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Preface

The unprecedented rate of vertebrate species loss over the last century, up to 100 times higher

than the pre-human background rate, indicates that a sixth mass extinction is already underway.

Human activities, particularly habitat loss, overexploitation for economic gain, and climate change,

are considered responsible for the exceptionally rapid loss of animal species.

Sustainability is achieved when the goals of its three basic components, society, environment,

and economy, are satisfied. The loss and decline of wildlife species and populations destabilize

trophic webs, thus compromising ecosystem function and health. Such consequences also negatively

affect society and the economy. Wildlife conservation and management research therefore focuses on

efforts to avert a true sixth mass extinction, maintain healthy wildlife populations, and thus contribute

toward a sustainable world for future generations.

In this Special Issue, we present a collection of state-of-the-art studies on the conservation and

management of wildlife species under the framework of sustainability. In this volume, wildlife

conservationists and managers will find a holistic view of the current problems and proposed

solutions that could be useful as a guide for successfully designing and implementing conservation

and management plans.

Vasilios Liordos

Editor
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Editorial

Conservation, Sustainability, Conflict and Coexistence: Key
Themes in Wildlife Management

Vasilios Liordos

Department of Forest and Natural Environment Sciences, International Hellenic University, P.O. Box 172,
66100 Drama, Greece; liordos@for.ihu.gr

1. Introduction

Human activities have shaped the Earth’s biotic and abiotic elements for millennia [1].
These activities have become so significant, both in their extent and intensity, that negative
anthropogenic impacts have affected even the most remote places where human presence is
scarce or even non-existent [2,3]. This profound impact of humans on Earth has led scientists
to propose the dawn of a new geological epoch, aptly named the Anthropocene [2,3].
These impacts, the most important among which are habitat destruction and degradation,
overexploitation, and climate change, have caused an unprecedented rate of vertebrate
species loss over the last century, up to 100 times higher than the pre-human background
rate [4–6]. These rates of extinction indicate that a sixth phase of mass extinction is already
in progress [4].

The world’s population exceeded 8 billion people in 2022, and the latest projec-
tions by the United Nations suggested that it could grow to around 8.5 billion in 2030,
9.7 billion in 2050, 10.4 billion in the 2080s and remain stable until 2100 [7]. This increase
in the global population size is accompanied by an increase in urbanization: the global
urban population was 50% for the first time in 2007, and 57.5% of people currently live in
cities, which is a percentage that is projected to reach 68.4% by 2050 [8]. The large human
population and the ever-increasing rates of urbanization are detrimental to biodiversity
because the need for natural resources also proportionately increases and these cities now
occupy former natural ecosystems [9,10]. This situation has called for our better use of
resources and led to the formulation of the concept of sustainability. In 1987, the United
Nations Brundtland Commission defined sustainable development as “development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs” [11]. Sustainability is achieved when the goals of its three basic
components—society, environment, and economy—are satisfied (Figure 1). The integration
of all environmental, social, and economic interests into all aspects of decision making in a
bearable, equitable, and viable way is key to achieving sustainability [12].

The ever-increasing rates of global population size and urbanization increase the
pressures on wildlife. These pressures often result in human–wildlife conflicts (HWC)
that occur “when the needs and behavior of wildlife impact negatively on the goals of
humans or when the goals of humans negatively impact the needs of wildlife” [13]. These
conflicts are better perceived as conservation conflicts, “situations that occur when two or
more parties with strongly held opinions clash over conservation objectives and when one
party is perceived to assert its interests at the expense of another” [14,15]. Conservation
conflicts can be separated into two components: (a) human–wildlife impacts, i.e., the direct
interactions between humans and wildlife [16], and (b) the inherent human–human conflicts
between those interested in wildlife conservation and those with other priorities [17].

Sustainability 2024, 16, 3271. https://doi.org/10.3390/su16083271 https://www.mdpi.com/journal/sustainability1
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Figure 1. The sustainable development concept.

Wildlife management seeks to satisfy three basic societal desires: (a) species conser-
vation, (b) sustainable use, and (c) addressing the negative impacts of certain behaviors.
Wildlife management is the science of applying methods and practices to regulate the
interactions between society, wildlife, and their habitats to satisfy society’s wishes [18,19].
Wildlife managers need to apply suitable management strategies to improve habitats,
address conflicts, and promote coexistence, following the principles of sustainability, to
achieve wildlife conservation. Only in this way will it be possible to simultaneously satisfy
the needs of wildlife species and humans. This volume includes relevant research com-
prising the Special Issue “Wildlife Conservation: Managing Resources for a Sustainable
World”. Overall, 11 articles are presented, showcasing research regarding the conservation
management of wildlife species across the globe under the prism of sustainability.

2. Geography, Taxa, Management Themes

Contributions to our Special Issue span the globe: three came from Africa (Shiweda
and colleagues, Zyambo and colleagues, Lines and colleagues), three from Asia (Sun
and colleagues, Yin and colleagues, Abd Rahman and Matthew), four from Europe (Kat-
selis and colleagues, Raftogianni and colleagues, Sultana and colleagues, Liordos and
colleagues), and one covers global wildlife (Prokop and colleagues) (Figure 2). Further-
more, they involved species from many taxa: six articles involved mammals (Shiweda and
colleagues, Zyambo and colleagues, Lines and colleagues, Sun and colleagues, Raftogianni
and colleagues, Prokop and colleagues), six articles involved birds (Yin and colleagues,
Katselis and colleagues, Raftogianni and colleagues, Sultana and colleagues, Liordos and
colleagues, Prokop and colleagues), two articles involved reptiles (Raftogianni and col-
leagues, Prokop and colleagues), two articles involved fish (Abd Rahman and Matthew
Prokop and colleagues), one article involved amphibians (Prokop and colleagues), and one
article involved invertebrates (Prokop and colleagues). A variety of wildlife management
themes, often more than one per study, were identified from the contributed research,
highlighting similarities and differences in hot contemporary issues across continents: eight
articles tackled conservation issues (Shiweda and colleagues, Lines and colleagues, Yin and
colleagues, Abd Rahman and Matthew, Sultana and colleagues, Liordos and colleagues,
Prokop and colleagues), five articles tackled sustainability issues (Zyambo and colleagues,
Lines and colleagues, Abd Rahman and Matthew, Katselis and colleagues, Raftogianni and
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colleagues), four articles addressed human–wildlife coexistence (Shiweda and colleagues,
Yin and colleagues, Sultana and colleagues, Liordos and colleagues), two articles tackled
human–wildlife conflict issues (Shiweda and colleagues, Katselis and colleagues), and two
articles examined wildlife use issues (Zyambo and colleagues, Raftogianni and colleagues).

 

Figure 2. Management themes, taxa, and continents involved in each article of the Special Issue.

3. Research from Africa

In their article “Climate change and anthropogenic factors are influencing the loss
of habitats and emerging human–elephant conflict in the Namib desert”, Shiweda and
colleagues studied how climate change and other human pressures affected the habitat of
African elephants (Loxodonta africana) and induced human–elephant conflicts in the Ugab
River basin in Namibia. They used geographical information systems to analyze data on
land cover, African elephant movement, rainfall, and temperature. They found that farming
activities, poor rainfall, and frequent droughts were responsible for the loss of around 73.0%
of habitat in the lower river basin consisting of ephemeral streams. They also determined
human–elephant conflict hotspots. Furthermore, they proposed a reduction in livestock
numbers to favor vegetation growth and water conservation and the financial support of
local organizations to provide local farmers with the skills to coexist with African elephants.
They concluded that habitat conservation and farmer education would help protect African
elephants and reduce conflicts.

In their article “Conceptualising drivers of illegal hunting by local hunters living in or
adjacent to African protected areas: A scoping review”, Zyambo and colleagues reviewed
the drivers of illegal hunting among hunters living in protected areas in Africa. Illegal
hunting activities endanger wildlife populations and are highly unsustainable. The need

3



Sustainability 2024, 16, 3271

to generate income and a lack of an income source, the need or preference for bushmeat
consumption, cultural needs and rights, preventative or retaliatory killing, poverty, and
weak or inadequate law enforcement were the main drivers of illegal hunting among
African societies. They concluded that wildlife conservation and sustainability would not
be achieved without the alleviation of deep-rooted social problems, public participation,
and proper law enforcement.

Lines and colleagues integrated modeling and field observations of human pressure
to generate a Human Footprint Pressure map at the Kafue–Zambezi interface in their
article “Utility of human footprint pressure mapping for large carnivore conservation:
The Kafue-Zambezi interface”. Then, they used this model along with occurrence data
for lions (Panthera leo), leopards (Panthera pardus), and spotted hyenas (Crocuta crocuta)
to generate threshold ranges at which the concerned species can persist in their habitats.
Model performance suggested great potential for such predictions in the study area, but it
can also have implications for local and region-wide conservation planning. Mapping of
human disturbances and the estimation of carnivore species’ tolerance thresholds would
help managers select and apply suitable strategies for their conservation.

4. Research from Asia

In their article “Habitat selection: Autumn and winter behavioral preferences of water
deer (Hydropotes inermis) in Northeast China”, Sun and colleagues investigated the habitat
selection of the endangered water deer in the Baishan Musk Deer National Nature Reserve
in Northeast China. They used 11 vegetation and matrix characteristics and found that the
water deer preferred grasslands at sunny and middle slopes in both autumn and winter.
The height of dominant herbage, hiding cover, distance from water, and distance to human
settlements predicted habitat selection in winter. They concluded that this new information
would be valuable for the restoration and conservation of the endangered water deer.

In their article “Birds’ flight initiation distance in residential areas of Beijing are lower
than in pristine environments: Implications for the conservation of urban bird diversity”,
Yin and colleagues determined the flight initiation distance of birds in both urban and
natural areas in Beijing, China. They found that urban adapters, including ground foragers,
insectivores, and omnivores, displayed shorter flight initiation distances in urban rather
than natural areas. Additionally, tree canopy cover positively affected flight initiation
distance and floor area ratio negatively affected it. They concluded that their findings
would help urban managers promote the coexistence of urban birds and Beijing residents
for both parties’ benefit.

In their article “Fish hobbyists’ willingness to donate for wild fighting fish (Betta livida)
conservation in Klang valley”, Abd Rahman and Matthew presented an econometric model
to infer the fish hobbyists’ willingness to donate for the conservation of the endangered
endemic fighting fish in Klang Valley, Malaysia. They used single- and double-bounded
contingent valuation methods that revealed a mean annual willingness to donate of MYR
9.04 among the fish hobbyists. Older fish hobbyists and those who owned fighting fish were
more willing to donate for their conservation. These findings implied the preferences of fish
hobbyists and provided insights into the potential for funding fighting fish conservation.

5. Research from Europe

In their article “Estimation of fishery losses from great cormorants during the wintering
period in Greek lagoons (Ionian Sea, W. Greece)”, Katselis and colleagues estimated fish
losses from great cormorants (Phalacrocorax carbo sinensis) in lagoons of the Amvrakikos
Gulf in Greece during the winter. They incorporated several parameters into their modeling
approach, including fish population growth, age and size of fish prey, great cormorant
numbers, and fishing strategies. Mugilids dominated both the lagoon fisheries and the
great cormorant’s diet, leading to the conclusion that there is a high level of conflict between
great cormorants and fisheries in the lagoons of the Amvrakikos Gulf.
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In their article “Wildlife knowledge and attitudes toward hunting: A comparative
hunter–non-hunter analysis”, Raftogianni and colleagues compared the attitudes toward
hunting and the knowledge about wildlife species between hunters and non-hunters in
Greece. The hunters stated significant motivations for hunting, especially as a recreational
social activity, and considered hunting a valuable management tool. Non-hunters believed
that hunting is a source of pride for hunters. They were critical or even negative toward
hunting, mostly as an activity but also as a management tool. Interestingly, the hunters
had greater knowledge about the biology and ecology of wildlife species, both game and
non-game, than the non-hunters. These findings revealed a conflict between hunters and non-
hunters and suggested that engaging in outdoor activities would increase public awareness
about wildlife. Policies that could reduce this conflict include educating both hunters and the
public about good hunting practices and promoting outdoor recreational activities.

Sultana and colleagues examined the factors that affected urban bird diversity in small
green spaces in Freiburg and Regensburg, Germany, in their article “Neighboring green
network and landscape metrics explain biodiversity within small urban green areas—A
case study on birds”. They found that variations in species richness and composition
were explained by green networks in Freiburg and by green networks and landscape
metrics in Regensburg. They concluded that bird communities in small urban green spaces
could benefit from the spatial configuration that includes water bodies and other green
areas in their vicinity. These findings could be used by urban managers to improve the
habitat quality for urban birds and thus promote biodiversity, human well-being, and,
ultimately, sustainability.

Liordos and colleagues investigated the ecological requirements of birds in small green
spaces in the urban core of Kavala, Greece, and Rovaniemi, Finland, in their article “Niche
analysis and conservation of bird species using urban core areas”. They determined species
niches using the outlying mean index. Niche characteristics differed between cities, while
bird species occupied different niches, showing significant niche specialization. In both
cities, bird species could be grouped into urban adapters (mostly found in larger green
spaces, with high vegetation cover and far from the city center) and urban exploiters (mostly
found in green spaces close to the densely built and noisy city center). The conservation
priority of urban bird species was also determined based on niche specialization and
conservation status. These findings allowed suggestions of measures for enhancing urban
bird diversity. The creation and maintenance of large green spaces, the increase in tree and
shrub cover, and the retention of mature trees and dense shrubberies would benefit adapter
species. Urban exploiters would benefit from the retention of balconies, holes in roofs, and
artificial nest boxes. The enhancement of bird diversity in urban areas would promote both
the conservation of biodiversity and human well-being.

6. Global Wildlife Conservation

In their article “Prioritisation of charismatic animals in major conservation journals
measured by the altmetric attention score”, Prokop and colleagues investigated the rep-
resentation of animals and plants in the covers and articles of three major conservation
journals: Conservation Biology, Journal of Applied Ecology, and Conservation Letters. They
found that the covers more often depicted mammals, reptiles, and amphibians, and de-
picted fish less often. Most published articles also concerned mammals, while articles about
mammals, invertebrates, and amphibians received the most citations. These results sug-
gested a taxonomic bias in scientific research, with scientists and the public preferring large
mammals over other species. Policies are needed to promote support for taxa neglected by
all parts of society to promote conservation and achieve sustainability.

7. Conclusions

This Special Issue included research concerning sustainable wildlife management in
both natural and urban areas. Research was carried out in many countries around the globe,
thus providing an overall snapshot of hot contemporary issues. Key management themes
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were identified, such as wildlife conservation, human–wildlife conflict and coexistence, and
sustainable resource management and use. The research presented would also appeal and
be useful to scientists studying a variety of taxa, including mammals, birds, amphibians,
reptiles, fish, and invertebrates. We hope that the research presented in this Special Issue
will help wildlife managers design successful management plans and provide insights for
promoting much-needed relevant research in the field.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The author declares no conflicts of interest.
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Climate Change and Anthropogenic Factors Are Influencing the
Loss of Habitats and Emerging Human–Elephant Conflict in the
Namib Desert

Markus Shiweda 1,*, Fillipus Shivute 2, Ana Raquel Sales 1 and Mário J. Pereira 3

1 Department of Biology, University of Aveiro, 3810-193 Aveiro, Portugal
2 Apex Geospatial Intelligence, Khomasdal, Windhoek P.O. Box 10614, Namibia
3 Department of Biology and CESAM, University of Aveiro, 3810-193 Aveiro, Portugal
* Correspondence: shiweda@ua.pt

Abstract: Climate change and anthropogenic factors’ impact on habitat loss is a growing problem that
is influencing unsustainable wildlife local-population home range shifts and triggering an increase in
human–wildlife conflict (HWC). Yet, keystone species involved in HWC such as elephants play a
vital role in nature-based ecosystem services and have important economic and cultural value to the
people that are living with them. To understand how climate change and anthropogenic factors affect
habitat loss and elephants’ home range shift, the movement of Namib desert-dwelling elephants
was monitored and observed in the Ugab River basin between February 2018 and November 2020
at fortnight intervals. There are 87 elephants in the Ugab River basin that are distributed into two
subpopulations: desert-dwelling elephants (N = 28) and semi-desert-dwelling elephants (N = 59). To
achieve the objective of the study, land cover change, elephant movement, rainfall, and temperature
data were analysed using ArcGIS spatial and statistical tools, such as image analysis, optimised
hot spot analysis (OHSA), and cost distance analysis, to distinguish habitat vegetation changes
and home range shifts and how these link to emerging human–elephant conflict (HEC) hot spots.
Human farming activities, poor rainfall, and frequent droughts are responsible for the loss of habitat
of around 73.0% in the lower catchment of the ephemeral river streams; therefore, the urgency of
conserving and sustaining these habitats and desert-dwelling elephants is discussed here.

Keywords: desert-dwelling elephants; home range shift; habitat loss; Namib Desert; ephemeral
rivers; vegetation cover; NDVI; human–elephant conflict

1. Introduction

The overall African elephant population continues to decrease, which might leave
one of the world’s most charismatic species in jeopardy of extinction [1]. The literature
indicated that habitat loss and fragmentation, poaching for ivory, and human–elephant
conflict (HEC) are among the most researched factors contributing to the elephant pop-
ulation’s decline [2–4]. It is further established that the impacts of human activities [5,6]
and climate change undoubtedly lead to habitat and biodiversity loss [7–9]. Targets to
limit extinction are not easily achievable [10], affecting species and habitats at local and
regional scales [11–13], such as desert-dwelling elephants and their habitats in the Namib
Desert. Recently, these worrying observations have led to the reclassification of the African
savanna elephant (Loxodonta africana) and the forest elephant (L. cyclotis) from vulnerable to
endangered and critically endangered, respectively, by the IUCN [14–16]. Yet, this keystone
species plays a vital role in nature-based ecosystem services and has important economic
and cultural value to human populations [17].

The world population of elephants was estimated to be over 1.3 million in 1979 [18],
but it has drastically decreased over the last four decades, as some local and regional
populations have declined significantly. By 2007, the elephant population in Africa was
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estimated at 470,000 to 690,000 [19]. A further decline of 144,000 elephants was recorded
in 2014, and the population has continued to decline at an unprecedented rate every
year [4]. Until 2021, there were approximately 415,400 elephants (L. africana and L. cyclotis)
in Africa [20,21], but population estimates can be questionable, and the number of elephants
roaming the African continent may be smaller than that presented in many studies. Data
from the Great Elephant Census (GEC) indicate that only 16.0% of the surveyed African
savanna elephants roam out of protected areas. However, these areas represent 80.0% of
the elephant distribution range in Africa [22]. Thus, most of the elephant’s distribution
area does not have formal protection, and they are more exposed to the possibility of losing
major habitats.

Namibia is one of the countries with a high population of free-roaming elephants
outside of national parks. The Ministry of Environment and Tourism (MEFT) reports that
31.0% of 23,736 elephants in Namibia roam outside protected areas [23]. In the 1900s, these
elephants had a known home range—an area over which an animal (or group of animals)
regularly lives and traverses in its normal activities—of 22.1% (calculated from the report of
De Villiers (1975), as cited in MEFT (2021) [23], and they may have had a distribution area—
a geographical area where a species can be found—greater than 56.0% of the country’s total
area of 823,000 km2 (Supplementary Figure S1). However, this area declined to 13.7% by
the 1990s before increasing again to 21.3% in 2020. Nevertheless, not all local populations
are growing despite the elephant’s national population growth, especially in the northwest
part of the Namib Desert, where fragmented local populations within ephemeral river
basins, including the Ugab River basin, are reported to be declining [24,25].

1.1. The Desert Elephants

Namib Desert elephants were once close to extinction, and their population has been
classified as local and restored since the early 1980s [23]. A genetic distinctiveness between
these elephants and other populations of L. africana has not yet been established, and
studies indicate that what enabled them to survive in the extremely arid environment of
the desert was their high learning capacity and adaptive behaviour [26,27]. Thus, they are
an ecotype instead of a different species.

This ecotype is divided into two subpopulations: desert-dwelling elephants and semi-
desert-dwelling elephants; both are widely distributed throughout communal land and
community conservancy. Desert-dwelling elephants roam freely within the ephemeral
river basins of the Erongo and Kunene regions (the latter is in the northwest of the country
and partially hosts our study area) and can be found below the 200 mm isohyet of each
basin [28–31]. More specifically, the herds of this population include less than 250 elephants
and are found at the lower catchments of major basins of the Ugab, Huab, Hoanib, Hoarusib,
and Uniab Rivers. The adjacent populations of over 200 elephants found further inland
in the semi-arid savanna grasslands at the upper catchments of the Ugab and Huab River
Basins are classified as transitional or semi-desert elephant populations [23,32]. Namib
Desert is characterised by frequent severe droughts, especially in the last 10 years [33],
and an increase in the average maximum temperature recorded during the hot months
from October to January [34,35], potentially making the Namib Desert one of the harsh
environments home to the largest land mammals that may become inhabitable in the
near future.

1.2. Namibia as One of the Most Vulnerable Countries to Climate Change and HWC

Namibia is classified as being among the most vulnerable countries relative to climate
change, and it is characterised by reduced rainfall; a rapid increase in the number of
consecutive dry days, flash floods (Table S1), and frequent droughts; and high-temperature
increases [13,36–39], a situation predicted to be getting worse for tropical regions in a recent
IPCC Assessment Report (AR6) [40]. The country has an average annual rainfall of 340 mm,
with these values ranging from 0 mm (for example, in the western desert) to over than
600 mm (as in the northeast savanna woodland ecosystem) [41].
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Namibia is projected to experience a radical temperature increase of 1.0 ◦C to 3.5 ◦C in
the summer and 1.0 ◦C to 4.0 ◦C in the winter by 2050–2065 [34,38,39], further contributing
to evaporation that is already exceeding annual rainfall [34]. Moreover, only 1.0% of the
annual rainfall infiltrates to recharge the underground aquifers [38], but the communal
farms present in the regions of ephemeral rivers (as with the Ugab River communal farms)
depend mostly on borehole water throughout the year [23]. Farmers with limited income
rely more on few natural springs for human and livestock water consumption [42], in
addition to these springs being the main water source for wildlife. Furthermore, the
temperature increase is projected to negatively affect ecosystems and local populations of
endemic species, possibly leading to their extinction [13].

The observed trends from the World Bank Group country’s climate portal [43] show
an increase in the annual maximum mean temperature (AMaMT) (Figure 1A), a moderate
rise in the annual mean temperature (AMT) (Figure 1B), and a rapid increase in the ob-
served number of consecutive dry days (CDD) (Table S2) over the past 30 years [44]. The
95-confidence interval equation line referring to the average of the national annual precipi-
tation (NAP) (Figure 1C) and the Kunene region annual precipitation (KAP) (Figure 1D),
over this time interval, tends towards values indicating a slight increase in annual mean
rainfall. However, a loess line with a 95-confidence interval displays an average decrease
in NAP since 2008 and in KAP since 2006 (Figure 1E,F).

 

Figure 1. Climate data observation in Namibia over 30 years. Figure shows linear model trend lines
for the annual maximum mean temperature (AMaMT) in ◦C (A), the annual mean temperature (AMT)
(B), the average of the national annual precipitation (NAP) (C), and the average of the Kunene region
annual precipitation (KAP) (D). The average observed precipitation between 1991 and 2020 regarding
to the NAP (E) and KAP (F) data is indicated by the blue and green dashed abline, respectively,
whereas the red dashed abline indicates the highest average observation point. Figure is constructed
with the climate data in Table S2, adapted with permission from the World Bank Group Climate
Change Knowledge Portal (CCKP) (2022, the World Bank Group) [43], using a an Open Access ggplot2
V3.4.2 R package by Wickham (2016) (Accessed from: https://ggplot2.tidyverse.org, accessed on
20 April 2023) [45] in R 4.3.0 Open Access software (accessed from: https://www.r-project.org/,
accessed on 20 April 2023) [46].
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As the arid transitional areas are more vulnerable to climate change [40], and Namibia’s
human population is widely scattered in these rural areas—for example, in 2011, more
than half of the national population was dispersed in these areas, and almost 75.0% of
the inhabitants of the Kunene region are within rural areas—the people and wildlife of
Namibia may be facing an unprecedented challenge with advancing climate change. As
competition for resources intensify, the interaction between people and wildlife across
the landscape is believed to increase HWC [47]. Uncontrolled livestock herds grazing on
unfenced land led to an overlap of livestock grazing land and wildlife home ranges [48],
but the problem does not end there. Human settlement growth and increasing farmland
are leading to deforestation and desertification [49–51], threatening vulnerable ecosystems
and biodiversity [13,38,39].

The government encourages communal farmers to register unoccupied land as com-
munity conservation units to care for wildlife [52]. In addition, the government and
non-governmental organisations (NGOs) develop strategies to empower the residents on
how to coexist with wildlife [48,52–54]. Still, the efforts seem not to be enough, with HWC
increasing [55] and expanding into new areas [23].

1.3. Namib Desert Ephemeral Rivers and Aims of the Study

The ephemeral rivers of the Namib Desert cut through igneous rocks [56] and may
flow for a few days during the summer across this desert [57]. They are mainly dominated
by Faidherbia albida, Vachellia erioloba, and V. karroo trees (previously belonging to the genus
Acacia) and Salvadora persica bushes [58–62]. A high abundance of Phragmites australis and
Tamarix usneoides were also observed at natural springs within the riverbed. The importance
of these habitats should not be underestimated, as a few perennial springs in ephemeral
desert river catchments are the primary source of water for wildlife and riparian vegetation,
and both domestic and wildlife animals depend on this vegetation. For example, riparian
forests on the riverbanks are essential for elephants, attracting them during dry seasons for
food and shade (shelter) [30,63].

Findings outlined by previous studies conducted on dry lands and ephemeral rivers of
the Namib Desert on drivers of underground water decline [64] and observations of large
trees die-off [61,62,65] supported the development of the objectives of this study. This work
established that climate change indicators (such as temperature rise, frequent droughts,
and decreasing rainfall [40,66]) and anthropogenic factors (such as overgrazing and over-
abstraction of groundwater [57]) negatively affect desert habitats and the availability of
vegetation, and such changes are leading to altered elephant behaviour and risks to their
ability to survive in this region.

The general aims of this study were to analyse the potential threats to desert-dwelling
elephants’ habitats, especially climate change and anthropogenic factors, and to understand
how these threats influence elephant home range shifts. Spatiotemporal analysis of elephant
movement was used to track home range shift patterns, helping to understand what
is causing this, where elephants are going, and how such events might impact human
populations and, consequently, the elephants themselves.

2. Methods

2.1. Study Area

The study area is in the northwest part of the country, where the Ugab River basin
(Figure 2A) is located, and where the maximum temperature exceeds 40 ◦C in the sum-
mer [29]. The Ugab River is one of the ephemeral rivers present in the interior of Namibia
that characterises the country’s aridness [67]; it has a catchment area of 28,000 km2, a
length of over 540.0 km, and it flows east-to-west into the Atlantic Ocean. There are no
perennial rivers in this region [67], and the situation of Namibia’s arid landscapes, which
already lack surface water during the dry season [57], is worsening with advancing climate
change. Consequently, pressures on these ecosystems increase, as do concerns about the
future of wildlife and human livelihoods [44,68]. The Ugab River desert-dwelling elephants
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historically roamed within the lower catchment, between 20.6◦–21.1◦ S and 13.9◦–15.2◦ E.
Therefore, the previously known home range for the population was demarcated based on
descriptive and observational studies [27–31,63,69] so that it could later be compared with
the home range observed in this study.

 

Figure 2. (A) Location of the Namib Desert major ephemeral rivers inhabited by elephants in
northwest Namibia. (B) Division of Ugab River basin into the Ugab River Lower Catchment
(URLC)—subdivided into Lower Catchment Lower Half (LCLH) and Lower Catchment Upper
Half (LCUH)—and the Ugab River Upper Catchment (URUC)—subdivided into Upper Catchment
Lower Half (UCLH) and Upper Catchment Upper Half (UCUH). The border and watershed shapefiles
used to construct the figure were obtained from the Ministry of Agriculture, Water and Land Reform,
Luther Street, Windhoek, Namibia (2022).
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Given the isolation of the two populations in the past, the Ugab River basin was
divided into two sections: the Ugab River Lower Catchment (URLC) and the Ugab River
Upper Catchment (URUC) (Figure 2B). The URLC was further subdivided into two sections,
the Lower Catchment Lower Half (LCLH) and the Lower Catchment Upper Half (LCUH).
The two sections of the URLC are the historic home range for the desert-dwelling elephants,
with the LCLH representing the area mainly used in the winter and the LCUH in the
summer [28,58,60,70]. The URUC was split into the Upper Catchment Lower Half (UCLH)
and the Upper Catchment Upper Half (UCUH). The URUC represents the historic home
range of the semi-desert elephant population. The two populations’ home ranges have not
been overlapping in the past based on information obtained through ad hoc interviews on
historical observations made by farmers, researchers, and local conservation institutions.

2.2. Data Collection
2.2.1. Elephant Observation Movements and Population Structure

The data used in this study were collected in the field and from open-source databases
and previous studies. Data from other studies are presented as part of analytical meth-
ods and include vegetation raster, rainfall, temperature, historical movement, and home
range data. Regarding the latter, it was considered from the information present in
Brown et al. (2020), Enzerink and Liefferink (2017), Garstang et al. (2014), Ishida et al.
(2016), MEFT (2007, 2020, 2021), Viljoen (1987, 1989a, 1989b), and Viljoen and Bothma
(1990) [23,25,27–29,31,47,63,69,71,72]. Additional data from other sources were used: Land-
sat satellite images (United States Geological Survey) [73], precipitation (World Bank
Group) [43], records of drought events cited in Hitila (2019), the Office of Prime Minister’s
Directorate of Disaster Risk Management (2021), and the Cooperation in International Wa-
ters in Africa (CIWA) (2021) that make use of the Emergency Events Database (EM-DAT),
Thomson (2021) [33,68,74,75].

Between February 2018 and September 2020, 28 elephants in the URLC (3 herds and
3 breeding males) and 59 in the URUC (3 herds and 7 breeding males) were observed at
fortnight intervals. By the end of data collection, 5 and 7 of these individuals, respectively,
had died. Daily tracking was conducted from 08h00 to 18h00 by foot and car. The elephants
were not collared during the project, requiring careful tracking along small trails between
farms (usually 3.0 to 5.0 km apart). Other field observations (such as assessing boreholes
conditions and talking to farmers) were carried out until November 2020.

The guidelines of Princeton University [76] on identifying and ageing animals’ mark-
ings by animal tracking were adopted and modified. An elephant tracking chart was
developed covering topics such as the ageing of elephants’ footprints and dung, the soft-
ness of leaves fed and dropped on the ground, and the classification of individual imprints.
Data collectors aged elephant dung as: recent, if it was less than 3 h old (occurred during
the day) or 8 h old (from the previous night); not so recent, if it was between 1 to 2 days;
and old, if it was between 3 to 5 days. These data were important to ascertain what was the
tracking time required to find the herd or individual males.

Even though savanna elephant dung has been fairly studied by many researchers,
such as Nchanji and Plumptre (2001) and Barnes et al. (1997) [77,78], the studies did not
focus on dung ageing for elephants tracking purposes. However, Masunga et al. (2006) [79]
presented an important perspective, mentioning how dung ageing monitoring gaps vary
widely and discussing the role of moisture, shade from trees, and the season in the dung
decay time-frame. The study presented here also used dung colour to age elephant dung.
The researchers relied on their own tracking knowledge of elephants and other species
supplemented with information from the literature to generate their own elephant dung
ageing chart. A dung was identified as recent if it was wet on the surface and varied in
colour from light to dark green (depending on the colour of the plant the elephant ate,
which varies with the seasons)—information supported by 40 years of experience tracking
elephants and other mammals in the Namib Desert of Mattias Kangumbe (27 February
2018, personal communication).
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Leaves that fell on the ground while the elephants were feeding were used to age
elephant tracks. For this, it was important to consider the influence of weather conditions
on the ageing rate. Leaves get drier as they age but can remain fresh for up to 24 h if it
rains, is cloudy or humid, or when it is cold in the winter. In addition, ageing also depends
on the plant species, with the leaves of succulent plants staying wet longer than plants with
thinner, softer leaves.

To avoid disturbance by invading vehicles, and considering that herds and individual
males have shown different levels of tolerance to human presence depending on distance,
non-invasive methods and distance restrictions were set up based on animals’ behaviours
and reactions. Desert-dwelling elephants were not shy as semi-desert-dwelling elephants
since data collectors could approach the animals closer without elephants showing signs of
being disturbed. Therefore, we maintained a minimum 50 m distance if desert-dwelling
elephants were relaxed and a 100 m distance if they were not. When approaching the
elephants at the URUC, researchers maintained a 100 m minimum distance when the
animals were relaxed (except when feeding in bushy areas) and 150 m if not settled.

When an individual male or a herd was found, the location coordinates were recorded.
Individual elephants were counted in every herd spotted, and the elephants’ ages were
estimated following existing methods [80,81]. The physical characteristics of individuals
(males or members of a herd) were identified at every new sighting location, as described
in Viljoen (1989) [28], adopted from Douglas–Hamilton (1972) [82]. The data recorded for
each individual were sex, age, and behaviour, and, in the case of herds, the number of
adults and the total number of elephants that constituted them were also recorded [71,83].
Identification of matriarchs and relationships between calves, juveniles, and adult cows was
carried out carefully, following Elephant Voices guidelines [83]. Each individual and each
herd were assigned a unique code (e.g., ULH1 for Ugab River Lower Catchment Herd 1
and UUH1 for Ugab River Upper Catchment Herd 1) for future reference and identification.

The previous photographs taken of the elephants, in parallel with the information
presented in the guidelines [83] and in an unpublished report from 2019 [84], to verify
if a certain individual (or herd) was known or not. For cases where it was the first time
that the elephant was sighted, a new individual identification code was created. Specific
details such as cuts in ears and tusk shapes helped to identify individuals, which made
it possible to know which elephants were found dead, broke facilities at a farm, or gave
birth. Elephant sightings were recorded more than once a day if the same individual or
herd changed the position for a distance longer than three km from the previous sighting
site. This record made it possible to know the direction in which the individual/herd was
going, also facilitating its observation and tracking in the next day.

2.2.2. Human–Elephant Conflict Events

Human–elephant conflict (HEC) events, such as damage to water infrastructure, were
recorded through ad hoc interviews with farmers and community leaders. In order to
guarantee the veracity of the information provided, the project data collector always
observed the damage to the infrastructure accompanied by the farmers. Elephant sightings
and conflict events were also reported via phone calls. However, mobile cell phone network
limitations, together with COVID-19 restrictions implemented at the time of the collection
of this data, affected visits to farms and communication with the people involved, and may
have led to limitations in the collected data.

The coordinates of the locations of the events (also referred here as HEC hot spots)
were recorded on-site and through ArcGIS 10.7.1 software. Records included the types of
infrastructure damaged and the frequency of elephant visits to the farm or water point
(monthly, weekly, or seasonally). For reasons of animal safety and the ongoing fieldwork,
the coordinates and physical description of the sites will not be provided in the attached
supplementary materials (Table S3).
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2.3. Data Analysis
2.3.1. Spatiotemporal Analysis of Elephant Movement Data to Trace Home Range
Shift Patterns

The weighted optimised hot spot analysis (OHSA) tool of ArcMap 10.7.1 was used
to map the desert-dwelling elephant distribution shift and HEC hot spots based on the
number of sightings observed within specific areas. Hot spot analysis is widely used
in many research areas to assist in identifying areas of interest (e.g., fire management
areas [85]), but it can also be applied in the study of spatial sciences and ecology [86]. The
tool identifies and cluster statistically significant high values (hot spots) and low values
(cold spots) [87], using an input feature class that contains data points at a 95.0% confidence
level (p = 0.05) at Gi_Bin cluster levels of +3 and −3 (ESRI https://pro.arcgis.com/en/pro-
app/latest/tool-reference/spatial-statistics/optimized-hot-spot-analysis.htm, accessed
on 1 February 2021). Input data must meet OHSA requirements, i.e., data have to be
spatially autocorrelated (and not randomly occurring), and consideration must be given to
an appropriate projection and screening for outliers (an observation that lies an abnormal
distance from other values) and any missing values. The spatial autocorrelation of the data
was measured using Moran’s Index, and it obtained a p-value < 0.01, indicating that the
values in the dataset tended to cluster.

The OHSA tool filtered the data and excluded outliers from the analysis. Thus, this
tool was initially used to identify the core distribution areas of the populations, and then
the kernel density tool could be used to map and visualize the seasonal distribution density
of the elephant population and HEC hot spots.

Finally, 30.0 km buffer of all sightings of males and herds from each catchment section
were created to calculate the population’s home range. The use of buffers to study animal
movement and distribution has been used before to answer questions of interest about
species [88], and the radius size of a buffer can vary between study areas, depending on
climate and types of vegetation and habitat [89]. The 30.0 km buffers were used to estimate
a potential distance to waterpoints, and the choice of this value was made considering
the midpoint of the values presented in Viljoen (1989) [28], which indicated that elephants
in the Namib Desert could travel far from waterpoints in the dry season in a range of
20.0–40.0 km/day. For data analysis, it was important to consider that the daily distance
covered by elephants was greater in the desert than in wetter areas [90], even though
the main area used (core area) in this arid habitat was usually smaller. Random visits to
farms and settlements within the 30.0 km buffer also allowed us to gather information
about the presence of elephants in villages and water points. Subsequently, to identify
newly established home range and habitats, the data collected in this study were compared
with data presented by Viljoen (1989) [28], referring to elephants in the distribution range
below the 200 mm isohyet. Random visits to farms and settlements within the 30.0 km
buffer also allowed us to gather information about the presence of elephants in villages
and water points.

2.3.2. Identification of Historic Vegetation Cover Change and Habitat Modification

Vegetation health was analysed within the historic home range of desert-dwelling
elephants at LCLH. The area included natural springs, F. albida trees, and several bush
species. The vegetation at this site was mainly found in and near the riverbed, and there
were patches of dead trees within the riverine, covering areas larger than 500 × 500 m.
Therefore, it was intended to determine whether tree mortality was being influenced by
the severe drought events and reduced rainfall in the region (Table S1) [33–35].

The use of multispectral satellite imagery bands from Landsat 7 and 8, accessed
through the United States Geological Survey Earth Explorer (USGS https://earthexplorer.
usgs.gov/, accessed on 1 February 2021), made it possible to examine vegetation cover and
its health. The analysed vegetation images came from a location whose coordinates were
20.9◦–20.9◦ S and 14.4◦–14.7◦ E and had a length of 38.5 km, 1.0 km at the widest point,
and an area of 164.5 km2. The best images (those with less than 5.0% cloud cover) were
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downloaded separately for the wet seasons of 2000, 2006, 2010, 2015, and 2020. Afterwards,
these images were inspected again (to look in more detail at cloud cover and dust), projected
to the WGS_1984_UTM_Zone_33N, and merged using the mosaic raster function [91]. To
render these raster datasets together, the bands 1–7 for Landsat 7 Enhanced Thematic
Mapper (ETM+) and 1–8 for the Landsat 8 Operational Land Imager (OLI) were composted
to form a single raster image for each year [91,92], using the ArcMap 10.7.1’s Image Analysis
Raster Composite tool. Bands combinations of 4, 3, and 2 and 5, 4, and 3 were selected
for Landsat 7 ETM and 8 OLI surface reflectance data, respectively [93–95]. However,
the OLI reflectance is greater than the ETM reflectance band, thus there could be some
differences for the near-infrared (NIR) and visible light (VIS) produced [96]. The selected
bands combination was suitable for classifying and quantifying vegetation and for driving
the Normalised Difference Vegetation Index (NDVI), using the formula [97,98]:

NDVI = (NIR − VIS)/(NIR + VIS)

The land surface cover types were reclassified [91] to differentiate between seasonal
vegetation (SVeg) cover, perennial unhealthy vegetation (PUVeg) cover, and perennial
health vegetation (PHVeg) cover. An NDVI index score of zero indicated no vegetation, and
the closer this value was to 1 the greater the density of green leaves [93]. Thus, vegetation
with a score greater than 0.6 was considered healthy, and the condition of vegetation was
verified in the field and using the application Google Earth Pro (for example, through
the observation of cells coming from fully green or trees in bad condition). Other classes,
such as bare sandy areas, rocky plains, mountainous areas, and human infrastructure
(mainly small, corrugated iron houses), were difficult to differentiate, especially due to the
homogeneity of the colours of the rocky areas. Therefore, these classes were reclassified
into two categories: rocky and bare plains and mountainous areas, which were not reported
in this study but contributed to the area calculation. Furthermore, the raster layers of
classified attributes, which included vegetation classes, were converted into vector layers to
calculate the total area. The percentage of vegetation cover (Table S5) was calculated from
these data, using ArcGIS 10.7.1 raster geometry and calculator function. Finally, a linear
estimation of the missing values of the years that were not calculated was carried out using
a combination of the “mutate” and “na.approx” functions of the Dplyr (https://www.
rdocumentation.org/packages/dplyr/versions/1.0.10/topics/mutate) and Zoo (https://
www.rdocumentation.org/packages/zoo/versions/1.8-12/topics/na.approx) packages,
respectively (packages accessed on 10 February 2021).

2.3.3. Identification and Mapping of Migration Corridors

To map the commuting and migratory corridors that connected elephant habitats, a
least cost method was chosen, among several modelling approaches, including factorial
least-cost paths analysis, circuit theory, and the resistant kernel described in Rudnick et al.
(2012) [99]. A catchment polygon was generated from an Ugab River watershed and was
used as extraction extent for the images from the Landsat 8 OLI satellite. These images
were taken in April 2020 and were processed for the corridor analysis. A method similar to
the one declared in 2.3.2. and used in other studies [97,98] was further used to generate
the vegetation index. Viljoen (1989, 1990) [28,29] pointed out that suitable vegetation and
riverbeds scan attract elephants, serving as a migration corridor or as a foraging area. This
information contributed to the decision of the parameters used for corridor mapping.

A signature was created to reclassify and extract vegetation with an NDVI score value
above 0.6 using a table query selection in ArcMap. Considering that the high vegetation
density followed river streams [29], the slope and vegetation layers (as described in Evans
et al. (2020) and Hazen et al. (2021) [88,89]) and the habitat patches (generated from
vegetation cover) were used to model the suitable corridors. The cells with the highest
vegetation index were assigned a low value, meaning to be least cost, and the same was
repeated for the elevation raster file, with the lower elevation in river streams being
preferred over mountainous areas [30]. The two classified raster files were converted into
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an accumulative cost distance raster file (determined based on the raster cell values) using
the Cost Distance tool (ESRI https://pro.arcgis.com/en/pro-app/latest/tool-reference/
spatial-statistics/optimized-hot-spot-analysis.htm, accessed on 30 August 2022). Another
copy of a raster extraction was converted into a vector file that later served as feature
polygons defining the habitat regions. This one and the cost distance file were used, as
documented in the ArcGIS Pro 3.0 spatial cost connectivity tool, to generate the least cost
paths. A 500 m buffer was created around the paths and then resampled with the original
high-value vegetation index within the demarcated corridor buffer. The locations for the
corridors were verified in the field for ground truthing purpose. Subsequently, the layers
of “Habitat gain”, based on observed movements, “Unoccupied Historic Habitat”, and
“Occupied Historic Habitat” were overlaid to create the final map.

3. Results

3.1. Elephant Movement, Home Range Shift, and Potential Emerging Human–Elephant
Conflict Areas

Figure 3 shows the distribution of sightings of elephant movements from February
2018 to September 2020, made within communal conservancies (blue area) and the non-
conservation regions. The average annual rainfall is indicated in mm within each home
range section. This figure indicates the high prevalence of desert-dwelling elephants (in
brown) in the URLC and semi-desert elephants (in blue) in the URUC. Still, the occurrence
of semi-desert elephants in the lower catchment is visible, especially in the LCUH, and the
presence of desert-dwelling elephants in the upper catchment, with a greater preference for
the UCUH.

 

Figure 3. Distribution of elephant movement sightings from February 2018 to September 2020. A
single elephant symbol refers to either an individual male, a group of males, a family group, or males
and families groups. The brown symbols represent the desert-dwelling elephants, whereas the blue
symbols represent the semi-desert (transitional) elephants. The land use shapefiles used to construct
the figure were obtained from the Ministry of Agriculture, Water and Land Reform, Luther Street,
Windhoek, Namibia (2022).
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Overall, half of the sightings of elephants residing in the upper catchment home
range moved within 35.0 km and 50.0 km north and south of the river, and the other half
occurred within 15.0 km from the main URUC riverbed. However, sightings away from
the main riverbed mostly occurred along the tributaries of the Ugab River, which runs
through commercial farms in mountainous areas and rocky plains. The main range for the
desert-dwelling elephants falls within community conservation areas (the light blue areas)
that are managed by the residents as community conservation areas.

The Moran’s I p-value < 0.01 obtained indicated that the data regarding elephants’
movement were autocorrelated, and this was also confirmed by OHSA, which identi-
fied cold spots mainly in the URLC and hot spots emerging at the URUC, especially in
the UCUH.

3.2. Habitats, Home Range Shift, and Potential Emerging Human–Elephant Conflict Areas

The desert-dwelling elephants have been shifting their distribution range eastward
between 2018 and 2020. The overall yearly mean centre shifted by 3.8 km, between 2018 and
2019, and 60.4 km, between 2018 and 2020. Figure 4 shows that the sightings area occurred
mainly along the riverbed (especially in the dry season since they move through bush and
grass plains in the wet season) and that the distribution area is spreading wide-out towards
the upper catchment as more major tributaries are formed. The figure demonstrates the
density of desert-dwelling elephants mainly being distributed within the LCUH and LCLH
in 2018 and 2019, with the latter section being more relevant during the dry season. In
those years, in the wet season, elephants approached the UCLH. However, it was in 2020
that they spent a lot of time at the URUC, where they were not seen before, mostly within
the UCUH from April to August. During that time, they were mainly at the commercial
farms and used the UCLH section for migration between the URLC and UCUH. Most
farmers located at the URUC complained that they were seeing more elephants than before,
which was due to the combination of the local semi-desert elephant population and the
desert-dwelling elephant population that moved into this area. As a result, damage caused
by elephants at the farms increased.

