunting) laws protecting species threatened with extinction were
developed, and the former wildlife extirpation councils were closed
down. Furthermore, the year of 1970 marked the end of unrestrained
predator control in the USA as well, according to Prugh et al. (2009).
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From there on, international conventions and European directives took
the lead regarding nature conservation, especially after Spain joined the
European Union in 1986. The first law entirely devoted to nature con-
servation, rather than hunting, was finally developed in 1989, some
30 years ago.

2. Ecological consequences of historical wildlife persecution in
rural economies

In order to fully understand the ecological consequences of human
depopulation it is first necessary to briefly review the ecological con-
sequences of intense wildlife persecution during the centuries in which
rural activities were the rule (see Foster, 2009). The main ones were a)
reduction of predator numbers and large ungulates, b) selection of in-
dividuals with shy personalities (i.e. selection of individuals afraid of
humans, with low exploratory urge and low aggressiveness), c) seclusion
of larger wildlife (vultures, large eagles, bears, wolves, lynxes) in remote
areas acting as ecological refuges, and d) behavioural changes in diet
(reduced carnivorism in omnivorous species), activity schedules
(increased nocturnality), mating strategies (as a consequence of reduced
densities) and even body size (reduction of size in large mammals)
(Fernandez-Gil et al., 2006; Oberosler et al., 2017; Gaynor et al., 2018).
All features (genetically, epigenetically, and/or culturally acquired) that
helped persecuted individuals remain hidden from humans were
selected for via natural selection. In a way, human activity shaped
wildlife to its needs, and this most likely affected species composition,
abundance, distribution and behaviour. To summarise, centuries-old (or
millennia old, depending on sites) agro-silvo-pastoral human activities
moulded the structure of animal communities in southern Europe until
the arrival of modernity, just a few decades ago (Diamond, 2012). To
some extent, the rural activity of humans most likely acted as a func-
tional substitute of the extinct mega-herbivore and mega-predator
faunas of the Pleistocene times.

3. Ecological consequences of the end of direct wildlife
persecution by humans

The massive movement of people to major cities (i.e. rural exodus)
created vast areas with low human population density. Interestingly, the
ecological effects of this depopulation did not become evident until
recently (Salaverri et al., 2019), which suggests a non-linear response of
the process, increasing the chances of rapid regime shifts (Hastings et al.,
2018). Briefly, the ecological consequences of human depopulation, and
the associated decrease in direct persecution of wildlife, can be grouped
in four major points, with opposing results compared to those generated
during centuries of intense human rural activity.

3.1. Increased numbers of predators and large prey

The end of the government-sponsored persecution of animal species
considered as vermin, in 1970, most likely had a positive effect on the
recovery of mammalian mesopredator numbers and range expansion.
This would be expected according to the mesopredator release principle
(see e.g. Crooks and Soulé, 1999; Prugh et al., 2009), although detailed
quantitative trends for this animal group are lacking. In this case, the
most relevant apex predator removed from the system were humans. In
some Spanish agro-ecosystems, mesopredator abundance has been
shown to be regulated more by top-down processes, such as prey
availability, than bottom-up (Sobrino et al., 2009). The end of direct
persecution also had a positive effect on some top mammalian predators.
Wolf (Canis lupus) populations have grown and expanded geographically
in NW Spain since the end of the 1980s (Blanco et al., 1990; Calmaestra
et al., 2017), with an annual increase of ca 2% in its distribution area
(Table 1, Fig. 1), despite the hunting and culling activities implemented
during the last few decades by several regional governments. Only
50-60 brown bears (Ursus arctos) remained in the Cantabrian Mountains
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Table 1