The seasonal distribution of the semi-desert-dwelling elephant population (Figure 5)
was mapped with the combination of sightings made in 2018, 2019, and 2020. This figure
does not show data by season and year because fewer observations were recorded for this
population and due to the fact that there were no major changes in annual home range.
Map A indicates that elephants used the UCLH and UCUH sections during the dry season
in a similar way, but, when at the UCLH, they agglomerate in the main riverbed. In the
wet season, both sections of the URUC were used, but there was a tendency for elephants
to concentrate in the UCUH, moving away from the main riverbed and overlapping
commercial farms.

Conflict events in the lower catchment section were more frequent in areas closer to the
main riverbed, and the animals seemed to spread out from it towards commercial farms in
the upper catchment (Figure 6). Patterns of movement and conflict relate to the conditions
of the waterpoints, i.e., the constant presence/absence of water and the accessibility to the
waterpoint (both for adults and juveniles) influences the frequency it is visited (Table S3 and
Supplementary Figure S2). Supplementary Figure S2 indicates the location of water points
(drilled boreholes for groundwater abstraction) and the frequency with which elephants
visit them (Table S3). Half of the visits recorded in the URUC occurred 15.0 km from the
main riverbed, the other half 50.0 km from it, and the vast majority took place below the
main riverbed (to the south). The URUC area has more accessible waterpoints, and they are
being visited more frequently than those in the URLC (Supplementary Figure S2). These
upper catchment waterpoints appear to be attracting more elephants, leading them to
establish new habitats upstream.
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Figure 4. The seasonal distribution of the desert-dwelling elephant population during the dry and
wet season in the years 2018, 2019, and 2020.
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(A) (B) 

 

Figure 5. The seasonal distribution of the semi-desert-dwelling elephant population over the wet
season (January to June) (A) and dry season (July to December) (B), combined for the years 2018–2020.

 
Figure 6. Distribution density of the human–elephant conflict events.
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Only four waterpoints were often visited in the URLC, as some of them were damaged
by elephants or stopped working and were not repaired. Five of the twelve boreholes
within a 5.0 km of the main riverbed of this section, as well as two others further away, ran
out of water due to the depletion of the groundwater table, eventually drying up.

3.3. Habitat Loss, Gain, Connectivity, and Migration Corridors

A “suitable historic habitat” was considered as a historic habitat that is still occupied
by elephants and a ‘’suitable new habitat” as areas that have been recently occupied by the
desert-dwelling elephants (Figure 7) but that were previously occupied by the transitional
herds. These areas have a high density of vegetation and suitable vegetation cover for
elephants (mostly F. albida, V. erioloba, and Colophospermum mopane).

Figure 7. Unsuitable and suitable historic habitats and migration corridors for elephants.

The Ugab River lower catchment herds had 2243 km2 of suitable historic habitat
(Figure 7), which was reduced by 73.0% by 2018. However, the current Ugab River desert-
dwelling elephants’ overall home range has been estimated at 12,237.0 km2, demonstrating
considerable expansion. It covers more than a third of the Ugab River’s catchment (about
29,175 km2) and is larger than any historical home range for all Namib desert-dwelling
elephants reported in previous studies [28,31].

The estimated historical suitable habitat started 30.0 km from the ocean to 150.0 km
inland, measured in a straight line, and expanded 53.0 km east of the URUC (Figure 7).
Recent expansion has increased the viable habitat by 130.7%, which covers 11.5% of the
current elephant home range (Table S5).

3.4. Habitat Modification and Food Availability at the Ugab River Lower Catchment

Over the last 20 years, vegetation has decreased especially in the riverbed, where it
used to be abundant and healthy (Figure 8 and Table S5), originating habitats with patches
barely vegetated or dominated by dead F. albida and V. erioloba, (Supplementary Figure S3).
Between 2000 and 2006, the percentage of SVeg cover increased by 4.0%, but this value
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reduced in 2007 and dropped sharply between 2010 and 2015 (Figure 8). Images captured
in the field (Supplementary Figure S3) and matched with satellite images confirmed that
many large F. albida trees mostly died from 2012 onwards. The PUVeg cover decreased
every year between 2000 and 2020, affecting the availability of PHVeg.

A

B

Figure 8. Vegetation changes in the Ugab River Lower Catchment. (A) Satellite image processed
into NDVI, showing the changes between the vegetation cover in 2000 and 2020. (B) Percentage of
vegetation cover between 2000 and 2020. The vegetation is divided into three categories: seasonal
vegetation (SVeg), perennial unhealthy vegetation (PUVeg), and perennial healthy vegetation (PHVeg).
(Analysed using ArcGIS Pro 3.0. https://www.esri.com, accessed on 20 March 2021 (A) and R 4.3.0,
accessed from: https://www.r-project.org/, accessed on 20 April 2023 (B) [46].

Overall, it was observed that in 20 years the percentages of SVeg, PUVeg, and PHVeg
decreased by approximately 11.5%, 3.0%, and 1.7%, respectively. Clearly, suitable vegetation
covers for elephant habitats and palatable seasonal vegetation have declined, making the
URLC habitats unsuitable for elephants, which appears to be driving them to new habitats
in the URUC. Figure 8 suggests a relationship between the trends in vegetation loss and
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declining rainfall. These trends also coincide with those observed regarding the increase in
temperature (Figure 1), drought events, and number of CDD (Table S1).

4. Discussion

4.1. Vegetation Loss, Climate Change, and Home Range Shift

Vegetation loss is directly associated with the degradation of habitats, as observed
in arid and semi-arid environments, and is notably affecting biodiversity [8,100]. Desert
elephants are one of many victims of this problem. Elephants are social animals that group
together or form herds associated with the dynamics of their society [82]. The movement
of elephant herds in the Namib Desert is influenced by the population structure and the
environment [76]. Family groups of desert-dwelling elephants—composed of related adult
females and their calves or juveniles—often come together or roam within the same river
sections (URLC or URUC) or even subsections (LCLH, LCUH, UCLH, and UCUH) at a
specific time. Their movement pattern essentially depends on water and food availability in
wet and dry seasons, leading them to walk regularly upstream and downstream [30,69,72].

The desert-dwelling elephant home range averaged 12,237 km2, showing consider-
able expansion compared to previously recorded data. This information is supported by
emerging hot spots estimated by the OHSA model. The home range of desert-dwelling
elephants was estimated to vary from 1763 to 2944 km2 [28] to be about 2776 km2 for
elephants in South Africa’s Kruger National Park and 3309 km2 for elephants in northern
Botswana [1]. The large discrepancy between the area obtained in this study and reported
in others, regarding elephants from the desert and from non-desert regions, suggests that
some drastic events may be affecting the desert-dwelling elephants. Climatic factors such
as rainfall patterns influence the amount of food availability, quality, and abundance and
can play a significant role in animal movements [28,101]. Thus, this study argues that
recent home range expansions in the Namib desert toward transitional areas were due to
the changes in elephant behaviours associated with food and water scarcity and historic
habitat loss. These causes arise partly due to climate change, which, without giving any
truce, will contribute to an uncertain future for elephants.

The drought events recorded over the last ten years in Namibia [74], with eight years
declared as a state of emergency at the national or regional level (mostly in the Kunene
region) (Table S1) [33], can be linked to the loss of vegetation in the Namib Desert ephemeral
rivers. Figure 7 shows the decline in the vegetation cover, especially from 2012, coinciding
with the year from which the number of CDD was increasing (Table S2), and the mean
annual precipitation decreased (Figure 1). Therefore, the impact of reduced rainfall, high
temperature, and severe drought may further pose a great risk to the desert vegetation.

The findings in this study on poor health vegetation differ from 30 years ago [29]
and revealed a large-scale die-off of A. erioloba and F. albida. This vegetation is preferred
by elephants, with F. albida playing an important role in the presence of elephants at the
springs, as it is downstream that this abundant species offers them shelter. Elephants are
developing an interest in consuming reeds and wild Tamarix sp., which are less nutritious
and contain high amounts of salt [41], and this appears to be happening as a consequence
of the loss of the highly nutritious seedpods of Ana trees (Faidherbia sp.) and other species.

Previous studies have not investigated how species that inhabit zones of highly un-
derground water-dependent vegetation may be forced to shift their habitats. Desert ele-
phant habitats are losing vegetation, and this event in arid environments can be associ-
ated with reduced rainfall and underground water depletion due to over abstraction [64].
Thus, the decrease in groundwater may be linked to the drying up of the natural springs
(Supplementary Figure S3). This is leading desert-dwelling elephants to rely on artificial
water points such as boreholes to access water (Table S3 and Supplementary Figure S2), ul-
timately changing seasonal movement behaviour compared to that of a similar population
observed in Legget (2006) [30].

Many studies of elephant–vegetation interactions in Africa have focused more on
analysing how surface water influences elephant migration [8,100,102,103] or how vege-
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tation is impacted by human–livestock–elephant pressures [58–62,65]. Although this is
important, it is argued here that there is an urgent need of analysing the impact of ex-
treme droughts and prolonged groundwater abstraction in arid environments, especially
on ephemeral rivers’ groundwater flows and riparian vegetation changes. It can only be
expected that frequent extreme drought events (Table S1) and poor annual rainfall will
further minimise the rate of aquifer recharge. Consequently, this will reduce the water
available at natural springs for elephants to dig and for humans to extract.

The recent policy on elephant conservation and management of the Ministry of Envi-
ronment, Forestry and Tourism (2021) [23] presented that the elephant population growth
rate is increasing between 4.2% and 6.5%, which is why the species is expanding into
new areas across the country, most notably Omatjete, Kamanjab, Manketi, and Katwitwi.
However, local populations such as the desert-dwelling and semi-desert-dwelling ele-
phant populations in the Omatjete area are not growing due to low calf survival rate
observed, even though the arrival of desert-dwelling elephants in the area may suggest
that named-conservation actions, including the auctioning of 30 live elephants in 2021 as a
conflict control measure [104,105], may also affect the population’s stability and ability to
sustainably provide ecological and economic services.

It should be noted that the expansion of the home range reported here does not mean
population growth. Furthermore, the results suggest that the decline in the availability
of important resources within historic elephant habitats is causing their home range shift
(Figure 4), contributing to the establishment of new habitats (Figure 7). This, in turn, is
leading to emerging conflict hot spots, further endangering this ecotype.

4.2. Farmers and Human–Elephant Conflict

For conservation to succeed, an integrated decision-making approach is needed that
considers scientific methods with social values [54,106–108]. An integrated decision-making
approach validates the fundamental community-based natural resources management
(CBNRM) strategy on sustainable resource use in Namibia, including elephants. However,
the prevailing HEC still places significant responsibility on the CBNRM program [109].
Emerging conflict hot spots, such as Omatjete (within the Ugab River upper catchment
(Figure 6)), Kamanjab, Manketi, and Tsumkwe [23,105], are evolving because of limited
food availability and lack of water infrastructure for wildlife.

The water infrastructure built at farms in the past rarely provided drinking dams
for elephants, contributing to greater competition between wild animals and farmers in
accessing these water points. The community waterpoints in communal areas of Erongo
and Kunene regions are often placed in the middle of villages—to be easily accessible
to the residents (humans)—yet, elephants coming to drink at the same water points are
forced to walk through the villages, leading to a dangerous encounter with people that
are commuting between their neighbouring homesteads. Based on these observations,
building specific dams out of villages for elephants to drink could be a strategy to reduce
dangerous encounters and conflict.

Increasing tourism development facilities has also led to the drilling of new boreholes
for water abstraction, whereas communal farms continue to expand, accompanied by
agricultural and livestock practices that require large amounts of water [17,35]. Such
anthropogenic activities exert pressure on aquifers, whose recharges are increasingly limited
in arid environments [64], as they happen in the region of the Ugab River. Thus, the
exploitation of resources for human use, the historic habitat loss for elephants, and the
complications of arid environments derived from climate change are linked to the increase
in HEC observed at the upper catchments of the Ugab River.

4.3. Restoring Elephant’s Historic Habitats

“Can we repair some of the damage humans have done to ecosystems and biodiver-
sity?” [110]. Ecosystem restoration is an exciting concept, but it should be considered a
secondary option behind the conservation of nature [111]. For example, desert-dwelling
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elephants survived the harsh conditions of the desert for many years, but the developments
of unsustainable farming practices have had a severe negative impact on the megafauna
habitats, suggesting that conservation strategies have not been effectively implemented.

The need to restore the URLC section is more complex than an initial restoration
process. Regarding vegetation, it is important to mention that few young F. albida and
A. erioloba have been recorded in ephemeral rivers [58,59], and, throughout this work, it
was also shown that these species are disappearing from the Ugab River mainly due to
large tree die off (Supplementary Figure S3). Therefore, planting indigenous tree species
unique to this river system is critical to restoring lost vegetation. In turn, plants require
more water for seeds to germinate, and limited rainfall affects the chances of new seed
germination [112].

The same can be said for elephants that can no longer dig for water because the water
table at the springs has fallen to 1.5 m, which is below the deepest accessible level of 1 m
previously recorded in 2013 [70], after two successive drought events (Table S1). Although
it is believed that habitat restoration can only occur with minimal human interference
(rehabilitation), several aspects are required to achieve an entirely functional ecosystem,
such as planting of trees [40], protection of seedlings, and reducing water abstraction [113].
Thus, the restoration of Namibia’s ephemeral river habitat requires a combination of
the two perspectives, with human intervention required for reforestation as a near-term
solution [40].

5. Conclusions

The combined effects of reduced rainfall, frequent droughts, human demand for
groundwater abstraction, and pressure on habitat patches in the Namib Desert have nega-
tively impacted water availability, leading to vegetation loss and large tree die-off. As a
result, elephants are expanding their home range and establishing new habitats upstream,
out of the desert. The new habitats are established within commercial farms, whereas some
farms are in commuting and migration corridors. Such emerging commuting patterns
contribute to the HEC, and these conflicts may not only be responsible for the killing of
elephants by farmers but also for endangering livestock and human life.

Reducing the number of livestock in the desert could help reduce pressure on vegeta-
tion and reduce the amount of water abstracted. The latter is particularly important, as the
abstraction of water in large quantities has contributed to the reduction in underground
water flow, leading to the drying up of natural springs. However, as the chances of recruit-
ing young trees are low due to limited rainfall and severe droughts, this solution alone is
not enough. Thus, assisted planting and protection of important tree species (F. albida and
V. erioloba) would help to restore the riparian vegetation that supports elephants and other
rare and endangered species, such as the black rhinos.

Another option is to provide financial support to local organisations in the area to
sensitise the farmers to coexist with elephants and teach them about elephant behaviours
to reduce retaliation killings. The killing of elephants for self-defence or fear is a reality
and may increase as new conflicts emerge in areas where people are less familiar with
elephants. Locating elephant drinking dams from the centre to the outskirts of the villages
can considerably reduce conflict and open doors to coexistence between farmers and
wildlife. Lastly, Namibia has a high tourism potential for locals to generate income. Shifting
into wildlife farming would reduce pressure on vegetation, and game species in Namibia
are better adapted to the dry conditions than livestock, thus paving the way for sustainable
income generation through eco-tourism. For this, it would be crucial to obtain policy
support and capital investment for tourism infrastructure from the central government and
the private institutions. That does not only create job opportunities in the conflict’s hot spot
but also reduces reliance on livestock that consume more water in turn, which is negatively
affecting the entire ecosystem downstream.

24



Sustainability 2023, 15, 12400

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su151612400/s1, Supplementary Figure S1: Estimated elephant
distribution in Namibia; Supplementary Figure S2: Waterpoints frequency visits; Supplementary
Figure S3: Dead vegetation; Table S1: Major climate events; Table S2: Climate observation data; Table
S3: Water infrastructure and conflict events; Table S4: Elephant home range; Table S5: Vegetation
cover. However, raw data with physical descriptions of the area or coordinates will not be publicly
available to uphold and promote the security of free-roaming species in the region but may be
requested from the corresponding author on reasonable grounds.
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Abstract: The wild water deer (Hydropotes inermis) population has declined rapidly over recent
decades and has reached an endangered status in China. Therefore, it is important to understand
their habitat selection to effectively protect both existing and emerging populations. This paper used
the data of 11 habitat factors in Baishan Musk Deer National Nature Reserve in the autumn and
winter from 2018 to 2019 to conduct a habitat selection study of water deer by resource selection
function analysis. The results indicated that in both the autumn and winter, water deer preferred
grasslands at sunny and middle slopes, dominated by Artemisia carvifolia and A. argyi, respectively. In
addition, the resource selection function showed that the height of dominant herbage, hiding cover,
distance from water, and distance to human settlements greatly contribute to the habitat selection of
water deer in the cold season. The correct prediction rate of the resource selection function model
exceeded 80%, highlighting its suitability for predicting the habitat selection of water deer. The
outcomes of this study provide an effective scientific basis for the conservation and restoration of
water deer, and valuable enlightenment for implementing a sustainable development strategy in
northeast China.

Keywords: water deer; habitat selection; resource selection function; redistribution

1. Introduction

The relationship between animals and their habitats is a central component of wildlife
ecology [1]. A habitat is defined as the space in which an individual, population, or
community can complete their whole life process, as it provides the basic environmental
conditions for wildlife, such as water, food, and shelter [2]. Hence, to protect wildlife
populations, it is centrally important to understand their habitat selection. Habitat selection
directly affects the survival rate of wildlife, thus also ultimately affecting population
persistence [3]. However, global climate change and other factors impose direct or indirect
impacts on the wildlife habitat environment, causing changes in population size [4] and
distribution ranges [5–7] and even lead to extinction [8]. The average global temperature
has increased by approximately 0.74 ◦C over the last century [9], and the fifth assessment
report of the United Nations Intergovernmental Panel on Climate Change proposed that the
global climate will continue to be warm [10]. Many studies have suggested that in response
to this warming, species will migrate toward higher elevations or higher latitudes [11–14].
Furthermore, the choice of habitats by wild animals also represents a balance between
physiological needs and capture risk [15,16]. Fast-growing human populations and rising
global temperatures have primarily destroyed vast portions of wildlife habitats, thus forcing
wildlife to live near human settlements [17,18]. The human shield hypothesis argues that
humans exert different top-down pressures on the apex (hereafter dominant) predator in
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a system, thus indirectly helping subordinate competitors and facilitating greater spatial
overlap between humans and subordinate species [19,20]. The crop attraction hypothesis
argues that many large grazing animals (such as ungulates) frequently feed on agricultural
crops close to human settlements [21]. Both hypotheses suggest that even species that would
otherwise prefer to avoid humans may choose to approach human settlements to ensure
their survival. Thus, understanding habitat selection of large grazing or subordinated
animals requires assessing the importance of human-created habitats upon their decisions
of habitat use.

This study addresses the habitat selection of the endangered water deer (Hydropotes
inermis), a small-sized ruminant that belongs to the genus of Hydropotes and the family of
Cervidae. It is endemic to East Asia with a natural distribution throughout China (e.g.,
Liaodong Peninsula, North China Plains, and both sides of the Yangtze River) and the
Korean Peninsula [22]. In the early 1990s, China had a wild water deer population of
about 10,000–30,000 individuals [23]. A study conducted in 2013 showed that because of
habitat loss caused by excessive human disturbance, the population size and distribution
of water deer shrunk dramatically. This has resulted in an isolated “island” distribution of
less than 10,000 individuals [24]. The water deer is currently classified as a national key
protected class II species in China, and according to the red list of the International Union
for Conservation of Nature, its status is vulnerable [25].

In China, studies on the habitat selection of water deer have mainly focused on the
southern parts of their distribution, while studies on the northeastern parts are rare. Zhang
conducted a study in southern China (i.e., the Poyang Lake national nature reserve in
Jiangxi Province), and found that water deer preferred Miscanthus sacchairflorus, Phragmitas,
low slopes, and vegetation coverage ranging from 50% to 69%, while avoiding habitats
with strong human disturbance in 2019 [26]. In 2022, Han et al. also conducted a study in
southern China (Nanjing, Jiangsu Province). The authors found that water deer preferred
evergreen deciduous broad-leaved forests and dominant shrubs with a height of no less
than 120 cm; however, habitats close to intersections and those with a high disturbance
index were avoided [27].

There has been no report on the water deer distribution in northeast China since
the 1950s, and it is reasonable to assume that the species had become locally extinct,
until its rediscovery in Jilin Province in 2019 [28]. Also in 2019, water deer were pho-
tographed in the Primorskiy region of Russia, which is currently the northernmost water
deer distribution [29]. According to Teng (2007), the coastal tidal flats in Yancheng, Jiangsu
Province, China, were once the northernmost ends of the distribution area of water deer
in China [30]. Today, the rediscovery of water deer in the northeast has updated the
northernmost end of the distribution of this species in China. This new finding has led to
considerable speculations regarding the habitat selected by water deer in recent years in dif-
ferent regions. The authors suggest that for the robust conservation of small and fragmented
populations of water deer in northeast China, it is vital to study their habitat selection.

In previous studies, water deer have been shown to avoid anthropogenic habitats
in southern China, thus suggesting that the human shield hypothesis was not supported.
Individuals of the northern population could respond differently to habitat disturbances,
because northern habitat conditions may be more stressful (larger predation pressure or
less foraging resources in natural habitats). Since the living environment of water deers will
likely be different from that of southern China, their response to habitat conditions may
be consistent with the human shield hypothesis or the crop attraction hypothesis. In the
current study, the importance of different habitat factors on the habitat selection of water
deer is assessed in northeast China. The implications derived from this study may help to
provide reliable information for the protection and restoration of water deer populations in
northeast China.

31



Sustainability 2023, 15, 12181

2. Materials and Methods

2.1. Study Area

This study was conducted from September 2018 to December 2019 in Baishan Musk
Deer National Nature Reserve (126◦29′50′′–126◦45′27′′ E, 41◦36′43′′–41◦49′54′′ N), located
in the southeast of Baishan City, Jilin Province, China (Figure 1). The reserve covers an
area of 219.95 km2 [31]. The study area is adjacent to Sandaogou Forest Farm in Baishan
City in the west and Weishahe Forest Farm Shiye District in Linjiang City in the north and
east, and faces North Korea across the Yalu River to the south. The water system mainly
includes the Yalu River, a length of 35 km of which flows through the nature reserve. The
main differences between their southern study site and the northeast site examined in the
present study are the daily temperature, longitude, latitude, duration of snow cover, and
vegetation type.

 

Figure 1. The left part is a location map showing the Baishan Musk Deer National Nature Reserve in
Baishan City, Jilin Province, China. The right part is the survey transects.

2.2. Climate

The study area is the coldest region in Jilin Province. The terrain in the reserve is
complex, and the temperature difference between day and night is quite large. The area is
part of the temperate continental East Asian monsoon climate zone. The annual average
temperature is 3–5 ◦C with a frost-free period of 115–140 days. The annual sunshine hours
are 2232.6 h, and the annual average precipitation is 800–1000 mm [32]. The freezing
period starts in the reserve in late October, and the thaw usually begins in early April.
The maximum depth of the frozen layer is 1.36 m, the ice thickness of the water surface is
0.8–1.0 m, and the maximum thickness of the snow in average years is 44 cm [33].
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2.3. Flora and Fauna

The forest vegetation of the reserve belongs to the typical flora of Changbai Mountains.
The zonal vegetation is broad-leaved Korean pine forest and contains a large area of broad-
leaved mixed forests and broad-leaved forests. The wild animal resource in the reserve
is abundant.

2.4. Data Collection

We conducted a random transect line survey in the known and potential distribution
areas of water deer in the reserve during autumn and winter, with 9 random transect lines
per season. The observer walked along the transect line and when the activity trace of water
deer was found, a 10 m × 10 m experimental plot centered at the trace was established
to estimate habitat features used by the deer. In addition, a 10 m × 10 m control plot was
established at an appropriate place in a random direction and was 500–1000 m away from
the experimental plot and the transect line. The habitat factors of experimental plots and
control plots recorded included vegetation types, dominant plants, elevation, distance to
human settlements, distance from water, herbage coverage, height of dominant herbage,
hiding cover, slope degree, slope position, and slope direction (Table 1). In the current
study, a total of 49 experimental plots and 47 control plots were recorded in autumn, and a
total of 45 experimental plots and 44 control plots were recorded in winter.

Table 1. Detailed description of various habitat factors.

Habitat Factors Abbreviation Measure Methods

Vegetation type VT Including grassland, coniferous forest, broad-leaved forest, shrub,
cropland, and forest edge.

Dominant plant DP
The plant with more than 70%, including Artemisia caruifolia,

Amphicarpaea edgeworthii, A. argyi, Betula platyphylla, Quercus mongolica,
Senna nomame.

Slope positions SP Divide the hillside into three equal parts, uphill position: top part,
mid-slope position: middle part, downhill position: bottom part.

Slope direction SD
Measured in the counterclockwise direction by the military compass Type
65 with the true north direction at 0◦. Sunny slope (157.5◦–337.5◦), Shady

slope (337.5◦–157.5◦).

Herbage coverage (%) HEC The average of 5 small plots (1 m × 1 m) sampled at center and 4 corners of
the experimental plots or control plots

Height of dominant herbage (cm) HDH The average of 5 small plots (1 m × 1 m) sampled at center and 4 corners of
the experimental plots or control plots

Slope degree (◦) S Measured by the military compass Type 65.
Elevation (m) E Measured by global positioning instrument.

Distance from water (m) DW The distance between the center of plots and water resource
Distance to human settlements (m) DHS The distance between the center of plots and human settlement.

Hiding cover (%) HIC

Erect a 1 m wooden pole at the center of the plot, measure the visibility of
the pole at 20 m away from the center in the east, south, west, and north

directions, that is, the percentage of the length of the pole in the total
length can be seen, and then calculate the average value.

In addition to water deer, other ungulate species such as musk deer (Moschus moschiferus)
and roe deer (Capreolus pygargus) also inhabit the protection area. One possibility to
determine which species the feces come from is to relate the feces to the habitat they
were found in. Feces from water deer are often found in habitats at lower elevations and
lower slopes, while feces from musk deer and roe deer are usually found in habitats at
higher elevations and larger slopes. According to “A Guide to the Mammals of China”,
activity (Figure 2a,b,d) in combination with habitat can be used to identify water deer [34].
Apart from differences in habitat, the feces can be distinguished using differences in their
appearance. Water deer feces are smaller particles and are slenderer than those of roe
deer (Figure 2c), and the feces pile is more concentrated than that of roe deer; moreover,
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the distance between feces piles is smaller. Therefore, by combining habitat and fecal
morphology, activity traces can be identified as belonging to water deer.

 

Figure 2. (a) Water deer tracks with a length of about 0.05 m; (b) water deer track spacing of about
0.3 m; (c) water deer feces featuring small and slender granules, concentrated in a feces pile; (d) a
typical habitat of water deer where their tracks and feces were found in the habitat.

2.5. Data Analysis

Chi-square tests were used to analyze the differences in non-numerical habitat factors
between experimental plots and control plots [35]. The single-sample K-S test was used
to examine whether the numerical habitat factors conform to a normal distribution [36].
The independent t-test and Mann–Whitney U test were used to analyze habitat factors
with normal distribution and non-normal distribution, respectively (*: p < 0.05, **: p < 0.01,
***: p < 0.001), indicating the differences in numerical habitat factors between experimental
plots and control plots.

The contribution of these 11 factors to habitat selection by water deer was tested using
principal component analysis. Those that have greater biological significance habitat factors
were selected for logistic regression, and the “Forward-LR” method (based on assumptions
for the probability of the likelihood ratio test and forward stepwise selection variables) was
used to screen habitat factors.

The resource selection function model was used to analyze the influence of different
habitat factors on the habitat selection of water deer [37]. The resource selection function
model is a linear logarithmic model that includes multiple independent habitat variables:
ω(x) = exp (β0 + β1x1 + β2x2 + . . . + βkxk) [38], where x represents different independent
habitat variables and β represents the selection coefficient. Then, the probability of species
choosing habitats is calculated as T(x) = exp (β0 + β1x1 + β2x2 + . . . + βkxk)/[1 + exp (β0
+ β1x1 + β2x2 + . . . + βkxk)]. The selection coefficient β can be estimated by the logistic
regression coefficient [39]. The function model of resource selection based on selected
habitat factor variables is P = ez/(1 + ez), z = β0 + β1x1 + β2x2 + . . . + βkxk, where e is
the natural number and P is the probability of habitat selection. The receiver operating
characteristic (ROC) curve can be used to gauge the accuracy of the resource selection
function model with the following evaluation criteria: if the value of the area under the
curve (AUC) is 0.5–0.6, failure; 0.6–0.7, poor; 0.7–0.8, general; 0.8–0.9, good; 0.9–1.0, excel-
lent [40,41]. All data processing was performed using Origin 2021 (OriginLab Corporation
in Northampton, MA, USA) and SPSS 20.0 (International Business Machines Corporation
in Armonk, NY, USA).

3. Results

3.1. Habitat Selection of Water Deer in Autumn

The chi-square test showed that vegetation types (χ2 = 74.730, df = 5, p < 0.001),
dominant plants (χ2 = 80.106, df = 18, p < 0.001), slope positions (χ2 = 7.898, df = 3, p < 0.05),
and slope direction (χ2 = 51.184, df = 2, p < 0.001) differed between experimental plots and
control plots (Table S1). Compared with control plots, in autumn, the water deer prefers
grasslands on middle and sunny slopes, with A. carvifolia as the dominant plant (Figure 3).
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Figure 3. Selection of water deer regarding non-numeric habitat factors in autumn for both
experimental and control plots (DP: dominant plant, VT: vegetation type, SP: slope positions,
SD: slope direction).

The mann–Whitney U test showed that experimental plots with traces of water
deer were found about 70.89 m father away from human settlements than control plots
(Z = −5.594, p < 0.001), and they were also covered to a higher degree by herbage (23.99%,
Z = −5.032, p < 0.001) and hiding cover (26.06%, Z = −5.341, p < 0.001). Furthermore, in
experimental plots, the dominant herbage was about 28.29 cm higher (Z = −5.779, p < 0.001)
and at an elevation that was about 51.76 m lower (Z = −2.661, p < 0.01). The slope degree
(Z = −5.267, p < 0.001) was 12.82◦ lower in experimental plots than in control plots. Both
plot types were located within the same distances from water sources (Z = −1.130, p > 0.05)
(Figure 4, Table S2). Compared with control plots, in autumn, the water deer prefer habitats
farther away from human settlements, with higher herbage coverage, higher hiding cover,
lower elevation, higher height of dominant herbage, and gentler slope degree.

The results showed that the height of dominant herbage (HDH), elevation (E), and
slope position (SP) have greater biological significance. Hence, these three habitat fac-
tors (HDH, E, and SP) were selected for logistic regression. Finally, the habitat factor
that was entered into the resource selection function model was HDH. The function
model of resource selection based on selected habitat factor variables is P = ez/(1 + ez),
z = 2.864 − 0.041 × HDH (Table 2). The correct prediction rate of the model was 85.4%.
ROC curve analysis showed that AUC = 0.840, indicating that the prediction result of the
resource selection function was good. The results showed that the largest contribution rate
of habitat factors was the height of dominant herbage.
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Figure 4. Comparison of numerical habitat factors between experimental plots and control plots
in autumn (DHS: distance to human settlements (m), DW: distance from water (m), HEC: herbage
coverage (%), HIC: hiding cover (%), E: elevation (m), HDH: height of dominant herbage (cm),
S: slope degree (◦). **: p < 0.01, ***: p < 0.001.

Table 2. Selection coefficient of water deer resource selection function in autumn.

Habitat Factors
Regression
Coefficient

Wald
Chi-Square

p-Value

HDH (height of dominant herbage/cm) −0.041 17.575 0.000 ***
Constant 2.864 15.610 0.000 ***

***: p < 0.001.

3.2. Habitat Selection of Water Deer in Winter

The chi-square test showed that vegetation types (χ2 = 49.906, df = 6, p < 0.001) and
dominant plants (χ2 = 72.223, df = 16, p < 0.001) were significantly different between
experimental plots and control plots in winter; however, both slope positions (χ2 = 5.596,
df = 2, p > 0.05) and slope direction (χ2 = 2.885, df = 1, p > 0.05) were not significantly
different between experimental plots and control plots (Table S3). Compared with control
plots, in winter, the water deer prefers grasslands in middle and sunny slopes, with A. argyi
as the dominant plant (Figure 5).

The results of the t-test and Mann–Whitney U test showed that experimental plots
were found to be around 218.61 m closer to water sources than the control plots (Z = −3.929,
p < 0.001); experimental plots were also covered to a higher degree by herbage (28.49%,
Z = −5.143, p < 0.001) and had higher hiding cover (18.16%, Z = −4.119, p < 0.001). Fur-
thermore, the experimental plots showed a higher dominant herbage by about 37.81 cm
(Z = −5.238, p < 0.001). Slope degree (Z = −6.177, p < 0.001) was 14.34◦ lower in experi-
mental plots than in control plots. Both plot types were located within the same distance
to human settlements (t = −0.336, p > 0.05) and had the same elevation (Z = −1.350,
p > 0.05) (Figure 6, Table S4). Compared with control plots, in winter, the water deer prefers
habitats with a shorter distance from the water, higher herbage coverage, higher hiding
cover, higher height of dominant herbage, and gentler slope degree.
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Figure 5. Selection of water deer regarding non-numeric habitat factors in winter for both ex-
perimental plots and control plots (DP: dominant plant, VT: vegetation type, SP: slope positions,
SD: slope direction).

 
Figure 6. Comparison of numerical habitat factors between experimental plots and control plots
in winter (DHS: distance to human settlements (m), DW: distance from water (m), HEC: herbage
coverage (%), HIC: hiding cover (%), E: elevation (m), HDH: height of dominant herbage (cm),
S: slope degree (◦)). ***: p < 0.001.
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Hiding cover (HIC), distance from water (DW), distance to human settlements (DHS),
and slope position (SP) have greater biological significance. The four habitat factors of HIC,
DW, DHS, and SP were selected for logistic regression. Finally, the following habitat factors
were entered into the resource selection function model: DHS, DW, and HIC. The function
model of resource selection based on selected habitat factor variables is P = ez/(1 + ez),
z = 0.533 − 0.013 × DHS + 0.009 × DW − 0.032 × HIC (Table 3). The total correct prediction
rate of the model was 79.8%. ROC curve analysis showed that AUC = 0.867, indicating
that the prediction results of the resource selection function was good. The results show
that the contribution rate of these factors can be ordered from large to small as hiding
cover > distance to human settlements > distance from water.

Table 3. Selection coefficient of water deer resource selection function in winter.

Habitat Factors
Regression
Coefficient

Wald
Chi-Square

p-Value

DHS (distance to human settlements/m) −0.013 6.804 0.009 **
DW (distance from water/m) 0.009 16.007 0.000 ***

HIC (hiding cover/%) −0.032 7.805 0.005 **
Constant 0.533 0.669 0.413

**: p < 0.01, ***: p < 0.001.

4. Discussion

Habitat selection of wildlife is one of the most important issues for researchers and
conservationists, as it guides the formulation of conservation strategies for endangered
species [42]. In the current study, habitat selection research was conducted on rediscovered
water deer in cold regions of China. The obtained results showed that there are many
similarities between water deer habitat selection in northeast China and southern China.
Both prefer grasslands with higher herbage coverage, higher hiding cover, and smaller
slope degree. However, there are also many differences between the southern study site and
the northeastern study site, which are reflected in aspects of daily temperature, longitude,
latitude, duration of snow cover, and vegetation types.

The vegetation type comprehensively reflects the characteristics of food composition,
temperature, light levels, terrain, and landform of the habitat. It meets the physiological and
ecological needs of animals to the greatest extent, and is an important habitat factor in the
habitat selection of water deer [43]. The vegetation type water deer prefer in autumn and
winter is grassland. A similar preference of these deer was also reported in other regions of
China, such as their habitat selection in spring, summer, and autumn at Yancheng Nature
Reserve and in winter at Dafeng Milu Natural Nature Reserve in Jiangsu Province [44,45].
A year-round habitat selection study of water deer in Shanghai Binjiang Park also found a
similar preference for grasses with higher herbage height [46]. Other small ruminants had
similar preferences, such as the Indian muntjac (Muntiacus muntjak), the preferred habitat
of which was shrub grassland and reclaimed grassland; further, the height of trees in the
habitat was the main influencing factor for the habitat selection of the Indian muntjac [47].

Furthermore, A. carvifolia and A. argyi are dominant plants for water deer in northeast
China. In 2021, Li et al. conducted a study in Jilin Province, China, which was similar to the
present study, and they also found that water deer preferred A. carvifolia as the dominant
plant habitat [48]. A. carvifolia and A. argyi both belong to the Compositae family. Many
previous studies on the diet of water deer have found that Compositae occupy a certain
proportion in China, for example, up to 11.34% of their diet in Jilin Province, and up to 4%
of their diet in Jiangxi Province [33,49]. Kim et al. studied the diet of Korean water deer
(Hydropotes inermis argyropus) in Gyeonggi Province, Korea, and found that up to 28.4% of
their diet is composed of Compositae [50]. In conclusion, it is clear that water deer habitat
selection is closely related to its feeding habits. In addition, the height of dominant herbage
of the experimental plots (autumn: 85.31 ± 3.00, winter: 91.33 ± 3.50) was significantly
higher than that of control plots (autumn: 57.02 ± 5.00, winter: 53.52 ± 5.22). This result
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suggests that the water deer prefers a habitat where the herb height exceeds its own
shoulder height (the shoulder height of adult water deer is 50–57 cm) [24]. Furthermore,
the results of the resource selection function model show that the dominant herb height and
hiding cover are habitat factors that contribute more to water deer habitat selection in the
cold season. On the one hand, water deer are timid and alert, and the high herbage could
supply good hiding areas for them [51]. On the other hand, winter is the season when
water deer mate; hence, their higher activity would attract predators and a good hiding
area is essential [52]. To survive and avoid natural enemies, habitats with high hiding cover
and higher dominant herbage are their preferred activity areas.

In addition to the vegetation factor, other factors also affected the habitat selection of
water deer. In northeast China, prolonged snow accumulation increases the difficulty of
survival for water deer, as in winter, obtaining water and food resources is more difficult
in the northern part than in the southern part. First, the obtained results show that in
both autumn and winter, water deer chose a habitat closer to water. This factor is also the
habitat factor that contributes most to the results of the resource selection function. The
results of water deer selection of suitable distribution areas in Korea similarly showed
that water deer prefer areas that are relatively close to water [53]. Second, ruminants
are generally considered to migrate to lower elevations in late autumn and early winter
as a strategy to find areas with shallow snow cover [54]. This is highly consistent with
the results of the present study, which showed that the ecological habitat of water deer
tends to be at relatively low elevation (autumn: experimental plots 547.91 ± 27.56 m,
control plots: 599.70 ± 23.93 m). Snow-covered vegetation makes it more difficult to
obtain food, and a habitat at lower elevation has higher temperatures and may possess
relatively abundant food resources. Third, in Poyang Lake Wetland of Jiangxi Province,
China, water deer prefer a distance to human settlements of 500–999 m [26]. However,
the results of this study indicated that the preferred distance to human settlements was
100–200 m in both autumn and winter, which is far shorter than the results obtained for
Poyang Lake Wetland. Similar to the crop attraction hypothesis, the timid water deer may
be closer to human settlements because the human activity area offers domestic waste
or farmland residues such as pea seedlings, soybean leaves, peanut leaves, and sweet
potato leaves, which provide food sources for water deer. Some Western studies have
found that other deer species also support the crop attraction hypothesis; for example,
red deer spending time on the pasture increased with increasing availability, but not in
a proportional manner, resulting in the strength of the trade-off varying with habitat
availability driven by landscape-level variability. The seasonal variation in the trade-off
may be due to the seasonally varying abundance of forage and cover in the different
habitats [55]. Even in some parts of the West, large numbers of fallow, red, and roe deer
have caused some damage to crops and forestry [56,57].

5. Conclusions and Suggestions

In the current study, during the cold season of northeast China, water deer activities
mainly focused on grasslands in the mid-slope position and on sunny slopes, dominated
by A. carvifolia and A. argyi. In addition, water deer preferred a higher dominant herbage,
higher hiding cover, and closer distance to water and human settlements. The correct
prediction probability of the resource selection function model exceeds 80%, indicating that
the model can predict the cold season habitat selection of water deer in Baishan Musk Deer
Natural Reserve. This result has positive significance for further research on water deer and
the development of scientific conservation and management plans in this reserve. Water
deer were rediscovered in northeast China, which is the result of the effective restoration of
the ecological environment that provides more habitats for wildlife. For protected areas,
the construction of wildlife nature reserves needs to be further strengthened to protect both
the existing and potential habitats of water deer. In the future, reserves should pay close
attention to water sources, the activities of surrounding human settlements, and grassland
protection; further, patrols should be strengthened to eliminate outside interference, which
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will further protect water deer. Based on these efforts, water deer could better adapt to
habitats in cold regions.

6. Limitations and Future Research

Due to limited data availability and imperfect knowledge, this study has some limita-
tions. For example, global climate change is indirectly or directly affecting the distribution
of wild animals, and whether Jilin Province is the northernmost edge of the future dis-
tribution of water deer in China will continue to be monitored. For future research, the
methodology of habitat selection studies must be further optimized. We will focus on the
combination of changes in climatic factors in north and south China in the past decades
and the assessment of habitat suitability of water deer in China. With data availability and
in-depth research, these issues will be further explored in our future work.
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Abstract: The present study aims through a modeling approach to quantify fishing losses from
the impact of great cormorants (Phalacrocorax carbo sinensis) during their wintering period in Greek
lagoons. A number of assumptions were incorporated into the model regarding fish population
growth, species distribution, age (or size) of fish caught, and the different fishing strategies that
could be applied in the studied lagoons. The results indicated that the mean value of daily economic
losses ranged from 0.614 to 1.075 €·bird−1·day−1, whereas the ratios of biomass losses to landings
biomass and of economic losses to economic profit ranged from 0.18:1 to 3.80:1 and from 0.14:1 to
4.18:1, respectively, depending on the lagoon. The results supported a strong competitive relationship
between great cormorants and fisheries in lagoons of the Amvrakikos Gulf.

Keywords: fisheries–marine bird interactions; fisheries management; economic losses; Amvrakikos
Gulf; Lefkada island

1. Introduction

Coastal lagoons are crucial components of local people’s cultural heritage, coastal
environment, and economic vitality [1]. They serve as transitional areas between the open
ocean and inland waters and are characterized by environmental fluctuations (for a review,
see [2]). Given that these systems are habitats with an increasing concentration of fishing
activities, because several fish species use them as part of their life histories for spawning,
feeding, and refuge [3], the majority of them are protected by international conventions for
the conservation of biodiversity (e.g., Natura 2000). Around the Mediterranean, an area
of at least 6500 km2 of coastal lagoons [4] is exploited as fishing grounds by local fisher
associations [5]. The Greek lagoons cover a total surface of about 350 km2 [6] and fishery
exploitation is a common extensive culture, based on seasonal ongoing migration move-
ments of fry and adult euryhaline fish species between the sea and lagoons (e.g., mugilids:
flathead grey mullets Mugil cephalus Linnaeus, 1758, thicklip grey mullet Chelon labrosus
(Risso, 1827), leaping mullet Chelon saliens (Risso, 1810), golden grey mullet Chelon auratus
(Risso, 1810), and thinlip grey mullet Chelon ramada (Risso, 1827); gilthead seabream Sparus
aurata Linnaeus, 1758; European seabass Dicentrarchus labrax (Linnaeus, 1758); and Euro-
pean eel Anguilla anguilla (Linnaeus, 1758)). Fishery production mainly comprises mugilids
(about 56%) [6].

Aquatic birds can be seen as an integral part of these transitional aquatic systems,
where an ongoing conflict with human activities exists. In fact, bycatch, a global is-
sue, is one of the most significant factors contributing to the decline of aquatic bird
populations (e.g., [7–9]). It is estimated that 400,000 birds per year are incidentally caught
in gillnets globally [10], and in some cases, this taxon shares common resources with the
fishers [11–18]. In contrast, in the lagoons of the southern Baltic Sea in Poland, the domi-
nant piscivorous bird species, the Goosander, does not negatively impact fishing activities
because it primarily preys on small fish species that are not the target of fishers [19].
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The great cormorant Phalacrocorax carbo sinensis (Linnaeus, 1758), hereafter cormorant,
is a species of piscivorous aquatic bird whose population has considerably increased
throughout Europe in recent decades. This increase is due to protection (EU Directive
79/409, Directive 2009/147) and to increased food availability leading to eutrophication
of aquatic habitats and commercial fish stocking [11,13,20–22]. The European popula-
tion is estimated at 401,000–512,000 pairs, which equates to 803,000–1,020,000 mature
individuals [23]. In the southern wetlands of Europe, the cormorant appears year-round
but in greater numbers during the winter period [24–27]. In Greece, the species’ breed-
ing population has increased over time [27], which is accompanied by an increase in its
population on wintering grounds [28]. There are six cormorant colonies in Greece, with
a total breeding population of 5600 pairs, while in winter, their population amounts to
approximately 22,000 individuals [29].

Studies on the cormorant’s diet, energy requirements, impact on fish populations
and fisheries, ethology [13,30–33], and management issues [13,28,34,35] have been exten-
sively carried out worldwide. On the other hand, the fish-eating habits of the species
and its increased numbers have caused severe conflicts with fisheries activities in many
countries [21,30]. Cormorants’ diet is described as opportunistic, because they do not select
specific species or sizes of fish [24] but rather focus on fish species available in the ecosys-
tem in which they settle. The European cormorant population is estimated to consume
about 1000 t of fish per day [11] and severe economic losses are recorded in freshwater
fish farms ranging from 150 to 1500 €·10−1 ha−1 [11,12,17]. In the Czech Republic, the
annual losses of carp pond aquaculture for 2019 are estimated to be EUR 4 million [36],
while in a few countries/regions (e.g., Belgium (Waloon), Finland, Romania, the Czech
Republic, Slovakia, Germany (Saxony), and Latvia), recognizing the conflict between
cormorants and aquaculture has taken the form of financial compensation or subsidies
programs [12]. In the northern Baltic Sea, there is an ongoing debate about the role of cor-
morants in the coastal ecosystem, where some studies suggest that cormorants can regulate
fish populations [13,14,16] or that the effects have been considered to be site dependent [15]
or have no effect [37].

In Greece, the effects of cormorants on fisheries range from minor (in lakes) [25,38] to
relatively significant (in lagoons) [24,26]. Cormorants often prey on fish species with low
commercial value, but this pattern appears to be reversed when colonies of fish-eating birds
are concentrated in habitats with high fish concentrations, such as lagoons [26]. In Greek
lagoons, Mugilidae comprise 60–70% of daily preyed biomass from the species [24,26],
revealing a possible strong conflict between fisheries. However, the above assessments
must be considered under-valued, because they estimate the direct losses by birds which
are composed of fish individuals with sizes smaller than the commercial size [13,16]. If
cormorants prey upon substantial number of fish at younger age classes, the yields of the
fishers might be affected after a time delay [39]. This is anticipated to be more noticeable in
a large culture, such as lagoons [11,12,17], than in coastal fisheries [13–16,37], justifying the
fisher’s perception of the negative impact of cormorants in lagoon fishery production [24].

In the present study, we estimate the catch losses due to cormorants’ predation on
fish resources during their wintering period in the lagoons of the Amvrakikos Gulf, using
modeling techniques that estimate the loss in biomass and income based on individuals
preyed upon by the cormorant population when the fish enters the exploited phase. The
model used is a common population dynamics model [40] incorporating an economic
component, which has been estimated for grey mullets. The basic idea of the model is that
the fish size of grey mullets preyed on by cormorants in lagoons of western Greece [24,26]
is smaller than the minimum length size of capture [41], and therefore, the effect of fish
prey will be obvious as losses in fishery production after a time lag [39]. Moreover, in order
to cover most of the uncertainties of input variables, the model was run for 60,000 iterations
where the input variables, randomly, varied between a range (from available information),
delineating the cormorant effect on lagoon fisheries as an expected range of values (biomass
or income).
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2. Materials and Methods

2.1. Site and Data Scources

The Amvrakikos Gulf (Western Greece, Ionian Sea) is a fjord-like hydrological regime
(400 km2) [42] around which 15 lagoons are located (Figure 1), covering a total area of about
96.2 km2 that are protected under the Ramsar convention (www.ramsar.org (accessed on
27 May 2023)) and are part of the Natura 2000 network (http://ec.europa.eu/environment/
nature/natura2000/index_en.htm (accessed on 27 May 2023)). Most of the lagoons are
traditional fishery fields, exploited as common extensive cultured systems based on the
seasonal entrance of young fish into the lagoons and the autumn-to-winter offshore fish
migration. In six lagoons, for each lagoon, the proportions of the annual fisheries landings
to the total (during 1980–2008) landings per species ranged from 0.1 to 0.56 (mostly between
0.45 and 0.56) for mugilids, from 0.08 to 0.38 for European eels, from 0.09 to 0.58 (mostly
between 0.09 and 0.15) for gilthead seabream, and from 0.02 to 0.15 for gobies (mainly
Zosteriosessor ophiocephalus) [42].

Figure 1. Map of study area. The red cycle indicated the daily flight zone of the great cormorants that
roosted at Gaidaros (center of cycle and in the left photo at the bottom). Numbers indicate the lagoons
studied, 1: Saltini, 2: Palaio, 3: Avlemonas, 4: Myrtari, 5: Rouga, 6: Agrilos, 7: Koftra-Palaiompouka,
8: Sakolesi, 9: Logarou, 10: Tsopeli, 11: Mazoma, 12: Pogonitsa, 13: Tsoukalio-Rouga, 14: Vathi.

In the Amvrakikos Gulf, the recorded annual wintering population of cormorants
ranged from 1800 to 16,000 individuals during 2002–2022 (data provided by the Man-
agement Unit of Acheloos Valley and Amvrakikos Gulf Protected Areas and Hellenic
Ornithological Society) using the midwinter census method [43]. Cormorants mainly roost
on the small rocky island called Gaidaros (surface 5.6 × 10−3 km−2), located in the western
part of the gulf (Figure 1) and their daily excursion for feeding extends up to a radius of
25 km (daily flight zone: DFZ) [31,32] (Figure 1).

Fisheries data consisted of the annual landings per species and lagoon during 1977–2020,
provided by the Fishery Department of Preveza, Arta, and Lefkada island. Fisheries data
for mugilids were disaggregated at three commercial categories (Cat), namely, “mugilids”
Cat A (above 400 g), Cat B (between 150 and 400 g), and Cat C (between 80 and 150 g).
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2.2. Modeling Approach

The basic concept of the model based on the fish size of mugilids that is consumed
by the cormorants is smaller compared to the minimum length size of capture by fishers.
Thus, the daily biomass (Bcr) of a fish species consumed by one individual of cormorant
per day was estimated by

Bcr = DFI = Ncr·Wcr

where the DFI is the daily food intake of a cormorant, Ncr is the number of individuals of
prey fish per cormorant, and Wcr is the mean weight of the fish species. The Ncr individuals
are converted at the same length (Lcr) using the weight–length relationship, W = a · Lb

(a and b the parameters of the length–weight relationships of fish species), and at Wcr and
the age of preyed individuals (tcr) using the length–age estimated by the von Bertalanffy
equation, Lt = L∞ · (1 − e−k(t−to)) (L∞, k, to are the parameters of the equation for each
fish species).

When only the natural mortality existed (M), the number of individuals (Nc) at age tc
of exploitation for fish species was estimated by the following equation [42]:

Nc = Ncr · e−(tc−tcr)·M

The fishing biomass (Bc) which corresponds to the fish species individuals that con-
sumed by the cormorant per day is

Bc = catchR·Nc·Wc

where Wc is the mean weight of species at the fishing age (tc), which is estimated by the

equation Wc = a·
(

L∞ ·
(

1 − e−k(tc−to)
))b

, and catchR is the catch rate.
The economic losses (Ec) are Ec = Bc·vj, where v is the economic value (€) on each

weight category (Cat) j (mean weight> 400 g: Cat A, 150 ≤ mean weight ≤ 400 g: Cat B,
and 80 ≤ mean weight ≤ 150 g: Cat C).

In the case of the inclusion of i fish species in the predator’s trophic spectrum, the
number of individuals of species i consumed by one cormorant (Ncri) is

Ncri =
Bcr

Wcri

·qi (1)

where q is the biomass proportion of species i in daily consumed biomass.
On a daily basis, the losses in fishing production (tBc), the proportion of tBc per weight

category j (Prj), the economic losses (tEc), the average time that the losses will appear after
the consumption of a fish (aT), and the average length of a consumed fish (aLcr) per each
individual cormorant were estimated, respectively:

tBc =
3

∑
j=1

5

∑
i=1

(
Bctj,i

)

Prj =
5

∑
i=1

(Bci,j

tBc

)

tEc =
3

∑
j=1

5

∑
i=1

(
Bctj,i

·vj

)

aT =
5

∑
i=1

(Nci · (tci − tcri ))

∑5
i=1(Nci )

aLcr =
5

∑
i=1

(Ncri ·Lcri )

∑5
i=1(Ncri )
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2.3. Model Calibration and Sensitivity Analysis

The model was calibrated using the estimated biological parameters found in the liter-
ature (Table A1, Appendix A) and received random values around the Mi (Table A1) from a
normal distribution (average value = 1; SD = 0.1) (Mcg), for the qi from a uniform distribu-
tion at range [0.08–0.40], for the Lcri from a normal distribution (average value = 19.3 cm;
SD = 1.3 cm; Table A1), for the DFI from a normal distribution (average value = 0.18 kg:
SD = 0.04 kg) and for the catchR from a uniform distribution at range [0.2–1.0]. At the
time of capture (tc), the model received random values according to three cases: (1) from a
beta distribution (α = 1, β = 3) at a range of integer values from 1 to 6, (2) from a uniform
distribution at a range of integer values from 1 to 6; and (3) from a symmetrical distribution
of the case (1) at a range of integer values from 1 to 6. Three different fishing strategies
were followed based on targeted fish size: all fish sizes (1), non-targeted fishing (2), and
targeted fishing of the larger fish sizes (3).

For each fishing strategy, the model was iterated 20,000 times, and in each iteration,
the variables and the estimates of the model were recorded (Table A2, Appendix B). In each
iteration, the Mcg was kept the same for all species, whereas the other random values were
independent. For each fishing strategy, the distribution of the time that the losses would
appear was also estimated.

A Kruskal–Wallis test (test-statistic; p = 0.05) was applied to check the significant
differences found in tBc and tEc among the different fishing strategies, and a Mann–Whitney
test (U; p = 0.05) was also used to identify the differences found in the mean values of tBc
and tEc among the different fishing strategies [44].

Linear relationships among the log-transformed tBc and tEc with Mcg, aLcr, catchR, and
Wcri were also applied based on a multi-regression model (MREG) for each fishing strategy:

Log(Vb) = c + b1·Mcg + b2·aLcr + b3 ·catchR +
5

∑
i=1

(ki ·Wcri ) + SE

where Vb is tBc or tEc, the c, b’s, and ki are coefficients estimated by the least squares
regression techniques and SE is the standard error of the estimate. Significant variables
used in the final model were selected using the backward stepwise variable selection
method (F-to-remove; p ≤ 0.05) [44].

A sensitivity analysis provides an estimate of changes in the tBc and tEc values
produced by the fluctuation of the above-stated parameters. This determines the parameters
with a major influence on the tBc, tEc predictions. The analysis was conducted by means
of successive simulations involving all parameters included in the model, varying by
20% above or below their initial baseline values (mean values of Mcg, aLcr, catchR, and Wcri).

2.4. Fishing Patterns in the Lagoons

A multivariate hierarchical cluster analysis based on the Bray–Curtis similarity index
was also used to define similarities/dissimilarities of fisheries patterns among the studied
lagoons using for each lagoon the mean (for the period 2002–2020) proportion of mugilid
landings per each category and the mean proportion of simulated weight categories for
each fishing strategy.

2.5. Distribution of Losses at Lagoons and Time Appearance of Losses

The total losses X (X = tBc or TEc) per lagoon s at a given year was estimated by

Xs =
As

∑s
s=1(As)

× WP × Nbird × Xl

where A is the area of each lagoon, WP the wintering period (65 days) of cormorants in the study
lagoons, Nbird the number of cormorants at a given year, and l the different fishing strategies.

The time distribution of appearance of losses after the predation time in the lagoon s
is the same as the aT distribution of the fishing pattern that is used to classify the lagoon.
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The quantity Xs per year (Xsy) is calculated as Xsy = ∑6
d=1

(
Fry+d ·Xsy−d−1

)
where the

y is the year of Xs estimation, Fr the proportion of X at years d after fishes preyed on birds.
The above model was developed in Excel (Microsoft Corporation, 2018), and the maps

were created in QGIS (QGIS Development Team, 2009).

3. Results

The descriptive statistic of model variables and results are given in Table A2. The mean
value of tEc ranged from 0.614 (FP1) to 1.075 € bird−1 day−1 (FP3) and the mean value of
tWc ranged from 0.196 (FP1) to 0.203 kg bird−1 day−1 (FP2). Both variables (tEc and tWc)
showed statistically significant differences among the fishing patterns (tEc: FP3 > FP2 > FP1
and tWc: FP3 = FP1 < FP2) (Kruskal–Wallis test; p < 0.05; Mann–Whitney test: U = 93.108;
p < 0.05) (Table 1). The 95% of tEc values ranged from 0.151 to 1.538 € bird−1 day−1 (FP1),
from 0.221 to 2.064 € bird−1 day−1 (FP2), and from 0.306 to 2.351 € bird−1 day−1 (FP3).
The 95% of tWc values ranged from 0.061 to 0.399 kg bird−1 day−1 (FP1), from 0.059 to
0.424 kg bird−1 day−1 (FP2), and from 0.057 to 0.429 kg bird−1 day−1 (FP3) (Table 1).

The weight category composition differed among the different fishing strategies
(χ2 = 3214.9; df 4; p < 0.05). FP1 was mostly characterized by Cat B (58%), and FP2 by both
Cat A (52%) and Cat B (39%), whereas FP3 was mostly characterized by a high percentage
of Cat A (81%) (Figure 2).

Table 1. Mean value and standard deviation (SD) of tEc and tWc and range of their values that
correspond at the range of cumulative frequency (CF) from 0.025 to 0.975, per fishing pattern (FP). n
is the number of model iterations, and the same letter marks the non-statistically significant mean
values of groups (Mann–Whitney test: U; p > 0.05).

tEc (€·bird−1·day−1) tWc (kg·bird−1·day−1)

FP Mean (SD)
CF Range

(0.025–0.975)
Mean (SD)

CF Range
(0.025–0.975)

n

1 0.614 a (0.376) 0.151–1.538 0.196 a (0.093) 0.061–0.399 20,000
2 0.886 b (0.499) 0.221–2.064 0.203 b (0.099) 0.059–0.424 20,000
3 1.075 c (0.554) 0.306–2.351 0.198 a (0.099) 0.057–0.429 20,000

Total 0.857 (0.518) 0.186–2.112 0.199 (0.097) 0.058–0.416 60,000

 

Figure 2. Weight category composition of tWc according to the fishing pattern.
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The time appearance of economic and biomass losses after the preyed time differed
among the fishing strategies (χ2 > 55,167; Df = 10; p < 0.05) for tEc and tWc. For fish-
ing strategy 1, 92% of economic and 94% of biomass losses appeared during the 1st and
2nd year after the impact. For fishing strategy 2, 76% of economic and 78% of biomass
losses appeared during the 2nd and 3rd year after the impact, whereas for fishing strat-
egy 3, 80% of economic and 79% of biomass losses appeared during the 4th and 5th
year after the impact (Table 2). The tEc and tWc exhibited a strong linear relationship
(log(tEc) = 1.476 + 1.043 × log(tWc) ± 0.321; R2 = 0.739; df:1.599; p < 0.05), and therefore, the
multi-regression and sensitivity analysis applied only to the tEc. At all fishing strategies the
multi-regression analysis was significant (R2 > 0.651; df:1,200; p < 0.05). The catchP and the
fish species weight during consumption by a bird (Wcri) exhibited positive association with
the tEc, whereas the Mcg and Lcr showed a negative association with the tEc.

Table 2. Losses of tEc (€·bird−1·day−1) and tWc (kg·bird−1·day−1) at years (aT) after the impact per each
different fishing strategy (FS). Brackets indicate the ratio and bold numbers indicate the highest values.

FS
aT (Years)

Mean Value
1 2 3 4 5 6

tEc

1 0.160 (0.26) 0.407 (0.66) 0.046 (0.07) 0.001 (0.00) 0.000 (0.00) 0.000 (0.00) 0.615
2 0.017 (0.01) 0.317 (0.36) 0.350 (0.39) 0.155 (0.17) 0.034 (0.03) 0.002 (0.00) 0.879
3 2.857 (2.65) 0.006 (0.00) 0.088 (0.08) 0.358 (0.33) 0.509 (0.47) 0.112 (0.10) 1.075

total 0.059 (0.06) 0.243 (0.28) 0.162 (0.18) 0.171 (0.20) 0.181 (0.21) 0.038 (0.04) 0.856

tWc

1 0.064 (0.32) 0.121 (0.61) 0.010 (0.05) 0.000 (0.00) 0.001 (0.00) 0.000 (0.00) 0.197
2 0.006 (0.03) 0.082 (0.41) 0.075 (0.37) 0.029 (0.14) 0.006 (0.03) 0.000 (0.00) 0.201
3 9.922 (4.99) 0.001 (0.00) 0.018 (0.09) 0.068 (0.34) 0.090 (0.45) 0.019 (0.09) 0.198

total 0.023 (0.11) 0.068 (0.34) 0.035 (0.17) 0.032 (0.16) 0.032 (0.16) 0.006 (0.03) 0.199

Sensitivity analysis indicated that changes by ±20% in the tEc exhibited changes from
0.48% (FP3: WcrLS) to 54.49% (FP3: Lcr). Between fish species, the highest change in the
tEc was shown by the M. cephalus (from 7.99% to 9.69%) and by the C. aurata (from 5% to
6.65%). Changes in catchP by ±20% exhibited changes in tEc ranging from 19.9% to 24.9%.
Changes in Mcg by ±20% exhibited changes in tEc ranging from 15.89% to 18.89% for
FP1, from 23.13% to 30.09% for FP2, and from 28.94% to 40.73% for FP3. Changes in aLcr
by ±20% exhibited changes in tEc ranging from 6.03% to 6.42% for FP1, from 27.04% to
37.07% for FP2, and from 35.27% to 54.49% for FP3 (Table 3).

The mean total yield of lagoons during 2002–2020 ranged from 1.40 (±1.01) t·km−2

(No10, Tsopeli) to 4.40 (±3.59) t·km−2 (#14, Vathi), whereas the mean yield of mugilids
ranged from 0.11 (±0.09) t·km−2 (No12, Pogonitsa) to 1.61 (±1.58) t·km−2 (No14, Vathi).
The mean proportion of mugilids to total lagoon landings was 0.44 and ranged from
0.05 (No12, Pogonitsa) to 0.55 (No3, Avlemonas). The corresponding estimates for Cat A
ranged from 0.21 (#9, Logarou) to 1 (No6, Agrilos); for Cat B, they ranged from 0 (No6,
AGR) to 0.59 (No9, Logarou); and for Cat C, they ranged from 0 (No6, Agrilos) to 0.35
(No3, Avlemonas).

Hierarchical clustering in the mean (for the period 2002–2020) proportion of mugilids
landings per commercial category showed that (Figure 3 and Table 4), in a similarity index
higher than 0.75, Logarou, Tsoukalio, and Vathi lagoons followed fishing strategy 1; Palaio,
Avlemonas, Koftra-Palaiompouka, Pogonitsa, Saltini, and Myrtari lagoons followed fishing
strategy 2; and Agrilos, Tsopeli, and Mazoma lagoons followed fishing strategy 3. In the
Rouga and Sakolesi lagoons, no losses by birds were estimated, because we are not aware
on the applied fishing strategy (Figure 3 and Table 4).
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Table 3. Coefficients and standard error (in brackets) of multi-regression analysis among the natural
log-transformed tEc and the independent variables (Int.Var), and sensitivity analysis per fishing
strategy. N is the number of model iterations. Wcr is the mean weight of CS: Chelon saliens, CA:
Chelon aurata, MC: Mugil cephalus, CR: Chelon ramada, CL: Chelon labrosus.

Coefficients (Standard Error) Sensitivity Analysis

Fishing Strategy

1 2 3 1 2 3

Constant (c) −1.62 (0.0823) 0.449 (0.0704) 1.660 (0.0358)

Int. Var %changes in tEc when Int.Var change ±20%

catchP 1.851 (0.0109) 1.863 (0.0093) 1.853 (0.0047) 19.92–24.88 20.04–25.06 19.93–24.90
Mcg −0.860 (0.0254) −1.31 (0.0213) −1.700 (0.0109) 15.89–18.89 23.13–30.09 28.94–40.73
aLcr −0.010 (0.0040) −0.08 (0.0034) −0.110 (0.0017) 6.03–6.42 27.04–37.07 35.27–54.49

WcrCS 0.001 (0.0002) 0.000 (0.0001) 0.000 (9.5223) 0.92–0.93 0.51–0.51 0.48–0.48
WcrCA 0.007 (0.0002) 0.007 (0.0001) 0.008 (0.0000) 5.00–5.26 5.57–5.90 6.24–6.65
WcrMC 0.011 (0.0002) 0.012 (0.0001) 0.012 (9.5908) 7.99–8.68 8.46–9.24 8.84–9.69
WcrCR 0.005 (0.0002) 0.005 (0.0001) 0.004 (9.6104) 4.25–4.44 4.04–4.21 3.47–3.60
WcrCL 0.002 (0.0002) 0.002 (0.0001) 0.001 (9.5399) 1.90–1.94 1.46–1.48 1.22–1.24

R2 0.651 0.734 0.918
n 20,000 20,000 20,000

Figure 3. Time series of economic losses and cormorant number of (A), biomass losses (B), losses
(economic and biomass) per period (C), distribution of losses to lagoons (D), sum of biomass losses
and mugilid landings for lagoons Nos 13 and 9 (E1), and economic losses and economic of mugilid
landings for lagoons Nos 13 and 9, for the period 2002–2020 (E2). The bars indicate the 95% confidence
limits. Codes for lagoons are shown in Figure 1.
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Table 4. Mean total yield (Yield T), mean yield of mugilids (Yield M), weight proportion of mugilids
to total landings (PrpM), n the years by available data, mean proportion of weight categories of
mugilids (Cat A, Cat B, and Cat C) and fishing strategy (FS) and estimated fishing strategy (FSe) by
cluster analysis, for 2002–2020. No indicates the codes of the studied lagoons according to Figure 1.
* indicates lagoons Nos 1 and 4, for which fishing strategy 2 was applied.

No Area (km2)
Yield T

(t·km−2)
Yield M
(t·km−2)

PrpM n Cat A Cat B Cat C FSe

1 2.26 Unknown fishing activity and fishing data during 2002–2020 2 *
2 3.29 1.30 (0.75) 0.48 (0.22) 0.37 19 0.42 0.29 0.29 2
3 5.25 1.36 (0.80) 0.76 (0.39) 0.55 14 0.37 0.28 0.35 2
4 0.66 Unknown fishing activity and fishing data during 2002–2020 2 *
5 0.56 Unknown fishing activity and fishing data
6 1.94 0.29 (0.15) 0.13 (0.10) 0.45 5 1.00 0.00 0.00 3
7 3.22 1.28 (0.78) 0.19 (0.16) 0.14 6 0.54 0.32 0.15 2
8 0.39 Unknown fishing activity and fishing data
9 30.64 2.65 (0.83) 1.24 (0.56) 0.46 16 0.21 0.59 0.20 1

10 1.12 1.40 (1.01) 0.65 (0.43) 0.46 19 0.75 0.20 0.05 3
11 1.90 2.29 (1.84) 0.60 (0.52) 0.26 18 0.74 0.16 0.10 3
12 0.47 2.39 (2.40) 0.11 (0.09) 0.05 12 0.58 0.42 0.00 2
13 43.90 0.73 (0.27) 0.36 (0.14) 0.48 17 0.31 0.49 0.20 1
14 0.29 4.40 (3.59) 1.61 (1.58) 0.36 18 0.41 0.47 0.13 1

FS
1 0.18 0.59 0.24 1
2 0.50 0.40 0.10 2
3 0.81 0.19 0.01 3

The time series of economic and biomass losses caused by the cormorants in the
lagoons of the Amvrakikos Gulf from 2002 to 2020 are forecast up to 2026. Their picks
follow the time series of bird numbers with a delay of about 2 years (Figure 3A,B). The
mean annual number of cormorants was significantly (Mann–Whitney test: U = 12; p < 0.05)
increased in 2002–2010 and 2011–2020. More specifically, the number of cormorants ranged
from 1848 to 5823 bird·year−1 (mean value of 3239.33 bird·year−1) during the period
2002–2010 and from 4181 to 8375 bird·year−1 (mean value of 5591.77 bird·year−1, excluding
an extreme value of 16,236 birds) in 2011–2020.

The estimated economic losses ranged from 0.04 to 0.35 MEuro·year−1 (mean value
of 0.12 MEuro·year−1) during 2002–2010, from 0.07 to 0.70 MEuro·year−1 (mean value
of 0.24 MEuro·year−1) during 2011–2020, and from 0.02 to 0.20 MEuro·year−1 (mean
value of 0.07 MEuro·year−1) during 2021–2026 (Figure 3C). The estimated landing losses
ranged from 12.49 to 82.71 t·year−1 (mean value of 35.78 t·year−1) during 2002–2010, from
25.88 to 172.04 t·year−1 (mean value of 74.31 t·year−1) during 2011–2020, and from 7.22 to
48.69 t·year−1 (mean value of 20.89 t·year−1) during 2021–2026 (Figure 3C). Six lagoons
(Figure 1: No13, Tsoukalio-Rodia; No9, Logarou; No3, Avlemonas; No2, Palaio; No7,
Koftra-Palaiompouka; and No6, Agrilos) cumulatively contributed to the 89.7% and the
92.8% of the total tEc and tWc, respectively, with the first two lagoons (Tsoukalio-Rodia
and Logarou) exhibiting 70.2% and 78.1% of the total tEc and tWc, respectively (Figure 3D).

In the Tsoukalio-Rodia lagoon (Figure 1: No13), the sum of the biomass losses during
2002–2020 was 446.6 t (ranging from 157.87 to 1024.82 t), and in Logarou (Figure 1: No9),
it was 311.7 t (ranging from 110.19 t to 715.33 t). The sum of landings was 269.6 t and
608.6 t for Tsoukalio-Rodia and Logarou (Figure 1: Nos 13 and 9), respectively (Figure 3E1),
and the ratio of biomass losses to landings biomass ranged from 0.58:1 to 3.80:1 and from
0.18:1 to 1.17:1, respectively. The ratio of economic losses to income from landings ranged
from 0.41:1 to 4.18:1 and from 0.14:1 to 1.42:1, respectively (Figure 3E1,E2).

4. Discussion

In the present study, an attempt was made through modeling to estimate the losses of
lagoon fisheries from predation of cormorants during the wintering period. A substantial
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number of uncertainties have been incorporated into the model regarding the fish popula-
tion growth, fish size and species distribution, age (or size) of fish that might be caught,
and catchability as well as the different fishing strategies followed by the lagoon fishers.
On the other hand, the large number of the model’s iterations reduced the uncertainties of
a large number of the aforementioned parameters.

Mugilids are the dominant fish group in the Greek lagoon fisheries [6] (>50%), and
they also comprise the dominant prey of cormorants during their wintering period (74% of
DFI in Mesolongi-Aitoliko lagoons: [45]; 65% of DFI in Amvrakikos Gulf lagoons: [24]). The
range of DFI for mugilids in the model agrees with previous work in the study area [24].
The length of preyed fish (except for C. saliens) ranged from 15 to 24 cm [45], supporting
the basic assumption that the losses induced by the impact of cormorants would appear
in future [41].

The model assumed (a) that natural mortality was constant during the years, (b) that
preyed fish for each species were of the same size, (c) spatial homogeneity of species com-
position among the lagoons, (d) that mean preyed fish species composition was constant
day to day as well as during the years, (e) spatial distribution of the cormorants, and (f)
that the wintering period of the cormorants was defined as 65 days.

(a) The natural mortality M was ±42% in each species, which might include the inter-
annual variability and the variability driven by the von Bertalanffy estimates (L∞ and
k participate in the M estimation; Table A1).

(b) The maximum number of preyed individuals was approximately 7 (Table A2). Given
that mugilids exhibit a schooling behavior according to the individuals’ size [46], the
likelihood that individuals of the same species in a feeding area for cormorants are
the same size was high.

(c) The studied lagoons exhibited differences in physicochemical variables [42], which
explains the spatial expansion of mugilids according to their preferences [46]. Model
iterations recorded a series of cases that simulated variable species composition. In
each case, this affects the average value of the model’s estimates but not the range
of distributions.

(d) The analysis indicated that most of the losses are predicted to be in the two largest
lagoons (No 13, Tsoukalio-Rodia and No 9, Logarou; Figure 1). In these lagoons,
the high representation of mugilids is maintained at the same levels [42]. According
to fishers, most of the losses in the above-mentioned lagoons were on the gilthead
seabream. However, the gilthead seabream (except for a small lagoon: No 12, Pogo-
nitsa; Figure 1) consists of a relatively small proportion to landings (<15%), and in
some cases, the production was supported by enrichment programs [42]. It seems
that during periods of low temperatures, gilthead seabream searches for favorable
sites and is concentrated near to the communication, with the sea channels being
an easy target for cormorants. In each case, this impact is temporarily limited to a
few days, and it might not be sufficient to alter the prey species’ composition in the
study lagoons.

(e) The bird-days establishment of the cormorants in each lagoon ranged from 12 to
110 bird·days·year−1·ha−1, which is in agreement with the estimates reported by a
previous study [13] (inland waters/lagoons: 20 to 100 bird·days·year−1·ha−1). Certain
wetlands have been excluded from our estimations (e.g., the Amvrakikos Gulf, rivers
Louros and Arachthos, Lake Voulkaria). The area of the gulf is apparently used by
cormorants in limited situations for feeding, such as preying on small pelagics, which
consists of 2.8% of DFI. Given also that freshwater fish species are not included in the
feeding spectra of cormorants [24], the adjacent lakes and the upper system of rivers
have not been considered in this study.

(f) The wintering population of cormorants in the studied area referred to the maximum
number of midwinter estimates. However, the first appearance of the cormorants
in the Mediterranean is observed from the mid October and the last ones in mid
April, with a progressive increase during the winter and a gradual decrease after
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the maximum appearance [47]. Through the use of a normal distribution, the timing
of the appearance was simulated (mean = 90 days, SD = 25.7 days) and indicated
that the recorded bird value (maximum value of distribution) multiplied by 64.39
days was equal to the bird-days estimated from the simulated appearance of cor-
morants. Thus, the 65 days estimated as the wintering period could be considered as
a reliable estimate.

The model’s sensitivity analysis revealed that the Mcg and the aLcr mostly affected the
losses, according to fishing strategy. The most sensitive scenario was FP3 (fishing targeting
greater-size fishes). In the case of high natural mortality, some of the individual fish were
not caught in this scenario, so low values of M indicate greater losses than high values
of M, which indicate smaller losses. The aLcr also affected the losses. Greater losses than
the preyed aLcr are suggested when the preyed occurs at low length. This is also expected
due to the fact that when the aLcr is low, a higher preyed mortality (consumed more
individuals) was estimated rather than when the aLcr is high (consumed fewer individuals,
and thus lower preyed mortality). In relation to fish species, sensitivity analysis indicated
that the losses are more sensitive to the preyed flathead grey mullets, but the effect on
losses was rather low (≈8 to 9.7%). It should be noted that for all fish species, the impact
of cormorants referred to the prospective fishing biomass. From flathead grey mullet, a
boutarga-type product called “avgotaracho” (dried, salted, and waxed ripe ovaries) is made,
which corresponds to 7% of fishing biomass of the species [48,49]. Thus, the economic
losses incurred by Cat A for flathead grey mullet were underestimated by 130%, revealing
an important effect on losses for this species.

The ratio of biomass losses to landing biomass and the ratio of economic losses to
incomes from landings differed between the two largest lagoons, supporting different mea-
sures against the impact of cormorants. The ratios of biomass losses to landings biomass and
the ratio of economic losses to income from landings that ranged from 0.58:1 to 3.80:1 and
from 0.18:1 to 1.17:1 (biomass) and from 0.41:1 to 4.18:1 and from 0.14:1 to 1.42:1 (economic)
support a strong competitive relationship between cormorants and fisheries in the lagoons
of the Amvrakikos Gulf. It seems that the yearly losses in biomass by cormorants is suf-
ficient to justify this detrend of production. Finally, it is worth noting that the estimates
in this study applied to the direct losses by cormorants and were underestimated due to
the fact that, during the feeding, significant numbers of fish are injured [13,38] (mainly of
commercial size), most of which die shortly after or survive and are later caught by fishers
and sold at low value or discarded.
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Appendix A

Table A1. von Bertalanffy’s equation coefficients, length–weight equation coefficients, natural mor-
tality (M), marker values (v) per weight category, daily food intake of birds (DFI), length of fish
consumed (Lcr).

Mugilids Species

Chelon saliens Chelon aurata Mugil cephalus Chelon ramada Chelon labrosus

Total length L∞ (cm) 32.99 69.30 79.10 56.33 47.20
Weight W∞ (gr) 299.77 2656.31 4960.19 1873.70 1128.28

k 0.261 0.136 0.151 0.179 0.200
t0 −0.470 −1.140 −0.100 −0.856 −0.400

W = a × TLb a 0.00784 0.0056 0.0072 0.0055 0.008
b 3.018 3.130 3.041 3.160 3.010

Reference [43] [50]

Tm (◦C) 18 Reference
M # 0.587 0.312 0.322 0.396 0.448 [51]

weight
category Cat A Cat B Cat C

Weight range >400 gr 150–400 gr 80–150 gr [48]

v (€.kg−1) [24] [51] [43]
market
values

2015–2020
(DFI) Daily

food intake of
Birds,

DFI for
mugilids (gr) 169.6 [24]

(Lcr) Length of
fish consumed

Lcr for
mugilids (cm) 15–24 [24]

q 0.134 0.089 0.147 0.341 0.293 [24]

# Log (M) = −0.0066 − 0.279 log (L∞) + 0.6543 log (K) + 0.4634 log (Tm) ± 0.245 [51].

Appendix B

Table A2. Descriptive statistics of input and output of model data for 60,000 iterations.

No Species Situation Variable abr Mean SD Min Max

Input data

1 Chelon saliens

co
ns

um
ed

W (gr) CS Wcr 36.30 12.03 4.02 100.22 estimated by #17 and #6
2 Chelon aurata W (gr) CA Wcr 36.41 12.07 4.74 98.40 estimated by #17 and #7
3 Mugil cephalus W (gr) MC Wcr 36.38 12.05 3.41 106.27 estimated by #17 and #8
4 Chelon ramada W (gr) CR Wcr 36.40 12.02 4.73 96.57 estimated by #17 and #9
5 Chelon labrosus W (gr) CL Wcr 36.40 12.04 5.31 98.09 estimated by #17 and #10
6 Chelon saliens W Proportion CS q 0.20 0.05 0.08 0.40 random distribution
7 Chelon aurata W Proportion CA q 0.20 0.05 0.08 0.40 random distribution
8 Mugil cephalus W Proportion MC q 0.20 0.05 0.08 0.40 random distribution
9 Chelon ramada W Proportion CR q 0.20 0.05 0.08 0.40 random distribution

10 Chelon labrosus W Proportion CL q 0.20 0.05 0.08 0.40 random distribution
11 Chelon saliens L (cm) CS Lcr 19.30 1.30 14.25 25.10 normal distribution
12 Chelon aurata L (cm) CA Lcr 19.30 1.31 13.79 25.07 normal distribution
13 Mugil cephalus L (cm) MC Lcr 19.30 1.30 13.94 24.93 normal distribution
14 Chelon ramada L (cm) CR Lcr 19.31 1.31 13.77 24.51 normal distribution
15 Chelon labrosus L (cm) CL Lcr 19.30 1.30 12.84 24.79 normal distribution
16 mean length (cm) Lcr 19.09 0.63 16.10 21.69 estimated by #11 to #15
17 DFI (kg) DFI 0.18 0.04 0.03 0.32 normal distribution
18 individuals Ncr 3.12 0.68 0.60 6.80 estimated by #1 to #15
19 Chelon saliens M range CS M 0.59 0.06 0.34 0.83 estimated by Mi and #24
20 Chelon aurata M range CA M 0.31 0.03 0.18 0.44 estimated by Mi and #24
21 Mugil cephalus M range MC M 0.32 0.03 0.19 0.46 estimated by Mi and #24
22 Chelon ramada M range CR M 0.40 0.04 0.23 0.56 estimated by Mi and #24
23 Chelon labrosus M range CL M 0.45 0.04 0.26 0.64 estimated by Mi and #24
24 M fluctuation Mcg 1.00 0.10 0.58 1.42 normal distribution

25
catchability
(proportion) catchP 0.60 0.23 0.20 1.00 random distribution
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Table A2. Cont.

No Species Situation Variable abr Mean SD Min Max

26 Chelon saliens

ca
pt

ur
ed

Lc (cm) CS Lc 26.87 2.87 18.66 31.31 beta distribution and
random distribution

27 Chelon aurata Lc (cm) CA Lc 37.25 7.85 21.47 49.20 beta distribution and
random distribution

28 Mugil cephalus Lc (cm) MC Lc 42.55 9.89 23.68 56.95 beta distribution and
random distribution

29 Chelon ramada Lc (cm) CR Lc 35.52 6.68 21.09 45.27 beta distribution and
random distribution

30 Chelon labrosus Lc (cm) CL Lc 32.31 5.25 19.97 40.00 beta distribution and
random distribution

Output model

31 Chelon saliens

ca
pt

ur
ed

W (gr) CS Wc 9.85 8.93 0.20 78.55 estimated
32 Chelon aurata W (gr) CA Wc 55.55 33.37 4.07 341.29 estimated
33 Mugil cephalus W (gr) MC Wc 75.00 46.60 3.91 433.98 estimated
34 Chelon ramada W (gr) CR Wc 36.68 21.99 2.36 240.28 estimated
35 Chelon labrosus W (gr) CL Wc 22.31 14.48 0.88 135.13 estimated
36 Chelon saliens E (Euro) CS Ec 0.02 0.01 0.00 0.12 estimated
37 Chelon aurata E (Euro) CA Ec 0.25 0.20 0.00 2.05 estimated
38 Mugil cephalus E (Euro) MC Ec 0.39 0.30 0.01 2.60 estimated
39 Chelon ramada E (Euro) CR Ec 0.15 0.11 0.00 1.44 estimated
40 Chelon labrosus E (Euro) CL Ec 0.06 0.04 0.00 0.41 estimated
41 aT (year) aT (year) 3.46 1.43 1.00 6.00 estimated

42
fishery biomass

(kg) Wc 0.20 0.10 0.02 0.76 estimated

43 E (Euro) Ec 0.86 0.52 0.05 4.45 estimated
44 mean proportion Cat A 0.50 0.33 0.00 1.00 estimated
45 mean proportion Cat B 0.39 0.28 0.00 1.00 estimated
46 mean proportion Cat C 0.11 0.16 0.00 1.00 estimated
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Abstract: (1) Background: With rapid urbanization, birds are facing a variety of challenges. Eval-
uating bird behaviour changes in response to urbanization can help us understand how to make
them coexist sustainably with humans. We aimed to investigate whether birds inhabiting residential
areas differed in their escape behaviour and their influencing factors. (2) Methods: We used the
flight initiation distance (FID), the horizontal distance between the observer and the target bird
when it escapes, to measure the escape behaviour of birds. We chose 40 urban residential areas
within the 5th ring road in Beijing and conducted surveys each month for one year. We applied
Generalized Linear Mixed Models (GLMMs) separately to evaluate the response variable of FID for
the total species, the most common species, and the other species. (3) Results: Birds that appear
more frequently in residential areas or as ground foragers, insectivores, and omnivores are better
adapted to human interference and have shorter FIDs. Individual initial conditions affect bird FID,
and environmental characteristics can be used as predictors for the most common birds. Tree canopy
coverage was found to positively affect FID, while floor area ratio (FAR) is negatively correlated with
FID. (4) Conclusions: Our results demonstrated that birds in residential areas have been adapting
to the human environment, and urban tree canopies can provide refuge for birds to avoid human
interference. Our study focused on the response of bird FIDs to human interference and urban trees
under high urbanization, which has substantial practical implications for urban managers to improve
habitat quality to ensure that birds coexist with human beings.

Keywords: flight initiation distance; adaptation; residential area; tree canopy coverage; floor area
ratio; conservation of urban bird diversity; friendly to bird; Beijing

1. Introduction

Urban green spaces, with refuges, stepping stones, and abundant food sources, provide
habitats for birds; and birds represent the primary type of wildlife that people engage
with on a daily basis [1]. With rapid urbanization, an increasing number of people live
in cities, and birds face a variety of challenges. Urban environments are heterogeneous,
therefore, birds living in proximity to humans have to adapt to local conditions by altering
their behavioural response to human interference [2]. Evaluating how bird behaviour
changes in response to urbanization informs our understanding of how species respond to
human-induced environmental changes [3]. Birds can be categorized into three types based
on their response to urbanization: urban avoiders, urban adapters, and urban exploiters [4].
Adapters and exploiters adapt to highly urbanized areas by interacting with humans [5,6].
A critical trait of such birds is the ability to tolerate high levels of disturbing stimulation
by humans [4]. Successful urban species modify their escape behaviour in response to
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new conditions, as evolutionary mismatches between fear responses and environmental
conditions are likely to have negative fitness consequences [3].

Escape behaviour is a typical adaptive behaviour that follows vigilance, and many
response distances can be used as a quantitative measure of a bird’s tolerance to human-
caused disturbances [7–11]. Different response distances of birds facing risks [8,12,13],
including start distance (SD), detection distance (DD), physiological initiation distance
(PID), alarm distance (AD), flight initiation distance (FID), and flight distance (FD), can
partly represent their ability to perceive risks and escape behaviour. These parameters
reflect the level of dependence and adaptability of birds to humans [14]. FID—the distance
at which the bird moves away in response to the approach of a perceived threat—has
been used to define a minimal setback distance and provide a measurement of risk-taking
behaviour [3,9,10,15,16]. FID is a balance of optimization of benefits associated with escape
weighed against disturbances (such as loss of feeding opportunity and energy cost of
flight), which may vary with ambient conditions [17,18]. FID indicates how well a species
or population has adapted to chronic environmental stress [19].

Among all response distances, SD, AD, and FID are the most frequently used for
measuring escape behaviour. Some studies have suggested that FID is positively correlated
with SD and AD [20,21]. Nevertheless, the relationship between SD and FID is not present
under low perceived risk of predation, and birds are more relaxed in urban habitats with
friendly people [22–25]; this may generate a spurious positive relationship between FID and
SD [20]. Compared with AD, FID is the most visible and directly measurable behavioural
response that can be observed plainly through the behaviour change of birds taking off
suddenly. Therefore, we only chose FID as the most reliable response variable in this study.

Different stimulations faced by individuals influence their behaviour. Different stim-
ulus types include vehicles (walk, bicycle, vehicle, motorcycle) [26–29], approach speeds
or direction [30–32], colour of clothes [25], and noise [1]. Bicycles evoke longer FIDs than
pedestrians [26], and photography was associated with longer FIDs [33]. In general, intense
stimulation led to lower bird FIDs and led to complete escape. Human feeding behaviour
and abundance of food in cities result in lower bird FIDs [14,22]. Birds may become habit-
uated to certain continuous stimulations or disturbances, depending on their experience
shaped by behavioural flexibility and phenotypic plasticity [4,6,19,22,34]. Considering
flexible behaviour and gradual adaptation to the habitat, it is necessary to explore the bird
behaviour response to human disturbance in residential areas: adapting or escaping.

Among these external factors, many studies focus on macro differences between urban
and rural areas [5,19,24,25,35,36], which illustrates that birds adapt to urbanization by
changing escape behaviour when facing people or potential predators [4]. Species living in
closed habitats are likely to have smaller FIDs, and those residing in open habitats should
have greater opportunities for trade-offs. Habitat was classified as open grassland, shrubs,
trees, forests [37–39]. There is a lack of detailed quantitative habitat variables to study
FID responses to different habitats. Urban trees provide habitat and shelter for birds from
predators and human interference. We added quantitative variables using tree canopy
coverage to reflect habitat characteristics.

Beijing is an important node for bird migration, with a large number of birds. There
are 503 species (List of terrestrial wildlife in Beijing (2021) (http://yllhj.beijing.gov.cn/ztxx/
ysdw/ml/202110/t20211027_2522201.shtml, accessed on 1 March 2023)) in Beijing and 448
species (http://www.birdreport.cn/, accessed on 1 March 2023) in the downtown area,
of which about 100 species (https://www.fx361.com/page/2016/0307/3276550.shtml, ac-
cessed on 1 March 2023) are common species. Although FID has been relatively well studied
in birds, there is a lack of experimental studies clarifying birds FID in residential areas. We
aimed to test whether birds inhabiting residential areas differed in their escape behaviour
(measured as FID), and whether birds modified and optimized their FID when facing
human residential areas with different external environment and tree canopy coverage. By
increasing the individual initial conditions, we also generated an effect related to the initial
conditions. We hypothesized that differences in individual and external environmental
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characteristics can affect the responses of birds. We applied a mixed model approach
and compared FID between bird species, focusing on the relative importance of factors,
including frequency, initial behaviour, height, visibility, floor area ratio, adjacent road ratio,
and canopy coverage, on the escape behaviour of birds. We focused on the implications of
urban human settlements with different tree canopy coverage that alter bird behaviour in
the context of human wildlife interactions. Data were collected from residential areas in
the main unban area of Beijing, which is a relatively closed and independent residential
area with complete infrastructure.

2. Materials and Methods

2.1. Study Area and Sampling Sites

Beijing (39◦28′–41◦05′ N, 115◦20′–117◦30′ E) is the capital of China, spanning 16,410.54 km2

and with a population of 21.89 million people in 2020 (http://www.stats.gov.cn/tjsj/, ac-
cessed on 25 January 2023). Beijing has the sub-humid and semi-arid continental monsoon
climate of the northern temperate zone, with four distinct seasons (average annual tempera-
ture of 12.06◦and average annual rainfall of 545.3 mm from 1978; http://tjj.beijing.gov.cn/,
accessed on 25 January 2023). The study area contained the main urban area within the 5th
ring road in Beijing (667.35 km2). We chose 40 urban residential areas distributed evenly
along eight radiation directions within the 5th ring road as sample sites (Figure 1, Table S1).
All studied residential areas are relatively closed and independent settlements with similar
urban infrastructure (multi-story houses, concrete buildings, central squares, green space,
gardens, etc.) and are surrounded by urban roads, green spaces, and buildings.

 

Figure 1. (A) The topographic map of Beijing. The light brown areas are building areas, blue areas are
waters, light green areas are green spaces in the plain area, and dark green areas are green spaces in
the mountain area. (B) The right figure shows 40 sampled residential areas located within the 5th ring
road of Beijing. (C) An example of residential areas. The red line is the boundary of residential areas.

2.2. Field Surveys

During the entire year from June 2020 to May 2021, our survey was conducted on
weekdays to reduce the fluctuation of pedestrian volume and from 7:00 to 10:00 on sunny
days, when birds were most active. Each residential area was sampled once per month. We
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focused on birds that were foraging or engaged in “relaxed behaviour,” such as preening
or roosting. Neither highly vigilant and obviously alarmed birds, nor nesting birds were
approached [40]. Any flight due to obvious relocation for foraging or other disturbances
was not recorded [9]. The distance to the closest individual was determined when a group
of birds was encountered [19]. We chose transects mainly along the walkway at each
site covering the entire area. When a target bird was located with a pair of binoculars,
the observer approached the bird by walking toward it in a straight line at a constant
speed of 0.5 m/s [41]. Before data collection, the observer was trained to maintain a
consistent stride length and a constant pace. FID was recorded as the horizontal distance
between the observer and the target bird when it flew, ran, or hopped in response to being
approached [34], using a laser rangefinder (Trupulse 200). During each survey, we avoided
re-sampling individuals by focusing on birds in different geographic locations and not
re-sampling the same location repeatedly. In addition, observers wore similar drab clothing
across all surveys to control for the confounding effects of observer appearance on FID
data. We eliminated the Eurasian Tree Sparrow (Passer montanus) to avoid influencing the
results which have already adapted to the urban artificial environment.