Summary of changes in population size (using different indicators) of formerly persecuted, large mammalian carnivores, large mammalian herbivores, and large
raptors in Spain, from the 1980s to 2018. Data within brackets indicates the year the estimate was made. Grey wolf data from Alvares et al. (2005), Ministerio de
Agricultura, Alimentacién y Medio Ambiente (https://www.miteco.gob.es/es/biodiversidad/temas/inventarios-nacionales/censo_lobo_espana_2012_14pdf tcm30-1
97304.pdf); lynx data from Calzada et al. (2007) (https://www.ellinceiberico.com/poblaciones-lince-iberico/); brown bear data from Palomero (2007), Palomero
et al. (2006), Fundacién Oso Pardo (https://fundacionosopardo.org/publicaciones/); Spanish imperial eagle data from Gonzalez et al. (1987), Grupo de Trabajo del
aguila imperial (Ministerio de Medio Ambiente); griffon vulture data from Del Moral and Molina (2018); bearded vulture data from Margalida and Martinez (2020) and
Grupo de Trabajo del Ministerio de Medio Ambiente; ungulate data from Instituto Espanol de Estadistica (https://www.ine.es). (*) The estimate from 1988 (294 packs;
Blanco et al., 1990) is methodologically not comparable with those from subsequent decades. (**) The estimate from 1988 (1000-1200 individuals; Rodriguez and

Delibes, 1990) was based on surveys and hence it is not comparable with those from subsequent decades.

Pop size unit 1980s 1990s 2000s 2010s
Large carnivores
Grey wolf Packs 259 297
(2000/2003) (2014)
Brown bear (Cantabrian) Females with cubs 6 9 15 41
(1989) (1995) (2005) (2017)
Brown bear Individuals 5 >50
(Pyrenees) (1995) (2019)
Iberian lynx Individuals 1+ year 450-700 94 749
(2002) (2019-2020)
Big game
Wild boar Hunting bags 32,769 75,060 143,189 310,280
(1985) (1995) (2005) (2015)
Red deer Hunting bags 19,993 52,723 78,449 177,124
(1985) (1995) (2005) (2015)
Roe deer Hunting bags 14,073 53,595
(2005) (2015)
Large raptors
Spanish imperial eagle Occupied territories 104 148 204 520
(1985) (1994) (2005) (2017)
Griffon vulture Breeding pairs 7519 17,337 24,609 30,945
(1989) (1998) (2008) (2018)
Bearded vulture Occupied territories 40 63 102 126
(1986) (1995) (2005) (2018)

in 1982-1995, showing an annual estimated decrease of 4-5% (Wiegand
et al., 1998), whereas >300 are estimated today (Fundacion Oso Pardo,
2020). Numbers of the Cantabrian bear continued to decrease after the
hunting ban was issued in 1973. However, numbers rebounded from the
mid-1990s onwards without the implementation of any captive-
breeding program, and have increased (i.e. females with cubs) at an
annual rate of around 10% since then (Gonzalez et al., 2016; Lopez-Bao
et al.,, 2020). More specifically, the Cantabrian bear population
increased from 6 females with cubs of the year detected in 1989, to 40
and 41 detected in 2016 and 2017, respectively (Planella et al., 2019)
(Table 1). Their distribution range was broken into two isolated refuges
in the Cantabrian Mountains since the XIX century. Cantabrian bears
have not only expanded westward and southward, but have also ach-
ieved demographic and genetic exchange between the two formerly
isolated nuclei (Pérez et al., 2010; Gonzalez et al., 2016). By contrast,
French and Spanish Pyrenean bears have been reinforced with the
release of 11 Slovenian individuals in several batches (1996/97: 2 fe-
males and 1 male, 2006: 4 females and 1 male, 2016/18: 2 females and 1
male). Bear numbers in the Pyrenees have grown from ca. 5 individuals
in 1995 (Casanova, 2002) to >50 in 2019 (Vanpé et al., 2019) (Table 1).
The recovery of Iberian lynx (Lynx pardinus), however, has been
dependant on continued and intense, ex-situ conservation policies and
actions (see e.g. Bolam et al., 2020). While only 94 individuals remained
in 2002, 700 individuals were estimated in 2019 (Table 1), although this
recovery required the release of ca. 250 individuals since 2011 (Iber-
lince, 2018). Remarkable increases have also been reported for large,
obligate, tree-nesting eagles (see Martinez-Abrain et al., 2020), such as
the Spanish imperial eagle (Aquila adalberti), which increased from ca.
100 pairs in the 1980s (Ferrer, 2001) (Table 1) to 520 nesting pairs in
2017 (Ministerio para la Transicion Ecologica, 2018). The population
multiplied by 5 in 30 years.