2.3. Variables Collection

A total of 7 variables were used to characterize each individual or environmental char-
acteristic of the 40 sampling sites. They were classified into three different groups: species
frequency (1 variable), individual initial condition (3 variables), and external environment
characteristics (3 variables) (Table 1).

Table 1. Variables of birds FID in residential areas.

Type Variables Description

Species frequency Frequency Total individuals of each species recorded during the
survey reflecting species frequency

Individual initial condition
Initial behaviour (IB) Initial behaviour of the target bird.

Height(m) Initial height of the target bird off the ground.
Visibility level (VL) Initial visibility of the target bird (Figure 2).

External environment
characteristic

Floor area ratio (FAR) The total floor area is divided by the area of each site.

Adjacent roads ratio (%) (ARR) The length of urban main and secondary roads is
divided by the perimeter of each site.

Tree canopy coverage (%) (CANOPY) The area covered by the tree canopy is divided by the
area of each site.

Figure 2. Diagram of visibility level according to the foliage density and the position of target bird.

61



Sustainability 2023, 15, 4994

2.3.1. Species Frequency

Species frequency was recorded as the total number of individuals of each species
during the survey at all sites. In order to facilitate the analysis, we also classified species
frequency into four levels: the most common (MCS, n ≥ 200), common (CS, 50 ≤ n < 200),
rare (RS, 10 ≤ n < 50), and extremely rare (ERS, n < 10).

2.3.2. Individual Initial Conditions

Unlike previous studies that only focused on individuals on the ground or in an open
space to avoid the effects of height and vegetation cover [21,24], we also recorded the
height of the ground where the target bird was on the ground or in a tree at the start of
the approach [16], and classified birds’ initial behaviours into forage, feed, drink, perch,
walk, and play [3]. Similar to habitat openness [40,41], we defined the visibility level for
the individuals who were approached. Visibility level was classified based on the foliage
density of a tree or shrub estimated by the eye where the target bird was perched and
the position of the target bird in the vegetation (Figure 2): low, low-medium, medium,
medium-high, and high (bare vegetation, open lawn, or ground without any shelter). All
information was collected by one person to avoid inter-observer variation [8].

2.3.3. External Environment Characteristics

External environment characteristics were calculated based on the visual interpreta-
tion method using satellite imagery from Google Earth (September 2019) and combined
with field investigation for each site. The floor area ratio of buildings was calculated by
dividing the total floor area by the area of each site, which reflected the overall environment
and population density. Considering the impact of the surrounding environment on the
residential district, the adjacent road ratio was defined as the proportion of urban main
and secondary roads adjacent to the residential district, which was equal to the road length
divided by the perimeter of each site. The tree canopy coverage ratio was increased to
reflect the environment for each site and was equal to the area covered by the tree canopy
divided by the area of each site, which could also provide refuges for birds.

2.4. Data Analysis

All statistical analyses were performed using the R version 4.0.3. Firstly, we found
the data did not conform to the normal distribution with the Shapiro–Wilk test and still
presented an abnormal distribution after log transformation. Therefore, we chose the
Kruskal–Wallis non-parametric test method to compare bird FID among different groups,
including residence type, frequency level, diet [42], foraging site [1], visibility level, and
initial behaviour. We also conducted multiple comparisons between each level using Dunn
post hoc tests (p-values adjusted with the Benjamini–Hochberg method). A mixed model
procedure was applied to study escape behaviour in relation to frequency, individual initial
behaviour (height and visibility level), and environmental characteristics (floor area ratio,
adjacent road ratio, and canopy coverage). Considering there were significant differences
among residence types, we applied generalized linear mixed models (GLMMs) to evaluate
the response variables for species with different residence types, but the models did not
apply to migratory species in which the best-supported model (the lowest AICc) was
without any variables (Table S3). Hence, we applied generalized linear mixed models
(GLMMs) separately to evaluate the response variables of bird FID for the total species,
the most common species, and the other species. To control for temporal and interspecific
variation, we included census months and species as random factors.

All explanatory variables were standardized before the analyses for the comparison
of the model parameter estimates. The effects of these explanatory variables on bird FIDs
were tested using the model selection procedure. For each model, a multi-model inference
procedure was applied using the R MuMIn package. This method allowed us to perform
model selection by creating a set of models with all possible combinations of the initial
variables and sorting them according to the Akaike information criterion corrected (AICc)
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fitted with maximum likelihood. We selected all models with ΔAICc < 2 and used the
model-averaging approach to estimate the parameters. To evaluate the relative importance
of the explanatory variables of bird FIDs, we calculated the relative effect of the parameter
estimates for each of the variables among the three models. We also fitted the curves for
different variables with 95% confidence intervals. All analyses were run by using the
package “lme4” [43], “MuMIn” [44], “ sjPlot “ [45] and “forestplot” [46].

3. Results

3.1. Birds FID in Residential Area

Over the 12 months of the survey, we collected 1360 valid FIDs of 31 species recorded
within 40 residential areas (Table S2). Spotted Dove (Streptopelia chinensis) and Azure-
winged Magpie (Cyanopica cyanus) were the most abundant bird species recorded, account-
ing for 24.93% and 22.21% of all individuals, respectively. Light-vented bulbul (Pycnonotus
sinensis) and common magpie (Pica pica) were the two other common species.

For the pooled data, the estimated mean FID was 8.58 m. A total of 20 species had
FIDs shorter than the mean FID, while 11 species had FIDs longer than the mean FID
(Figure 3). Some species (e.g., human commensals), such as Spotted Dove, Common
Magpie, Azure-winged Magpie, Light-vented Bulbul, and Common Hoopoe (Upupa epops),
had FIDs significantly shorter than the mean FID. While some species hardly appeared
in the residential areas, such as Grey-capped Greenfinch (Chloris sinica), Brown Shrike
(Lanius cristatus) and Daurian Redstart (Phoenicurus auroreus), had longer FIDs (Figure 3).
For different residence types, the estimated status mean FID of a resident bird was 7.86 m
whereas, for a migratory bird, it was 9.60 m. Similarly, the estimated mean FID of the four
most common birds was 6.83 m, whereas for the other species, it was 9.00 m.

Figure 3. Comparing estimated FIDs of different species. Red shows lower than the estimated mean
FID, while blue shows longer than the estimated mean FID.
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3.2. Birds FID of Different Groups

For different bird groups, there were significant differences between the FIDs (Figure 4).
The FID of resident birds was significantly shorter than that of migratory birds (including
summer breeders, winter visitors, and passengers) (Figure 4A). Similarly, the species that
appeared more frequently in residential areas had shorter FIDs. The most common species
had FIDs significantly shorter than those of the common and rare species (Figure 4B). For
the foraging guilds, birds with different diets had significantly different FIDs. Granivore
species had FIDs shorter than those of insectivores and omnivores, and carnivores had the
longest (Figure 4C). The FIDs of ground foragers and canopy gleaners were similar, but
significantly shorter than that of the hawking flycatcher (Figure 4D).

Figure 4. Comparison of FIDs among (A) status, (B) dominance level, (C) diet, (D) foraging site,
(E) visibility level and (F) initial behaviour. The y-axis represents the value of FID (in meters).
Box plots show the median (bar in the middle of rectangles), upper and lower quartiles, maxi-
mum and minimum values (vertical lines) and outliers (black dots). The letters above boxes indi-
cates the significant difference among different groups (p < 0.05). Residence type: R = Resident,
P = Passenger, S = Summer breeders, W = Winter visitors. Frequency: MCS = the most common
species, CS = common species, RS = rare species, ERS = Extreme rare species. Visibility level: L = low,
LM = low-medium, M = medium, MH = medium-high, H = high.
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3.3. Birds FID in Different Initial Conditions

For individual initial conditions, FID also showed a significant difference, which
gradually increased significantly with the visibility level of the individual initial location
(Figure 4E). Different initial behaviours also affected the FID. Birds with quiet or immersive
behaviours (perched, drinking, foraging) had significantly longer FIDs than individuals
with dynamic behaviours such as walking and playing (Figure 4F). Birds showed different
awareness and vigilance in different conditions.

3.4. Factors Influencing Birds FID

The best models were selected for total species, the most common species, and the
other species (Table S4). For the three models, frequency had a significant negative effect on
FID (βtotal = −1.22, p < 2 × 10−16, Figure S1), while significance for the latter two models
based on frequency was significantly reduced (Figures 5 and 6A–C). The most common
species have an overwhelming impact on the total species. We mainly reported the most
common species and the other species.

Figure 5. Effect sizes of variables are predicted based on the best models’ conditional coefficient
for birds FID. Estimates in the plot are shown using the mean values (black squares or points) and
associated 95% CIs (black horizontal lines). The shape of mean values varies according to the p-value:
p < 0.05 ‘�’ and p > 0.05 ‘•’. The bigger black squares represent variables that have a significant
effect on the averaged model. Green represents frequency variables, blue represents individual initial
condition variables, and orange represents environment characteristic variables.

Individual initial conditions had significant effects on FID for the two models. The
degree of negative effects decreased significantly with decreased visibility (Figure 5). Initial
height had a significant positive effect on the most common species (β = 0.53, p = 0.003;
Figures 5 and 6E), while there was no relationship for the other species without convergence
(Figure 6F).

For environmental variables, ARR was not included in three best models (Table S4).
FID of the most common species increased significantly with tree canopy coverage (β = 0.48,
p = 0.004), while the other species decreased marginally (Figures 5 and 6G–I). Although not
statistically significant (p > 0.1), the FID of the most common species still decreased with
FAR (Figures 5 and 6K).
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Figure 6. Relationships between variables and FID for (A–D) the most common species, (E–H) the
other species. Black lines indicate estimates with 95% confidence intervals (grey area). The p values
(p < 0.05) in italics indicates significant effect.

Height, tree canopy coverage, and FAR were all more significant for the most common
bird species than the other species, which indicated that the variables were more applicable
to common species than to rare species. The significance of the total species model was
reduced by the addition of other species.

4. Discussion

4.1. Birds’ FID in Residential Areas

Birds’ FID in residential areas in this study was lower than that in other habitat types,
such as forests, water bodies, gardens, parks [26,35,47,48]. Reducing FID is a strategy
to fit urban characteristics, increase tolerance to human presence, and adjust the cost-
benefit relationship between the risks of starvation and predation [49]. In the process of
urbanization, birds in residential areas mostly play the role of exploiters and adaptors
coping with frequent interactions with humans, which ultimately leads to them becoming
more tolerant of humans and adapting to coexist [12]. In highly urbanized areas, due
to landscape heterogeneity, and environmental complexity (lack of rich vegetation and
full of a large number of artificial facilities or human interference), only a few bold birds
can adapt to the complex environment and inhabit here [30]. Human commensals are
likely to habituate human interference, whereas others are sensitive [50]. Living in urban
environments for a long time makes these birds show lower vigilance to humans and
shorter FIDs via learning, cognition, and rapid adjustment [32,36]. Food is an important
factor in the reduction of FID in urban animals [14,22]. In residential areas, people feed
grain or other food to birds, so that they have a friendlier relationship with humans and no
longer fear them.

Our results indicated that the frequency of birds’ presence in residential areas showed
a negative correlation with FID, and the frequency of birds’ presence was correlated with
their residence types. Studies have shown that common birds have shorter FID than
threatened birds [51], and FID is negatively correlated with the duration for which the birds
have lived in the urban area. Migratory birds have longer FIDs than resident birds [21].
Resident birds (e.g., Spotted Dove, Light-vented Bulbul, and Common Magpie) that have
been living in urban areas for a long time, especially in residential areas, have adapted to
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the environment full of human beings and various complex interferences (people, traffic,
noise, etc.). For migratory birds that stay for only several months in summer or winter, the
time to adapt is shortest and FID is the longest, while passengers pass through the same
place in spring and autumn, so the FID lies in the middle. The FIDs of summer breeders
are longer than those of winter visitors, even if they both stay for several months. This
may be because summer breeders visit in the breeding season, and are busy hatching, and
feeding their young. Additionally, parent birds will maintain higher vigilance to protect
their offspring and improve their survival rate [10]. At the same time, when birds are
able to meet their daily energy requirements easily in summer, the balance in the trade-off
between avoidance of starvation and predation shifts toward greater FIDs [52]. Winter
visitors may spend more time and energy on foraging and less on escape flight to reduce
energy expenditure in winter when the weather is cold and food is scarce. The FID of birds
was longer in autumn and winter [32,52,53]. In general, summer breeders come from lower
latitudes, while winter visitors come from higher latitudes. Previous studies have shown
that birds at higher latitudes have shorter FIDs than birds at lower latitudes [5,7], and our
results also confirm this from another perspective.

In our study, bird species with different food sources and foraging sites showed
different FIDs. Granivore species are the most intimate with humans. Some people sprinkle
corn, millet, and other grains on their windowsills or on the ground in residential areas.
Granivore species mainly forage on the ground, and they are the boldest because of their
long adaptation to close contact with human beings [14]. In urban habitats, omnivorous
and insectivorous species have shorter FIDs [54]. Insectivores and omnivores mostly live in
trees (on trunks like woodpeckers or in the canopy) and eat flower buds, leaf buds, fruits,
or insects, and are, therefore, less close to humans than the ground foragers. Aerial foraging
species that are less vulnerable to predation have shorter FIDs than other species [39].
In our study, only the Brown Shrike (Lanius cristatus) was recorded among carnivores,
which tends to perch on tree tops, pounce on prey, and return to its original position.
They are hawking flycatcher-like hunters and exhibit greater alertness. Similar to this
foraging pattern and predation behaviour, the Dark-sided Flycatcher (Muscicapa sibirica)
was another insectivore we recorded among hawking flycatchers, which are agile and
shy. These hawking flycatchers have longer FIDs, which may be due to their hunter-like
foraging patterns and high vigilance to both prey and external interference.

4.2. Individual Initial Conditions That Affect Birds’ FID

Our results demonstrated that the initial height of the bird significantly affected the
FID. Some studies have shown that the higher the aboveground location of a bird, the
shorter is its horizontal FID [16,55]. A higher aboveground might mean increased safety
and a reduction in the perceived risk due to vertical relief from the threat [1,41]. Even if
the threat does come, they have a longer time to escape because they are farther off the
ground. However, in our study, FID increased with height, possibly because birds at higher
positions have a wider field of vision and can detect threats in advance. Ground birds that
lose the protection of height are exposed to open habitats, making them more likely to be
disturbed. It should be noted that ground birds are usually closer to humans (e.g., Spotted
Dove and Common Magpie) because foraging for small seeds at the soil surface in open
sites makes them adapt to people via habituation [30,56]. Even when a person walks very
close to the bird, the bird is completely immersed in the foraging process and is immune
to interference.

Unlike previous studies [3], the FID of target birds varied with their initial behaviour.
Birds’ tolerance to urban environments is directly linked to habitat choice, resource re-
quirements, reproductive strategy, and survival rate, and keeping vigilant constantly and
taking flight are a huge drain and cost at the expense of other activities such as foraging
or feeding due to limited energy and attention [18,19,22,49]. Birds may compromise the
relationship between foraging or feeding behaviour and perceived risk. Birds exhibiting
immersive behaviours (drinking, foraging, or feeding) have shorter FIDs than resting birds
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(perched) because their attention is used to supplement their energy rather than to keep
alert or take flight. In contrast, resting birds have sufficient energy to perceive risk and
have longer FIDs. Birds exhibiting dynamic behaviours (walking or playing) are bolder
and have shorter FIDs. They are completely lost in their own world, unless people are in
very close proximity.

The visibility level is a two-fold “see and been seen” concept, reflecting whether birds
can detect people’s approach and whether people can see the hidden bird easily. Birds
perching in trees keep away from interference, and the canopy provides refuge for the birds
to make them feel safer from being seen [24]. Dense canopies also block the sight of birds,
making them less perceptive to dangers around them [40]. Low visibility means that birds
in the canopy are not easy to see, and these birds have shorter FIDs, probably because they
are not easy to detect. While high visibility means birds are exposed to the open habitat or
tree canopy surface even if the tree canopy is without leaves, lack of refuge makes birds
detect risks earlier and causes longer FID.

4.3. The Predictors of Birds’ FID among Environmental Characteristics

The adjacent road ratio (ARR) of environmental factors was not included in the
models. This may be because bird behaviour is more affected by the internal environmental
factors of the residential areas, but is less related to circumjacent environmental factors.
These predictors were more applicable to the most common birds than they were to rare
birds. Common birds are likely to habituate, whereas rare birds are sensitized to human
activity [50]. The most common birds appear more frequently in residential areas and show
different adaptability and habituation to different levels of human activity intensity and
habitat quality, which are represented by floor area ratio (FAR) and tree canopy coverage
in residential areas. Most rare birds are urban avoiders, usually just passing through
residential areas during migration. They show a strong fear of artificial environment
or human interference and adapt to the environment poorly; therefore, their FIDs are
weakly correlated with environmental characteristics. For common birds, the recorded
data were sufficient, and the model was more reliable. For uncommon birds, the recorded
data amount was smaller and the predictive power of variables decreased significantly,
and a conclusion similar to that for common birds could not be drawn. Environmental
characteristics can be used as predictors of FID for most common birds.

FAR and tree canopy coverage seem to be partly opposite environmental character-
istics, but we cannot simply assume that the two variables have a negative correlation
because FAR is affected by the building stories. Among the environmental factors, FAR
reflects population density and human interference intensity in residential areas. Although
not statistically significant, FID tended to decrease with an increase in FAR. Similar to
previous studies [4,12,17,36,48,57], birds in habitats with high population densities may
adapt to human interference and have shorter FIDs

Tree canopy coverage reflects the habitat quality of the residential areas. For most
bird species, higher tree canopy coverage means more natural and suitable habitats like
natural forests and fewer artificial facilities (buildings, roads, parking lots, etc.), making
these birds have longer FIDs. At the same time, the tree canopy also provides refuge for
birds when faced with risk [40]. Higher tree canopy coverage gives birds more refuge that
can be chosen proactively in advance, resulting in a longer FIDs [24]. When tree canopy
coverage is low, birds may be passively exposed to open habitats for a long time, and thus
have to change their behaviour to adapt to human interference and gradually gain longer
FIDs via behavioural flexibility and phenotypic plasticity [30,58,59].

It is worth noting that our predictors have certain limitations because birds’ behaviour
is affected by inherent genetic characteristics such as temperament and physiological
properties [60]. Species could be a relatively important factor in explaining variations in
FID [50]. Given that Eurasian Tree Sparrows (Passer montanus) are found in all residential
areas and occupy an extremely dominant position, they are highly adapted to the human
environment without distinction. Living closely with human beings for a long time, they
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have become accustomed to human interference. When people walk by them, or even
approach them, such birds continue doing their tasks and are not perturbed. FIDs of
sparrows are sometimes even less than one meter, and thus, are very different from those
of other bird species, severely affecting the results of this study. Meanwhile, it is difficult
to accurately measure the FIDs of sparrows because they like cluster activities and are
naturally active and bold [61]. Therefore, the Eurasian Tree Sparrows were ignored in
our study.

4.4. Cultivate Big Trees in Planning and Management

Residential green space is an important component of urban green space [62], which
is an important activity space and habitat for many urban birds [63]. The urban pattern
of plant diversity was significantly affected by land use, and larger tree canopy patches
support more diverse species [64]. Urban tree canopy can provide a cooler downtown
environment, privacy on larger lots, or reduced noise and pollution from a major road
way [65]. Simultaneously, urban tree canopy can provide breeding or foraging habitat for
some bird species [66]. Our results show that birds in higher canopy cover have longer
FIDs. Studies have shown that conservation of small forest fragments and urban tree cover
can benefit migrants including residential areas [67].

Residential area planning should plan green space rationally, cultivate big trees with
larger tree canopies and leave enough space and time for small trees to grow. Local
managers should ensure trees are healthier and not overdo the pruning. Branches more
often being removed for thinning crowns results in narrow crown width [68], which is
not benefit to conservation of urban bird diversity. Planners and managers should work
together to make cities friendlier to bird.

5. Conclusions

To our knowledge, this is the first study of bird FIDs in residential areas that quantita-
tively measures environmental factors using FAR and tree canopy coverage. Our results
indicate that bird FIDs in residential areas are different among different groups (residence
type, frequency, diet, and foraging site). Birds that appear more frequently in residential
areas or are ground foragers, insectivores, or omnivores are better adapted to human inter-
ference and have shorter FIDs. Further analyses revealed that individual initial conditions
affect bird FID, and environmental characteristics (FAR, tree canopy coverage) can be used
as predictors for the most common birds. Tree canopy coverage was found to positively
affect FID, whereas FAR negatively affected FID.

Our results demonstrated that birds in residential areas have been adapting to the
human environment, especially in places with high population density. Urban tree canopies
can provide refuge for birds to avoid human interference, and a lower FAR is more habitable
for both, birds and people. Our study focused on the response of bird FIDs to human
interference and urban trees under high urbanization, which has substantial practical
implications for urban residential planners and managers to improve habitat quality and
help birds coexist with human beings. Furthermore, other potential factors and response
variables should be thoroughly investigated to further our understanding of bird escape
behaviour in residential areas.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su15064994/s1, Table S1: Summary of sampling sites; Table S2:
Summary of the birds’ FIDs collected in residential areas; Table S3: Summary of the final best
models within a ΔAICc < 2 for the FIDs of total species, resident species and migratory species;
Table S4: Summary of the final best models within a ΔAICc < 2 for the FIDs of total species, the most
common species and other species FIDs; Figure S1. Relationships between variables and FID for the
total species.
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Abstract: Large, charismatic animals trigger human emotional responses, which consequently result
in taxonomic biases that have been proven in various fields. In our research, we analysed the
representation of animals and plants in scientific papers published in three major conservation
journals (Conservation Biology, Journal of Applied Ecology and Conservation Letters) between 2011 and
2020. Furthermore, we examined the Altmetric Attention Score (AAS) and each paper’s total number
of citations focused exclusively on a single taxon (59% of all papers). Mammals were represented
on journal cover pages significantly more frequently than other taxa, while reptiles, amphibians
and fish were underrepresented. The total number of published papers and the AAS favoured
mammals significantly, while reptiles, plants and amphibians received the lowest AAS. The AAS of
mammals was positively influenced by the body mass and appeal score. Scientific citations showed
a slight correlation with the AAS. Papers about mammals, invertebrates and amphibians received
the most citations, followed by plants, fish, birds and reptiles. These results showed that there are
taxonomic biases that favour large mammals over other taxa, both among scientists as well as the
public. Therefore, publication policy should be changed in order to support the shift of scientists and,
subsequently, public interest itself toward neglected taxa.

Keywords: body size; charisma; conservation biology; mammals; plant blindness

1. Introduction

Scientists worldwide are traditionally evaluated by conventional metrics, including the
journal impact factor, the total number of citations covered by WoS or Scopus or the Hirsch
index. However, internet use rapidly increases and reaches near-universal access, allowing
for open communication between scientists and laypeople [1]. Traditional scientometrics is
supplied by the Altmetric Attention Score (AAS), which investigates the impact of various
research activities on social media [2,3] and realistically reflects what the public wants to
know [4]. The inconsistency between the public and scientists [5] is beautifully illustrated
by moderate or non-significant relationships between conventional citations registered in
scientific databases and the AAS [4,6–9]. Therefore, the AAS reflects the public’s curiosity,
ideas and knowledge about a particular research topic [10].

Environmental degradation and biodiversity loss capture public attention [11,12].
This is not surprising given that animal populations have experienced a decline of 69%
since 1970 [13], which simultaneously affects the dispersal of plants’ seeds by animals and
reduces the capacity of plants to track climate change by 60% globally [14]. It is therefore
crucial to better understand human attitudes toward living organisms to improve the
effectiveness of nature protection campaigns using the acceptability and likeability of living
things [15–17].

Human emotions toward animals strongly influence their preferences and attitudes
toward them (reviewed by [16,18]). The most preferred species are phylogenetically closer
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to humans [19–22], colourful [23–25] and large [24,26–30]. Preferred animals also receive
the greatest willingness to support their conservation by people (e.g., [25,31–35]).

Human preferences have non-trivial behavioural consequences; for instance, US
conservation and nature magazines predominantly depict large-bodied mammals and
birds on their covers, while invertebrates, fish, amphibians, reptiles or plants remain
underrepresented (Clucas et al., 2008) [36]. In addition, large-bodied species are more
frequently reared in zoos [24,37–39] and receive more donations than small, non-charismatic
species [40–42]. Finally, plants are special because they receive lower conservation support
than animals [43,44]. Although researchers are well informed about taxonomic biases, it is
unclear whether these trends are pervasive or whether something has been changed.

In this study, we investigated the representation of living organisms in scientific
articles published by major conservation journals and their preferences by laypeople, as
estimated by the AAS. First, we hypothesised that mammals are depicted on the cover
pages of the three journals more than other taxa. Second, we hypothesised that scientific
papers about vertebrates are more prevalent and receive a higher AAS than those about
invertebrates or plants. Third, mammals receive the greatest attention in terms of the
total number of published articles and the AAS. Fourth, we hypothesised that the AAS of
mammals is positively correlated with their body mass as an index of charisma (cf. [27])
and overall appeal score [45]. We do not predict that the total number of scientific citations
correlates with the specific taxon, the body mass or the appeal score of mammals.

2. Materials and Methods

2.1. Journal Selection

We analysed all articles published between 2011 and 2020 from three major conser-
vation journals: Conservation Biology, Journal of Applied Ecology and Conservation Letters.
These journals were chosen because all of them are among the top quartile in Biodiversity
Conservation according to the Journal Citation Reports (JCR) category (Thomson Reuters)
in 2021. Furthermore, all these journals are published by the same publisher (John Wiley &
Sons), preventing possible differences in AAS calculations among publishers.

2.2. Cover Pages

We analysed the taxa depicted on the cover pages in each issue. Taxa were categorised
as mammals, birds, reptiles, amphibians, fish, invertebrates, plants and “others”. In this
case, we created a specific category for “humans” because we did not intend to mix humans
with other mammals, since our focus was solely on non-humans.

2.2.1. AAS and the Total Number of Citations

Both the AAS and the total number of citations were obtained from journal web
pages. We omitted calculations of articles that were not exclusively focused on one of the
investigated taxa (mammals, birds, reptiles, amphibians, fish, invertebrates, plants).

2.2.2. Measuring of Species’ Body Mass

The body mass of each species was calculated using data from Jones et al. [46]. The
data were logarithmically transformed, following the recommendations of Smith et al. [47].
We found a match of n = 356 species for the investigated mammals.

2.2.3. Measuring of Species Appeal

The appeal scores for the mammal species were taken from the available data for
4320 species of mammals [45]. These scores reflect participants’ preferences for each species
in the context of conservation. We found a match of n = 238 for the investigated mammals.
Higher scores mean a greater appeal (range = 0.77 to 5.01).

74



Sustainability 2022, 14, 17029

2.3. Statistical Analyses

Differences in the frequency of the appearance of cover pages of each taxon between
the three journals were calculated with the Generalised Linear Mixed Model (GLMM) with
a Poisson distribution, where the total number of occurrences was defined as a dependent
variable, and journal identity was defined as a random effect. Finally, the AAS and citations
were analysed with the GLMM with a Poisson distribution, where the journal identity and
the matter of whether the paper was open-access or not were defined as random effects.
Open-access papers have more citations than non-open-access papers in ecology [48]; thus,
it was necessary to control our analysis with this variable. Note that all articles published
in Conservation Letters are open-access; therefore, we did not compare the AAS or the
total number of citations between open-access and non-open-access papers. The taxon was
always defined as a fixed factor. Post hoc tests were performed with contrast analysis. All
statistical analyses were performed in SPSS ver. 26.

3. Results

3.1. Journals’ Cover Pages

There were significant differences in the total number of cover pages representing
various taxa (GLMM, F(8,18) = 9.58, p < 0.001). Mammals received significantly greater
attention compared with all other taxa (contrast analyses, all p < 0.001), followed by birds
(comparison with all other taxa, all p < 0.001) (Figure 1). Reptiles, amphibians, plants and
fish were significantly the least frequently depicted on journal cover pages.

Figure 1. Occurrence of the investigated taxa on the cover pages in the three journals between 2011
and 2020.

3.2. The Influence of the Major Organisms Group on Altmetrics and Citations

Among all 3647 papers that were analysed, 2152 (59%) focused on one taxon (e.g.,
vertebrates). There was a small but significant correlation between the altmetrics and the
total number of citations (Spearman r = 0.21, p < 0.001).

There were apparent differences in the distribution of papers among the three groups
of organisms (plants, invertebrates and vertebrates). The articles on vertebrates (n = 1351,
62.8%) were the most frequent, followed by the articles on plants (n = 410, 19.1%) and
invertebrates (n = 390, 18.1%). Additionally, there were significant differences in the AAS
between the three groups of organisms (GLMM, F(2,2145) = 2038.14, p < 0.001, Figure 2).
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Pair-wise analysis of contrasts showed that vertebrates received the highest AAS, followed
by invertebrates and plants.

Figure 2. Differences in altmetrics (AAS) among the major taxa (means ± 95% CI).

Concerning the total number of citations, invertebrates received significantly more
citations than vertebrates or plants, while there was no difference between the latter two
(GLMM, F(2,2146) = 40.2, p < 0.001, Figure 3).

Figure 3. Differences in the total number of citations among the major taxa (means ± 95% CI).

3.3. Differences in the Class Level

Subsequent analyses focus on differences between vertebrate classes and invertebrates
and plants. Most papers were published about mammals, followed by plants, birds and
invertebrates. Fish, amphibians and reptiles received the lowest attention (Table 1).
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Table 1. The frequency of papers published on each taxon.

n %

mammals 527 25.5
plants 408 19.7
birds 402 19.4

invertebrates 389 18.8
fish 218 10.5

amphibians 76 3.7
reptiles 49 2.4

There were significant differences in the AAS between the three groups of organisms
(GLMM, F(6,2059) = 1196.75, p < 0.001). Pairwise contrast analysis showed that vertebrates
received the highest AAS, followed by invertebrates and plants. Mammals received the
highest AAS compared to other groups of organisms (all p < 0.001, Table 2). Mammals were
followed by invertebrates, fish and birds, while reptiles, plants and amphibians received
the lowest AAS.

Table 2. Descriptive statistics for the AAS for all taxa (means and ±95% CI). Differences in the AAS
between all taxonomic groups are significant at p < 0.01 and less.

Mammals Invertebrates Fish Birds Reptiles Plants Amphibians

Mean 52 42.4 37.4 38.8 31.3 23.9 22.9
Lower CI 39.9 30.3 25.3 26.7 19.2 11.9 10.8
Upper CI 64 54.5 49.3 50.9 43.4 36 35

Regarding the total number of citations, the differences between the groups were
significant (GLMM, F(6,2060) = 94.02, p < 0.001). Mammals, invertebrates and amphibians
received the most citations, followed by plants, fish, birds and reptiles (Table 3).

Table 3. Descriptive statistics for the total number of citations for all taxa (means and ±95% CI). Dif-
ferent letters denote significant differences based on contrast analysis. All differences are significant
at p < 0.001.

Mammals a Invertebrates a Fish b Birds c Reptiles d Plants e Amphibians a

Mean 28.6 27.9 23.9 22.2 19.7 25.7 27.5
Lower CI 27.4 26.7 22.7 21.6 18.1 24.5 25.9
Upper CI 29.7 29.1 25.2 23.3 21.3 26.8 29

3.4. Body Mass and Appeal Score as Predictors of the AAS?

Because mammals received the greatest attention in terms of the total number of
papers and altmetrics scores, we proceeded with calculations of the relationships between
the body mass of mammals and their altmetrics and citation scores. Mammalian body mass
was a significant positive predictor of the AAS (GLMM, F(1,354) = 446.82, coefficient = 4.6,
p < 0.001). Because appeal scores were found for a reduced number of mammals (n = 238),
we repeated the GLMM with the inclusion of an appeal score together with mammalian
body mass in the AAS. Both the appeal score and body mass significantly and positively
influenced the AAS (GLMM, F(1,125) = 124.95 and 36.6, coefficient = 4.22 and 2.5, both
p < 0.001). The appeal scores were correlated with mammalian body mass (Spearman
r = 0.7, p < 0.001, n = 238). To address possible problems with multicollinearity, we repeated
the GLMM without mammalian body mass. The influence of the appeal score on the AAS
remained significant (F(1,236) = 461.05, coefficient = 5.58, p < 0.001).

Mammalian body mass negatively and significantly influenced the total number of
citations (GLMM, F(1,354) = 14.7, coefficient = −0.71, p < 0.001). The repeated GLMM with
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the inclusion of the appeal score presented the appeal score positively and the mammalian
body mass negatively while influencing the total number of citations at the same time
(F(1,235) = 175.8 and 125.6, coefficient = 3.65 and −4.04, both p < 0.001). Citation scores did
not correlate with mammalian body mass (Spearman r = 0.04, p = 0.54, n = 238). To address
possible problems with multicollinearity, we repeated the GLMM without mammalian
body mass. The influence of the appeal score on the total number of citations remained
significant (F(1,236) = 52.02, coefficient = 1.42, p < 0.001).

4. Discussion

This study investigated publication biases toward charismatic species in three major
conservation journals on cover pages and published scientific papers during the past ten
years. To the best of our knowledge, this is the first study that has attempted to associate
the charisma of the animal, which was estimated by the body mass and appeal score, with
the AAS. Our results support the idea that taxonomic bias in conservation journals toward
large, charismatic animals (predominantly mammals) exists. Furthermore, charismatic
animals received greater attention from the public, at least according to the calculations
obtained from the AAS.

Our first hypothesis dealt with the presentation of mammals on the covers of three
conservation journals. This hypothesis was supported because mammals significantly
exceed all other taxa in these journals. By investigating the covers of ten representative US
conservation and nature magazines, Clucas et al. (2008) [36] showed that mammals were
used more frequently than other taxa, followed by birds. In their study, reptiles, amphibians,
fish and plants were underrepresented to a similar extent as in our current research.

Many reptiles are traditionally considered disgusting and dangerous [49,50], while am-
phibians are viewed as slimy (and therefore disgusting) [51,52], and fish are of little interest
to people [53]. People are generally less interested in plants than in animals [43,44,54,55],
and photographs of plants in textbooks are less numerous and less diverse than images
of animals [55,56]. In general, these traits seem to be responsible for the biases toward
more charismatic organisms. Unfortunately, many plant species, particularly Cactaceae,
Asparagaceae, Crassulaceae, Orchidaceae and Bromeliaceae, are endangered due to land
use changes and illegal trading [57]. However, considering journal covers, editorial boards
primarily contribute to taxonomic biases, because the chosen covers are selected by the edi-
tors despite readers’ desire. The editors’ specialisation may further influence the selection
of covers. Moreover, it is expected that mammals are more represented on the covers since
they are also more represented in the papers published in each journal.

Our second hypothesis suggested that scientific papers on vertebrates are more preva-
lent and receive a higher AAS than invertebrates or plants. This hypothesis received
partial support because vertebrates received a higher AAS than plants, although there
were no differences in the mean AAS scores between vertebrates and invertebrates. As
discussed above, these results are not surprising in the case of plants; however, in the case
of invertebrates, phylogenetically distant and less attractive animals receive less empa-
thy and conservation support than vertebrates [21,22,25]. Interestingly, certain flagship
species, such as colourful butterflies, dragonflies or insects that provide ecological services,
are perceived positively by people [58,59]. Therefore, a deeper investigation of preferred
invertebrates, as measured by the AAS, is a challenge for future research.

Our final hypotheses dealt with the superiority of mammals, as measured by the total
number of published papers, with a relatively higher AAS compared to other taxa (Hypoth-
esis 3) and with a positive association between mammalian body mass, appeal score and
AAS. These hypotheses received statistical support. Since the AAS favours large mammals,
it can be assumed that people are more likely to talk about larger animals on blogs and
share information about them through social networks (such as Twitter and Facebook)
rather than small-bodied species. These results correspond with research showing that
people prefer larger-bodied animals, particularly exotic terrestrial mammals [27,41,42,60].
Alternatively, some exotic mammals are currently studied and published in conservation

78



Sustainability 2022, 14, 17029

journals (e.g., Sus scrofa, Callithrix jacchus, domestic cats and dogs on islands); thus, our
results could be influenced by a temporal bias rather than by charisma. This idea requires
deeper attention.

It seems that taxonomic biases, which favour the keeping of large mammals in
zoos [37–39], exist in conservation science as well as in the exchange of information through
social networks by the public. Finally, our findings are derived from the additional influ-
ence of the appeal score on AAS and the positive correlation between mammalian body
mass and appeal scores. In other words, large-bodied mammals are perceived as more
appealing using people’s interest, as measured with AAS.

We did not expect significant shifts in the number of scientific citations among the
taxa examined. However, there was a considerable bias favouring mammals, invertebrates
and amphibians over plants, fish, birds and reptiles. The interest in invertebrates would be
acceptable, since invertebrates comprise 97% of all animals on our planet [61]. However,
plants, which exceed 300,000 extant species [62], and fish, with more than 30,000 species
(which is more than all other vertebrates combined) [63], are heavily underestimated by
scientists. Interestingly, even though mammalian body mass showed a negative influence,
appeal positively influenced the total number of citations. Citations accumulate more
slowly than AAS [64], and AAS is slow for smaller mammals (this study). This is one
possible explanation for why smaller mammals receive more citations relative to AAS; it
also supports the low consistency between the public and scientists [5]. A small correlation
between AAS and the total number of citations suggests that public opinion does not
necessarily reflect scientists’ opinions [4,6–9].

A positive influence of the appeal score on the total number of citations could reflect
the intrinsic interest in particular animals among scientists, which is corroborated by the
greater overall number of publications favouring mammals, as shown in the present study.
However, more research is necessary in order to investigate whether publications and
citations of papers about each species are influenced by conservation needs or scientists’
attraction to charismatic species. Additional predictors that need to be considered are life
history strategies. Common, abundant species with fast reproduction (e.g., fish, insects,
plants) are less vulnerable to extinction; thus, research about them has lower changes in
terms of being published in conservation journals. On the other hand, slowly reproducing
animals (certain mammals, birds, etc.) have little capacity to recover [65], and their research
requires attention by conservation journals.

Limitations

The main limitation of our research is that we were able to investigate taxonomic
biases for only 59% of all published papers. The remaining papers focused on other topics
and/or various unexplored taxa. Still, our analyses are based on more than 2000 papers
published in three major, influential conservation journals which have a non-trivial impact
on creating public opinion. Second, we did not control the geographical distribution of
the studied species, the author(s) affiliations and the richness of the country where the
research was carried out. Tahamtan et al. (2016) [66], for example, showed that US papers
received more citations than papers from other countries, which may reflect the reputation
of the country or the research team. Although we acknowledge this shortcoming of our
methodological approach, we do not believe that taxonomic bias on journal cover pages or
the influences of mammalian body mass and appeal scores on AAS could be confounded
by these factors. Finally, our analysis is stratified on relatively recent papers published in
the selected conservation journals, which could influence the representation of certain taxa.
For instance, during the 1990s–2000s, an invertebrate golden mussel (Limnoperna fortunei)
was frequently represented in conservation journals as a “current” threat to biodiversity.
To address these shortcomings, further research should involve more conservation journals
(e.g., Biological Conservation, Biodiversity and Conservation, Environmental Conservation), taking
articles published earlier into account.
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5. Conclusions

In conclusion, our research showed that publication biases, measured in terms of
the total number of papers and citations and the public interest calculated with AAS,
favour certain taxonomic groups of animals (particularly large-bodied mammals) over
others. Surprisingly, these trends, which had been previously investigated by different
methods, persist, even in professional conservation journals. Publication policies that
favour neglected taxa are therefore necessary to improve current trends shaped by animal
charisma. For instance, the editors should support special issues regarding the conservation
of plants, fish or reptiles, which would contribute to a more balanced situation without any
apparent focus on just a few taxonomic groups. Furthermore, improving the publication
bias may influence communication between scientists and laypeople [1] and public opinion
about living organisms.

Author Contributions: Conceptualisation, P.P.; Methodology, P.P., R.M. and P.F.; Software, P.P.;
Validation, P.P., R.M., P.F. and M.Z.; Formal analysis, R.M.; Investigation, P.P., R.M., S.H., Z.J. and
M.Z.; Resources, P.F.; Data curation, P.P. and R.M.; Writing—original draft preparation, P.P.; Writing—
review & editing, R.M., S.H., Z.J., M.Z. and P.F.; Visualisation, P.P.; Supervision, P.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the Scientific Grant Agency of the Ministry of Education
of the Slovak Republic, Grant No. VEGA 1/0286/20 and 1/0007/21. P.P. was also supported by
the Operation Program of Integrated Infrastructure for the project UpScale of Comenius University
Capacities and Competence in Research, Development and Innovation, ITMS2014+: 313021BUZ3,
co-financed by the European Regional Development Fund.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Raw data and visual material are available upon request.

Acknowledgments: We thank the three anonymous referees for their constructive comments.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

1. Cho, J. Altmetrics analysis of highly cited academic papers in the field of library and in formation science. Scientometrics 2021,
126, 7623–7635. [CrossRef]

2. Costas, R.; Zahedi, Z.; Wouters, P. Do “altmetrics” correlate with citations? Extensive comparison of altmetric indicators with
citations from a multidisciplinary perspective. J. Assoc. Inf. Sci. Technol. 2015, 66, 2003–2019. [CrossRef]

3. Erdt, M.; Nagarajan, A.; Sin, S.-C.J.; Then, Y.-L. Altmetrics: An Analysis of the State-Of-The-Art in Measuring Research Impact on
Social Media. Scientometrics 2016, 109, 1117–1166. [CrossRef]

4. Kim, Y.; Kim, J.E.; Kim, Y.H.; Yoon, D.Y.; Kim, Y.J.; Bae, J.S. Social attention and scientific articles on stroke: Altmetric analysis of
top-50 articles. Clin. Neurol. Neurosurg. 2019, 183, 105386. [CrossRef] [PubMed]

5. Araujo, R.; Sorensen, A.A.; Konkiel, S.; Bloem, B.R. Top Altmetric scores in the Parkinson’s disease literature. J. Park. Dis. 2017, 7,
81–87. [CrossRef]

6. Kolahi, J.; Khazaei, S. Altmetric: Top 50 dental articles in 2014. Br. Dent. J. 2016, 220, 569–574. [CrossRef]
7. Ezema, I.J.; Ugwu, C.I. Correlating research impact of library and information science journals using citation counts and altmetrics

attention. Inf. Discov. Deliv. 2019, 47, 143–153. [CrossRef]
8. Baek, S.; Yoon, D.Y.; Lim, K.J.; Hong, J.H.; Moon, J.Y.; Seo, Y.L.; Yun, E.J. Top-cited articles versus top Altmetric articles in nuclear

medicine: A comparative bibliometric analysis. Acta Radiol. 2020, 61, 1343–1349. [CrossRef]
9. Nabavi, M. An analysis of journalism articles achieving high Altmetric attention scores. Learn. Publ. 2022, 35, 617–624. [CrossRef]
10. Chen, M.; Wang, L. An Altmetrics and citation analysis of selected predatory journals in library and information science field. J.

Acad. Libr. 2022, 48, 102618. [CrossRef]
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Abstract: Assessing the public’s attitudes toward hunting and knowledge about wildlife is critical for
successfully managing and conserving resources. This need is further emphasized by the increase in
urbanization, resulting in decreasing participation in outdoor activities, such as hunting. This study
aimed at investigating the attitudes toward hunting and the wildlife knowledge of Greek residents
and at understanding the variation among hunters and non-hunters. Respondents to on-site, face-
to-face surveys (n = 461; hunters, 146; non-hunters, 315) were asked to rate their acceptance of the
motives for hunting and of hunting as a management tool and their knowledge about the ecology,
biology, and behavior of wildlife. The hunters were highly motivated for hunting and supported it as
a management tool. The non-hunters’ attitudes were, however, neutral to negative. The hunters had
greater knowledge about wildlife species, both game and non-game, than the non-hunters. The more
experienced hunters with greater knowledge about wildlife were generally more positive toward
hunting. Older, male, non-hunters who have a greater knowledge about wildlife and who consume
game meat and have hunters in the family or among their friends were generally more positive
toward hunting. The findings suggested that hunting is a controversial social issue. Policies aimed at
informing public groups about good hunting practices and at increasing the public’s engagement
in outdoor activities would reduce such controversies, improve human health and well-being, and
reinforce nature and wildlife stewardship and support for biodiversity conservation.

Keywords: hunting motives; wildlife management; experiential knowledge; sociodemographics;
northeast Mediterranean

1. Introduction

In modern times, and especially in western societies, hunting is exercised as a recre-
ational activity [1,2]. Recreational hunting, hereafter just hunting, is defined as a pastime
without a commercial or subsistence component, carried out voluntarily and involving
the active pursuit and killing of wild vertebrate animals other than fish [3,4]. Hunting is
also an important socioeconomic activity [5] and management tool, having been used as a
means of controlling overabundant wildlife populations; in addition, the proceeds from
hunting license fees provide funding for the conservation of wildlife species [6,7]. However,
participation in hunting has declined, especially in developed countries, e.g., [8–11]. This
decline has been attributed to the increase in the endorsement of more protectionist, mu-
tualism values (seeing wildlife as part of one’s social community and deserving of rights
like humans) and the weakening of utilitarian, domination values (treating wildlife as a
resource to be used for human benefit) due to increased urbanization, educational level,
and income [12–14]. Hunting is controversial among the public, with varying degrees of
acceptance among the public, both as an activity [15–17] and as a management tool [18,19].
Moreover, hunting is an outdoor activity and those participating in such activities have
high experiential knowledge about wildlife and are supportive of wildlife conservation and
management issues [20]. In addition, the ever-increasing urbanization has promoted the
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gradual alienation from nature and wildlife, termed as the “extinction of experience” [21],
leading to the deterioration of human health and well-being, collectively described as the
‘nature-deficit disorder’ [22]. Studying people’s attitudes toward hunting and their level
of knowledge about wildlife would provide critical information for the assessment of the
acceptability of the practice of hunting and its use as a management tool and of people’s
degree of contact with nature. This would allow for the better management of resources for
the conservation of biodiversity and the reversal of the extinction of experience [23,24].

Attitudes may vary from positive to negative and represent “an association, in memory,
of an evaluation with an object or activity” (p. 341 in Fazio et al. [25]). Attitudes toward
hunting may address the way that people perceive the reasons why someone would hunt,
namely the motives for hunting, and also the evaluation of the usefulness of hunting
as a management tool. Hunters regard hunting as an activity offering opportunities for
excitement, exercise, enjoyment of nature, and learning about wildlife, and one which
allows for the reinforcing of relationships with friends and family and the reduction in
everyday stress [15–17]. In these studies, the non-hunters had more negative attitudes
toward hunting than the hunters. The hunters are supporters of wildlife management,
especially when it positively affects their favorite game [18,19]. They also have a long
tradition of helping to conserve animal species, especially game, and their habitats in many
countries [26,27]. The hunters accepted hunting more than the non-hunters as a useful
wildlife management technique in different situations [15].

Knowledge refers to the collection of facts, information, and experience that people
acquire, retain, and use through complex cognitive processes, such as belief, perception,
communication, association, and reasoning [28]. Hunters have a greater knowledge about
biology, ecology, populations, and the conservation status of wildlife species than the
general public; their knowledge is similar to that of birdwatchers and members of nature
protection organizations [20]. Such knowledge has been found to positively affect people’s
attitudes toward wildlife conservation and management [29–31].

Among the demographic characteristics, age, gender, level of education, pet owner-
ship, meat consumption, and having hunters in the family or among friends have been
proposed as important factors influencing attitudes toward hunting. In general, men, older
people, less educated people, and pet owners are more favorable toward hunting when com-
pared with women, younger people, more educated people, and non-pet owners [15,32,33].
The consumption of game meat is positively associated with hunting [34]. Friends and
family members who hunt also positively affect attitudes toward hunting [35,36].

The hunting population in Greece follows the international trend, having decreased
from 344,000 in 1985 to 230,000 in 2010 [37] and to around 170,000 in 2019 (1.6% of the
total population; [38]). Greece is an already highly urbanized country, with its level of
urbanization expected to rise from 79% in 2018 to 88% by 2050 [39], a trend that could
further negatively affect hunting participation. Along with urbanization, the steep decline
in hunting participation after 2010 has also been attributed to the onset of the Greek
debt crisis and the consequent decrease in the national gross domestic product (GDP)
per capita [40]. The assessment of public attitudes toward hunting and knowledge about
wildlife is important if we are to understand whether hunting is controversial and also
understand the public’s degree of involvement with wildlife and contact with nature in
general. In this study, we aimed at: (1) identifying differences in the attitudes toward
the motives for hunting and of hunting as a management tool among Greek hunters and
non-hunters; (2) assessing the level of factual knowledge about wildlife among Greek
hunters and non-hunters; (3) examining how sociodemographic characteristics affect the
attitudes of the Greek public toward hunting and the factual knowledge about wildlife;
and (4) discussing the implications of our findings for hunting, wildlife management and
the extinction of experience, in the light of the decreasing hunting participation and the
increasing urbanization.
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2. Materials and Methods

2.1. Sampling Protocol

The study was carried out in north Greece, in the districts of Central Macedonia
and Eastern Macedonia and Thrace (Figure 1), an area with a population of roughly
2,490,000 people [41]. Data were collected by on-site, face-to-face surveys of residents of
north Greece between June and September 2018. A pretest of the survey (n = 30 random peo-
ple) was conducted to test question clarity and completion time. Cities, towns, and villages
were visited in all the districts during open market hours (9.00–15.00 and 17.00–21.00, from
Monday to Saturday). Every fifth person passing in front of the researcher was asked to
participate by completing a questionnaire [42]. In the cases in which more than five persons
had passed while a questionnaire was being completed, the first person encountered upon
completion was selected. Hunting clubs within the study area were also visited to ensure
the representation of hunters in the sample. It took respondents 40 min on average to orally
complete the questionnaire with the assistance of the interviewer.

Figure 1. Map showing the region of Greece in which the study was carried out.

2.2. Research Design

The survey participants, classified as hunters, male non-hunters, and female non-
hunters, were asked a series of questions about their sociodemographic characteristics,
their knowledge about wildlife, and their attitudes toward hunting. The sociodemographic
characteristics included gender (female or male), age, educational level (recorded as higher
and lower [including elementary and secondary education]), pet ownership (yes or no),
consumption of game meat (yes or no), having hunters in the family or among friends (yes
or no), and hunting experience (in years; for hunters).

The participants’ acceptance of the motives for hunting were assessed with 9 state-
ments, while their attitudes toward hunting as a management tool were assessed with
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another 9 statements. We ranked the mean responses of each participant for the motive and
attitude scales as: (a) negative (mean 1–2.49), (b) neutral (mean 2.50–3.49), and (c) positive
(mean 3.50–5). The factual knowledge about wildlife was assessed with 20 statements
relating to the ecology, biology, and behavior of wildlife species, 10 of which concerned
game species, while 10 concerned non-game species. The survey participants were asked to
rate each motive, attitude, and knowledge statement on a 5-point scale (5 = strongly agree,
4 = agree, 3 = neither disagree nor agree, 2 = disagree, 1 = strongly disagree).

2.3. Data Analysis

The hunters were all male, and the genders usually differ in their perceptions and
attitudes toward hunting [32]. Therefore, we made comparisons among the hunters,
male non-hunters, and female non-hunters. One-way analysis of variance (ANOVA) with
pairwise Tamhane post hoc tests to account for heteroscedasticity, applying Bonferroni
correction to adjust for multiple testing, was used for comparing the mean responses
of the hunters and non-hunters regarding the acceptability of the motives for hunting,
the attitudes toward hunting as a management tool, and the factual knowledge about
wildlife statements.

Next, we were interested in assessing the effects of sociodemographic characteristics
on the acceptability of the motives for hunting, attitudes toward hunting as a management
tool, and factual wildlife knowledge. First, we investigated whether motive, attitude, and
knowledge statements could adequately describe constructs (factors) [42], using principal
component exploratory factor analysis. The following criteria were used for the factor and
variable selection: (a) factor eigenvalue ≥1, (b) communality of a variable ≥0.5, (c) factor
loading of a variable ≥0.4, and (d) exclusion of a variable when factor loadings exceeded
0.400 in two or more factors [43]. Cronbach’s alpha was used to determine whether the
statements included in a factor reliably measured the respondent’s acceptance, attitude,
or knowledge, with a value greater than 0.7 considered acceptable [44]. The relationships
between the determined motive, attitude, and knowledge factors and the sociodemographic
characteristics were then assessed with multiple linear regression models. Multicollinearity
among the independent variables was tested with the variance inflation factor (VIF).

All analyses were performed in SPSS Statistics (version 21.0, IBM Corp., Armonk, NY,
USA, 2012). The significance level was set at α = 0.05.

3. Results

3.1. Sociodemographics

A total of 461 questionnaires were completed, with 55 refusals, yielding a response
rate of 89% (the required size for a confidence level of 95% and a margin of error of 4.56%).
Among the survey participants, 146 were hunters and 315 were non-hunters. The study
area’s population has a 51.3% female/48.7% male gender ratio; the age ratio, after excluding
those under 18, is 39.7%/36.3%/34.0% in the age classes of 18–34, 35–54, and 55+ years old,
respectively, and the lower/higher educational ratio is 77.5%/22.5% [41]. The non-hunters’
gender, (50.5% female/49.5% male), age (36.3%/33.5%/30.2% in the age classes of 18–34,
35–54, and 55+ years old, respectively), and the educational level (72.6%/27.4%) structure
was not different to that of the population (gender: χ2 = 0.059, df = 1, p = 0.765, age:
χ2 = 4.583, df = 2, p = 0.101; educational level: χ2 = 2.734, df = 2, p = 0.083).

The hunters were all male; their age ratio was 19.2%/53.8%/26.9% in the age classes
of 18–34, 35–54, and 55+ years old, respectively, and their lower/higher educational ratio
was 80.2%/19.8%.

3.2. Acceptability of Motives for Hunting

The hunters did not accept hunting for trophies or for the game meat (Table 1). However,
they were mostly involved in hunting for contacting with nature, for the excitement, for
socializing, and as a stress-reducing recreational activity. Both the male and the female
non-hunters perceived hunting as a source of pride, reducing stress, offering excitement,
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and promoting contact with nature and as providing opportunities to socialize and identify
with hunters, while they did not accept hunting for trophies, recreation, and game meat.
The differences between the hunters and non-hunters were significant with regard to all the
statements on the acceptability of the motives for hunting, except for hunting as identity
between hunters and both male and female non-hunters, hunting for trophies between
hunters and male non-hunters, and hunting for meat between hunters and female non-
hunters. The acceptance of hunting for meat was significantly lower in females than males.

Table 1. Comparisons regarding the acceptability of motives for hunting among hunters and non-hunters.

Motive Statements a

Hunting Is Acceptable Because...
Hunters
(n = 146)

Non-Hunters (n = 315)

F2,458

Factor Loadings b

Male
(n = 156)

Female
(n = 159)

Hunters Non-Hunters

It promotes contact with nature. 4.88 ± 0.38 A 3.77 ± 1.13 B 3.45 ± 1.25 B 84.803 *** 0.91 0.72
It is exciting. 4.69 ± 0.67 A 3.75 ± 0.96 B 3.65 ± 0.93 B 68.953 *** 0.93 0.62
It provides identity. 3.13 ± 1.41 A 3.31 ± 1.03 A 3.29 ± 1.10 A 2.314 0.69 0.65
It is an important means of
socializing. 4.21 ± 1.09 A 3.45 ± 1.13 B 3.09 ± 1.14 B 32.472 *** 0.88 0.64

It is a source of pride. 3.42 ± 1.38 A 4.35 ± 0.73 B 4.06 ± 0.99 B 49.556 *** 0.80 —
It offers peace and quiet and helps
in reducing stress. 4.81 ± 0.63 A 3.92 ± 0.93 B 3.66 ± 0.74 B 89.677 *** 0.93 0.66

It is a recreational activity. 4.77 ± 0.65 A 2.38 ± 1.61 B 2.09 ± 1.45 B 182.185 *** 0.75 0.83
It is done for collecting trophies. 1.83 ± 1.12 A 1.52 ± 0.98 AB 1.34 ± 0.78 B 8.465 *** 0.66 0.72
It provides meat. 2.00 ± 1.05 A 2.78 ± 1.37 B 2.26 ± 1.27 A 19.140 *** 0.69 —

a Mean ± SD; 5-point scale: 1 (strongly disagree)–5 (strongly agree). *** p < 0.001. b Factor loadings were
determined by principal component factor analysis for the hunter and non-hunter (males and females combined)
groups. Note: one-way ANOVAs were used for comparisons. Means not sharing a common letter (A or B) are
significantly different (p < 0.05; Tamhane post hoc tests with Bonferroni correction).

Overall, 70.5% of the hunters were positive, and 29.5% were neutral toward the motives
for hunting (mean 3.75 ± 0.46 SD), while 27.4%, 66.3%, and 6.3 % of the male non-hunters
were positive, neutral, and negative, respectively (3.25 ± 0.60), and 16.9%, 66.7%, and 15.4%
of the female non-hunters were positive, neutral, and negative, respectively (2.99 ± 0.59).
The differences were significant among all the groups (ANOVA F2,458 = 60.678, p < 0.001;
p < 0.05, pairwise Tamhane post hoc tests with Bonferroni correction; Figure 2).

Figure 2. Comparisons of the acceptability of motives for hunting and attitudes toward hunting as a
management tool (mean + SD) among hunters (n = 146), male (n = 156), and female (n = 159) non-
hunters. In each public group, mean responses not sharing a lowercase letter (a, b, c) are significantly
different (p < 0.05; pairwise Tamhane post hoc tests with Bonferroni correction).
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The factor analysis determined one factor of the acceptability of the motives for hunting
for: (a) hunters, including nine statements, with an eigenvalue of 5.9 and accounting for
65.6% of the common variance, and (b) non-hunters, including seven statements, with
an eigenvalue of 3.4 and accounting for 48.1% of the common variance (Table 1). The
Cronbach’s α was 0.924 and 0.785 for the hunters and non-hunters, respectively. These
factors were used in the subsequent analyses.

3.3. Attitudes toward Hunting as a Management Tool

Differences were significant in all the attitudes toward hunting as a management tool
statements, except for the acceptance of hunting abundant game populations between
hunters and male non-hunters (Table 2). Male and female hunters did not significantly
differ in their attitudes toward hunting as a management tool, except for the acceptance
of hunting abundant game populations and hunting as a wildlife habitat management
tool. Overall, 81.5% of hunters were positive, and 18.5% were neutral toward hunting as a
management tool (3.96 ± 0.60), while 24.2%, 33.7%, and 42.1 % of the male non-hunters
were positive, neutral, and negative, respectively (2.83 ± 0.60), and 15.4%, 21.5%, and 63.1%
of the female non-hunters were positive, neutral, and negative, respectively (2.52 ± 0.76).
The differences were significant among all groups (ANOVA F2,458 = 117.095, p < 0.001;
p < 0.05, pairwise Tamhane post hoc tests with Bonferroni correction; Figure 2).

Table 2. Comparisons of attitudes toward hunting as a management tool among hunters and non-hunters.

Attitude Statements a Hunters
(n = 146)

Non-Hunters (n = 315)

F2,458

Factor Loadings c

Male
(n = 156)

Female
(n = 159)

Hunters Non-Hunters

It is acceptable to hunt animals
when their populations are
abundant.

3.88 ± 1.11 A 3.55 ± 1.14 A 2.83 ± 1.23 B 35.767 *** 0.84 0.64

It is acceptable to hunt animals that
were reared and released by people. 3.52 ± 1.50 A 2.84 ± 1.01 B 2.49 ± 1.09 B 30.497 *** 0.80 0.84

Hunting helps keep nature in
balance. 4.21 ± 1.00 A 3.23 ± 1.21 B 2.86 ± 1.18 B 55.662 *** 0.92 0.65

Hunting helps reduce agricultural
damage by reducing animal
populations.

4.08 ± 1.17 A 3.00 ± 1.41 B 2.63 ± 1.27 B 60.763 *** 0.84 0.72

Hunting helps control predators
such as foxes and martens. 4.13 ± 1.07 A 2.47 ± 1.49 B 2.51 ± 1.51 B 82.335 *** 0.82 0.79

Hunting commonly results in a
species becoming threatened or
endangered. b

3.77 ± 1.20 A 1.75 ± 0.91 B 1.80 ± 1.13 B 146.762 *** 0.62 0.65

Hunting helps control wildlife
diseases by reducing animal
populations.

4.02 ± 1.18 A 3.11 ± 0.79 B 2.89 ± 0.66 B 60.078 *** 0.78 —

Hunting provides funds used to
manage other wildlife species that
are not hunted.

3.94 ± 1.29 A 2.63 ± 1.44 B 2.26 ± 1.33 B 65.546 *** 0.85 0.83

The demand for hunting maintains
wildlife habitats. 4.10 ± 0.93 A 2.92 ± 1.02 B 2.39 ± 1.00 C 116.385 *** 0.86 —

a Mean ± SD; 5-point scale: 1 (strongly disagree)–5 (strongly agree). b Reverse-coded. *** p < 0.001. c Factor
loadings were determined by principal component factor analysis for the hunter and non-hunters (males and
females combined) group. Note: one-way ANOVAs were used for comparisons. Means not sharing a common
letter (A, B or C) are significantly different (p < 0.05; Tamhane post hoc tests with Bonferroni correction).

The factor analysis determined one factor of the attitudes toward hunting as a man-
agement tool for: (a) hunters, including nine statements, with an eigenvalue of 6.0 and
accounting for 66.9% of the common variance, and (b) non-hunters, including seven state-
ments, with an eigenvalue of 3.8 and accounting for 54.1% of the common variance (Table 2).
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Cronbach’s α was 0.938, and 0.752 for hunters and non-hunters respectively. These factors
were used in the subsequent analyses.

3.4. Knowledge about Wildlife

The knowledge of hunters about the ecology and biology of wildlife species, both non-
game (the first 10 statements in Table 3) and game (the last 10 statements in Table 3), was
generally high for both the males and the females. On the other hand, wildlife knowledge
was generally medium among non-hunters. The knowledge about wildlife was significantly
higher for hunters than for non-hunters in 16 of the 20 statements, for both the males and
the females, while gender differences were not observed between non-hunters in any of the
knowledge statements (Table 3).

Table 3. Comparisons of knowledge about wildlife among hunters and non-hunters.

Knowledge Statements a Hunters
(n = 146)

Non-Hunters (n = 315)

F2,458

Factor Loadings c

Male
(n = 156)

Female
(n = 159)

Hunters
Non-

Hunters

Brown bears mostly eat meat. b 3.63 ± 1.30 A 3.54 ± 1.37 A 3.92 ± 1.25 A 1.077 — —
Black storks nest in trees. 3.71 ± 0.65 A 2.75 ± 0.85 B 2.95 ± 1.08 B 31.766 *** 0.84 —
Common European adders are male
nose-horned vipers. b 3.52 ± 1.02 A 2.93 ± 0.93 B 2.85 ± 0.85 B 22.375 *** 0.58 0.54

Eurasian otters are rodents. b 2.50 ± 1.21 A 2.27 ± 1.25 A 2.43 ± 1.36 A 1.002 0.61 0.59
Eurasian otters mostly eat cultivated seeds
and fruits. b 4.35 ± 0.99 A 3.03 ± 1.19 B 2.66 ± 1.09 B 103.861

*** — 0.52

Northern, white-breasted hedgehogs mostly
eat leaves and grasses. b 3.25 ± 1.48 A 2.16 ± 0.95 B 2.28 ± 1.00 B 39.597 *** — 0.50

Red foxes might carry rabies 4.54 ± 0.94 A 4.36 ± 0.74 A 4.32 ± 0.81 A 1.381 0.73 —
Red and roe deer shed their antlers each year. 4.38 ± 0.97 A 3.23 ± 1.12 B 3.09 ± 1.43 B 49.912 *** 0.65 0.63
Roe deer are monogamous. 2.52 ± 1.16 A 2.73 ± 1.18 A 2.92 ± 1.15 A 1.945 — 0.53
Turtles are a common sight in winter. b 3.90 ± 1.40 A 2.24 ± 1.09 B 2.23 ± 0.96 B 89.655 *** 0.77 0.67
Brown hares nest in burrows. b 3.77 ± 1.64 A 2.33 ± 1.29 B 2.51 ± 1.45 B 43.714 *** — 0.53
Female brown hares give birth to one young
each year. b 4.56 ± 1.02 A 3.88 ± 1.26 B 3.80 ± 1.38 B 22.587 *** — 0.56

Ducks feed during the day and sleep during
the night. b 4.12 ± 1.23 A 2.34 ± 1.20 B 2.54 ± 1.25 B 98.231 *** 0.67 0.59

Female ducks have colorful plumage. b 4.48 ± 1.00 A 3.40 ± 1.27 B 3.65 ± 1.32 B 35.901 *** 0.57 —
Eurasian woodcocks prefer wet, densely
vegetated habitats. 4.79 ± 0.54 A 3.72 ± 1.03 B 3.75 ± 0.97 B 76.066 *** 0.68 —

Rock partridges are galliforms. 4.40 ± 0.87 A 3.65 ± 0.88 B 3.58 ± 0.97 B 37.197 *** 0.81 —
Rock partridges form pairs at the end of
winter. 4.10 ± 0.85 A 2.91 ± 0.64 B 2.89 ± 0.72 B 134.868 ** — 0.59

Turtle doves are migratory birds. 4.71 ± 0.89 A 3.43 ± 1.15 B 3.68 ± 1.11 73.934 *** — —
Wild boars can mate with domestic pigs. 4.56 ± 0.83 A 3.35 ± 1.12 B 3.26 ± 0.96 B 78.025 *** 0.77 0.65
Wild boars take mud baths to cool
themselves. b 2.85 ± 1.67 A 1.90 ± 0.91 B 2.08 ± 1.04 B 22.342 *** 0.83 —

a Mean ± SD; 5-point scale: 1 (strongly disagree)–5 (strongly agree). b Reverse-coded. ** p < 0.01. *** p < 0.001.
c Factor loadings were determined by principal component factor analysis for the hunter and non-hunter (males
and females combined) groups. Note: one-way ANOVAs were used for comparisons. Means not sharing a
common letter (A or B) are significantly different (p < 0.05; Tamhane post hoc tests with Bonferroni correction).

The overall knowledge about wildlife was high for hunters with regard to game
species (4.23 ± 0.55), non-game species (3.63 ± 0.50), and for all species (3.93 ± 0.46)
(Figure 3). Conversely, wildlife knowledge was generally medium for non-hunters (male:
3.09 ± 0.36, 2.92 ± 0.33, 3.01 ± 0.28; female: 3.17 ± 0.42, 2.97 ± 0.38, 3.07 ± 0.32 for game,
non-game, and all species, respectively). The differences in knowledge about wildlife were
significant between hunters and both male and female non-hunters for game, non-game,
and all species (all F2,458 > 127.071, p < 0.001; p < 0.05, pairwise Tamhane post hoc tests with
Bonferroni correction). In contrast, the differences in knowledge about wildlife between
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male and female non-hunters were not significant for game, non-game, and all species
(p > 0.05, pairwise Tamhane post hoc tests with Bonferroni correction).

Figure 3. Comparisons of knowledge about wildlife (mean + SD) among hunters (n = 146) and
male (n = 156) and female (n = 159) non-hunters, by game species (10 statements), non-game species
(10 statements), and all species (20 statements). In each species group, mean responses not sharing a
lowercase letter (a, b, c) are significantly different (p < 0.05; pairwise Tamhane post hoc tests with
Bonferroni correction).

Within the groups, knowledge was significantly higher for game than for non-game
species among the hunters (paired t145 = −14.285, p < 0.001) and male (paired t155 = −5.543,
p < 0.001) and female (paired t158 = −5.139, p < 0.001) non-hunters.

The factor analysis determined one factor of knowledge about wildlife for: (a) hunters,
including 12 statements, with an eigenvalue of 6.1 and accounting for 50.6% of the common
variance, and (b) non-hunters, including 12 statements, with an eigenvalue of 4.0 and account-
ing for 33.3% of the common variance (Table 3). The Cronbach’s α was 0.854 and 0.712 for
hunters and non-hunters, respectively. These factors were used in the subsequent analyses.

3.5. Effects of Sociodemographic Factors

Multicollinearity among the independent variables was not detected in all the multiple
regression models, with VIF values of 2.579 or lower. The hunters that were more highly
motivated, more knowledgeable about wildlife, and had more years of hunting experience
also held more positive attitudes toward hunting as a management tool than those with
a lower motivation for hunting, less wildlife knowledge, and less hunting experience
(Table 4). Hunters with more hunting experience had higher knowledge about wildlife
than those with less hunting experience.

The non-hunters that were older, had higher acceptance of hunting motives, had
more knowledge about wildlife, ate game, and had hunters in their family or as friends
were more positive toward hunting as a management tool than younger females, who did
not eat game meat and did not have hunters in their family or as friends. Older, male
non-hunters, with more wildlife knowledge, and with hunters in their family or as friends
had more acceptance of the motives for hunting than those that were younger, female, had
less knowledge about wildlife, and did not have hunters in their family or as friends. Older,
more educated non-hunters with hunters in their family or as friends had more wildlife
knowledge than those who were older, less educated, and did not have hunters in their
family or as friends.
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Table 4. Relationships between the attitudes toward hunting as a management tool, the acceptability
of motives for hunting, wildlife knowledge, and sociodemographic factors, as assessed by hunter
and non-hunter groups.

Hunters (n = 146) Non-Hunters (n = 315)
Hunting and
Management

Hunting
Motives

Wildlife
Knowledge

Hunting and
Management

Hunting
Motives

Wildlife
Knowledge

Hunting motives 0.388 *** - - 0.489 *** - -
Wildlife knowledge 0.208 *** 0.056 - 0.208 *** 0.134 * -
Age −0.078 −0.028 −0.016 0.244 *** 0.558 *** 0.521 ***
Gender (female) - - - −0.123 * −0.147 * 0.076
Education (higher) 0.061 0.007 0.057 −0.05 0.033 0.234 ***
Pet ownership 0.373 *** 0.023 0.074 0.001 −0.009 0.031
Eat game - - - 0.118 * 0.074 −0.027
Hunters’ kin/friends 0.078 0.205 *** 0.075 0.109 * 0.151 * 0.172 **
Hunting experience 0.279 *** 0.054 0.329 *** - - -
Constant 1.569 3.933 *** 4.184 *** 0.873 ** 1.351 *** 1.991 ***
adj. R2 0.337 0.194 0.219 0.715 0.527 0.290

* p < 0.05; ** p < 0.01; *** p < 0.001. Note: multiple linear regression models were used. Dummy variables: gender
(female = 1), education (higher = 1), pet ownership (yes = 1), eat game (yes = 1), hunters’ family/friends (yes = 1).
Standardized regression coefficients and adjusted R2 are given.

4. Discussion

4.1. Attitudes toward Hunting

Greek hunters were generally highly motivated toward hunting, considering their
pastime as a valuable wildlife management tool. In contrast, most non-hunters, both
male and female, were neutral in the acceptance of the motives for hunting and displayed
negative attitudes toward hunting as a management tool. Their opinions were significantly
more negative than those of the hunters for both hunting motives and management. The
results from other similar studies indicated that the attitudes toward hunting are related to
its purpose. Ljung et al. [34], in a study in Sweden, reported that 80% of non-hunters had
a favorable attitude toward hunting. This rate of approval was strongly associated with
game meat consumption. We also asked about hunting in general, and meat consumption
was also positively associated with attitudes toward hunting in our study. Furthermore,
Ljung et al. [34] did not study male and female non-hunters separately; however, their
sample’s gender composition was similar to ours (49% male); hence, our datasets could be
compared. In our sample, 21% of non-hunters, including males and females, had positive
attitudes toward hunting, with most being negative (51%), and 23% accepted the motives
for hunting, with most being neutral (67%). In a Danish study, the majority of non-hunters
had a positive attitude toward recreational hunting (43%), while 25% displayed negative
attitudes [35]. In Denmark again, only 25% of non-hunters expressed a positive attitude
toward recreational hunting [17]. Grandy et al. [45] reported that in the U.S. the approval
for hunting for meat was higher than 80%; the approval for hunting for recreation and meat
was a little higher than 60%, while approval for hunting only for recreation was below 40%.
Ljung et al. [34] also reported that 63% of non-hunters considered hunting for “sport and
recreation” cruel. In responses to specific statements, 66%, 90%, and 61% of non-hunters
rejected recreation, sport, and game meat procurement as motives for hunting. In contrast,
the vast majority of Greek hunters declared that they hunted for recreation (98%) and not
for sport (12%) or the game meat (10%). As hunting is a recreational activity in Greece
and at the same time the main way for procuring game meat, we consider the results from
similar European countries to be comparable to ours. These results suggested that the
attitudes toward hunting are more negative in Greece compared to other, mainly European,
countries. Hunting is a complex social phenomenon and several factors, such as differences
in hunting tradition, culture and management, and game meat use (non-commercial in
Greece, commercial in other countries) might explain the observed differences, but not
before further research.
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Both the hunters and the non-hunters ranked similar hunting motives (i.e., contact
with nature, excitement, and socializing) and management functions (i.e., keeps nature
in balance and helps control wildlife diseases) as the most important. Other studies that
compared hunting attitudes between hunters and non-hunters also reported differences
in the perception of hunting motives and management functions and similarities in the
rankings of the hunting motives and management functions that were similar to our
findings [15,16]. Hunters of other European countries and of North America also see
themselves as stewards of nature [46,47]. Hunters participated in other outdoor activities,
both consumptive (e.g., berry picking and fishing) and non-consumptive (e.g., birdwatching
and hiking), more often than non-hunters [48]. Cooper et al. [49] found that public groups
with an interest in wildlife, such as hunters, were 4–5 times more likely than those with no
such interest to participate in pro-environmental behaviors.

Hunting has helped in mitigating agricultural damage by regulating overabundant
wildlife populations [5,7,50,51]. In other cases, hunting was responsible for the considerable
decline of wildlife populations and for biodiversity loss [52]. Hunters often engage in
wildlife conservation and management, especially when game species are involved [26,27].
Furthermore, they are more positive toward wildlife management when the game species
are not negatively affected. Kontsiotis et al. [18], in a study of the public opinion in the
region of eastern Macedonia and Thrace, north Greece, found that hunters were less willing
to accept management strategies involving the reduction in the game wild boar (Sus scrofa)
than of the non-game European badger (Meles meles) populations, when both damage
crops. Similarly, hunters in central Italy accepted non-lethal and rejected lethal strategies to
prevent wild boar damage to crops [53].

4.2. Knowledge about Wildlife

Hunters had greater knowledge about the ecology, biology, and behavior of wildlife
species, both game and non-game, than non-hunters. Kellert [20] measured the public’s
knowledge about predatory animal species. In the survey, he included, among others,
questions about the taxonomy, biology, superstitions, and folk knowledge concerning
wildlife. His results revealed that hunters had great knowledge of predators, similar to
that of birdwatchers and environmental protection organization members. In contrast,
anti-hunters and zoo enthusiasts, although they expressed strong affection and support for
protecting predators, had relatively low knowledge about them. As hunters participate
in outdoor activities, both consumptive and non-consumptive, more than non-hunters,
they have the opportunity for a hands-on experience of nature and wildlife and gain direct
knowledge about several aspects of the life history of wildlife species, both game and
non-game [48]. Zoo enthusiasts might focus their interest on the exotic species that zoos
most often host.

4.3. The Effect of Sociodemographics

The acceptability of the hunting motives and knowledge about wildlife were posi-
tively associated toward hunting for managing wildlife, for both hunters and non-hunters.
Hunters are consumptive users of wildlife that gain knowledge through experience. More-
over, the more experienced among hunters are more strongly attached to their favorite
pastime [54]. Non-hunters hold variable utilitarian and animal rights convictions [55]. It
seems that increasing knowledge about wildlife and the associated management issues
shifts the balance toward human benefits instead of animal welfare, resulting in higher
support for hunting. Having friends or family members who hunt positively affected the
acceptability of the hunting motives for both hunters and non-hunters, as well as attitudes
toward hunting as a management tool for non-hunters. Previous research also found similar
trends, suggesting that social interactions with hunters positively affect attitudes toward
hunting [34–36]. These studies also concluded that, because socializing is an important
motive for hunting, those with hunters in their social network are more likely to become
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hunters and to be more attached to their activity as they have the opportunity to hunt in
close-knit groups.

Hunting experience positively affected the hunters’ attitudes toward hunting as a
management tool. In [56], it was found that more experienced hunters were more efficient in
bagging willow grouse (Lagopus lagopus) than less experienced hunters. Harvest success was
directly related to satisfaction with white-tailed deer (Odocoileus virginianus) management
in Pennsylvania [57]. The more experienced hunters also had more knowledge about
wildlife species. The more time someone spends in the outdoors, the more experiential
knowledge about the ecology, biology, and behavior of wildlife species they gain [15,32,33].

Older non-hunters had more positive attitudes toward hunting motives and hunting
as a management tool than younger people. Females were more negative toward hunting
as a management tool and hunting motives than males. Previous research also found
that older age is positively associated and female gender is negatively associated with
hunting [15,32,33]. Non-hunters who eat game meat were more positive toward hunting as
a management tool than those who do not. Game meat consumption was an important
reason for the positive attitudes toward hunting expressed by non-hunters in Sweden,
where it is legally sold [34]. However, the sale of game meat is illegal in Greece and can
only be accessed through friends and family. Older, more educated non-hunters who had
friends or family members who hunt were more knowledgeable about wildlife. Experience
comes with age, while education has been related to an increased interest in wildlife
and support for wildlife conservation and management [58,59]. Socializing with hunters
allows non-hunters to learn about wildlife species, both game and non-game, through the
narration of outdoor ventures [34–36].

4.4. Management Implications

Attitudes toward hunting were controversial, being more positive for Greek hunters
than for non-hunters. For example, the hunters stated that they hunt mostly for recreation,
while non-hunters largely rejected hunting as a recreational activity but justified it for meat
procurement. Moreover, participation in hunting has declined in Greece [37,38] and is
predicted to continue to decline because of the continually increasing rates of urbanization
and the consequently greater proportion of the public subscribing to mutualism value
orientations toward wildlife [13,14,39]. Wildlife managers must adapt to this change. The
necessary funds for wildlife conservation and management should be collected through
the promotion of other, non-consumptive outdoor activities, such as wildlife watching
and photography. Outreach programs should aim at informing public groups about good
hunting practices and the utility of hunting for addressing specific wildlife issues. Our
findings suggested that priority groups for outreach programs should be anti-hunters and
young females without connections with hunters and with little knowledge about wildlife
and wildlife-related issues. Such information should reduce the controversy among the
stakeholders and allow for the successful management of the conflicts concerning the good
practice of hunting and its use as a management tool.

Our findings also revealed that hunters had a greater knowledge than non-hunters
about wildlife, both game and non-game. As the participation in hunting is currently
declining and expected to further decline [13,14] and also because people are disconnected
from nature due to urbanization, an ever-decreasing proportion of the population will
acquire experiential knowledge about wildlife and understand nature and wildlife-related
problems [48]. This may result in weaker attitudes toward environmental issues and
therefore in fewer people acting as advocates of nature and wildlife. The alienation from
nature and wildlife is also responsible for the deterioration of human health and well-
being [21,22]. Therefore, there is an urgent need for wildlife managers to act to stop and
reverse these trends and thus secure support for wildlife conservation and management
and improve human health and well-being. Educational programs should aim at increasing
the public’s knowledge about the ecology, biology, and behavior of wildlife species [60].
Research has shown that outdoor educational programs involving experiential activities
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increased wildlife knowledge and improved attitudes toward wildlife species [61–64].
Therefore, environmental educators should aim at introducing urban people to outdoor
activities that would allow for the increase in wildlife knowledge, improving health and
well-being and reinforcing nature and wildlife stewardship through direct experience
thereof (e.g., wildlife watching, photography, and animal tracking through the seasons). In
this context, hunters could be used as educators to teach people how to experience nature
and wildlife. This contact of hunters with non-hunters could also reduce the antipathy
toward hunters and hunting.

5. Conclusions

We used several statements to reveal the differences in the acceptance of the motives for
hunting and of hunting as a management tool and in the knowledge about wildlife among
hunters and non-hunters. Hunters had high motivations for hunting, which they also
considered as a valuable management tool. On the other hand, both male and female non-
hunters were significantly more negative than hunters in their acceptance of the motives for
hunting and in their attitudes toward hunting as a management tool. In addition, hunters
had greater knowledge about wildlife species than non-hunters. Our findings suggested
that hunting is highly controversial between hunters and non-hunters in the Greek society
and as such they would be valuable for wildlife managers and policy makers in their efforts
to manage this conflict. Further research on the perceptions and knowledge of specific
public groups, such as vegetarians and outdoor enthusiasts, would also help reaching
better decisions.
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Abstract: Illegal hunting of wildlife by community members abutting African protected areas con-
tributes to unsustainable use of wildlife, resulting in significant declines in wildlife populations.
Contemporary intervention measures have largely been ineffective, leading to pervasive and per-
sistent illegal hunting. Such illegal hunting of wildlife is partly exacerbated by poor understanding
of what motivates people to hunt illegally. Applying a scoping review approach, this study aims at
developing concepts for drivers of illegal hunting and how they influence illegal hunting behaviour
by local hunters living in or adjacent to African protected areas. A total of 30 publications were
included for review analysis from 1014 publications retrieved using data base searches on Google
Scholar and ScienceDirect. The study identified 12 proximate and five underlying drivers, which
were categorised into 10 thematic drivers of illegal hunting by local hunters. The need for survival
and sustaining livelihoods was conceptualised as the key thematic driver of illegal hunting by local
hunters. The study represents a novel work of conceptualising drivers of illegal hunting by local
hunters with implications on the persistence of illegal hunting in Africa.

Keywords: Africa; drivers of illegal hunting; illegal hunters’ behaviour; local hunters; survival and
sustaining livelihoods; wildlife

1. Introduction

Illegal hunting of wildlife is prevalent in Africa and has reached crisis levels, as wildlife
populations are decimated in 52% of forests, 62% of wilderness areas and 20% of protected
areas, thereby threatening sustainability in biodiversity conservation and community
livelihoods [1,2]. Illegal hunting refers to any capturing, shooting, killing or extraction
of wildlife that is not explicitly sanctioned by the state or private owner of wildlife [3–5],
and has possibly persisted in Africa because intervention measures or responses to illegal
hunting have been less effective [6]. The sustained illegal hunting is attributed to poor
understanding of illegal hunting and what motivates people to hunt illegally [6] and
emanates mainly from inadequate empirical information on illegal hunting, a narrow view
that it is only a conservation matter and the assertion that it is mainly driven by poverty [5].
However, some evidence does not support these assertions. Duffy et al. [5] indicated that
the perspectives on illegal hunting were framed by certain understandings of poverty
and that motivations for illegal hunting, such as those arising from complex historical
context in regard to the outlaw of community, have not been adequately understood.
Travers et al. [7] also found that a lack of alternative employment choices might be a more
significant driver for hunters in Uganda than material poverty, which is contrary to the
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narrative that people hunt illegally because of poverty. Thus, the narratives on illegal
hunting and its drivers may have been inadequate and simplistic. It is for this reason
that Duffy et al. [5] and Travers et al. [7] advocated for a much broader understanding of
complex illegal hunting and its drivers in order to design effective interventions. This
justifies the need for conceptual views that provide a broader understanding on illegal
hunting and what motivates people to hunt illegally.

Previous studies by Milner-Gulland and Leader-Williams [8], Hofer et al. [9],
Damania et al. [10] and Keane et al. [11] developed models of relationships between
illegal hunting and costs, benefits, sanctions, rewards and incentives. These models are
mostly depicted in monetary form for benefits and highlighted law enforcement efforts
(regulation) as a cost to illegal hunting. However, as observed by von Essen et al. [4], there
are other non-monetary factors such as socio-political and normative values and beliefs that
can influence hunters’ illegal hunting behaviour. The economic models may not be robust
enough to effectively represent the reality of the illegal hunting phenomenon. Therefore,
despite providing some knowledge on the dynamics of illegal hunting, these models have
application inadequacies in identifying relevant research variables and designing effective
intervention measures against illegal hunting. Recently, Carter et al. [12] developed a
conceptual framework for understanding illegal killing of large carnivores, which includes
socio-economic, ecological and psychological factors and illustrates the complexity of illegal
hunting. However, the study is focused on large carnivores which have specific illegal
hunting risks and influences on the motivation to hunt illegally that might be different for
other taxa. Thus, the conceptual framework by Carter et al. [12] requires validation of its
applicability to wider taxa.

The literature on the illegal hunting phenomenon has emphasised instrumental eco-
nomic theories despite other available perspectives, such as psychological and social-
political, which also influence illegal hunting behaviour [4]. However, the significance
of the psychological perspective in influencing illegal hunting behaviour is depicted in
the Theory of Planned Behaviour, which holds that beliefs (attitude, subjective norms and
perceived control) are determinants of both intentions and behaviour, with behavioural
intentions being the most proximal determinant of social behaviour [13,14]. In relation to
illegal hunting, the implication of the Theory of Planned Behaviour is that beliefs, norms
and values towards illegal hunting determine the intention to hunt illegally and the il-
legal hunting behaviour. As a theoretical framework, the Theory of Planned Behaviour
is therefore important to this study in facilitating the building of concepts on drivers of
illegal hunting and in conceptualising how drivers of illegal hunting influence local hunters
into illegal hunting behaviour. Considering that local hunters and the natural system and
environment are linked and interdependent, the Socio-Ecological System (SES), as proposed
by Ostrom [15], is adapted as this study’s conceptual framework. Based on this conceptual
framework, the local hunters are actors who are influenced by factors such as drivers
of illegal hunting and others, and manifest illegal hunting behaviour within the system.
Within the SES, the Theory of Planned Behaviour provides a theoretical underpinning for
how drivers of illegal hunting influence local hunters’ illegal hunting behaviour.

Notwithstanding a few studies on illegal hunting in Africa [1], studies in eastern,
central, southern and western Africa that have identified drivers of illegal hunting provide
some valuable information that can enhance cohesive conceptual understanding on the
persistence of poaching on the continent. African countries may easily relate to one another
in regard to the illegal hunting phenomenon because they have shared historical, socio-
economic and political contexts. Therefore, the study uses a scoping review approach
to provide an overview of the available evidence of what drives local hunters to hunt
illegally in Africa based on the lived experiences of local hunters and not on perceptions
from non-hunters. This study aims at developing concepts for drivers of illegal hunting
and how they influence local hunters’ illegal hunting behaviour in or adjacent to African
protected areas. The study investigates the research question: what conceptual views
can describe how drivers of illegal hunting influence local hunters’ behaviours and the
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persistence of illegal hunting in or adjacent to protected areas? The review-based conceptual
framework of drivers of illegal hunting may provide a basis for contributing to a broader
understanding of drivers of illegal hunting in Africa and help in identifying relevant
elements for designing effective intervention measures that ensure sustainable wildlife
conservation. Based on our knowledge, this is the first time drivers of illegal hunting
by local hunters are conceptualised as underlying, proximate and thematic drivers of
illegal hunting which are developed into a conceptual framework and used to explain the
persistent illegal hunting in Africa.

2. Materials and Methods

2.1. Study Area

This scoping review is based on the studies that were conducted in five African regions
(eastern, northern, western, central and southern). The islands in the Atlantic and Indian
Oceans, such as Cape Verde, Comoros, Madagascar, Mauritius, Réunion and Seychelles,
are part of the study area. The study focal sites are areas in or adjacent to forest or wildlife
protected areas where hunting of wildlife without a permit is considered illegal.

2.2. Review Protocol

Prior to the review process, the review protocol was set to guide the process. Firstly,
the review objectives and questions are: to identify available evidence on what drives local
hunters to hunt illegally and to identify concepts on drivers of illegal hunting and how
they influence illegal hunting using available evidence in Africa. The sources of available
evidence are peer-reviewed articles, such as journal research papers, PhD and master’s
theses and book chapters. The review questions include: what concepts does the avail-
able evidence provide on drivers of illegal hunting by local hunters, and what conceptual
framework can be developed from the available evidence to depict how drivers of illegal
hunting influence illegal hunting behaviour? Secondly, to address these review objectives
and questions, the study uses online searching of databases on drivers of illegal hunting in
Africa with Google Scholar and ScienceDirect. The protocol has a pre-determined search
strategy for identifying articles in the databases and criteria for inclusion and exclusion
of identified articles (see below for details). Thirdly, the protocol addresses the extraction
and presentation of data. Relevant data from included articles are identified during review
and indicated in respective rows for each item in the table (see Supplementary Materials:
Table S1). Simple frequency calculations are done for each identified item and the sum-
marised data are presented in the results table. Fourthly, in fostering transparency, the
search and identification of articles and summarising of data are done by the first author
and the co-authors verify and approve the process and results.

2.3. Search Strategy

The Google Scholar and ScienceDirect database search engines were used to search for
relevant studies on the drivers of illegal hunting by local hunters in Africa. The database
was searched using phrases or words such as “bushmeat hunting”, “drivers of illegal
hunting”, “hunters”, “illegal hunting”, “illegal killing”, “motivation for illegal hunting”,
“motivation for poaching” and “poaching”. The identified publications were initially
screened for relevance to the objective of this study.

2.4. Inclusion and Exclusion Criteria

The relevance of the identified publications was further screened by checking if they
met the inclusion and exclusion criteria indicated in Table 1. The publications were included
or excluded depending on whether they met or failed to meet the criteria, respectively.
Sampling local hunters in the publications was a critical criterion because hunters or
resource users may have different experiences of what motivates them to hunt illegally
from perceptions of non-hunters [16].
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Table 1. Criteria for inclusion and exclusion of articles in the scoping review process.

Criteria Included Excluded Justification for the Criteria Used

Date of publication 2000 to 2021 Before 2000 and
beyond 2021.

For current perspectives on drivers of
illegal hunting and to access

increased publications during
this period.

Language of publication English All languages that are
not English.

Researchers’ proficiency in English
language and to ensure
increased readability.

Location of study Publication on
African countries.

Publications on
non-African countries.

To maintain specific relevance and
scope of the review.

Article availability
Available full papers identified

though Google Scholar and
ScienceDirect.

Full papers not accessible. To access full/entire research
findings from papers.

Type of articles
Peer-reviewed research journal

articles, book chapters and
PhD/master’s theses.

Articles that are not
peer-reviewed.

To ensure quality and validity
of findings.

Publication content

Papers with
drivers/motivations/

reasons for engaging in
illegal hunting.

Papers without
drivers/motivations/

reasons for engaging in
illegal hunting.

To be specific and focused on the
scope of the review.

Sampling methodology

Sampling local hunters through
direct observations, interviews,

questionnaires and focus
group discussions.

Sampling
non-hunters only.

To identify drivers of illegal hunting
from lived experiences and not from

perceptions by non-hunters.