Additionally, not only have predators increased in numbers but big
game ungulates, that were hunted intensively in the past, are now

thriving (Table 1), such as wild boars (Sus scrofa), red deer (Cervus
elaphus), and roe deer (Capreolus capreolus). The increase in ungulate
biomass has, in turn, contributed to the recovery of obligate scavengers,
such as vultures (Martin-Diaz et al., 2020), along with the additional
help of conservation policies, such as supplementary feeding (Margalida
et al., 2020), and through the banning of the use of poison. For example,
griffon vultures have multiplied their population by a factor of 10 in
40 years (from 3240 pairs in 1979 to 31-37,000 pairs in 2018), and have
expanded their range accordingly (Fig. 1, Table 1).

3.2. Movement out of ecological refuges to unprotected sites

Many animal populations that were formerly secluded in remote
areas with little human disturbance (ecological refuges) are leaving
those suboptimal habitats (now legally protected as nature or national
parks) at an increasing rate. They are progressively re-colonizing other
habitats due to the lack of direct human persecution associated to the
human depopulation of rural areas (Morandini et al., 2017; Silliman
et al., 2018; Martinez-Abrain et al., 2019a). The reduction in direct
human persecution does not entail a complete absence of threats to
wildlife. Most impacts are now caused indirectly via the development of
the communication and energy supply infrastructure (Martinez-Abrain
etal., 2009, 2013), but wildlife does not perceive that additive mortality
such as direct predation by humans. The process of “refuge abandon-
ment” will most likely force the development of new conservation pol-
icies (Martinez-Abrain et al., 2019b), and will increase the demand for
improved maps of habitat suitability in relation to currently “empty”
sites (Bonnet-LeBrun et al., 2019). This means that many presently un-
used, high-quality sites will become occupied in the future, as currently
occupied sites are abandoned. Importantly, this process of refuge
abandonment often implies that individuals from legally protected sites
move to unprotected areas, showing the suboptimal nature of former
refuges. This is, for example, the case of the Egyptian vulture (Cortés-
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Fig. 1. The ecological consequences of the rural exodus in Spain include geographical range expansion of formerly threatened species. From top left to bottom left
(clockwise) A) geographical expansion of the Spanish imperial eagle (1990-2019), adapted from Gonzdlez et al. (1987, 1989) and Ferrer (2001), B) griffon vulture
(1979-2018), adapted from SEO (1981), Arroyo et al. (1990), Del Moral & Marti (2001), Del Moral (2009), Del Moral and Molina (2018), C) brown bear
(1989-2019) adapted from Nores and Naves (1993) and Gonzalez et al. (2016), and D) wolf (1988-2015), adapted from Blanco et al. (1990); Alvares et al. (2005)

and Sdenz de Buruaga et al. (2018).

Avizanda et al., 2015) and the Spanish imperial eagle, with some pairs of
the latter moving to pine plantations that are under human exploitation
where they are paradoxically increasing at a faster rate than in protected
areas (Rojo et al., 2013; Morandini et al., 2017). In both cases, birds
move to places where abundance of their main food resource, dead or
alive wild rabbits (Oryctolagus cuniculus) respectively, is higher than in
protected areas, where cropland abandonment has promoted shrub and
tree encroachment. Even the Iberian lynx (whose staple food is also
rabbits) is becoming scarcer in protected areas, where traditional
management (i.e. clearcutting and prescribed burning) was banned by
conservation policies (Moreno and Villafuerte, 1995), as rabbit densities
are much higher in intensively managed hunting estates (e.g. olive
groves) (Delibes-Mateos et al., 2009). After a successful captive-
breeding programme, Iberian lynx have begun to colonize and breed
in intensive olive tree plantations (Garrote et al., 2017), a habitat
considered in the 20th century as worse than holm oak (Quercus ilex)
forests, but that can support higher densities of rabbits (and even higher
lynx female fecundities) than natural habitats (Garrote et al., 2020).
Hence, the absence of lynx in olive groves could be more closely related
to a higher rate of human-induced mortality than to a lack of resources
(i.e. prey and shelter).

The movement (either complete or partial) of wildlife out of refuges
is teaching us valuable lessons regarding true animal preferences. We
are witnessing how animal species that were thought to be selecting
habitats based on preference were actually doing so through human
avoidance. They are now getting out of their forced refuges and are
selecting habitats that were not thought to be suitable or optimal. For
example, species traditionally considered in the past to have preference

for the upper stretches of rivers with pristine waters, such as Eurasian
otters (Lutra lutra), are now present outside these areas and along the
whole course of rivers (including many major city centres; Fig. 2) and
make use of beaches, harbours, reservoirs and all sorts of small ponds in
urbanized areas where they can find food, often exotic species (Pedroso
et al., 2007; Martinez-Abrain and Jiménez, 2016). In fact, Ruiz-Olmo
et al. (2011) already found that otter breeding success correlates nega-
tively with altitude, that is, with remoteness. Large cliff-nesting raptors
are rapidly increasing the percentage of pairs breeding in trees, a more
vulnerable nesting substrate as it is more accessible to humans (Marti-
nez-Abrain and Jiménez, 2019a; Martinez-Abrain et al., 2020). For
example, the percentage of Bonelli’s eagles nesting in trees in Spain, in
1990, was 1.8% (n=679), whereas, it increased to 4.6% in 2005
(n=733) (Del Moral, 2006), and to 7.5% in 2018 (n=709) (Del Moral
and Molina, 2018b). Golden eagles are deserting territories at high al-
titudes (despite global warming) and increasing their numbers at lower
altitudes, where human densities are higher (Martinez-Abrain et al.,
2019a).

3.3. Increased frequency of individuals with bolder personalities and in
their approach to urban areas

Wildlife in the process of leaving historical refuges is also losing fear
to humans (Ferrer et al., 1990; Arroyo et al., 2017). Many species can
now be spotted at shorter distances and in broad daylight. Nocturnality
is known to decrease in mammals when human disturbance decreases
(Martinez-Abrain and Oro, 2018). New ecological opportunities arise for
individuals with bold (fearless) behaviours, compared to secretive, shy-
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Fig. 2. Geographical expansion of otters, a formerly heavily persecuted predator in Spain. As a consequence of the rural exodus otters have increased their densities,
are moving out of their former ecological refuges in the upper stretches of rivers and are present in urban and peri-urban areas. A) Population expansion from 1984 to
2016, modified from Lopez-Marin and Jiménez (2008). B) Geographical distribution of reported presences of otters in cities (January 2012-February 2019), where

the species had been absent for decades. Circles indicate the approximate number of human inhabitants in each city and numbers next to circles indicate the first year
in which otter presence was reported.




A. Martinez-Abrain et al.

selected individuals that remain in their refuges (Martinez-Abrain,
2018). Many animal species are colonizing or are becoming more
frequent in urban environments, and loss of fear to humans correlates
with urban wildlife (Riyahi et al., 2015; Geffroy et al., 2015, 2020). For
example, in the city of Barcelona, currently, two of the five most
abundant urban bird species did not colonize the city until 1989 or later
(Anton et al., 2017; and XF own unpublished data). One of which, the
native wood pigeon (Columba palumbus), intensively persecuted by
hunting in the past, has built an urban population of several thousand
breeding pairs in just two decades since first colonization (Anton et al.,
2017). In addition, the rebound of mesopredators in human depopulated
areas, together with changed human attitudes and the large amounts of
available food that is a by-product of human activities (Oro et al., 2013),
could also be causing the increasing approach of wildlife to urban areas
(Rebolo-Ifran et al., 2015) (see a tentative conceptual model summari-
zing this process in Fig. 3). It is to be expected that predators will follow
the same path as their prey in the future. For example, red kites (Milvus
milvus) are already colonizing urban areas on the island of Majorca
(Muntaner, 2019), and common kestrels (Falco tinnunculus) and pere-
grine falcons (F. peregrinus), among other diurnal and nocturnal raptor
species, are increasingly common in many cities, mainly large ones
(Murgui and Hedblom, 2017).