2.5. Identification and Analysis of Drivers of Illegal Hunting

The included publications were reviewed to identify drivers of illegal hunting by
local hunters. The number and frequency of identification of each driver of illegal hunting
were recorded to indicate levels of pervasiveness of respective drivers of illegal hunting in
Africa. The included publications were also qualitatively analysed to identify behavioural
intentions by local hunters to hunt illegally. Behavioural intentions to hunting illegally
were expressed beliefs (behavioural, normative and perceived control) towards illegal
hunting based on the Theory of Planned Behaviour [13,14]. According to the Theory of
Planned Behaviour, beliefs (attitude, subjective norms and perceived control) are deter-
minants of both intentions and behaviour, with behavioural intentions being the most
proximal determinant of social behaviour [13,14]. Therefore, responses by local hunters in
questionnaires, interviews and group discussions, as reported or quoted in the included
publications, that depicted behavioural, normative or perceived control beliefs were used
to determine behavioural intention towards illegal hunting. Beliefs expressed as ‘hunting
is our birth right or cultural right’, ‘hunting is the only way to support my family’, ‘we
have no other option apart from hunting’ or ‘we have other ways to outwit anti-poaching
measures’ were indicative of the behavioural intention to hunt illegally by local hunters.
In this study, behavioural intentions to hunt illegally were considered drivers of illegal
hunting based on the Theory of Planned Behaviour [17].

2.6. Proximate, Underlying and Thematic Drivers of Illegal Hunting

The identified drivers of illegal hunting from reviewed publications were categorised
into proximate and underlying drivers. This categorisation follows the descriptions of prox-
imate and underlying drivers adapted from those on tropical deforestation and conversion
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of natural vegetation to agricultural land use in Africa by Geist and Lambin [18] and Jellason
et al. [19], respectively. Based on these adaptations, we characterised proximate drivers of
illegal hunting as any immediate desires, feelings, shortages or needs by humans at a local
level that directly trigger them to hunt illegally. Similarly, we characterised underlying
drivers as factors that underpin, enhance or enable proximate drivers and may also work
at the local level or have an indirect influence from the national or global levels. Further,
the identified drivers of illegal hunting were qualitatively analysed and categorised into
thematic drivers. Thematic drivers were determined by considering similarities or related
characteristics of both proximate and underlying drivers and assigning them appropriate
respective thematic driver categories.

2.7. Conceptual Framework of Drivers of Illegal Hunting by Local Hunters

The conceptual framework of drivers of illegal hunting was developed to depict the
process of how underlying and proximate drivers, working with other social and ecological
influences and constraints, affect illegal hunting behaviour. The conceptual framework
was informed by and adapted from the Socio-Ecological System (SES) framework by
Ostrom [15]. The relevance of SES to the development of a conceptual framework of drivers
of illegal hunting by local hunters is that it considers human and natural systems as being
linked and interdependent. Therefore, illegal hunting behaviour manifests in a natural
system with complex, linked and interdependent components. The development of the
conceptual framework of how drivers of illegal hunting affect illegal hunting behaviour
was based on the Theory of Planned Behaviour [17].

3. Results

3.1. Search Results

The scoping review process identified 30 publications that were included for review
from the initial 1014 articles identified using Google Scholar (n = 995) and ScienceDirect
(n = 19) (see Figure 1). A total of 948 articles were excluded from 997 retrieved duplicate free
articles, owing to the studies not being conducted in Africa, inaccessible full papers, and
not addressing drivers or motivations for illegal hunting. A total of 19 full-text articles were
excluded from 49 full-text articles which were assessed for eligibility for not sampling local
hunters. The 30 studies which were included for review were conducted in 17 countries,
with 13 studies from eastern, 10 from southern, 4 from western and 3 from central regions
of Africa (Supplementary Materials: Table S1).

3.2. Identified Drivers of Illegal Hunting

A total of 17 drivers of illegal hunting were identified in the publications that were
included for review (see Table 2). The need to generate income/no income source was the
most frequently identified driver of illegal hunting by 26 studies (86.7%), followed by the
need/preference for bushmeat consumption, identified by 25 studies (83.3%). The third-
ranking drivers of illegal hunting were cultural needs/rights and preventative/retaliatory
killing, both identified by 11 studies (36.7%). Poverty and weak/inadequate law enforce-
ment were identified by 6 (20.0%) and 4 (13.3%) studies and ranked seventh and eighth
among drivers of illegal hunting, respectively. Notably, defiance/protest as a driver of
illegal hunting was identified by studies conducted in southern African regions only (see
Supplementary Materials: Table S1).
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Figure 1. Flowchart indicating number of publications included and excluded during the scoping
review process (based on Moher et al. [20]).

Table 2. Identified, proximate, underlying and thematic drivers of illegal hunting of wildlife derived
from scoping review of publications (published from 2000 to 2021) that surveyed experiences of local
hunters living in or adjacent to African protected areas.

Identified Drivers of
Illegal Hunting

No. of Publications with
Identified Drivers

Frequency of
Identification of Drivers

by Publications

Classification of Driver
(Proximate or
Underlying)

Thematic Drivers

Need to generate income/
no income source 26 86.7% Proximate Need for survival and

sustaining livelihoods

Need/preference for
bushmeat consumption 25 83.3% Proximate Need for survival and

sustaining livelihoods

Cultural needs/rights 11 36.7% Proximate Cultural
needs/significance
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Table 2. Cont.

Identified Drivers of
Illegal Hunting

No. of Publications with
Identified Drivers

Frequency of
Identification of Drivers

by Publications

Classification of Driver
(Proximate or
Underlying)

Thematic Drivers

Preventative/retaliatory
killing of wildlife 11 36.7% Proximate Human–wildlife conflict

Behavioural intention to
hunt illegally 9 30.0% Proximate Behavioural intention to

hunt illegally

Lack of employment/
livelihoods 8 26.7% Proximate Need for survival and

sustaining livelihoods

Shortage/expensive/lack
of protein source 7 23.3% Proximate Need for survival and

sustaining livelihoods

Poverty 6 20.0% Underlying Need for survival and
sustaining livelihoods

Weak/inadequate law
enforcement 4 13.3% Underlying Inadequate legislation/

enforcement

Defiance/protest 3 10.0% Proximate Defiance/protest

Political instability/armed
warfare 3 10.0% Underlying Political/armed conflicts

Demand for wildlife
products 2 6.7% Underlying Market demand for

wildlife products

Recreational/sports needs 2 6.7% Proximate Recreational needs

Population
influx/increase 2 6.7% Underlying Demographic growth

Need for traditional
medicine 2 6.7% Proximate Need for survival and

sustaining livelihoods

Social status identity 1 3.3% Proximate Cultural
needs/significance

Need for skins and bones 1 3.3% Proximate Cultural
needs/significance

3.3. Proximate, Underlying and Thematic Drivers of Illegal Hunting

Among the identified drivers of illegal hunting, 12 (70.6%) were categorised as proxi-
mate drivers and 5 (29.4%) as underlying drivers. The first seven most frequently identified
drivers of illegal hunting were proximate drivers and included the need for income genera-
tion (86.7%), the need for bushmeat consumption (83.3%), cultural needs/rights (36.7%),
preventative/retaliatory killing of wildlife (36.7%), behavioural intention to hunt illegally
(30.0%), lack of employment/livelihood (26.7%) and shortage/expensive/lack of protein
source (23.3%). The underlying drivers were among the last 10 least frequently identified
drivers of illegal hunting. Poverty (20.0%) and weak/inadequate law enforcement (13.3%)
were the most frequently identified drivers among the underlying drivers.

The identified drivers of illegal hunting were further categorised into 10 thematic
drivers (Table 2). Six identified drivers of illegal hunting were thematically categorised as
need for survival and sustaining livelihoods, and five of these were ranked among the eight
most frequently identified drivers by the included publications. The six identified drivers
that contributed to the thematic driver of the need for survival and sustaining livelihoods
were basically socio-economic drivers and included the need to generate income, need to
consume bushmeat, lack of employment/livelihoods, shortage/expensive/lack of protein
source, poverty and the need for traditional medicine. The second-ranking thematic driver
of illegal hunting was cultural needs/significance and included cultural needs/rights,
social status identity and the need for skins and bones.

The human–wildlife conflict was the third most identified thematic category of drivers
of illegal hunting, with preventative/retaliatory killing of wildlife being a contributing
driver. Next, after behavioural intention to hunt illegally, is the fifth-ranked thematic driver
of illegal hunting, categorised as inadequate legislation/enforcement.
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3.4. Conceptual Framework of Drivers of Illegal Hunting by Local Hunters

The conceptual framework was developed to show how underlying, proximate
and most proximate drivers (behavioural intentions) influence illegal hunting behaviour
(Figure 2). The drivers of illegal hunting behaviour are influenced and constrained by
socio-ecological factors within the SES.

Figure 2. Conceptual framework of how underlying and proximate drivers and behavioural inten-
tions influence illegal hunting behaviour of local hunters living in or adjacent to protected areas in
Africa (based on Ostrom [15]).

4. Discussion

4.1. Identified Drivers of Illegal Hunting

This study shows that the needs to generate income (or lacking income sources)
(86.7%) and consume bushmeat (83.3%) are the two most prevalent drivers of illegal
hunting identified by studies among local hunters in Africa. Since illegal hunting is a
wildlife crime that is considered an integral part of the illegal wildlife trade [21], it can be
argued, therefore, that the illegal wildlife trade has thrived among local people in Africa
primarily because local hunters are mostly driven to hunt illegally by the needs to generate
income and consume bushmeat. Despite being less prevalently identified in publications,
the other drivers of illegal hunting, such as cultural needs (36.7%), lack of employment
(26.7%), lack of protein sources (23.3%), poverty (20.0%), demand for wildlife products
(6.7%) and need for traditional medicine (6.7%), may play complementary roles to the two
most prevalent drivers of the illegal wildlife trade among local hunters in Africa.

The study identified behavioural intention to hunt illegally (in 30% of included pub-
lications) as a driver of illegal hunting by analysing further the responses from hunters
in the included publications. The survey and identification of behavioural intention to
hunt illegally as one of the drivers of illegal hunting were not planned in the included
publications for review. Other studies on drivers of illegal hunting have also not identi-
fied behavioural intention to hunt illegally as a driver of illegal hunting. Therefore, the
identification and inclusion of behavioural intention as one of the drivers of illegal hunting
is a novelty that may have implications on enhancing understanding on illegal hunting
behaviour and potential intervention measures. The Theory of Planned Behaviour [14,17]
provides support and a basis for adopting behavioural intention to hunt illegally as a
driver of illegal hunting behaviour. The theory is particularly relevant, as it has been used
in investigating potential predictors of illegal hunting and as a framework for assessing
intervention measures against illegal hunting [22,23].
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The defiance or protest against injustice and illegitimate authorities or rules as a driver
of illegal hunting appear to be associated with the southern African region. This may
be attributed to the historical background in southern Africa, where local people were
racially discriminated against, dispossessed of land and disenfranchised from accessing
land, wildlife and forest resources by colonial and militarised conservation authorities [24].
Local people hunt wildlife in defiance of rules and authorities and in protest against any
perceived injustices that deny them to use resources that are considered a birthright [25].

4.2. Proximate, Underlying and Thematic Drivers of Illegal Hunting

The study here conceptualised the need for survival and sustaining livelihoods as
the key driver of illegal hunting in Africa. Studies in Africa have provided empirical
evidence that illegal hunting is a strategy employed by local hunters for survival and
sustaining livelihoods [26–30]. Accordingly, this study has not conceptualised poverty
as the key driver of illegal hunting in Africa, but as one of the underlying drivers which
contributes to the major thematic driver of illegal hunting—the need for survival and
sustaining livelihoods. Whereas some studies have indicated that poverty is a key driver
of illegal hunting [31,32], others have shown that there is no evidence that poverty is the
major driver of illegal hunting in some areas in Africa [7,33]. This implies that the role of
poverty as a driver of illegal hunting varies across Africa. The contribution of poverty to
the key thematic driver of poaching may be major or less significant, depending on the
socio-economic situation of a study area. Therefore, conceptualising poverty as one of the
contributing drivers to the key thematic driver of illegal hunting (need for survival and
sustaining livelihoods) provides a unifying framework for both views.

In this study, cultural needs/significance was the second most identified thematic
driver of illegal hunting among local hunters. A recent global systematic review by Lavadi-
nović et al. [34] also identified socio-cultural influence as the third most prevalent identified
driver of poaching. The corroborative findings of studies by Lavadinović et al. [34] and this
study suggest that cultural factors (values, beliefs and norms towards wildlife) may have
profound effects on hunter’s behaviour towards wildlife species and their habitats and
on societal responses to illegal hunting [35,36]. However, data on and understanding of
socio-cultural values, beliefs and norms towards wildlife, bushmeat and the environment
have been low [37]. It is only recently that recognition of the importance of considering how
socio-cultural contexts influence illegal hunting and strategies for curbing the poaching
problem is being made [36,38].

This study found that human–wildlife conflict was the third most identified thematic
driver of illegal hunting in Africa, and thereby confirmed its importance in threatening con-
servation in Africa [39]. Human–wildlife conflict has direct major consequences for humans
in rural people’s development, income, health, food security and livelihoods [40], making
it appropriate to be categorised under the thematic driver—the need for survival and
sustaining livelihoods. This may additionally augment the need for survival and sustaining
livelihoods as the key driver of illegal hunting in Africa. However, because human–wildlife
conflict also has direct consequences on the conservation of individual animals, species
and the broader ecosystem and biodiversity in African landscapes [39,40], it has been
categorised under a separate thematic driver of illegal hunting for the need for survival
and sustaining livelihoods. Considering human–wildlife conflict as a separate category,
which is the third most identified thematic driver of illegal hunting, highlights it as a major
African concern that has consequences on development, livelihoods and conservation.

A few studies (4, 13.3% frequency) identified weak/inadequate law enforcement as a
driver of illegal hunting by local hunters, implying that it may not be a prevalent driver of
illegal hunting to local hunters in Africa. Weak/inadequate law enforcement ranked as
the eighth most identified driver of illegal hunting by local hunters. The low frequency of
identification of weak/inadequate law enforcement as a driver of poaching by this study is
surprising considering that other studies show that law enforcement is the most prioritised
in terms of investments and the most studied among intervention measures against illegal

105



Sustainability 2022, 14, 11204

hunting in Africa [1,41,42]. Ideally, the most prioritised intervention efforts in terms of
investments should be targeted at addressing the most prevalent driver of illegal hunting
by local hunters. However, the less prevalent driver of illegal hunting (weak/inadequate
law enforcement) reported here is apparently targeted by highly prioritised efforts. In the
identified studies, few local hunters indicated weak/inadequate law enforcement as a moti-
vation for hunting illegally, probably because, as an underlying driver, it is indirect and less
relevant to local hunters in influencing them to hunt illegally. It is similarly surprising that
local hunters in the included publications did not indicate lack of/inadequate involvement
of local communities in the management of wildlife as a driver of their poaching behaviour.
However, it has been argued that involvement of local communities in wildlife manage-
ment should be prioritised as a potentially effective intervention for addressing illegal
hunting [3,43,44]. The probable explanation for this apparent conflicting situation again
is that lack of/inadequate involvement in the management of wildlife is an underlying
driver which may not directly influence local hunters to hunt illegally. This underscores the
importance of understanding what motivates local hunters to hunt illegally, which might
be different from perceptions of non-hunters located in or adjacent to African wildlife
protected areas [16].

4.3. Conceptual Framework of Drivers of Illegal Hunting by Local Hunters

The proposed conceptual framework provides a relevant and enhanced understanding
of illegal hunting behaviour of local hunters who live in or adjacent to African protected
areas. Firstly, the novel inclusion of a behavioural intention to hunt illegally component as
driver of illegal hunting behaviour may provide an expanded understanding of drivers of
illegal hunting behaviour. Previous studies had not considered behavioural intention to
hunt illegally as a driver of poaching, and thus it has had no specific intervention measures
to address it. The Theory of Planned Behaviour [17] posits that behavioural intention is the
most proximate determinant of an illegal behaviour, which therefore mediates proximate
drivers and the illegal hunting behaviour in the conceptual framework. Behavioural
intention is a function of beliefs which result from psychological aspects such as attitudes,
subjective norms and perceived control. Based on the Theory of Planned Behaviour,
the most proximate psychological drivers of illegal hunting in the proposed conceptual
framework are probably the most critical drivers that energise other various drivers of
illegal hunting to influence local hunters into illegal hunting behaviour. Secondly, the
proposed conceptual framework may not be complicated, but represents complex linkages
and interdependent components from underlying, proximate and most proximate drivers
and socio-ecological factors. The socio-ecological factors and drivers of illegal hunting
may be social, political, economic, psychological and ecological in nature. The linkages
and interdependence of components in the framework underscores the appropriateness of
basing the construction of the proposed framework on SES. The local hunters, as actors
in the framework, are influenced by factors such as underlying and proximate drivers of
illegal hunting, other socio-ecological factors and behavioural intentions to manifest illegal
hunting behaviour. Therefore, this proposed conceptual framework may provide further
understanding of how drivers of illegal hunting influence illegal hunting behaviour and
what components should be targeted when tackling illegal hunting.

4.4. Implications on Interventions and Persistence of Illegal Hunting in Africa

The findings of this study have practical implications on the effectiveness of inter-
vention measures and the persistence of illegal hunting in Africa. Firstly, the prioritised
and increased efforts of law enforcement [1,41,42] may not address the main driver of
illegal hunting by local hunters in Africa. Whereas the key driver of illegal hunting by
local hunters is the need for survival and sustaining livelihoods, the main intervention
measure is instead law enforcement. Local hunters who are motivated by the need to
survive and sustain livelihoods may not be deterred by law enforcement but continue to
hunt illegally by changing hunting tactics to those that are not easily detectable by law
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enforcement workers [45,46]. This is because law enforcement is used as a measure for
dealing with illegal hunting activities and not the drivers. Further, Milner-Gulland and
Leader-Williams [8] found that very high levels of enforcement deterred outsider-organised
hunters and not local hunters and reported that local hunters responded positively to
community schemes that provided employment for addressing poaching. The positive
response to community schemes is because it addressed the main driver of illegal hunting
among local hunters. Therefore, using law enforcement to address illegal hunting that
is mainly driven by the need to survive and sustain livelihoods among local hunters is a
mismatched intervention measure. Under these circumstances, illegal hunting by local
hunters may persist decimating wildlife in African protected areas.

Secondly, behavioural intention to hunt illegally has not been considered one of the
drivers of poaching, and therefore no specific intervention measures have been designed to
address it. Behavioural intention is a function of beliefs (behavioural or attitude towards
hunting, normative and perceived control) and are crucial in influencing illegal hunting
behaviour. People living in the same location and influenced by the same underlying and
proximate drivers may exhibit opposite behaviours (some hunting illegally and others
not hunting) owing to differences in their behavioural intentions towards illegal hunting.
Therefore, illegal hunting may have persisted in Africa due to lacking specific intervention
measures for addressing behavioural intentions to hunt illegally.

Thirdly, each identified underlying, proximate and most proximate (behavioural inten-
tion) driver provides the contextual bases for identifying relevant elements and designing
specific intervention measures against illegal hunting motivations. Each identified driver of
illegal hunting should be addressed by specific intervention measures to ensure poaching
is effectively tackled. Since prevalence levels of the drivers of illegal hunting are different,
as observed in this study, levels of efforts for intervention measures should be distributed
accordingly. However, the efforts and investments for addressing the most prevalent
drivers of illegal hunting, such as the need for survival and sustaining livelihoods, have
been left disproportionately less than those of law enforcement [41,42]. As a result, the
main driver of illegal hunting among local hunters may not be effectively addressed and
this may consequently facilitate the persistence of illegal hunting in Africa.

Fourthly, despite being the second most identified thematic driver of illegal hunting
among local hunters in Africa, cultural needs/significance, and particularly the cultural
constructions that shape values, attitudes, beliefs and norms towards wildlife in respective
contexts, are inadequately known and understood [37]. Inadequate data on and under-
standing of socio-cultural factors are major constraints in designing specific intervention
measures for addressing or mitigating the cultural needs/significance as a driver of poach-
ing. As such, intervention measures that are based on inadequate understanding are likely
to fail in addressing illegal hunting that is driven by the cultural needs/significance among
local hunters and may thereby contribute to persistence of illegal hunting in Africa.

Fifthly, the third most identified thematic driver of illegal hunting in Africa, the human–
wildlife conflict, is escalating globally because of competition for space and resources, such
as water and food, by wildlife and growing human populations and expanded cultivation
and livestock husbandry, which is influencing increased illegal preventative and retaliatory
killings due to crop and livestock depredation by wildlife [39,40,47]. However, efforts to ad-
dress human–wildlife conflict have been failing, as the level of the solutions does not match
the level of the problem, and they are usually not applied to scale and holistically [40]. The
escalating human–wildlife conflict is probably another reason contributing to persistence
of illegal hunting in Africa.

Based on the foregoing, we postulate that the persistent (and prevalent) illegal hunting
(and, implicitly, the illegal wildlife trade) by local hunters in or adjacent to African wildlife
protected areas may be associated mainly with two factors: the first factor is the preva-
lence of drivers of illegal hunting that are related to the need for survival and sustaining
livelihoods among local hunters. These drivers of illegal hunting include the need to
generate income, need for bushmeat consumption, lack of employment, poverty and the
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need for traditional medicine. As discussed earlier, the human–wildlife conflict may also
appropriately be included among drivers that relate to the need for survival and sustaining
livelihoods among local hunters. Secondly, the persistent illegal hunting by local hunters
in Africa is also probably associated with the prevalence of unaddressed or ineffectively
addressed drivers of illegal hunting. The unaddressed or ineffectively addressed drivers of
poaching in this regard relate mostly to the need for survival and sustaining livelihoods
among local hunters.

4.5. Limitations of the Study

The study did not consider hunters who were not living in nor adjacent to protected
areas and perceptions of local people or stakeholders who are non-hunters on what drives
local hunters to hunt illegally in areas. Therefore, the study may not provide further
understanding of whether perceptions of non-hunters on drivers of illegal hunting are
different to drivers indicated by local hunters. Consequently, the study may also not
determine whether surveying perceptions from non-hunters on drivers of illegal hunting
is valid for use in designing intervention measures. Another limitation is the exclusion
criterion for articles not published in the English language. This could have biased results
because there are countries in Africa with official languages that are not English. This
could have been mitigated by using translators for articles published in other languages.
However, it was assumed that numbers of articles published on the subject matter in
non-English languages were very small and it was observed in this study that there were
articles published in English from regions with non-English official languages. Furthermore,
another limitation of this study is that searches on Google Scholar databases retrieved more
articles than those on ScienceDirect databases; in particular, Google Scholar has limitations
for use as a single database search source [48]. Using both Google Scholar and ScienceDirect
would suffice for a scoping review which is an overview study where assessments for
quality and effectiveness assessment may not be required.

4.6. Future Directions

We recommend that comparable studies that consider hunters that live farther away
from protected areas and non-hunters who live in or adjacent to protected areas be con-
ducted to determine drivers and perceptions, respectively. The studies would compare
findings on drivers from these populations and determine if perceptions by non-hunters
are different from the experiences of local and distant hunters. Site-specific studies may be
conducted for testing, comparison and validation of the conceptual views reported in this
study. We also recommend for studies to enhance understanding of the identification of
the behavioural intention to hunt illegally, as the most proximate driver of illegal hunting,
and of how the adoption of intervention measures for addressing it affects illegal hunting
behaviour. Furthermore, we recommend that when designing intervention measures, it is
critical to ensure that measures are not designed to deal with superficial illegal hunting
activities, but the causes which are drivers of illegal hunting behaviour. Therefore, all
drivers of illegal hunting (including behavioural intentions to hunt illegally) should be
identified first and then specific intervention measures for each driver should be designed.

5. Conclusions

The problem of inadequate evidence-based information has led to ineffective and
restricted choices of intervention measures for tackling illegal hunting that is persistently
decimating wildlife populations in African protected areas. However, we believe this
study has contributed to enhancing understanding of illegal hunting and what motivates
people to hunt illegally. Firstly, the study identified behavioural intention to hunt illegally
as one of the 17 drivers of illegal hunting by local hunters in Africa, which hitherto had
not been considered a driver of illegal hunting by previous studies. Secondly, the study
conceptualised identified drivers of illegal hunting as proximate, underlying and thematic.
Consequently, the need for survival and sustaining livelihoods was conceptualised as the
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main thematic driver of illegal hunting in Africa, a narrative that is different from the one
that highlights poverty as a key driver. Thirdly, the conceptual framework suggested by
this study represents how drivers of illegal hunting influence illegal hunting behaviour
and provides a novel aspect that might enhance further understanding on illegal hunting
by local hunters in Africa. The findings of this study may be helpful to researchers and
conservationists in providing concepts, statistics and frameworks on drivers of illegal
hunting for application in identifying relevant variables for designing research projects,
intervention measures and strategies for tackling illegal hunting drivers and ensuring
sustainability in wildlife conservation.
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Supplementary Materials.
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Abstract: Cities’ green areas are fragmented patches and are often confined to smaller sizes than
the higher built-up proportions. Such small-sized green areas can be essential components of green
infrastructure to compensate for biodiversity loss. As a proxy to biodiversity, we studied birds in
nine small green area locations of Freiburg and eight area locations in Regensburg in Germany. We
investigated the neighboring green networks (distance to the nearest water body and another green
area) and landscape metrics (patch abundance and habitat heterogeneity at a 1 km radius) that might
benefit and explain bird richness and composition in small green areas. We found that the variations
in the observed species richness and composition at the surveyed locations were better explained
solely by green networks in Freiburg and by green networks and landscape metrics in Regensburg. In
general, it indicates that a small green area could be biodiverse if its spatial distribution considers a
nearby water body and other green areas, allowing a higher abundance of similar patches and habitat
heterogeneity in the neighborhood.

Keywords: park; urbanization; green infrastructure; Freiburg; Regensburg

1. Introduction

Urbanization is a long-standing phenomenon and can facilitate alteration in the natural
landscape, threatening biodiversity in cities. Due to this concern, sustainable city planning
integrating green infrastructure components is now an advancing concept [1]. Here, green
areas, such as parks, street trees, campgrounds, and golf courses are essential components
since they function as stepping stones and improve the connectivity of highly fragmented
habitats in cities [2,3]. These features are also recognized as habitat islands [4], facilitate
mobility and dispersal of urban species, and thereby benefit community composition. Thus,
urban green areas provide ecological benefits by supporting biodiversity beyond their
traditional functions for recreation and food sources for city residents.

It is well understood that larger green areas support greater species diversity in
cities [2,4–6]. Therefore, a green area size threshold of circa 3.5 ha is suggested, the point
below which species diversity declines [7,8]. Nevertheless, there is a usual trade-off in
planning and allotment of green areas’ extent in urban areas, which confines the size of
such patches. Given the consequences, it is essential to understand whether and how
a comparatively small-sized green area within an urban locality could still support bio-
diversity to some extent. In particular, studies are required to evaluate the role of the
surrounding landscape characteristics in the effectiveness of small-sized urban green areas,
such as community parks, street parks, and playgrounds, to inform urban biodiversity
planning [2].

Several studies elucidated biodiversity patterns, namely species-specific occurrences,
diversity, and composition patterns, within urban green areas [5,9,10]. It contributed to the
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understanding that species-specific responses may differ concerning urban environmental
factors in small green areas [11,12]. However, overall species diversity is generally shaped
by anthropogenic disturbances in the neighborhood. For example, species variety declines
due to the adverse effects of noise level, car intensity, pedestrian movement, and built-up
proportions, whereas it improves with the increasing amount of green area and native
vegetation complexity [3,5,9,11–14]. In contrast, the understanding of how surrounding
landscape factors might benefit biodiversity patterns in small urban green areas (i.e., are
usually highly fragmented) is still unclear.

In this study, we focused on birds (as a proxy to biodiversity) in small urban green areas
of two European cities, Freiburg and Regensburg, in Germany. Birds are one of the most
widely studied taxa in urban ecology [15–17]. Since birds respond to any environmental
change quickly and are easy to observe, avian diversity can be an excellent indicator of
city biodiversity [18–20]. Furthermore, higher avian variety represents better urban habitat
status and indicates greater recreational experiences for local people in green areas [21].

Here, we aimed to understand the contribution of neighboring landscape factors that
likely benefit birds and explain variations in species richness and composition in small-sized
green urban areas. Bird diversity has been shown to decline in highly built-up areas [10],
however, increases in the presence of green areas and higher habitat diversity [5,9,22].
On this basis, we hypothesized that a network of ecologically important habitat patches
(hereafter, a green network), such as other green areas and water bodies nearby, allows
birds to make use of small green areas. Furthermore, Freiburg and Regensburg have a long
history of spatial planning for greenery within cities [23,24]. This planning might have
allowed a higher amount of well-planned small green patches (i.e., isolated units outside
the forest and large green areas) and improved the quality of habitats for birds within cities.
Therefore, we further hypothesized that the landscape metrics at the local scale, specifically
a higher abundance of comparable patches (i.e., serving as stepping stones) and habitat
heterogeneity (i.e., representing habitat quality) at a 1 km radius, enhance bird diversity in
a small-sized urban green area.

2. Methods

2.1. Study Sites

In this study, we considered nine small green area locations (i.e., street parks, campus
yards, and playgrounds) in Freiburg and eight in Regensburg in Germany (Figure 1). All
were fragmented habitat patches (isolated from core green areas, i.e., forests) located in and
near built-up areas. The selected green area locations were approximately > 700–1000 m
far from each other in both cities. The average size of the green areas in Regensburg was
0.733 ± 0.51 ha, while Freiburg was 0.38 ± 0.16 ha.

Freiburg is located in the south of Baden-Württemberg and has approximately 230,000
inhabitants. The city area is 15,307 ha and comprises 6530 ha of forest and 664 ha of sports,
leisure time, and recreational spaces [25]. Regensburg is in the east of Bavaria and has
approximately 160,000 inhabitants. The city’s 8070 ha area includes 467 ha of forest and
268 ha of recreational, sports, and leisure time places [26]. Both Freiburg and Regensburg
are medium-sized (based on population estimate) and share a resemblance in the spatial
configuration of different landscape features (i.e., crossed by a river). Moreover, both
cities are unique, with more than 50% greenery within the city boundary [27,28] and are
considered “green cities” with a background in spatial city planning towards sustainable
growth [23,29].
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Figure 1. The map shows selected small green areas and bird survey locations in Freiburg and
Regensburg. An example of one small green area is shown on the right side. Here, (A–C) displays
the neighboring landscape factors of the small green area considered in this study. Image (A) shows
the variables of green networks (i.e., distance to the nearest other urban green area and water
body). The following images in (B,C) show variables of landscape metrics at a 1 km radius of the
surveyed location. (B) shows the different types of green fragments (grid cells of 110 m × 110 m),
from which abundance of small ‘patch’ units (i.e., comparable to studied small green areas) is
considered, and (C) shows the measure of habitat heterogeneity (habitat Shannon metric). The
projected coordinate systems used in the map were WGS_1984_UTM_Zone_32N for Freiburg and
WGS_1984_UTM_Zone_33N for Regensburg.

2.2. Bird Survey

In both cities, we considered the centroid location of each selected small urban green
area for a bird survey. We surveyed birds following a point count method [30] and docu-
mented all species spotted at the location within a 50 m radius for 10 min. In Regensburg,
each location was visited four times during March–April 2021. In Freiburg, each site was
visited twice during July–August 2018. All field visits were carried out during the early
four hours in the morning by two observers on non-consecutive days.

From the bird survey data, we measured two response metrics for each of the green
area locations in both cities: bird species richness (total number of observed species), species
composition (sites-by-species data, i.e., number of individuals of each observed species at
each specific surveyed location).

2.3. Explanatory Variables

We investigated bird species richness and composition in small green areas in relation
to four explanatory variables representing landscape factors [31].

Within the urban matrix, urban green areas and water bodies are crucial habitat
features. Thus, we measured two proximity variables representing the green network at
the surveyed location—(i) distance to the nearest another urban green area (DUG) and
(ii) distance to the nearest water body (DW) (Figure 1). We measured the distance from the
centroid of the small green areas to the nearest urban green water features from the ‘Urban
Atlas 2018′ vector map dataset [32,33] using the tool ‘Near’ in ArcMap 10.8.1.
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Next, we measured two landscape metrics at a 1 km radius buffer scale extent of the
surveyed location—(iv) habitat Shannon metric (HS) to represent habitat heterogeneity and
quality at the bird surveyed location, and (v) the total number of ‘patch’ units (hereafter,
patch abundance; PA) to represent the amount of isolated habitat parallel to our selected
small green areas in the neighborhood [31] (Figure 1).

HS is the measure of diversity in the ‘Enhanced Vegetation Index’ (i.e., variety in
vegetation concentration) and extracted from the “Global Habitat Heterogeneity” raster
dataset (resolution ~1 km) [34]. PA represents the number of fragmented small patches
that have no core green area (i.e., no small, medium, or large forest tracts along with an
outside edge of 110 m from the nearest urban pixel) [35]. To identify such patches, we
used the tool ‘Landscape Fragmentation’ (Center for Land use Education and Research;
www.clear.uconn.edu) that is installed in ArcMap 10.8.1. We considered a classified binary
image of forest-no forest developed from the ‘Land Cover map’ data of CGLS-LC100 [36];
we assumed an edge width of 110 m and urban areas as fragmenting land cover. It provided
rasterized landscape fragmentation map data for each city with attributes of different types
of forest fragments: patch, edge, perforated, core [35]. For our analysis, we extracted the
total number of ‘patch’ grid cells (~110 m × 110 m) at a 1 km radius buffer of the surveyed
locations. We considered only the data of the unit ‘patch’ [31] (Figure 1), since it was the
most available type of green fragment within a 1 km radius of the surveyed locations.
Moreover, we intended to understand if bird diversity and their composition observed at
the small urban green area locations can be explained by a higher abundance of similar
type patches in the neighborhood.

Further, it is well known that bird richness commonly declines with increasing imper-
viousness [17,37–39], however, higher bird richness is associated with larger-sized green
areas in urban areas [4,9]. Therefore, besides the four explanatory variables, we used
associated green area size and the proportion of impervious surface as the control factors
during the model assessment of bird species richness.

2.4. Analysis

We investigated which variables of green network and landscape metrics in the neigh-
borhood of small green areas better explained observed bird richness (number of species)
through regression modelling and species composition (sites-by-species individual number)
through variance partitioning assessment. We applied the analysis approach similarly to
Regensburg and Freiburg. All data analyses were performed in the statistics program R,
version 4.0.1 [40], and RStudio, version 1.2.5033 [41].

2.4.1. Modelling

We applied linear regression models to fit bird species richness (i.e., our response
variable) with different explanatory variables. Bird species richness was log10-transformed
to achieve normality in the case of Freiburg.

A preliminary investigation on modelling of bird richness with explanatory variables
using the function ‘lm’ and ‘glm’ (with ‘Poisson’) (package MASS) [42] did not show a
significant change in the model fits in the case of Regensburg. The model fit with ‘lm’ was
also appropriate in the case of Freiburg. Hereafter, we used the ‘lm’ function in our model
assessment for both cities. Further, we checked VIF (variance inflation factor) (package
‘car’) [43] to ensure no multicollinearity issue was present in the models (i.e., VIF < 0.4) [44].

In our study, bird richness at a survey location was strongly correlated (0.52) with green
area size in Freiburg and with the built-up proportion (−0.59) in Regensburg. Therefore,
our first generated model included only green area size (in the case of Freiburg)/built-up
proportion (in the case of Regensburg), considering the relevant most correlated variable as
the control factor. In the next models, we selected and added another variable distinctively
from HS (habitat Shannon metric), PA (patch abundance), DW (distance to the nearest water
body), and DUG (distance to the nearest urban green area). Here, we partially followed
hierarchical regression and gradually entered a new variable into the first generated model
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to observe the change in explained variation. Due to the low sample size and to avoid
multicollinearity, we allowed a maximum of two variables in each of the models and did
not include any interactions of the predictors.

We majorly inspected if the addition of any variables of the green network and land-
scape metrics improved our first model’s ability to explain bird richness at the surveyed
locations within small green areas. Moreover, we contrasted all generated models using
the function ‘model.sel’ (package ‘MuMIn’; [45] and examined the coefficient parameters,
change in the AICc value, and AICc weight.

2.4.2. Variation Partitioning

Our following analysis included an assessment of the partitioning of the effect of
four selected variables on bird species composition—HS (habitat Shannon metric), PA
(patch abundance), DW (distance to the nearest water body), and DUG (distance to the
nearest urban green area). We performed this assessment on bird species composition for
Freiburg and Regensburg individually. Specifically, we investigated how much variation
in the bird species composition data observed at the small green area locations within
the cities is explained by the specific or combined variables. For this, we conducted a
‘variation partitioning’ assessment [46] with redundancy analysis, using a site-by-species
table (abundances of each observed species at a specific surveyed location) as the response
matrix. In this assessment, we used the function ‘varpart’ of the R package ‘vegan’ [47].

3. Results

We documented a total of 329 individuals of 21 species of birds in Freiburg and 539
individuals of 28 species in Regensburg during our survey (Supplementary Materials—
Tables S1 and S2). In both cities, the majority of the birds observed at the locations within
small green areas were medium to highly common species (i.e., following [48,49]).

3.1. Modelling

Our generated models of bird species richness did not include any issue of multi-
collinearity. The first generated model, which included the variable GA in the case of
Freiburg and IS in the case of Regensburg, contained the lowest AICc value and highest
AICc weight (Table 1).

In the case of Freiburg, the explained variation (R-squared) in the first model was 23%
which increased by 4% when DW was added. The changes in the R-squared value were
negligible in other models. No variables with significant values were retained. Although,
the coefficient parameters indicated a negative effect of the distance to water body on bird
richness at the observed sites in small green areas (Table 1).

In the case of Regensburg, the explained variation in the first model was 34% which
noticeably improved by 22% when DG was added and by 14% when PA was added. Again,
no variables with significant values were retained. However, the coefficient parameters
indicated a negative effect of DG and a positive effect of PA on observed bird richness at a
1 km radius at the surveyed locations within small green areas (Table 1).

3.2. Variation Partitioning

Our further assessment, through variation partitioning with redundancy analysis,
presented a partition of the influences of a green network (DW and DUG) and landscape
metrics (PA and HS) on bird species composition. The results showed that the variation in
bird species assemblage at the surveyed location explained by variables of a green network
(46% by DUG and 40% by DW) was higher than any other single or combined variables
in the case of Freiburg (Figure 2). While in the case of Regensburg, the variations in bird
species composition were marginally explained by the sole effect of each variable. Only
the combined effects of different variables were visible. Variation in species composition
in small green areas was better explained by PA (14%) in combination with HS (i.e., habi-
tat heterogeneity at a 1 km radius). Moreover, the explained variations in bird species
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composition by DW (12%) and by DUG (12%) in combination with HS were noticeable
(Figure 2).

Table 1. A comparison of models’ coefficients and explained variations in bird species richness in
the case of Freiburg (A) and Regensburg (B). In both cases, the first generated model contained the
lowest AICc and is marked in italics. Here, Δi is the change in AICc and wi is the AICc weight.
The model showing the highest explained variation based on R-squared (R2) value is marked in
bold. Bird species richness was log10-transformed during modelling in the case of Freiburg. Here,
GA = green areas size, IS = impervious surface, HS = habitat Shannon metric, PA = patch abundance,
DW = distance to the nearest water body, DUG = distance to the nearest other urban green areas.

(A). Case of Freiburg

Models (Int) GA DG DW HS PA AICc Δi wi R2

~GA 0.76 0.06 −6.4 0.00 0.892 0.23
~GA + DW 0.76 0.05 −0.02 0.3 6.76 0.030 0.27
~GA + DG 0.76 0.05 −0.01 0.6 7.04 0.026 0.25
~GA + HS 0.76 0.06 0.01 0.7 7.07 0.026 0.25
~GA + PA 0.76 0.06 0.01 0.7 7.13 0.025 0.24

(B). Case of Regensburg

Models (Int) IS DW DG HS PA AICc Δi wi R2

~IS 12.37 −1.5 45.2 0.00 0.91 0.35
~IS + PA 12.37 −1.08 1.28 51.3 6.05 0.04 0.57
~IS + DG 12.37 −1.23 −0.99 52.7 7.43 0.02 0.49
~IS + DW 12.37 −1.40 −0.33 54.4 9.15 0.01 0.36
~IS + HS 12.37 −1.56 −0.09 54.6 9.32 0.01 0.35

Figure 2. Partitioning of the effects of explanatory variables on bird species composition. The four
variables used are HS (habitat Shannon metric), PA (patch abundance), DW (distance to the nearest
water body), and DUG (distance to the nearest urban green area). HS and PA represent landscape
metrics, and DW and DUG represent green networks in the vicinity of a small green area. The
rectangular boundary represents the total variation in the avian species composition data. The
numerals and their placement within the circles represent the portion of variation (i.e., the value of
‘adjusted R.square’) explained by specific explanatory variables or combined variables.

4. Discussion

In this study, we inspected how the neighboring green network and landscape metrics
explain species richness and composition of birds (as a proxy for biodiversity) in small
urban green areas of two green cities in Germany—Freiburg and Regensburg. Our model
assessment in Freiburg suggested that the proximity (distance) to the water body along
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with the usual positive effect of the associated green area size better explained bird species
richness at the surveyed locations. It indicated that small green areas that were spatially
located nearby a water body consisted of higher bird richness in Freiburg. In the case
of Regensburg, patch abundance at a 1 km radius along with the usual greater negative
effect of imperviousness explained bird species richness better at the surveyed locations. It
pointed out that small green areas which contained a higher abundance of similar green
‘patches’ at a 1 km radius supported bird richness in Regensburg.

Our further assessment of the partitioning of the explained variation in bird species
composition by the green network and landscape metrics variables indicated two alternate
neighborhood settings of small green areas. In Freiburg, variables of the green network
were influential; thus, variations in bird species composition in small-sized green areas were
better explained by the sole effects of proximity to other ecologically important habitat areas
(i.e., another green area and water body). In Regensburg, however, the highest explained
variation in bird species composition was by the combined effect of landscape metrics
(i.e., habitat heterogeneity and patch abundance) at a 1 km radius of small green areas.

Within cities, small-sized green areas, such as pocket parks, gardens, or playgrounds,
are ecologically different components of green infrastructures since vegetation cover within
these areas is entirely altered by human interventions. These green areas are spatially
separated habitat patches and are often compared with islands since they are isolated from
the core green area/forest area. Such patches can be crucial for animals, such as birds
that are highly mobile [11]. Here, our results in Freiburg indicated that the presence of a
nearby other urban green area and water body might improve the variety of birds and
their composition. This is reasonable, however, since these features serve as refugia by
providing shelter, nesting sites, and food [50,51]. In Regensburg, our results supported the
fact that the presence of higher habitat heterogeneity (i.e., variety in complex vegetation
structures) and an increasing quantity of green patches—as far as possible on a local scale
(1 km radius)—might improve neighborhood habitat quality for bird species richness and
composition [52,53]. The green patches may also vary in accessibility, depending on the
width of surrounding roads as well as traffic volumes, which have been shown to influence
the number and species composition of birds crossing the roads [54,55]. Thus, neighboring
landscape configuration may help to improve the functionality and connectivity to promote
the existence of different species in fragmented small green areas [56–59].

In our study, rare bird encounters were underrepresented at the surveyed small green
area locations. This might be due to the fact that generalist bird species already replaced
specialist birds in green areas within cities (i.e., due to avian homogenization) [52,60,61].
However, our study of limited duration (i.e., only one seasonal survey) cannot provide
a solid understanding of this aspect. The purpose of our study was to assess patterns in
species richness and composition in small green areas in relation to neighboring landscape
factors. It did not aim to obtain a complete species checklist, which requires multiple years
of consistent surveying.

Our study provides insights into the effects of only local scale neighboring landscape
factors, which are fundamental and influential in enhancing birds’ mobility and presence
in an urban area [17,21]. However, local scale avian diversity can also be associated with
green networks and landscape metrics at a broader spatial scale since birds are highly
mobile [16,62]. In addition, existing studies have found that anthropogenic disturbances
such as daytime noise levels and pedestrian movement can also influence species occurrence
and composition, as well as the dominance of native versus invasive species in urban
areas [12,62,63].

The high conservation value of small green patches is only recently recognized for
species diversity conservation [64]. In this paper, we targeted to support that neighboring
landscape factors explain species richness and composition in small-sized green areas
within cities. A preliminary investigation was first conducted in Freiburg and later repli-
cated in Regensburg. We presented both case assessments to explain the individual city’s
scenario better. However, the interpretation of our results requires some caution, since
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our analysis was based on limited-scale studies in two cities. Further, we could not per-
form the assessment considering a combined dataset due to the cautiousness of sampling
effort variability between the cities. Birds were surveyed during the breeding season in
Regensburg and during post-breeding into the migration season in Freiburg. The influ-
ence of green networks and landscape metrics on bird diversity and species composition
could be different at different times of the year, as shown in other studies [65,66]. A clear
understanding of how species-specific use and preference for green infrastructure features
differ between seasons, and how such circumstances change throughout the year, would
be worth exploring in the future.

‘Conservation’ usually targets threatened animals and natural habitats, such as forest
areas or large-sized green areas [67]. In contrast, small-sized urban green areas within
cities are mainly considered for recreational use by humans with little or no clear target for
biodiversity. However, the green area management planning in Freiburg and Regensburg is
exceptional. Freiburg’s effort to maintain its green spaces concerning natural and ecological
principles trace back more than 20 years [24]. Regensburg has also been implementing spa-
tial development planning to improve the urban greenery system concerning its suburban
areas and natural and cultural heritage [23]. At the regional level, there is again a long
history of bird conservation action networks as part of the European Union [68]. Despite
a remarkable similarity in urban greenery and its management between the two cities,
we observed that different variables of green networks and landscape metrics and their
composition effectively explained variations in species composition in small green areas
of Freiburg and Regensburg. A broad-scale study (i.e., with a higher amount of sampling
sites) would be necessary to assess if the difference in the landscape factors’ effects is valid
and whether a variation in variables’ effect on species composition in small green areas
actually correlates with city-specific planning.