The spread of bolder behaviours and the approach of wildlife to
urban areas is also bringing new challenges for human-wildlife coexis-
tence. For example, cases of wild boar and roe deer causing road acci-
dents have increased exponentially (Lagos et al., 2012). The expansion
of wolves to areas where livestock damage prevention measures were
ceased long ago, following the extirpation of these species, are giving
rise to social conflicts that require awareness efforts and the provision of
preventive measures for conflict mitigation (Fernandez-Gil et al., 2016;
Martinez-Abrain et al., 2019b; Salvatori et al., 2020). Cantabrian bears
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seem to be shy-selected bears (based on the low number of attacks to
people and livestock recorded; see e.g. Casanova, 2002). In the last
30 years only seven attacks on humans have been recorded in the Can-
tabrian Mountains, none with serious consequences (Blanco et al.,
2020). However, events of bolder bears foraging in or near urbanized
areas in the Cantabrian Mountains are starting to become more com-
mon. This is a natural consequence of low local population densities,
together with a high abundance of fruit, and bear despotic behaviour
(Elfstrom et al., 2014). These cases can lead to dangerous situations
(especially due to the increased presence of people in the countryside for
recreational purposes) or become ecological traps if attractive human
areas increase mortality in the long run (Lamb et al., 2017). In conse-
quence, efforts are needed to prevent the availability of attractive food
resources near villages and to implement bear aversive conditioning, to
preserve the shy nature of Cantabrian bears.

3.4. Forest spread: positive and negative effects on wildlife

The widespread depopulation of rural areas has led to shrub and tree
encroachment on former cropland. Moreover, expanding forests are now
more dense than they used to be (Ameztegui et al., 2010) because
human extraction of plant biomass and wild-ranging livestock no longer
takes place. One of the by-products of vegetation succession on wildlife
is the reduction of open areas. This process is responsible for the
increasing populations of forest bird species and large mammalian un-
gulates (red deer Cervus elaphus, roe deer, wild boar) (Acevedo et al.,
2011), as well as the decreasing trends of formerly common birds (Preiss
et al., 1997; SEO/BirdLife doi:10.31170/0073; Inger et al., 2014)
dependent on open farmland. Some bird species can experience
opposing forces as forest expansion increases nesting substrate, while
shrub and tree encroachment causes open feeding areas to shrink. This is