Nevertheless, our study indicates that landscape metrics of habitat quality (i.e., the
higher number of patches and heterogeneity in complex vegetation structure) and a green
network (i.e., the proximity of other green areas and water bodies) in the neighborhood can
be fundamental to maintain species richness and composition in small green areas. It might
ultimately contribute to strengthening the green infrastructure system in urban localities to
support overall biodiversity within a city.
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Abstract: Proxies and indicators to monitor cumulative human pressures provide useful tools to
model change and understanding threshold pressures at which species can persist, are extirpated, or
might recolonize human-impacted landscapes. We integrated modelling and field observations of
human pressure variables to generate a site-specific, fine scale Human Footprint Pressure map for
39,000 km2 of rangelands at the Kafue–Zambezi interface—a key linkage in the Kavango-Zambezi
Transfrontier Conservation Area. We then modelled Human Footprint Pressure against empirically
derived occurrence data for lion (Panthera leo), leopard (Panthera pardus), and spotted hyena (Crocuta
crocuta) to generate Human Footprint Pressure threshold ranges at which each species were persisting
or extirpated within ten wildlife managed areas linking Kafue National Park to the Zambezi River.
Results overcame many limitations inherent in existing large-scale Human Footprint Pressure models,
providing encouraging direction for this approach. Human Footprint Pressure thresholds were
broadly similar to existing studies, indicating this approach is valid for site- and species-specific
modelling. Model performance would improve as additional datasets become available and with
improved understanding of how asymmetrical and nonlinear threshold responses to footprint pres-
sure change across spatial-temporal scales. However, our approach has broader utility for local and
region-wide conservation planning where mapping and managing human disturbance will help in
managing carnivore species within and without protected area networks.

Keywords: carnivores; Kavango-Zambezi Transfrontier Conservation Area; connectivity

1. Introduction

Humanity’s impact on the planet stretches from the deep ocean to mountaintops, man-
ifesting through direct demands on natural resources and indirect effects of these demands
on wider global systems [1,2]. The wide-ranging implications of increasing spatio-temporal
resource demands lead to loss and fragmentation of key wildlife habitats [3,4], constraining
species movement [5] and resulting to the reduction and extinction of wildlife populations
at multiple scales [6–8]. While the decline in human pressures on natural system is pre-
senting new opportunities for rewilding and carnivore conservation throughout much of
continental Europe [9], many of the world’s developing regions supporting large tracts of
existing wildlife habitat and high levels of biodiversity [10] are experiencing intensifying
spatio-temporal human pressures in and around protected areas [11,12]. Increased human
resource demands in these areas are also impacting conservation efforts and political sup-
port for the maintenance and expansion of wildlife-based land uses and wildlife economies
at regional, national, and transboundary scales [13,14].
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Attempts to capture these anthropogenic pressures include the Human Footprint
Pressure which takes into account inter alia population growth, the expansion of built
areas and settlement, transport infrastructure and linkages, agropastoralism, and extractive
industries [15]. Significant Human Footprint Pressure often results in profound and com-
plex effects impacting the structure and function of ecosystems, including changes to key
resources driving socioecological system productivity and resilience [16] and livelihood
opportunities for communities residing within them [17]. Furthermore, elevated Human
Footprint Pressure decreases structural and functional connectivity between wildlife man-
aged areas for many species of conservation concern [18].

Existing Human Footprint Pressure analyses have traditionally been generated at
relatively low resolution to provide overviews and indicators of Human Footprint Pressure
at global scales [17,19,20]. Increasingly, the focus of Human Footprint Pressure is shifting
to consider its utility as a proxy or predictive indicator for measuring and understanding
finer scale impacts on species and processes, including studies on species movement [5],
behaviour [21], extinction risk [22], range use [23], and more broadly as a conservation
planning tool [24]. These approaches seek to overcome many of the questions and limita-
tions surrounding data availability, accuracy, and resolution posed by conventional coarser
scale multivariate models.

Generating site- and species-specific Human Footprint Pressure models that can be
used as a proxy or indicator of species-level habitat suitability and sensitivity to human
pressure can aid our understanding of thresholds at which species persist, are extirpated,
or are likely to recolonize both protected and non-protected areas, leading to improved
application of conservation science in management [25]. However, beyond large scale
assessments [22], these tools are poorly understood and developed owing chiefly to an
absence of integrated fine-scale remote sensing and in situ data, precluding appropriate
accuracy and resolution [26].

The Kavango-Zambezi Transfrontier Conservation Area (KAZA TFCA, hereafter
KAZA) in central Southern Africa seeks to promote connectivity between clusters of
wildlife managed areas at the interface of five neighboring countries. Connectivity at the
species and scale of interest are poorly studied within and between many of the proposed
landscape-scale linkages in KAZA [27], but with human pressure increasing throughout the
region [11,28], there is a need to understand how Human Footprint Pressures are impacting
connectivity for key species of interest throughout core linkages. The large carnivores
exert significant top-down influence on ecosystems, imparting strong regulatory pressures
driving ecosystem structure and function [29,30]. They are highly susceptible to direct and
indirect human activities including (legal and illegal) hunting, reduction of wild prey, and
habitat fragmentation and loss [6,31]. Large carnivores are also a key asset for the devel-
opment of wildlife economies [32], and have been identified by the KAZA programme as
target species for conservation action, including the stabilization and growth of populations
in key habitats, and maintenance of secure and active connectivity pathways between
core wildlife managed areas [33]. In concert, these factors highlight large carnivores as
appropriate target species against which to model Human Footprint Pressure.

The current study examines the effect of Human Footprint Pressures on the distribution
of three emblematic carnivores, namely: lion (Panthera leo), leopard (Panthera pardus),
and spotted hyena (Crocuta crocuta). It aims to generate site-specific, fine scale maps of
Human Footprint Pressure to (1) test the validity of this approach for predicting species
occurrence and (2) explore if this approach can determine discernible Human Footprint
Pressure thresholds at which target species persist or are extirpated at the wildlife managed
area scale.

2. Materials and Methods

The study area, which is the Kafue–Zambezi interface, covers central part of KAZA.
The KAZA extends over c. 520,000 km2 of central Southern Africa, spanning the borders
of Angola, Botswana, Namibia, Zambia, and Zimbabwe, centered around the Kavango
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and Zambezi River basins (Figure 1) [34]. The KAZA landscape incorporates a network of
~70 protected areas in accordance to the International Union for Conservation of Nature
(IUCN) in the categories I–VI and Not Reported categories [35]. These protected areas
are characterized by a wide spectrum of investment and management effectiveness [36].
Spatial, connectivity between these protected areas has been identified as one of KAZA’s
central objectives [34].

Kafue National Park and surrounding protected areas, collectively known as the
Greater Kafue System, represents KAZA’s major northern cluster (Figure 1) and Zambia’s
majority contribution to the KAZA Programme [34]. Connectivity between Kafue National
Park and adjacent protected areas, centered on Chobe National Park and East Zambezi Re-
gion in Namibia, is contingent on movement across eight partially and nominally protected
areas plus an adjacent open Communal Areas identified by Lines et al. [37], as potentially
important for corridor planning. In concert, these areas span ~13,000 km2, extending
140–170 km from the Kafue National Park border south-southwest towards the Zambezi
River at the confluence of Zambia, Namibia, and Botswana [38].

 

Figure 1. The Kavango-Zambezi Transfrontier Conservation Area landscape, indicating study area,
clusters of wildlife managed areas (WMAs) and their degrees of protection. Protected = National
Parks; IUCN II; Partially Protected = IUCN III-VI; Nominally Protected = IUCN Not Reported
(adapted from [39]).

The landscape is historically, and still remains, characterized by dynamic spatiotem-
poral human pressures, though few data on the areas’ wildlife and human population
are available prior to the 1960s [38,40]. Much of the study area was sparsely settled until
the development of a railway from Livingstone to Mulobezi from 1923 to 1924 to exploit
the region extensive tracts of Zambezi teak forest (Baikiaea plurijuga). Access to formerly
remote areas had profound impacts on its people and wildlife [41]. Southern areas around
Simalaha, bordering the Zambezi River, were heavily depopulated during the 1966–1990
Angolan War, and thereafter increasing numbers of agro-pastoralists have settled this
landscape (Yeta, pers comms), significantly increasing human pressures [38]. Systematic
censuses from 2000 onward indicate Districts with boundaries intersecting the study area
have experienced annualized population growth of ~2.8%, with an average population
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density of ~4.5 people/km2 [40]. However, these larger scale surveys hide significant finer
scale variation.

2.1. Generating Human Footprint Pressure Maps

Early Geographical Information System-based versions of the Human Footprint Pres-
sure sought to build on the concept of Ecological Footprint mapping [42], utilizing avail-
ability of new Earth observation data sets and advances in satellite imagery capabilities
covering human activities and the physical world, including land use and cover, transport
linkages and human population density. This increase in resolution facilitated the develop-
ment of geographical proxies for inferring variation in global human influences believed
to have the most important direct pressure on wildlife [15]. Based on previous efforts,
Venter et al. [17] extended the methodology of aggregating pressure scores at a global 1 km2

resolution, based on long-term datasets, to generate updated Human Footprint Pressures
and trends over time. Sanderson et al. [15] and Venter et al. [17] assign pressure scores to
anthropogenic land-uses or activities. They integrate individual human pressure layers
into a GIS for a composite human footprint pressure layer. While the Kafue–Zambezi
landscape lacks long term datasets from which to derive trend data, our reworking of the
Sanderson et al. [15] and Venter et al. [17] methodology sought to integrate the highest
resolution data sets currently available for the landscape to generate outputs at two orders
of magnitude finer scale. Details on the layers employed, spatial resolution and pressure
scores adopted in the current study are shown in Table 1 and in the paragraphs below. Due
to lack of pastureland data availability, this particular human pressure was omitted from
this study.

Table 1. Human Pressure Variables and Scoring used in the current study.

Variable Pressure Score Source
Spatial

Resolution
Details

Settlement 0, 10 [43] 30 m All settled areas mapped given score of 10
Population Density 0–10 Continuous [43] 30 m Pressure score = 3.333 × log (population density + 1)

Roads 8 Direct impacts
0–4 Indirect impacts PPF 10 m Direct pressure score of 8 for 500 m either side of road,

exponentially decaying out to 4 at 15 km
Railways 0–8 PPF 10 m Direct pressure score of 8 for 500 m either side

Navigable Water 0–4 PPF 10 m Pressure score of 4 exponentially decaying out to 15 km
Arable 0, 7 [37] 10 m All areas mapped as crops given score of 7

Night Lights/NTL 0–9 [44] 100 m Pressure score = 3.333 × log (NTL + 1)

Scoring of individual human pressure variables follows the same approach of Sander-
son et al. [15]. Since more than one pressure variable may be present in a particular location,
the maximum score, when all variables are present to their maximum scores, results in a
pressure score of 43.8.

1. Settlement data was derived from Bonafilia et. al. [43] at 30 m resolution. All pixels
overlapping settlement areas were given a pressure score of 10 representing the
highest level of direct pressure (implying settled area were unsuitable for wildlife),
with all other pixels given a score of 0.

2. Human Population Density data was unavailable at sufficiently fine scale for the
landscape to include as a stand-alone data layer. Given the largely homogenous nature
of settlement throughout the area (an absence of large multi-story buildings and dense
conurbations versus ubiquitous single-story concrete block and tin buildings with
scattered adobe and grass huts throughout rural area (Lines, pers obs)), we calculated
average population density for the study area from the district scale data using 2019
population projected data [40]. Assuming that the total population of a district exists
within the area of settlements, the total population was divided with the total area
occupied by settlements, to provide their average population density. We then applied
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the log formula employed by Venter et al. [17] for scarcely populated areas (Table 1).
The calculated score was applied to all pixels that constitute part of a settlement.

3. Roads, acquired by the Peace Parks Foundation (PPF), constitute both a direct and an
indirect human pressure. They reduce the extent of suitable habitats and the degree
of habitat fragmentation while at the same time they are associated with increased
traffic-induced mortality [45]. The indirect impacts are associated with the increased
accessibility to wild areas ensured by a dense road network.

4. The same approach adopted by Venter et al. [17] for scoring the human pressure
associated with roads was adopted in the current study. A pressure score of 8 was
assigned to all pixels in a distance of 0.5 km either side of roads, indicating high direct
human pressure. A pressure score of 4, exponentially decaying out to 15 km, was
assigned to pixels in a distance longer from 0.5 km either side of the roads up to
15 km away, indicating lower indirect pressures as distance from the roads increases.
The threshold of 15 km was set as it represents the approximate distance a person
might reasonably access on foot within a day. A vector roads layer, provided by Peace
Parks Foundation (unpublished data), including major tar and secondary dirt roads
linking settlements, formed the baseline for the generation of the roads raster layer at
a spatial resolution of 10 m. Tertiary dirt tracks were omitted from the analysis due to
their dynamic nature and inconsistent mapping. The range of pressure scores varied
between 0.25 at a distance of 15 km from roads to 8 for pixels next to roads.

5. Railways, acquired by the PPF, represent direct drivers of habitat conversion and
conduits of human access into wildlife areas similar to roads. Since passengers
cannot commonly disembark at will, indirect effects away from the railway line are
considered minimal. Following Venter et al. [17], we gave railways a direct pressure
score of 8 for a distance of 0.5 km either side of the railway using the same method as
for roads.

6. Navigable Waterways, acquired by the PPF, like roads, provide direct access to wildlife
habitats along the waterway, and indirect access in periphery areas. The Zambezi
River is the only permanent navigable waterway in our study area, and following
Venter et al. [17], we assigned a pressure score of 4 to pixels adjacent to the river,
exponentially decaying out to 15 km.

7. Arable land throughout the Kafue–Zambezi interface is characterized by majority
maize and pulses cultivated using the traditional Chitemene low input, rain fed,
slash and burn farming method [46]. Arable land cover classifications are considered
by Venter et al. [17] to provide intermediate disturbance to wildlife though direct
reduction of wildlife habitat.

8. The arable land was extracted by a land cover map produced by Lines et al. [37] using
a mosaic of 24, geometrically and atmospherically corrected, Sentinel 2 images in
an Object Oriented Image Analysis environment. The land cover map had a spatial
resolution of 10 m and an overall classification accuracy of 91.6% [37]. A pressure score
of 7 was assigned to all pixels covered by arable land and 0 to all other pixels [17].

9. Night-time light infrastructure, while sparse and of low intensity throughout much
of our study area, is considered a direct human pressure limiting wildlife through a
range of negative impacts [47].

10. The “vcm-orm-ntl” (VIIRS Cloud Mask—Outlier Removed—Night-time Lights) an-
nual average layer was used [44], for generating the respective pressure layer. Pixels
with a value of 0 (no light) were assigned the value of 0 in the generated layer. For all
other pixels, following Venter et al. [17], we applied the same log formula used for
pop density (Table 1) resulting in pixels with scores ranging from 0 to 8.971.

11. Aggregating the layers: All generated layers were added to generate an aggregate
layer indicating for each pixel the total Human Footprint Pressure. Before aggregation
all layers generated at a spatial resolution coarser than 10 m were resampled to a
spatial resolution of 10 m. The resolution of 10 m was adopted for this analysis,
because it corresponds to the resolution of the land cover data and it is the finest
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among all data. While the resampling to a finer resolution does not affect the quality
of data provided at coarser resolutions, a resampling of fine resolution data to a
coarser resolution would probably result to information loss. The aggregated Human
Footprint Pressure layer was used as the single explanatory variable in a habitat
suitability modelling analysis.

2.2. MaxEnt Habitat Suitability Modelling

Following the methods described in Lines et al. [37], habitat suitability maps for
lion, leopard, and spotted hyaena were generated using MaxEnt [48] which performs
well compared to other modelling techniques using presence only data [49], and has been
repeatedly used to model large carnivores distribution [50–53]. We present the modelling
briefly below, and refer to Lines et al. [37] for more details.

We incorporated empirically generated occurrence data from Lines et al. [38]. In total,
102 × 4 km transects, optimized for site conditions, were surveyed on foot three times by
the author and two experienced local trackers from the safari hunting industry, amounting
to 1224 km of spoor transects during the dry season of May–October 2015, based on a
pilot study to determine optimal sampling effort to detect target species and cover the
landscape in a single field season. To account for sampling bias, we spatially rarefied
occurrence records for all species by thinning (using a 500 × 500 m pixel-size grid of the
area). In total, 43 occurrence records were used for lions, 84 for leopards, and 78 for spotted
hyenas. Data we split into two sets, a training (70%) and a testing (30%) set for all species,
10,000 thousands background points were randomly selected as pseudoabsence data, and
50 iterations were run for all species. We used receiver operating characteristic area under
the curve for evaluating the models’ efficiency (ROC AUC). While we sought to incorporate
occurrence data for the entire extant large carnivore guild known from the Greater Kafue
System, sample sizes were too small for cheetah (Acinonyx jubatus) and African wild dog
(Lycaon pictus) to include in final analyses. The predictor variable modelled against single
occurrence was the aggregated human footprint.

An additional analysis was undertaken to investigate Species Sensitivity to Human
Footprint Pressure. The relationship of large carnivores to changing Human Footprint
Pressure is well established at the global scale [23,54]. However, application of this rela-
tionship towards an understanding of thresholds at which species occur, locally extirpate,
or might recolonize is poorly developed, irrespective of its clear utility as a conservation
tool [24]. In order to identify the thresholds of Human Footprint Pressure, at the wildlife
management area scale, above which the species do not occur we calculated the mean
Human Footprint Pressure for each protected area. The resulted scores were examined
against the derived occurrence data for lion, leopard, and spotted hyena, then compared
outputs against species-scale relative sensitivities to extinction from Di Marco et al. [22],
and the ranking of sensitivities to localized extirpation following Riggio et al. [31].

3. Results

Figure 2 indicates areas of high to low human pressure, with notable areas of highest
pressure around Sesheke/Katima Mulilo in the southwest, along the Zambia/Namibia
border following the east-west tar road, along much of the Zambezi River and in the cen-
tral/eastern areas dominated by access roads, settlements, and agricultural development.
Broadly, settlement and agricultural development is widespread throughout the landscape,
concurrent with the formal and informal road network. Areas of low apparent human
pressure include Kafue National Park (where settlement and agriculture are illegal and
non-existent), and adjacent areas of northern Mulobezi, Sichifulo Game Management Areas,
Nachitwe and Martin Forests (Figure 2).
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Figure 2. Human Footprint Pressure, Kafue–Zambezi Interface, 10 m resolution.

3.1. MaxEnt Habitat Suitability Modelling Outputs

The best performing model was for lion (ROC AUC = 0.72), then leopard (ROC
AUC = 0.65), and finally spotted hyena (ROC AUC = 0.61), indicating strong to moderate
model performance, considering these are single-variable MaxEnt models. As expected, we
found a negative correlation between aggregated human pressure and species occurrence
(Figure 3). Human pressure had the clearer impact on lion, then leopard then hyena, as
shown by the sharper drop of suitability as the Human Footprint Pressure increases as
well as by the thresholds presented in Table 2. Significant unsuitable areas for all species in
central-southern areas, and especially along the Zambezi river parallel to the main tar road
where settlements and agriculture mainly occur, were identified by the analysis. Another
significant linear feature of human pressure affecting all species but predominantly lions
followed the railway line and parallel roads, interspersed with settlements and arable
land, demonstrating the strong relationship between access infrastructure, settlement and
agricultural development driving the human footprint throughout this landscape.

We should note that single-variable models with a limited number of presences are
likely to result in models with high uncertainty, especially for species like hyenas or leopards
that exhibit behavioral plasticity vis-à-vis the presence of humans. In Figure 3 below, we
can see that for the response curves of leopards and hyenas as Human Footprint increases,
so does model uncertainty as evidenced by the large difference in habitat suitability for
each run. Therefore, the accuracy and predictive ability of the models for levels of human
footprint exceeding the point where the response curve minimizes, is very low and does
not merit any ecological or behavioral interpretation.

At the wildlife management area scale, Human Footprint Pressure was lowest in
Kafue National Park, Mulobezi and western parts of Sichifulo Game Management Areas.
Nachitwe and Martin Forest Reserves appear relatively intact with significant pressure on
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their western boundaries. Machili Forest Reserve is heavily impacted throughout by human
pressure. There are still areas within Nyawa communal lands with relatively low human
pressure and again to the northeast and eastern sections of Simalaha Conservancy, extend-
ing into the adjacent unprotected areas. Extensive pressure exists around the settlement
of Bombwe, formerly a registered Forest Reserve. Simalaha Wildlife Recovery Sanctuary,
sandwiched between the Zambezi River and main Tar road, is subject to significant human
pressure, including settlement and agriculture both within the Sanctuary and on its borders.

 

Figure 3. A visual presentation of the results of the human footprint habitat suitability model. Left:
habitat suitability maps of the three species; colors on the map indicate habitat suitability, going from
blue (low suitability) to green (medium suitability) to orange (high suitability). Right: the response
curves between habitat suitability and human footprint scores for each species; the red line indicates
the mean of the 50 runs for each model, and the blue surface the deviation from the mean.
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Table 2. Mean Human Footprint Pressures within Wildlife Managed Areas against Species Occurrence.

Area IUCN Area Ha
Mean
HFP

Occurrence

Leopard Lion Hyena

Kafue National Park II 206,314 1.1 Yes Yes Yes
Mulobezi GMA VI 347,481 1.2 Yes Yes Yes
Sichifulo GMA VI 133,734 2.2 Yes Yes Yes

Nachitwe Forest Reserve unreported 71,075 2.3 Yes Yes Yes
Martin Forest Reserve unreported 62,948 2.4 Yes Yes Yes

Nyawa West unreported 57,439 3.7 Yes No Yes
Simalaha Conservancy unreported 181,936 4.6 No No No

Open Area extension 1 * unreported 32,712 3.9 Yes No Yes
Open Area extension 1 + 2 * unreported 73,660 3.9 Yes No Yes

Nyawa East unreported 39,565 4.6 No No No
Machili Forest Reserve unreported 49,269 5.6 Yes No Yes
Simalaha Sanctuary E unreported 11,020 5.8 No No No
Simalaha Sanctuary W unreported 11,282 6.8 No No No

* Proposed extensions to protected area network within HFP thresholds limits for selected species.

3.2. Human Footprint Pressure Thresholds and Species Persistence

The means Human Footprint Pressure at the wildlife managed area scale varied from
1.1 in Kafue National Park to 6.8 in the western section of the Simalaha Sanctuary, with
IUCN categorized protected areas experiencing lowest mean Human Footprint Pressure
(Table 2). With the exception of Machili Forest (Human Footprint Pressure 5.6) there was
a steady increase in Human Footprint Pressure moving south away from Kafue National
Park towards the Zambezi River.

The Human Footprint Pressure threshold (Table 2) at which each species occurs in
each wildlife management area revealed broadly similar high sensitivities. Lion exhibited
highest sensitivity to Human Footprint Pressure with an occurrence threshold between
2.4–3.7, followed by hyena and leopard, with threshold values between 3.7–4.6, mirroring
species sensitivity presented by Riggio et al. [31]. An apparent anomaly is Machili Forest
Reserve, with extensive settlement, agriculture, and transport infrastructure, having a
mean Human Footprint Pressure score of 5.6, and with both leopard and spotted hyena
occurring. The proposed supplemental addition to the protected area network identified in
Lines et al. [37], Open Area extension 1 (and 2), has a mean Human Footprint Pressure of
3.9, within threshold limits presented here, which indicates that both leopard and spotted
hyena could inhabit these protected areas.

4. Discussion

Human Footprint Pressure modelling has traditionally been undertaken at global
scales, and typically at low spatial resolution, mainly due to lack of availability of high
resolution global datasets [15,55]. There is a constant attempt to overcome resolution
constraints which could facilitate improved accuracy and applications for conservation
planning [26], including deriving impacts of human pressure at more appropriate site- and
species-specific scales where the utility of proxies such as Human Footprint maps might
be most valuable as conservation tools [24]. Our study successfully overcomes limitations
to existing models by generating and integrating site-specific, multiple high-resolution
data sets at two orders of magnitude finer scale, then applying it directly to key questions
surrounding the impacts of Human Footprint Pressure on large carnivores throughout a
network of wildlife managed areas under varying degrees of Human Footprint Pressure at
the Kafue–Zambezi landscape, a key proposed corridor in the KAZA.

Model output performed best for lion, a species exhibiting very high sensitivity
to human disturbance [31], which we would expect to capture in multi-variate model
analyses. Both leopard and spotted hyena are species known for intrinsic ecological traits
and behavioral plasticity. These characteristics facilitate greater coexistence with humans
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in landscapes with increased human pressure, and our model output for both these species
captured this, presenting lower predictive power as expected by such characteristics.
Therefore, species and site sensitivity to complex, interrelated human disturbance variables
explains why the best performing model output is represented by the species with the
highest sensitivity to human pressure, and less so for species with increased tolerance to
human pressures.

While there are limits to the predictive power of single variable models, the predictive
power of this model would likely benefit from supplemental data layers, when avail-
able, notably, interference and exploitative pressures of pastoralism and (legal and illegal)
wildlife consumption [56], and synergistic effects between human behaviour and climate
change [57]. A multi-variate exploration of the same species in the same landscape using a
similar methodology wielded better predictive power, but was significantly more laborious
in terms of creating the necessary data layer for analysis. There is also debate over the
appropriate scale or extent at which to measure Human Footprint Pressure, whether that be
at the population level, proportion of species total range, home range, or other scales [54].
Additionally, there is scope for a greater understanding of site- and species-specific pressure
score calibrations, including impacts of formal and informal road linkages [26].

Model response curves and secondary explorative analyses of thresholds at which
species are extirpated at the wildlife management area scale closely match global mam-
malian Human Footprint Pressure extinction thresholds [22], while they are also in accor-
dance with the results presented by Riggio et al. [31] who conducted a sensitivity analysis
of African large mammals with high susceptibility to human disturbance. Collectively these
data provide compelling evidence that Human Footprint Pressure scores ranging between
2.4 and 4.6 represent a threshold limit for these three species of large carnivores, beyond
which they are unlikely to persist in human-dominated landscapes using Venter et al.’s [17]
existing pressure score methodology. The persistence of leopard and hyena in Machili For-
est, with a mean Human Footprint Pressure score of 5.6, is likely explained by the proximity
of this area to extensive lower Human Footprint Pressure areas closer to Kafue National
Park, a carnivore guild core habitat with highest level of wildlife management support
and protection in the long term. In this regard, Machili Forest could be characterized as a
threshold area or an attractive sink (areas of relatively pure habitat quality where species
tend to inhabit in cases of rapid environmental change), limiting the range expansion of
these species to broader areas with lower Human Footprint Pressure.

The identification of potential additions to the protected area network in Open Areas
east of the Simalaha, first suggested by Lines et al. [38], and further posited here, serves
a two-fold purpose: (a) the possible increase in wildlife habitat for a range of species and
(b) the likely increase in connectivity between Kafue National Park and the Zambezi River
for both leopard and spotted hyena in areas of low human habitation and agricultural
development, limiting the scope for human–wildlife conflict in the otherwise increasingly
human-dominated landscapes at the central-southern extents of the Kafue–Zambezi interface.

These site-specific, high-resolution maps have broad utility as a baseline against
which subsequent changes to human footprint pressure can be mapped and modelled
over time as more data sets come available to refine this iterative process. Pressure score
calibration merits more explicit treatment to improve model response given species and/or
processes of interest. The value and applicability of generating standardized approaches to
mapping Human Footprint Pressure underlines their use as a proxy or indicator of broader
drivers impacting habitat degradation, ecosystem function, species loss, or potential for
species recovery. Progress with Human Footprint Pressure modelling depends in part on
understanding and addressing limitations and assumptions of model development [58]
and recognition of the dynamic nature of human pressure in terms of asymmetrical and
nonlinear threshold responses to total footprint pressure changes across spatial-temporal
scales [19,59].
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5. Conclusions

We have demonstrated that Human Footprint Pressure analyses can be utilized as
indicators of habitat suitability for a suit of large carnivores of conservation value, including
predicting species persistence, extirpation, and potential for recolonization, even at this
preliminary, proof-of-concept stage of model development.

Model output broadly follows existing data in support of understanding human
pressure impacts on landscape-level connectivity at the Kafue–Zambezi interface, provid-
ing a valuable additional tool in conservation planning for this landscape, the broader
KAZA region, and beyond. As additional data layers become available and the pressure
score calibration process evolves, site-specific human pressure maps can be expanded to
the broader Zambian and KAZA landscape to model how spatiotemporal human pres-
sure impacts species and processes of interest to key conservation and human–wildlife
management objectives.
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Abstract: Betta livida is an endangered endemic species of wild fighting fish affected by habitat
degradation and exploitation. Despite this concern, the literature on the conservation of wild betta is
negligible. Conservation is a non-use value, whereas the species itself is a use-value because they are
sought after in the ornamental fish trade business. Therefore, the contingent valuation method (CVM)
was applied in this study to establish the monetary value for species conservation by determining
hobbyists’ willingness to donate (WTD) for conservation. Fish hobbyists are the most prominent
backbone of the industry and are the most acquainted with the targeted species. Hence, hobbyists’
knowledge, perceptions and attitude towards species conservation have also been explored and
weighed against the WTD. Purposive sampling was employed with a total of 150 respondents in
Klang Valley. The findings show that the WTD was influenced by double-bound CVM, age (AGE)
and hobbyists who owned the species (OWNB). In contrast, knowledge, perceptions and attitudes
were not significant. Using probit regression analysis, hobbyists’ WTD for species conservation was
MYR 9.04 annually. The survey also revealed concern for species that are wild-caught by hobbyists.
Hence, the results of this study offer preliminary insights into the WTD for wild betta and local
freshwater fish conservation in Malaysia.

Keywords: attitude; contingent valuation method; knowledge; perception; wild betta; willingness
to donate

1. Introduction

Fighting fish (betta) have always been a popular preference for ornamental fish due to
their vivid colour schemes, minimal set-up requirement and the unique showcase of the
male betta displaying dominance by flaring their operculum and finnage when threatened.
However, the most common betta is a captive crossbreed with particular traits of the Betta
splenden, which are common and not under threat of endangerment. Wild betta fish are
found in some endemic regions throughout Malaysia, Indonesia and Thailand. Tan and Ng
(2005) [1] described numerous wild betta species found in Malaysia, including B. coccina,
B. persephone and B. livida, the latter of which are the focus of this study (see Table 1).

Tan and Ng [1] described adult B. livida as having small, unique bodies (the standard
length is less than 40 mm), with a uniform deep red (maroon) body colour. They have mid-
lateral bodies and both genders have an iridescent green blotch that often fades throughout
adulthood. They have a parallel vertical iridescent gold bar on the operculum and a falcate
pelvic fin with an iridescent green tip (Figure 1). The species may also be mistaken for
another species, B. coccina. They are almost identical, except that the tip of the pelvic fin of
B. coccina is black and they are found in different geographic areas. This classical look of
wild betta and their rareness has made this species the most sought after in the ornamental
fish trade. A pair might cost more than MYR 100 from private sellers and collectors.

Sustainability 2021, 13, 10754. https://doi.org/10.3390/su131910754 https://www.mdpi.com/journal/sustainability137
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Table 1. Taxonomy of B. livida.

Kingdom Phylum Class Order Family Genus Species

Animalia Chordata Actinopterygii Perciformes Osphronemidae Betta livida
Source: Ng and Kotellat (1992).

 

Figure 1. Photos of Betta livida (Photo credit: Muhammad Ilham Norhakim).

Research on the conservation of wild betta is still inadequate and requires further
study. Keat-Chuan et al. [2] noted that the challenges in freshwater fish conservation were
due to a lack of interest, funding and problems with unresolved taxonomic classification.
The only established conservation research of wild betta was for B. persephone, a critically
endangered and endemic species found in Johor [3]. Moreover, economic valuation for the
conservation of local freshwater fish species in Malaysia has yet to be established. Eliciting
monetary value would indicate how much the public is willing to pay (WTP) to protect
ornamental, native fish and eventually urge authorities to act to conserve the species.

Developments in peat swamp forest areas have been detrimental to the environment;
most ecosystems have been destroyed, resulting in the depletion of flora and fauna bio-
diversity. Betta livida is an example of an endemic species of the peat swamp forest in
Selangor, which is in the Klang Valley (KV) area, a hub for rapid modern development.
The recent issuance of a local state government proposing the degazetting of the North
Kuala Langat Reserve Forest, which is home to B. livida, became a testament to a lack of
conservation mindedness. Giam et al. [4] projected the extinction of B. livida and other
swamp fish species by 2050 if environmental management and policies fail to protect their
ecosystem. B. livida has also been classified as an endangered (EN) species in the Red
List’s International Union of Conservation of Nature (IUCN) [5]. Overexploitation in the
ornamental fish trade will further endanger their status [2,6]. Ng [6] raised concern that
the wild betta was excessively caught in wild habitats. Establishing the conservation of the
species with a monetary value would provide critical information and enable the initiation
of conservation and sustainable development with sound environmental management and
policy formulation. Afterall, it would be a loss to Malaysia’s biodiversity heritage if this
native and endemic species only existed in history books.

Hobbyists are the primary consumers for this industry and key stakeholders in con-
servation. Therefore, it would be interesting to probe their response to the WTP for
conservation of these and other endemic species. Hobbyists would contribute to species
conservation via donation. Haefele et al. [7] noted that the use of taxes as elicitation might
not appeal to the public due to tax burdens and scepticism about how the money would
be used for species conservation. Willingness to pay (WTP) typically dictates that the
fund be allocated to specific conservation funds or facilities. As no specific trust fund
has been established for this species, a hypothetical trust fund was established. This trust
aims to develop conservation efforts that encourage breeding and awareness programs
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and habitat gazetting for the B. livida species. Therefore, employing willingness to donate
(WTD) instead of WTP throughout this study was more fitting.

The contingent valuation method (CVM) has been widely used in environmental
studies as an economic tool. Environmentalists prefer it for its compatibilities with ap-
praising the value and non-value environmental commodities [8,9]. For example, Greece’s
public WTP mean for edible sea urchins (Paracentrotus lividus) was EUR 56, which greatly
influenced the perception of the species [10]. The perception revolves primarily around
who is responsible for conserving the species, which falls to the government. In Sri Lanka,
the reputation of Asian elephants (Elephas maximus) as agricultural pests was evaluated [11].
However, the public, especially those residing in urban areas, still favoured species con-
servation with a WTP per month of LKR 110.16 for five years, which could compensate
for the farmers’ losses in rural areas. In contrast, Asmamaw et al. [12] identified that
the WTP for Labeobarbus fish in Lake Tana using labour days was 48.48 per household,
which is equivalent to USD 4,422,792.4 per year. The WTP was significantly influenced
by the respondents’ age, sex and economic activities (i.e., fishery). This study found that
species-level valuation focused on iconic species or species with a socio-economic effect.
Because wild B. livida act as value and non-value commodities, CVM is an appropriate
economic tool for evaluating the conservation of the species in monetary value.

Numerous economic valuations for Malaysia’s environmental commodities revolve
around WTP valuation for eco-tourism, such as reserved forests and recreational nature
parks. For example, Shahwahid et al. [13] conducted a study on the perception of wild
elephants in Pahang. They found a WTP mean of MYR 5.86 and a median of MYR
5.00 per person for species conservation. The amount implied the results, the age gap
between the respondents and the older generation’s enthusiasm for preserving biodiversity
heritage for subsequent generations. In Semporna, Sabah, attention was centred on the
total environmental value (TEV) of marine turtle conservation [14]. The estimated TEV
utilising the CVM was USD 23 million per year from tourists and locals, indicating that the
non-use value of the species surpassed the consumption use-value.

On the other hand, Vianna et al. [15] assessed shark-diving tourism as a funding
mechanism for shark conservation, with a WTP mean of MYR 35.73 from tourists and
guides. Marine Park authorities also generated approximately USD 2 million annually
for environmental management and enforcement. These are significant indicators demon-
strating the importance of non-use environmental commodities supporting society and
ensuring that anthropocentric characteristics heavily influence WTP. At the same time,
other factors, such as biocentrism, aesthetics and existence, are valued less.

Therefore, this study acts as preliminary research for the WTP for conserving wild
betta and native freshwater fish in Malaysia. To better comprehend the matter, the study
probed hobbyists’ knowledge regarding the species and measured their perceptions and
attitudes towards species conservation. Lastly, the estimation of the WTD for the species
conservation was determined using double-bound CVM.

The results of this study aid in discussing and addressing the relevance of using WTD
for B. livida wild fighting fish conservation among hobbyists in Klang Valley with possible
inheriting factors, as follows:

Hypothesis 1 (H1). The mean WTD per hobbyist’s income (INC) for species conservation is
statically greater than 0.

(H01: WTPINC > 0, HA1: WTPINC < 0).

Hypothesis 2 (H2). The mean WTD per hobbyist’s perception towards the conservation of the
species (PERC) is statistically greater than 0.

(H02: WTPPERC > 0, HA2: WTPPERC < 0).
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Hypothesis 3 (H3). The mean WTD per hobbyist’s attitude towards the conservation of the species
(ATT) is statistically greater than 0.

(H03: WTPATT > 0, HA4: WTPATT < 0).

2. Materials and Methods

2.1. Study Area, Sampling and Target Population

Klang Valley (KV), with an unknown hobbyist population, was selected to be a study
area based on the endemic distribution of B. livida [5]. KV, which comprises several state
districts and federations, is the central hub for modernisation, transportation and industry.
Although the description of KV differs in literature, eight (8) districts were selected as
study areas. Figure 2 shows the geo-referencing map of B. livida distribution coupled with
the study area’s scope border. ‘Resident’ refers to the original distribution of the species
within the established habitat, while ‘extent’ indicates species reported outside the habitat
area due to the floodplain.

 

Figure 2. Study Area and B. livida hotspots [5].

An online survey was administered using a ‘Google Form’ circulated to the fish
hobbyist groups on social media. Engaging with members ensured the platform algorithm
because the survey posted on their social media feed was challenging. This was an issue
expected by Ronald [16] when using the internet-based survey to increase response rates.
Moreover, each hobbyist group is bombarded with over 20 new posts every day, reducing
the chance of the survey appearing on their social media feeds. Support from admin
moderators and group members were sought to distribute and circulate the survey post.
However, the social group member seeing the survey post provides no guarantees that
they will participate. Therefore, incentives might be a consideration in future studies to
mitigate the issue of low participation.

A purposive sampling method was used in this study targeting fish hobbyists living in KV.
A total of N = 150 respondents were classified with a 90% confidence interval and a 6.6% margin
of error. According to a conventional sample size formula like Cochrane [17], Yamane [18]
and Zikmund [19], a sample size of at least N = 300 respondents is required for a survey to
represent the actual population. However, due to the lack of hobbyists in Klang Valley, lack
of engagement in surveys and time constraints, this study used a smaller population sample
size with less representation accuracy. Purposive sampling is a non-probability technique in
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which respondents are chosen based on qualities or expertise they possess [20]. In this case,
the expertise is the hobbyists’ familiarity with the target species.

Stebbins [21] argued that there was a distinction between amateurs, hobbyists and
experts in leisure and recreational activities. Hobbyists spend a tremendous amount of
time on leisure activities. In this study, ‘hobbyist’ was purposely characterised as public
group members of fish hobbyist groups on social media, including betta breeders, goldfish
keepers and aquascapers. Apart from these criteria, hobbyists also had to be residents of
KV. The hobbyist group was selected because they are the primary stakeholders of the
ornamental fish trade and are familiar with B. livida. Therefore, they are the group most
likely to donate to B. livida conservation.

2.2. Survey Instrument

The survey started with general icebreakers regarding hobbyists’ perceptions towards
the species’ value. Then, additional information concerning whether they had collected
the species as a hobby and the mode and collection purpose was recorded as supportive
facts. The survey continued with knowledge, perceptions and attitude towards B. livida
conservation. Finally, the WTD section was introduced. The survey ended by eliciting the
demographic background of respondents.

In the knowledge section, multiple-choice questions were developed to gauge their
knowledge of the species. Study of the Golden Warbler [22] established that general knowl-
edge of the species significantly affected the respondent’s WTP for species conservation.
Respondents were firstly shown pictures portraying various betta species and they had to
choose the correct image of B. livida. Furthermore, they were questioned whether they knew
of B. livida in KV, the species habitats and further analysis of conservation and IUCN status.
The mean score represents the hobbyists’ knowledge regarding the conservation of B. livida.

Next, hobbyists responded to Likert-type scaled questions with a score for a series of
perception statements contributing to WTD for the species conservation. The questions
ollowed the example provided by Shahwahid et al. [13]. Statements covered perceptions
of ecology, biodiversity and heritage niche of the species were included. Then, the best
possible ways for species conservation were covered. Protection of the species habitat
should be prioritised, but translocation to new habitats could also serve as an alternative to
conservation. Some betta breeders have done captive breeding and released them back to
the wild to foster natural stocks. Respondents were also questioned regarding the effort of
authorities and the existing legislation to protect the species. The last statement sets in the
survey addressed the possible reasons for species endangerment.

Likert scaled questions were also applied in the attitude section, where hobbyists
responded to possible attitude statements. Their views towards nearby wildlife indicated
that they were affected by experience and had preferences for particular species [23]. Hence,
it was prudent to ask hobbyists if they had dedicated themselves to species conservation by
researching their willingness to collect wild B. livida or purchase captive breeds. Catching
the species is one of the factors threatening the species; the tendency of refraining and
preventing others from catching the species in the wild was also included in survey
questions. This section also measured the hobbyist’s concerns regarding the dwindling
wild species population and their habitat degradation. The following two sets identify
their potential to contribute to the monetary fund or expertise in conservation. The final
question sets dealt with controversial measures in protecting wildlife related to regulations
and the feasibility of getting a licence to own the species.

A manuscript called ‘Wild Red Fighting Fish, a Klang Valley Natural Heritage’ was
initially presented to hobbyists in the WTD section. The text discussed the unique charac-
teristics of B. livida and its market in the ornamental fish trade. The North Kuala Langat
Forest Reserve was an example of the degradation of the species’ habitat, which has led to
the endangerment of the wild species population. Readers were then told about monetary
funds that were crucial in developing conservation plans for the species, such as gazetting
habitats, breeding and awareness programmes. With all the details collected, questions
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emerged as to whether they were willing to donate (WTD) a set amount annually for
B. livida conservation.

Double bound dichotomous key questions were developed to probe hobbyists’ WTD
for species conservation [24]. A total of five (5) sets of different bids were presented to
respondents starting from RM1, RM3, RM5, RM7 and RM9, respectively, based on the pilot
test. The WTD questions were double-bounded; when respondents accepted the first bid
(BID1), a second bid (BID2) with a higher amount was introduced and they had to accept
or reject the bid. If the respondent refused BID1, BID2 was presented with a lower amount
and had to accept or reject the offer. Respondents were free to reject the entire bid. Possible
reasons for each outcome were probed.

The last section of the survey gathered social background data from the respondents,
including age, gender, marital status, race, education level, occupation and household
income. These data were critical to compare with population census data. KV districts
were also noted as within the targeted sample population. Out-group respondents were
removed from this sample size.

2.3. Validity and Reliability

The questionnaire was validated by a panel of three experts with expertise in wildlife
valuation and perception studies. A four-point scale rating with 1 = Not Relevant,
2 = Somewhat relevant, 3 = Relevant, 4 = Very relevant was used for expert scoring. Only
items that scored more than two were retained. Furthermore, the comments and sugges-
tions by the reviewers were taken into consideration to further improve the questionnaire.
Next, a reliability test was done on hobbyists’ perception and attitude towards species
conservation involving N = 30 pilot respondents. Validation was assessed based on the
survey format and contents to verify external and internal inconsistencies. The reliability
of the survey was based on the Kuder–Richardson coefficient of reliability (K-R 20) test
for the knowledge section and the Cronbach’s alpha test for the perceptions and attitudes
section to ensure that item questions on each section represent the best score for each
attribute. The reliability of knowledge component was K-R 20 = 0.46, which was the rule
for moderate agreement [25]. Perception was α = 0.54, which was lower than the average
standard. However, reviews from various papers showed that an α = 0.5 can be satisfactory
and sufficient (see Taber, 2018); thus, the score of α = 0.54 was considered acceptable. In
comparison, the attitude section was α = 0.78, which was universally used in most studies.

2.4. Data Analysis and Model Specification

Descriptive analysis was conducted on general questions, perception and attitude
towards species conservation and the respondents’ social demographics using SPSS v23.
Frequency means and percentages were tabulated to reflect the attributes.

WTD questions were analysed using STATA v15. Probit regression was conducted
using WTP11 and WTP2 data. This model was chosen because of its well-established
theoretical background and its compatibilities with dichotomous variables. The model
Equation (1) is illustrated as follows:

WTPi = ln
(

P
1 − P

)
= β0 + β1X1 + β2X2 . . .βnXn (1)

where P = the probabilities, Y = 1, X is a set of independent variables, β is the coefficient to
be estimated corresponding to the logistic distribution. Thus, WTP depends on various
factors, including bid price and unobservable characteristics to be captured in error (εi).
Hobbyists were then given a follow-up WTP question:

WTPi = Xiβ + εi (2)

WTP2i = (1 − y) WTPi + Yβ + δ
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In which Y is the parameter on the starting bid βi, while δ is a shifting parameter.
Therefore, hobbyists were questioned for double intervals. WTP = β2 accepts both starting
bid β1 and a follow-up bid (β2), β2 ≤ WTP < β1 rejects the starting bid (β1) and accepts
the follow-up bid (β2), or WTP < β2 rejects both bids (β1), followed by (β2). From the
possible choices, the sequences are as follows (3):

Li
(

WTPi
β1

)
= Pr (WTP1i + εij > βi WTP2 + ε2j ≥ β2) YY (3)

Pr (WTP1i + εij > βi WTP2 + ε2j ≥ β2) YN

Pr (WTP1i + εij > βi WTP2 + ε2j ≥ β2) NY

Pr (WTP1i + εij > βi WTP2 + ε2j ≥ β2) NN

WTPi and WTP2 are the means for the first and latter bid response, while YY = yes-yes and
YN = I for a yes-no answer and NY for a no-yes answer, NN = 0 for no-no answer. This
likelihood function is then estimated using the following model (4):

Li
(

WTPi
ββ1

)
= ∅

ε

ε2

(
d1j

(
β1 − WTP1

σ1
) d2j

(
β2 − WTP2

σ2

)
, d1jd2jρ) (4)

In which WTP1J = 1 if the hobbyist answered the first question yes or WTP2J if the
response to the second question was yes or otherwise, dij = 2WTP1j = 1 and 2WTP2j = 1.
Thus, the mean (5) and median (6) are derived as follow:

Mean WTP = exp

⎛
⎜⎝X

ˆ
β

′

ˆ
β 0

+ 0.5
ˆ
σ2

⎞
⎟⎠ (5)

Median WTP =

⎛
⎝Xβ′

ˆ
β 0

⎞
⎠ (6)

where X is a k + 1 row vector of the mean value of the possible variable, including 1 for

constant term,
ˆ
β

′
is a k + 1 column vector of estimated coefficient and

ˆ
σ is the estimated

variance. Alejandro (2012) [24] argued that using this double-bound method enables the
efficient utilisation of data to estimate WTP (or, in this case, WTD).