Human depopulation of
rural areas

Movement
out of refuges

Shrub and tree
encroachment

N

Mesopredator
release

Loss of fear to
humans

Approach to
anthropogenic habitats

7

™

Changed
attitudes of
urban people

Human landscapes
as food providers
and sites of low
predation

Fig. 3. Conceptual framework linking both the human depopulation of rural areas and the increasing approach of wildlife to anthropogenic habitats. These links are
created via the movement of wildlife out of their historical ecological refuges, loss of fear to humans, an increase in mesopredator and large mammalian herbivore
densities, and shrub and tree encroachment. Approach to anthropic habitats is also enabled by the change in attitude towards wildlife of people living in urban areas,
and is fostered by the services these habitats provide as sources of food and as sites of low predation.
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the case for the cinereous vulture (Aegypius monachus), an obligate tree-
nester that scavenges in open land (Garcia-Baron et al., 2018). Cropland
abandonment and changes in pasture use in mountainous areas are also
seen as threats for some small mammal species, such as the Cantabrian
endemic broom hare (Lepus castroviejoi), due to loss of landscape di-
versity (Ballesteros, 2018). Shrub and tree encroachment has also
negatively affected many amphibian and reptile species. This is because
ectothermic species are sensitive to changes in vegetation density, which
is linked to human depopulation of rural areas, although, this topic has
not been extensively studied to date. Amphibians and reptiles with low
vagility are particularly influenced by the abandonment of farming and
livestock growing (Cushman, 2006). In northern Spain, scrubland
expansion in abandoned croplands negatively affects various reptile
species, such as the Iberian green lizard (Lacerta schreiberi) and Seoane’s
viper (Vipera seoanei), as well as some amphibians such as the golden-
striped salamander (Chioglossa lusitanica) and common frogs (Rana
temporaria) (Galan, 1999; Martinez-Abrain and Galan, 2017). Amphib-
ians are also negatively affected by the widespread reliance of many
populations on the existence of ponds for reproduction in agricultural
areas, many of which disappear when traditional agricultural and live-
stock practices are discontinued (Curado et al., 2011). As a general rule,
butterfly species from open habitats are also becoming rare, whereas,
numbers of formerly rare butterfly species are rising (Stefanescu et al.,
2004, 2009). As a rule, insect biomass is declining in Europe (75%
decline in 27 years) (Hallmann et al., 2017; but see Herrera, 2018, 2019,
for trends in mountain areas in southern Europe), yet herbivorous forest
insects are expanding and forest insect plagues are now reaching the
highest levels recorded since monitoring programs began (de la Fuente
et al., 2018). Some authors have recently suggested that the rate of
growth of forest insectivorous passerines, in Europe, cannot cope with
the rate of growth of forest insects associated with the spreading of
young forest masses (Martinez-Abrain and Jiménez, 2019b). Future
management should promote the persistence of forest/pasture mosaics
for the maximization of biodiversity (Bennet et al., 2006; Martin-Diaz
et al., 2020), promoting the use of livestock and prescribed fires (San
Miguel-Ayanz et al., 2010).

4. Concluding remarks

The ecological consequences of human depopulation of rural areas,
and the associated abandonment of croplands in southern Europe
several decades ago, are more diverse than previously thought, ac-
cording to our unifying or integrative perspective. In order to fully un-
derstand the current structure of animal communities it is necessary to
take into account all of the following: past wildlife persecution under
subsistence rural economies, the seclusion of wildlife in ecological ref-
uges, the selection of individuals with shier personalities, and the sub-
sequent (opposite direction) changes after human depopulation of rural
areas took place. These processes that we have reviewed for Spain will
most likely take place in other countries that are in a similar socio-
economic state to that of Spain,60-70 years ago. This situation applies
to other southern European countries (such as Portugal or Greece),
countries in Latin America (such as Costa Rica as well as some regions in
Mexico), several regions of Asia (Thailand, Malaysia, Indonesia), and
some growing African economies such as Kenya (Loock et al., 2018). It
can even be relevant for some western states of the United States of
North America in which the demographic transition took place rela-
tively late (Hansen et al., 2002). Importantly, the process that we have
considered on a national scale might be occurring in Europe on a con-
tinental scale as well. The eastern, south-eastern and central European
human rural populations are rapidly shrinking, whereas, the industri-
alized western European human population is growing (United Nations
Populations Prospects; https://population.un.org/wpp/). This process
may lead to further recovery of wildlife in Western Europe with prop-
agules coming from increasingly depopulated and naturally rewilded
rural parts of Central and Eastern Europe. In fact, wolves have already
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recolonized Germany (year 2000), the Netherlands (year 2015),
Denmark (year 2017) and Belgium (year 2018), and most European bear
and wolf populations are experiencing increasing or stable trends
(Chapron et al., 2014). The influence of this continent-wide process may
become more evident in the decades to come. Population recovery of
formerly persecuted wildlife species resulted necessarily from the ad-
ditive effect of proper policy regulations and the favourable conditions
for conservation created by human depopulation. However, to some
extent, the process of policy development for wildlife conservation could
also be seen as an indirect consequence of the human depopulation of
rural areas, as urban people in industrialized cities changed their atti-
tudes towards wildlife and ceased perceiving wildlife as competitors or
enemies. Finally, we have suggested that the increasing use of anthro-
pogenic habitats by wildlife could be the result of the role that hu-
manized areas play in providing areas of low-predation and high food
abundance, the increasing difficulty to survive and reproduce in
recovering wild habitats with high-predation, and through the loss of
fear to humans. Further research should test the validity of this tentative
model and its potential to be generalized.
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