The model below shows factors influencing the WTD of hobbyists to conserve wild B.
livida in Klang Valley (see Table 2). The WTP elicitation method to be used for dependent
variables is consistent with single-bound CVM and double-bound CVM.

WTD = β0 + β1BID + β2AGE + β3INC + β4KNOW + β5PERC + β6ATT + ε (7)

Table 2. Variables used in the WTD model.

WTD
Willingness to Donate (MYR)

(1: Yes, 0: No)
Dependent Variable

β0 Constant Coefficient
BID 1 Initial bids Independent variable
BID 2 Follow up bids Independent variable
AGE Age of hobbyist Independent variable
INC Household Income of hobbyist Independent variable

KNOW Knowledge of the B. livida conservation Independent variable
PERC Perception towards the species conservation Independent variable
ATT Attitude towards the species conservation Independent variable

OWNB Owned B. livida (1: Yes. 0: No) Independent variable
ε Random error

143



Sustainability 2021, 13, 10754

3. Results and Discussion

3.1. Social Demographics and General Question

Social demographics data of hobbyists were collected as the foundation of this study.
Table 3 below displays the demographics summary of the respondents:

Table 3. Hobbyists’ social demographics background.

Item Frequency %

F1 Gender
Male 142 94.7

Female 8 5.3

F2 Age
21–30 60 40.0
31–40 72 48.0
41–50 17 11.3
>51 1 0.7

F3 Marital Status
Married 104 69.3
Single 45 30.0
Others 1 0.7

F4 Race/Ethnicity
Malay 124 82.7

Chinese 19 12.7
Indian 7 4.7

F5 The district within Klang Valley
Petaling 28 18.7

Hulu Langat 27 18.0
Klang 26 17.3

Kuala Lumpur 22 14.7
Gombak 16 10.7
Sepang 14 9.3

Kuala Langat 9 6.0
Putrajaya 8 5.3

F6 Education level
Bachelor’s Degree 57 38.0

Diploma and Equivalent 45 30.0
High school 34 22.7

Master’s Degree 13 8.7
PhD 1 0.7

F7 Occupation
Private 81 54.0

Government 38 25.3
Self-Employed 28 18.7

Student 3 2.0

F8 Household Income Category
B40 (lower than RM4500/Month) 84 56.0

M20 (between RM4501–RM10,000/month) 55 36.7
T20 (higher than RM10,001/month) 10 6.7

No Income 3 0.7

Most (94.7%) respondents were male, indicating that men conduct this hobby in higher
numbers. Almost half of respondents were between 31 and 40 years of age (48%) and
most were married (69.3) middle-aged men. Race composition reveals that Malay was the
majority (82.7%), followed by Chinese (12.7%) and Indian (7%). The highest education
level reported was a bachelor’s degree at 38%. Interestingly, diploma and high school
graduates exhibited weights of 30% and 22.7%, respectively. This explains why most
respondents were in the B40 income category (56%). In terms of employment, most worked
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in the private sector (54%), followed by the government sector (25%) and self-employed
sector (18%). The hobbyist distribution was almost evenly distributed within Klang Valley.
The Petaling district (18.7%) contained marginally more than Hulu Langat district (18%).
However, 33 respondents were removed from the total sample because they were not
within the study area. Feedback from the out-group willing to participate in this online
survey was also encouraging, intending to broaden the scope of future study.

The initial section of the survey stipulated several general questions regarding hob-
byists’ leisure activities. This information may be crucial for building a fundamental
understanding of the nature and essence of this study. Therefore, the results in Table 4
below were tabulated so that the mode percentage frequency is of the upper-class.

Table 4. Result for general questions.

Item Frequency %

A1 Owned B. livida (N = 150)
NO 85 56.70
YES 65 43.30

A2 Mode of Obtaining B. livida (N = 65)
Self-Caught 37 46.3

Private Seller 32 40.0
Aquarium/Pet shop 11 13.8

A3 Reason for Owning (N = 65)
Hobby 44 47.3

Breeding 39 41.9
Selling 10 10.8

A4 No. of B. livida owned (N = 65)
1–10 owned 46 70.7
11–50 owned 9 13.8
>51 owned 10 14.6

A5 A reason not owning B. livida (N = 85)
Difficult to Obtain 45 52.9

Not Interested 28 32.7
Very Expensive 11 12.8

Others 1 1.7

A6 Value Perceived towards the species (N = 150)
Bequest Value 90 60.0

Biodiversity Value 45 30.0
Economic Value 14 9.3

Other 1 0.7

Almost half (56.7%) of respondents (N = 150) owned B. livida and most caught the
species themselves in the wild (46.3%), followed by purchasing from private sellers (40%)
and pet shops (13.8%). This trend has highlighted concerns for an unregulated and exces-
sive catch of wild betta by Ng [6]. Overexploitation could further endanger and jeopardise
the conservation status of the species. This survey could not determine the hobbyist’s
‘hotspot’ for the species’ wild catch, which could provide crucial insights in monitoring the
wild catch activities, especially the species distribution in forest reserves and private lands.
It must be noted, however, that 41.9% of the species owners breed them. Most wild bubble-
nester betta like B. livida already have established breeding programs, producing offspring
like the common colourful Siamese betta. However, the success of reproducing the species
may vary based on the number of B. livida they own. The majority own 1–10 betta fishes
(70.7%), although this figure does not distinguish among the numbers of B. livida caught
in the wild and the ones that are bred or purchased. On the other hand, hobbyists who
did not own the species explained why they (52.9%) have difficulty obtaining the B. livida,
followed by a lack of interest in the species and the high cost. Hobbyists also responded
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concerning the value of species and over half said it was of bequest value (60%) and that it
should be protected for future generations.

3.2. Knowledge

The knowledge section assessed the respondent’s knowledge of species conservation
based on their mean score for each item question, as shown in Table 5. Thus, the knowledge
in this survey did not reflect the actual knowledge of respondents but rather represents
their familiarity with the subject.

Table 5. Hobbyist’s knowledge of B. livida Conservation.

Item Frequency % Mean Sd Variance

1 0

B1 Identified B. livida 94.0 6.00 0.94 0.24 0.06
B2 Existence of the Species in KV 68.0 32.0 0.68 0.47 0.22
B4 Meaning of Endemic 22.0 78.0 0.78 0.42 0.17
B5 Species Habitat 94.70 5.30 0.95 0.23 0.05
B6 IUCN Status 48.70 51.30 0.51 0.5 0.25
B7 Possible Reason for IUCN Status 22.70 77.30 0.77 0.42 0.18
B8 Meaning of Species Conservation 15.30 84.70 0.85 0.36 0.13
B9 Authorities 31.30 68.70 0.69 0.47 0.22

Average total mean knowledge 0.77
1 = correct answer, 0 = others.

The results indicate that most hobbyists can identify the picture of B. livida, among
other betta species, with a mean of 0.94 and a slight variance of 0.06. In addition, the
betta species have distinguishing features, which was evident in that respondents were not
confused with almost identical looking species, such as B. coccina and B. brownorum.

Only 68% of respondents knew that B. livida existed in KV areas. However, they have
an average comprehension of what endemic species means and recognised the species
natural habitat. Hobbyists could also grasp the meaning of species conservation and
acknowledge species protection by an authority like the Department of Fisheries (DoF).

Half of the respondents were uncertain about the IUCN status for the species (51.3%)
with a significant standard deviation and variance. However, they can guess that conserva-
tion is due to the species’ endemic nature, habitat degradation and exploitation. However,
the conservation status of this species is one of the main problem statements for this study
that is supposed to influence the WTD. It must be noted as well the mode in which the
hobbyists gathered information regarding the species in Table 6, with social media being the
most frequent source followed by websites. This study, therefore, justified the purposive
sampling technique on hobbyist groups on social media.

Table 6. Information obtaining modes.

B3 Mode Frequency %

Media Social 79 30.74
Website/Internet 64 24.90
Friends/Relatives 53 20.62

Books 34 13.23
Exhibition 27 10.51

3.3. Perception

Perception is a means of interpreting, understanding or regarding something. Fre-
quency in Table 7 below shows the hobbyists’ response to the perception of wild B. livida
conservation in Klang Valley:

146



Sustainability 2021, 13, 10754

Table 7. Hobbyist’s perception towards B. livida conservation.

N = 150 Frequency % Mean Score

1 2 3 4 5

C1 Ecological Niche 1.3 4.0 19.3 20.0 55.3 4.24 4
C2 Biodiversity Role 0 0 2.7 19.3 78.0 4.75 4
C3 Natural Heritage 0.7 0.7 2.7 18.0 78.0 4.72 4
C4 Preserving Habitat 0.7 0 2.0 16.7 80.7 4.77 4
C5 Translocation 33.3 14.0 24.0 12.0 16.7 2.65 3
C6 Captive Breeding 7.3 11.3 35.3 27.3 18.7 3.39 3
C7 Authority Effort 30.7 24.7 29.3 5.3 10.0 2.39 3
C8 Wildlife Law 16.0 16.0 36.0 17.3 14.7 2.99 3
C9 Habitat Destruction 0.0 0.7 4.0 15.3 80.0 4.75 4

C10 Exploitation 11.3 7.3 19.3 20.7 41.3 3.73 3
Note: <2.00 = strongly disagree (1), 2.01–3.00 = disagree (2), 3.01–4.00 = agree (3), 4.01–5.00 = strongly agree (4)
(adapted from Pallant, 2007).

Hobbyists firmly agreed with the perception statements that B. livida habitat was the
leading cause of the species endangerment (mean = 4.75), followed by the importance of
preserving the species’ habitat (mean = 4.24). They also strongly agreed that it was essential
to protect the species because of its role in ecological niches, biodiversity enrichment, in
addition to being part of the natural heritage of the state of Selangor. This way of thinking
has to do with the fact that they are aware of the species’ habitat. The notion of captive
breeding was agreeable (mean = 3.39), indicating that hobbyists were perceived as viable
conservation options. Captive breeding increases survival for the species population but
opens the door to the commercial market. In-depth research is needed to characterise
the hobbyists’ perception of captive breeding. However, respondents disagreed with the
notion of transferring the species to new safe habitats (mean = 2.65), which shows intense
perception about the importance of the existing species habitat. The high variance means of
2.149 on this item should also be noted among other perception components. Respondents
also argued that they did not have faith in current wildlife law to protect the species or in
efforts by the authorities to conserve the wild B. livida population, with mean values of 2.39
and 2.99, respectively. The survey shows that overall, the hobbyist showed an agreeable
perception about the species conservation (total average mean= 3.83). However, they are
hesitant about how management of the conservation will be conducted.

3.4. Attitude

Attitude is a mental state of mind that characterises an individual towards a subject.
Table 8 shows the hobbyist’s attitudes towards the B. livida conservation.

Table 8. Hobbyist’s attitude towards B. livida conservation.

N = 150 Frequency % Mean Score

1 2 3 4 5

D1 Stop buying Wild 8.0 6.7 29.3 13.3 42.7 3.76 3
D2 Only buy Captive Breed 4.7 2.7 22.0 22.0 48.7 4.07 4
D3 Refrain Wild Catch 2.0 3.3 22.0 20.7 52.0 4.17 4
D4 Advise People 3.3 2.7 24.7 26.7 42.7 4.03 4
D5 Concern (population loss) 0.7 0.0 8.7 20.7 70.0 4.59 4
D6 Concern (Habitat loss) 0.7 0.7 6.0 16.0 76.7 4.67 4
D7 Contribute Financially 7.3 1.3 34.7 26.7 30.0 3.71 3
D8 Helping Researcher 3.3 1.3 25.3 28.7 41.3 4.03 4
D9 Rules and Regulation 6.0 3.3 18.0 17.3 55.3 4.13 4

D10 Ownership License 23.3 8.0 16.0 19.3 33.3 3.31 3
Note: <2.00 = strongly disagree (1), 2.01–3.00 = disagree (2), 3.01–4.00 = agree (3), 4.01–5.00 = strongly agree (4)
(adapted from Pallant, 2007).
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The hobbyists were firm on their commitment to purchase wild B. livida (mean = 3.76).
However, they appeared to be firmly in agreement to buy a captive-bred fish instead
of wild caught fish (mean = 4.07). This corresponds to the initial understanding of the
captive breeding species. The response also showed that they firmly decided to withdraw
from capturing betta from the wild and were happy to advise others to join or support the
initiative. This is a strong indication for hobbyists to withdraw from a wild catch. The initial
results data indicated that most of the respondents that owned B. livida had caught the betta
from the wild. This may also be the explanation of why the hobbyists tended to purchase a
captive-bred fish. Hobbyists demonstrated considerable concern (strongly agreed) for both
biodiversity losses (mean = 4.67) and the dwindling population of species (mean = 4.59)
compatible with previous views of habitat and exploitation. Consensus respondents on
the willingness to make a charitable contribution (mean = 3.71) will possibly affect the
WTD section. In addition, they have strongly agreed to support biodiversity protection
by enabling the researchers to obtain valuable data (mean = 4.03). This shows a positive
attitude by the hobbyist in conserving the species.

Concerning governance from authorities, the hobbyists must comply with the laws
and regulations laid down for the species. Therefore, they consented to comply with
the ownership licence provision for B. livida. It should be noted, based on the feedback,
that some respondents strongly object to the requirement for a species ownership licence,
which was confirmed by the significant variance mean for this item (2.458) relative to other
attitude items. However, the survey could not differentiate between those who accepted or
opposed this notion: hobbyists, breeders, or sellers. Therefore, further in-depth research is
required to validate this inference and probe why they are against licencing.

3.5. Willingness to Donate

The survey documented the hobbyist’s willingness to donate to wild B. livida con-
servation in Klang Valley by utilising closed-ended dichotomous key questions. Table 9
indicates the frequency of those who are eager or unwilling to do so:

Table 9. Hobbyist WTD for Wild B. livida Conservation.

Item Frequency %

E1 Willingness to Donate (N = 150)
YES 99 66
NO 51 44

E5 Reason for WTD (N = 99)
Bequest 59 59.5

Conservation 38 38.4
Others 2 2.1

E6 Reason NOT WTD (N = 51)
Want to Contribute with Other Mean 27 52.9

Could not Afford 18 35.3
It is unnecessary 6 11.8

The majority of the hobbyists who participated in this survey were willing to con-
tribute (66%) to conserve the species and vice versa (44%). Furthermore, they are ready
to donate because of the importance of the species’ perceived bequest value (59.5%). This
corresponded to the earlier finding that hobbyists preferred this species to be a natural
heritage and want future generations to appreciate it. Therefore, the donation should be
used solely for the conservation of the species (38.4%). In addition, hobbyists were willing
to contribute because of the species’ aesthetic value (2.1%). On the other hand, a significant
number of hobbyists opted not to donate because they wanted to participate by other
methods (52.9%), which, backed by the mindset of most respondents, firmly consent to
aid the researcher with conservation efforts. Other factors include the possibility that they
cannot afford a contribution or consider a B. livida reservation unnecessary.
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Probit regression analysis of single bound CVM for initial bid (BID1) against WTD
was performed and tabulated, as shown in Table 10.

Table 10. Single Bound CVM.

Variables Coefficient Std Error Significant

Constant 0.73339 0.21872 0.00 ***
Bid1 −0.0839 0.03729 0.024 **

Number of obs = 150

Prob > chi2 = 0.0235

Pseudo R2 = 0.0257
*** Significant at 1% ** significant at 5% level

Stata command: probit WTP1 BID1.

The results revealed that the initial bid negatively impacted WTD, indicating that BID1
has an inverse relationship with WTD. According to demand theory, the value was expected
to be significant at a 5% level (0.024). R2 showed that 2.5% of the initial bid as a dependent
variable influences the WTD. Further Probit analysis with independent variables of age and
income of the respondents, along with the hobbyists’ mean for knowledge, perception and
attitude towards the species conservation, was conducted and shown in Table 11:

Table 11. Single-bound CVM modified.

Variables Coefficient Std Error Significant

Constant −1.06396 0.6215333 0.087
BID1 −0.0731149 0.0383354 0.05 **
AGE 0.0643578 0.0200888 0.001 ***
INC −0.0000623 0.0000321 0.05 **

Number of obs = 150

Prob > chi2 = 0.0010

Pseudo R2 = 0.0816
*** significant at 1%
** significant at 5%

Stata Command: probit WTP1 BID1 AGE INC.

Independent variables indicated that they influenced the result of WTD by 8.2%.
At Single bound CVM, all independent variables of respondents were not significant,
except for age and income. However, the respondents’ age was significant at 1% level. In
comparison, income was significant at 5%, indicating that the older the respondents were,
the higher the possibility to donate. Significances from these variables, compute for WTD
value for initial bid, was estimated using the WTD estimation model, as shown in Table 12.

Table 12. Estimation of WTD using Single-Bound CVM.

Coefficient Std Error Significant

WTD1 9.351782 2.682928 0.000 ***
*** Significant at 1%. Stata Command: nlcom(WTP1:-(_b[_cons] + AGE_m*_b[AGE] +
INC_m*_b[INC])/_b[BID1]), noheader.

The WTD single bound for the survival of wild B. livida was estimated at a value of
RM9.35 per year. This figure will function as a conservation work fund for the species. For
the second bid submitted to the respondent, a double-bound CVM was used to evaluate
both the original and the second bid for WTD species, as shown in Table 13:
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Table 13. Double-Bound CVM.

Variables Coefficient Std Error Significant

Beta Constant 8.947126 1.41945 0.000 ***
Sigma Constants 14.4819 2.117302 0.000 ***

Number of obs = 150
Prob > chi2 = 0.0000

Stata command: doubleb BID1 BID2 WTP1 WTP2; *** significant at 1%.

The table revealed that the initial and the second bids were relevant at 1%, with a
favourable relationship with WTD. The discrepancy between Beta and Sigma constant
(bids) was RM5.53. Independent variables were then applied to the model to evaluate some
critical relationships with the WTD, as shown in Table 14:

Table 14. Double-bound CVM modified.

Variables Coefficient Std Error Significant

Constant −15.84793 7.400414 0.032
AGE 0.6987584 0.2270002 0.002 ***

OWNB 5.400544 2.912554 0.064 *
Sigma Constant 14.02604 2.048678 0.000

Number of obs = 150

Wald chi2 (5) = 12.64

Prob > chi2 = 0.0018
* Significant at 10% level *** Significant at 1% level.

Stata command: doubleb BID1 BID2 WTP1 WTP2 AGE OWNB.

In contrast to a single bound CVM earlier, the double-bound CVM has no significant
effect on the WTD. However, species-owned hobbyists (OWNB) have a considerable
influence at a 10% level. This was focused on the notion that those who possessed B. livida
were more inclined to donate and vice versa. The respondent’s age was the only reliably
significant 1% positive relationship with WTD using a double-bound model. Subsequently,
significant variables were estimated in the WTD estimation model using a double-bound
CVM, as shown in Table 15:

Table 15. Estimation of WTD using Double-Bound CVM.

Coefficient Std Error Significant

WTD 9.04 1.408674 0.000 ***
*** Significant at 1% level, Stata command: nlcom(WTP:(_b[_cons] + AGE_m*_b[AGE] +
OWNB_m*_b[OWNB])), noheader.

Hobbyist’s WTD for the B. livida conservation in Klang Valley was MYR 9.04 per
year, estimated using double-bound CVM with independent attributes. This estimation
comprises both initial and second bids to value a mean WTD. Hence, approximately MYR
1356 from 150 hobbyists in Klang Valley is expected to conserve wild B. livida per year.
However, the annual funds for a conservation fund are often minimal. Thus, it must be
spent effectively to ensure the survivability of the species.

In this analysis, local WTD for species-level was calculated to be higher than the WTP
for elephants performed by Shahwahid et al. [13]. Using closed-ended bids combined with
double-bound dichotomous bid keys makes it possible for the respondent to be impartial
when stating a monetary value. Moreover, as this study only specified the conservation
B. livida, not the other wild betta species, the economic value elicited was lower than the
survey by Teh et al. [14] and Vianna et al. [15]. However, their WTP was elicited towards
various marine turtles and shark species and they gave more weight for the respondent
to consider their willingness to pay for conservation. The mean WTD could also have
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been influenced by the number of respondents in this study. Moreover, those residing
outside KV who could be informative were also excluded. Studies by Haefele et al. [7] and
Michalski et al. [26] showed significance between two regions willing to conserve species
in other areas.

Hobbyist’s knowledge, perception and attitude did not significantly influence the
WTD. Results for the hypotheses HA1, HA2 and HA3, assuming knowledge, perception and
attitude of hobbyists influenced the WTD were rejected. Thus, the null hypothesis was
accepted. This result contrasted with other established studies that independent variables
influenced the WTD [22,27,28]. However, in the knowledge section, an item regarding
the IUCN status of B. livida, despite only half of the respondents knew its endangered
status, hobbyists were willing to donate for species conservation. This corresponded with
Colléony et al. [29] that the respondents chose to donate not because of the endangerment
status but rather because of the species’ charisma and aesthetic. Age of hobbyist was
the only variable that consistently and significantly influenced the WTD for conservation.
According to Asmamaw et al. [12], age greatly affected the affordability to pay for protection.
Older people tended to have more stable employment and income and are possibly more
familiar with the theme. The income variable was significant for the single bound WTD but
failed to influence double-bound bids significantly. Regression was computed for the age
of hobbyists against knowledge perception and attitude and income, but they were also
found not to be significant. However, hobbyists who owned B. livida (OWNB) were more
likely to donate for species conservation than those who did not (significant). This was
parallel with familiarity with the targeted species being able to influence WTP, as shown in
the study by Lundberg et al. [28]. It suggests older hobbyists who are more familiar with
B. livida are most likely to donate for species conservation for the sake of heritage value.

4. Conclusions

Degradation of natural ecosystems and over-exploitation of wild species in the com-
mercial market have raised concerns regarding the endangerment and survival of the flora
and fauna heritages of Klang Valley. Via this preliminary study, the hobbyist’s knowledge,
perception, attitude and willingness to donate to protect wild B. livida in Klang Valley was
addressed using an online survey questionnaire. This study served as a baseline for WTD
towards conserving wild betta and freshwater fish in Malaysia. This study also inferred
that the Klang Valley hobbyists’ WTD for wild B. livida conservation using double-bound
CVM was MYR 9.05 per year. The hobbyist’s knowledge, perception and attitude toward
B. livida conservation have no significant relationship with the WTD.

In contrast, the respondent’s age indicated a significant connection concerning the
WTD, attributed to the species familiarity among older citizens. The possibility that owners
of the species (OWNB) would contribute to its survival was also significant. It was also
found that the number of wild species caught by the hobbyist appeared to be substantial,
but the implications could not be established.

As a recommendation, the decision-makers should consider the amount of donation
that the hobbyists are willing to contribute and set up a trust fund for habitat conservation
for the species. Online donation collecting through social media has been proven a suc-
cessful fundraising platform. Furthermore, the survey responses suggested that individual
hobbyists could contribute to the parent-pair breeding programme for B. livida. For exam-
ple, on transferring them for ex-situ conservation, i.e., captive breeding, some successfully
bred and released the species back into their natural habitat. Therefore, the decision-makers
should reach out to hobbyist groups and collaborate to preserve this valuable fauna.

This research has some weaknesses; future study could involve more respondents
representing the hobbyist sample population. Next, the examination must be inclusive for
respondents outside the species distribution region to determine any substantial variation.
In addition, more exploration of the target species’ charisma and aesthetic appeal must
be included to assess respondent attraction to the species when it comes to donating for
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conservation. Lastly, it is recommended that this type of study be conducted on other
significant local freshwater fish.
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Abstract: Knowing the ecological requirements of bird species is essential for their successful con-
servation. We studied the niche characteristics of birds in managed small-sized green spaces in the
urban core areas of southern (Kavala, Greece) and northern Europe (Rovaniemi, Finland), during
the breeding season, based on a set of 16 environmental variables and using Outlying Mean Index,
a multivariate ordination technique. Overall, 26 bird species in Kavala and 15 in Rovaniemi were
recorded in more than 5% of the green spaces and were used in detailed analyses. In both areas, bird
species occupied different niches of varying marginality and breadth, indicating varying responses to
urban environmental conditions. Birds showed high specialization in niche position, with 12 species
in Kavala (46.2%) and six species in Rovaniemi (40.0%) having marginal niches. Niche breadth was
narrower in Rovaniemi than in Kavala. Species in both communities were more strongly associated
either with large green spaces located further away from the city center and having a high vegetation
cover (urban adapters; e.g., Common Chaffinch (Fringilla coelebs), European Greenfinch (Chloris
chloris), Eurasian Blue Tit (Cyanistes caeruleus)) or with green spaces located closer to the city center
and having high gray area cover and anthropogenic disturbance level (urban exploiters; e.g., Western
Jackdaw (Corvus monedula), House Sparrow (Passer domesticus), Eurasian Magpie (Pica pica)). The
eleven species that were common to both study areas similarly used the environmental variables and
had similar niches, indicating that birds respond similarly to urbanization irrespective of latitude.
Sixteen species in Kavala and eleven species in Rovaniemi were identified as conservation priority
species, based on their niche specialization level and conservation status. The management actions
proposed for the conservation of priority species will also benefit other species with similar ecological
requirements and ultimately help maintain diverse bird communities in small-sized green spaces in
urban core areas.

Keywords: generalists; specialists; niche breadth; marginality; urban core areas; small green spaces;
Mediterranean; Fennoscandia

1. Introduction

Hutchinson’s [1] concept of the realized niche refers to the range of environmental con-
ditions in which a species can survive, grow, reproduce and maintain a viable population,
even in the presence of competitors and predators. Hutchinson [1] and Whittaker et al. [2]
defined the ecological niche as an n-dimensional hypervolume (with ‘n’ being the number
of environmental conditions examined) that determines species distribution. According
to niche theory, species can be assigned along a narrow-broad niche continuum, from
specialists that use a narrow range of environmental conditions to generalists that use a
broad range of environmental conditions.

Birds are important components of urban landscapes, promoting ecosystem health [3].
They are also good indicators of the diversity of other animal groups and of habitat
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condition [4,5] because they are conspicuous, easy to quantify and quickly respond to
habitat changes caused by urbanization [6,7]. The maintenance of a diverse bird community
in cities provides important ecosystem services, such as pest control [8], plant pollination [9],
art inspiration [10] and improvement of human well-being by increasing vitality and
happiness and reducing stress and anxiety in urban residents [11,12]. Furthermore, the
importance of urban green spaces has greatly increased during the COVID-19 pandemic.
Birdwatchers from 97 countries reported that they primarily visit local small urban green
spaces due to strict lockdown regulations [13]. However, birds face novel conditions in
cities, mostly due to the destruction and fragmentation of natural habitats, especially
forests, which are replaced by open habitats and impervious surfaces [14]. Moreover,
birds in cities are generally more susceptible to predation, by both natural (e.g., corvids,
hawks) and domestic (e.g., cats, dogs) predators [15,16], and disease due to anthropogenic
pollution (e.g., organic, air, noise [17,18]). Such novel conditions induced by urbanization
act as ecological filters, altering bird species distribution and community composition
along the urbanization gradient [19–23]. Birds that occupy urban habitats are usually either
exploiters—which often utilize human subsidized resources, such as artificial nesting and
feeding sites as well as food waste, and their abundance is usually not dependent on
vegetation—or adapters, which require considerable vegetation for shelter and food and
utilize fewer anthropogenic resources [24,25].

Urban green spaces act as island habitats, hosting diverse and abundant bird commu-
nities [26,27]. In addition, urban areas are locally important for the conservation of birds, as
they host many threatened species because they often occupy biodiversity hotspots [28,29].
As urban birds and their habitats also have great social and educational value, conservation
efforts should increase in areas where people live and work [30]. Knowing the ecological
requirements of bird species and their degree of specialization is essential for setting conser-
vation priorities that would allow for successful conservation management for maintaining
diverse urban bird communities.

Environmental variables might vary and differently affect bird species distribution,
between green spaces located in urban core areas that are usually intensively managed,
small-sized and heavily used by local residents, and green spaces located at the periphery
of cities that are usually less managed, larger in size and less visited by people [31,32].
However, managed, small-sized green spaces in urban core areas have received relatively
little attention, although they host diverse and important bird communities (e.g., [33–37]).
In addition, environmental variables at the local scale are often more important than
regional ones in determining species distribution and community composition in urban
landscapes [38–41]. Such variables include patch level variables (e.g., green space size,
amount of gray, tree, shrub and bare ground cover [6,26,35,42]), matrix level variables
(e.g., distance from the city edge and center, building height [37,43,44]) and disturbance
variables (e.g., anthropogenic noise, pedestrian and car traffic [45–47]).

Earlier studies considered the species richness, diversity and organization of urban
bird communities at various spatial scales (e.g., [7,22,23,48–50]). Measures of niche char-
acteristics have been mostly used to explain why some species adapt to the novel urban
conditions while others do not, generally comparing species’ ecological requirements with
habitat conditions in cities and in natural habitats [51–55]. Studies comparing the niches of
bird species in urban core areas are lacking. We used niche theory concepts to describe,
at the local scale, the structure and niche characteristics of the bird communities in two
similar-sized European cities, Kavala (Greece) in southern Europe and Rovaniemi (Finland)
in northern Europe. We described species niches using niche position, marginality and
breadth. Niche position shows how typical the environmental conditions used by a species
are relative to those that are available in the region [56]. Niche position is measured by
niche marginality: species with marginal niches use atypical or uncommon conditions
within a region and species with non-marginal niches use typical or common conditions
within a region. Niche breadth measures a species’ tolerance to contrasting environmental
conditions. Low species tolerance means use of a limited range of environmental conditions
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(specialist species), while high tolerance means the use of a wide range of environmen-
tal conditions (generalist species). Such measures can be used to identify the degree of
specialization of bird species breeding in urban core areas and as such they could have
important implications for their conservation management. Many studies have found that
niche position is a strong predictor of ecological patterns and proposed that it can be a
better predictor of specialization than niche breadth [53,57–60]).

We measured the abundance of breeding bird species and local environmental vari-
ables to describe the distribution and niche characteristics of urban bird species at managed
small-sized green spaces located in the most urbanized core areas of Kavala and Rovaniemi.
We also set conservation priorities, depending on niche specialization and conservation sta-
tus, and proposed suitable management actions. We predicted that (1) niche characteristics
will differ between different species, (2) environmental variables will varyingly influence
species distribution, allowing for their classification either as adapters or as exploiters, (3)
species with similar niche characteristics will be similarly influenced by environmental
variables in both bird communities irrespective of the latitudinal location and (4) both bird
communities will be important for conservation of priority species.

2. Materials and Methods

2.1. Study Area

The study was carried out in Kavala, Greece (40◦56′ N, 24◦24′ E), located in southern
Europe, and Rovaniemi, Finland (66◦30′ N, 25◦44′ E), located in northern Europe, in their
most urbanized core areas, i.e., the central part of the municipality that is covered by more
than 50% impervious surface area, containing large buildings, primarily stores, offices and
dense residential areas (Figure 1). In these areas, all the green spaces are man-made and
managed and anthropogenic impacts on birds are supposed to be maximal.

The Kavala municipality has 70,501 inhabitants [61], covering approximately 351.35 km2.
Field work was performed in the core urban area of Kavala, were most inhabitants of the
municipality live (56,371 [61]). It covers approximately 8.0 km2 (about 7050 inhabitants/km2)
and is delimited by the sea to the south and by a Turkish Pine (Pinus brutia) dominated
peri-urban forest to the north. Two Turkish Pine-dominated woodlands, the Panagiouda
(17.0 ha) to the west and the Pentakosion (1.3 ha) to the east, are among the most important
green spaces of Kavala. However, the most common green spaces are small square gardens
(<3 ha), which are dispersed throughout the city and are usually partly covered by planted
trees and shrubs, and gray infrastructure such as paved walks, playgrounds, cafés and
restaurants.

Rovaniemi municipality has 63,631 inhabitants [62], covering approximately 8016 km2

(7601 km2 by land). It is located near the Arctic Circle and daylight duration is very high
in summer since the sun does not set between 7 June and 6 July. Forests (61.4%) and
mires with trees (25.1%) cover most of the land. The proportion of urban areas of the
municipality is only about 0.3% of the land area. Most of the inhabitants (50,000; about
4000 inhabitants/km2) of the municipality live in the core city area, where the field work
was performed. Although the forests surrounding the city are pine-dominated (Scots
Pine (Pinus sylvestris)), deciduous trees (e.g., Silver Birch (Betula pendula), Rowan (Sorbus
aucuparia)) are favored in urban park planning.

2.2. Bird Surveys

We selected 19 green spaces from each city, representing all available managed green
spaces in the core areas of both cities, and established one survey station at the center of
each green space. Green spaces and their corresponding survey stations were located at
least 250 m apart to avoid the double counting of individuals. The single-visit fixed-radius
(≤50 m) point count method was employed to assess the abundance and diversity of bird
species [63]. Birds were surveyed very early in the morning, during the period of maximum
bird activity. All surveys were conducted before 1030 h. They were conducted following
the recommendations of Bibby et al. [63], with a 5 min silent period before starting the
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5 min bird surveys. Surveys were conducted during fine weather by the same observer
(E.V. in Kavala, J.J. in Rovaniemi) to avoid introducing an observer effect. Counts were
carried out during the peak breeding season, 9–13 May 2016 in Kavala and 1–15 June 2020
in Rovaniemi.

The use of point counts is appropriate in urban areas due to built-up structures [39,64].
Several studies have validated the efficiency of single-year, single-visit studies [27,39,65]. Species
were assumed to have similar detection probabilities because we kept the sampling radius
relatively small (50 m); sampling points were located in similar habitats and vegetation
cover was relatively low. This assumption is common to studies of urban bird commu-
nities [66–69]. Moreover, van Heezik and Seddon [64] reported that standardized, non-
detectability-based point counts could provide useful information on the structure and
relative abundance of bird communities in urban areas. Therefore, the use of the same
methodology allowed for valid comparisons between the two study areas.

Figure 1. Maps of (a) Rovaniemi, Finland, and (b) Kavala, Greece, showing the location of the survey
stations (n = 19). Scale applies to both maps. Main map: Google Earth; Image Landsat/Copernicus,
Data SIO, NOAA, U.S. Navy, NGA, GEBCO; ©2020 Google, Image©2021 TerraMetrics, Image©2021
Maxar Technologies. Inset map: GinkgoMaps.
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The presence of every individual bird as well as any indication of breeding activity
within the survey station was noted (singing males, territorial behavior, nest construction
or provisioning, occupied nests, etc.). This method is not appropriate for the assessment of
the abundance of raptors, aerial feeders and crepuscular species [63], and therefore such
species were not used in our analyses, with the exception of the Northern House Martin
(Delichon urbica) and the Barn Swallow (Hirundo rustica) in Kavala and the Common Swift
(Apus apus) and the Sand Martin (Riparia riparia) in Rovaniemi. These species are important
features of the urban landscape and were counted only when involved in direct breeding
activities (e.g., entering into the nest hole) within the 50 m survey point radius.

At the European level, species conservation status was taken from [70]. At the national
level, conservation status was taken from the 2019 Red List of Finnish Species [71] and
the Red Data Book of Threatened Animals of Greece [72]. (See species classification in
Table S1.)

2.3. Environmental Variables

Sixteen environmental variables were measured in both cities to test their effect on
bird abundance and diversity (Table S2). Distance of the center of each green space from
the city center and city edge (km), green space size (ha), perimeter (edge) length (km) and
relative edge length, calculated as perimeter divided by area (km/km2), were measured
from aerial maps. Land cover was measured in the field as the percentage of tree, shrub,
bare ground and impervious (gray cover) surface within a radius of 50 m of every survey
station. Tree cover was estimated separately for the coniferous and deciduous trees. Mean
noise levels (dBA) were measured twice at each survey station, in the morning (just before
the initial bird survey started), before daily traffic starts, and at midday, when daily traffic
is at its maximum. Noise measurements were recorded for 5 min during each session
(76 sessions in total), by using a portable noise meter in Kavala (Model Nova 42, Pulsar
InstrumentsTM) and an environmental multimeter in Rovaniemi (MASTECH® MS6300
Environment Multimeter), directed towards the nearest road at the breast height. Car traffic
(number of cars per minute) and pedestrian traffic (number of people per minute) were
also recorded within a radius of 50 m of every survey station during a 5 min period before
the initial bird surveys started. We used the number of floors of the buildings surrounding
each green space as an index of the matrix type. The number of floors was calculated
from the four main compass directions in the field, and the average value was used later
in analyses.

Although Kavala is more densely populated than Rovaniemi, green space size (Kavala,
mean 1.5 ± 3.8 (SD) ha, range 0.1–17.0 ha; Rovaniemi, 1.7 ± 1.9 ha, 0.1–8.5 ha; Mann–
Whitney U-test z = 2.410, p = 0.063 after Bonferroni correction) and matrix type indices
such as distance of green spaces from the city center (Kavala, 1.5 ± 0.9 km, 0.1–3.1 km;
Rovaniemi, 0.9 ± 0.7 km, 0.3–2.6 km; z = −2.015, p = 0.075) and number of floors (Kavala,
2.9 ± 1.6, 1–6; Rovaniemi, 2.6 ± 1.2, 1–4; z = 0.150, p = 0.998) did not significantly differ
between the cities, suggesting that green spaces could be compared.

2.4. Data Analysis

The Outlying Mean Index (hereafter OMI) analysis [73], a two-table ordination tech-
nique, was used to explore the influence of environmental variables on the bird commu-
nities of Kavala and Rovaniemi. The first table included 26 species for the Kavala and
15 species for the Rovaniemi dataset (after excluding species occurring in <5% of all counts;
see Table S1). The second table included the 16 environmental variables measured in both
cities (see Table S2). In contrast to other multivariate methods, OMI analysis gives equal
weight to species-rich and species-poor sites, makes no assumption about the shape of
species response curves to the environmental gradients (linear or unimodal) and its inter-
pretations are robust to multicollinearity among the environmental variables [73]. The OMI
analysis provides an inertia estimate representing the total variance of the environmental
table weighted by the species distribution profile. This variability is decomposed into three

158



Sustainability 2021, 13, 6327

niche parameters, namely OMI, tolerance and residual tolerance (expressed as percentages
of inertia). OMI measures the marginality of species, or the distance between the average
environmental conditions used by a species and the mean environmental conditions of
the sampling units of the study area. A high marginality indicates that a species is found
under atypical environmental conditions within the study area, whereas a low marginality
indicates that there is no difference between the overall environmental conditions and
those where the species is found. Tolerance is a measure of niche breadth. High tolerance
values indicate that the species is distributed along a variety of environmental conditions
(generalist species), while low values imply that the species is distributed along a more
limited range of environmental conditions (specialist species). Residual tolerance indicates
the variance in species niche not considered. Niche parameters were estimated with the
function niche of the ade4 R package [74]. The statistical significance of the marginality of
each species was tested by a Monte Carlo random permutation test with 10,000 permuta-
tions, applying the Holm correction for multiple testing. Pearson’s correlation coefficients
between the environmental variables and OMI axes were computed with the rcorr function
of the Hmisc R package [75].

We classified species in conservation priority categories depending on niche special-
ization and conservation status. Species that were both specialized and threatened at the
European or national levels were classified as first conservation priority. Species that were
either specialized or threatened at the European or national levels were classified as second
conservation priority.

All statistical analyses were performed in program R 4.0.2 [76].

3. Results

3.1. Niche Analysis for the Breeding Bird Community of Kavala

OMI analysis retained the first two axes, which accounted for 79.83% of the total
inertia (axis 1: 56.34%; axis 2: 23.49%). OMI values varied greatly, ranging from 1.80%
(Northern House Martin) to 87.20% of inertia (Eurasian Tree Sparrow (Passer montanus))
(Table 1, Figure 2a). Analysis showed that 12 of 26 species examined (46.2%) showed
significant deviation from the mean habitat condition, indicating marginal niches. The
remaining 14 species (53.8%) had low OMI index values, indicating non-marginal niches,
typical of the local average urban niche. Moreover, the average marginality of all species,
the criterion optimized by OMI analysis, was significantly different from the mean habitat
condition (p < 0.001). Tolerance values revealed species occupying narrow niches (tolerance
<20% of inertia) and species with broader niches (tolerance >30% of inertia). However,
the generally high residual tolerance, ranging from 22.20% to 81.30% of inertia, indicated
that additional important factors that affect species distribution and resource use should
be considered.

The first OMI axis was significantly positively correlated with tree cover, coniferous
tree cover, green space size and perimeter, and significantly negatively correlated with
morning and midday noise levels, car and pedestrian traffic, gray cover and building
height (Table 2, Figure 2c). The second OMI axis was significantly positively correlated
with gray cover and relative edge length and significantly negatively correlated with car
and pedestrian traffic, green space size and perimeter, tree cover and coniferous tree cover.
A large group of species was positively correlated with the first axis and negatively cor-
related with the second axis, species characteristic of green spaces with higher tree cover
and coniferous tree cover and larger size and perimeter (Figure 2a,c; Common Cuckoo
(Cuculus canorus), European Bee-eater (Merops apiaster), Syrian Woodpecker (Dendrocopos
syriacus), Eurasian Blackbird (Turdus merula), Sardinian Warbler (Sylvia melanocephala), Wil-
low Warbler (Phylloscopus trochilus), Common Nightingale (Luscinia megarhynchos), Great
Tit (Parus major), Eurasian Blue Tit (Cyanistes caeruleus), Eurasian Jay (Garrulus glandarius),
Common Chaffinch (Fringilla coelebs), European Greenfinch (Chloris chloris), European Serin
(Serinus serinus)). The Feral Pigeon (Columba livia), Collared Dove (Streptopelia decaocto),
Northern House Martin, Eurasian Magpie (Pica pica), Western Jackdaw (Corvus monedula),
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Hooded Crow (Corvus cornix), Common Starling (Sturnus vulgaris) and European Goldfinch
(Carduelis carduelis) formed a group of species generally negatively correlated with both
axes, being common in green spaces with high disturbance (noise and traffic load), sur-
rounded by high buildings. The Eurasian Tree Sparrow was the species most positively
correlated with the second axis, preferring edge habitats with generally high gray and bare
ground cover.

Table 1. Niche parameters of the bird species of Kavala and Rovaniemi. Inertia: total variability; OMI: outlying mean index
or marginality (%); T: tolerance index (%), RT: residual tolerance index (%).

Species Name Species Code
Kavala Rovaniemi

Inertia OMI (%) T (%) RT (%) Inertia OMI (%) T (%) RT (%)

Black-headed Gull Chrrid - - - - 12.1 79.0 3.9 17.1
Feral Pigeon Colliv 23.6 37.0 * 36.4 26.6 - - - -

Collared Dove Strdec 15.1 5.3 24.8 69.9 - - - -
Common Cuckoo Cuccan 27.8 41.8 * 31.7 26.6 - - - -

European Bee-eater Merapi 40.1 47.0 * 21.3 31.7 - - - -
Syrian Woodpecker Densyr 32.8 39.5 * 29.1 31.3 - - - -

Northern House
Martin Delurb 16.1 1.8 23.9 74.3 - - - -

Barn Swallow Hirrus 9.6 9.2 9.5 81.3 - - - -
White Wagtail Motalb 10.9 42.7 0.7 56.6 16.8 6.8 10.3 82.9

Eurasian Blackbird Turmer 28.6 39.5 * 33.0 27.5 - - - -
Fieldfare Turpil - - - - 15.5 10.8 22.4 66.8

Sardinian Warbler Sylmel 23.1 29.4 25.4 45.2 - - - -
Willow Warbler Phytro 32.6 45.0 * 30.4 24.7 19.7 15.3 15.8 68.9

Olivaceous Warbler Idupal 14.9 25.1 0.0 74.9 - - - -
Common

Nightingale Lusmeg 19.1 22.6 16.1 61.4 - - - -

Great Tit Parmaj 24.7 11.1 34.9 54.0 17.5 6.6 25.9 67.5
Eurasian Blue Tit Cyacae 32.6 36.2 * 20.6 43.2 23.1 38.0 * 8.0 54.1
Eurasian Magpie Picpic 13.1 58.1 * 5.0 36.9 25.9 64.7 * 4.9 30.5

Eurasian Jay Gargla 34.2 41.7 * 33.5 24.8 - - - -
Western Jackdaw Cormon 17.4 33.1 * 14.4 52.4 19.1 43.5 * 21.9 34.6

Hooded Crow Corcor 15.7 6.0 26.4 67.6 17.3 34.7 * 14.6 50.7
Common Starling Stuvul 13.5 21.7 17.3 61.0 - - - -
House Sparrow Pasdom 14.8 11.2 26.1 62.8 14.6 11.9 16.6 71.5
Eurasian Tree

Sparrow Pasmon 13.8 87.2 * 0.3 12.5 11.9 20.9 11.4 67.7

Common Chaffinch Fricoe 22.3 20.2 * 33.8 46.0 16.2 22.4 * 26.0 51.6
European Goldfinch Carcar 17.3 4.3 15.4 80.3 - - - -
European Greenfinch Carchl 21.2 8.9 34.2 56.9 17.0 42.2 * 14.1 43.6

Redpoll Acafla - - - - 19.5 38.4 17.9 43.6
European Serin Serser 21.7 60.7 17.1 22.2 - - - -
Eurasian Siskin Spispi - - - - 12.4 12.8 4.3 82.9

* Significant OMI values (Monte Carlo random tests with 10,000 permutations; p < 0.05 after Holm correction).
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Figure 2. OMI analysis plots for Kavala (a,c) and Rovaniemi (b,d) datasets. The origin of the plots
represents the mean environmental conditions. Species’ position on the factorial plane reveals
the degree of difference of their ecological niche to the mean environmental conditions and their
correlation with each axis (Kavala, (a); Rovaniemi, (b)). The length of the arrows of environmental
variables reflects their relative importance, and the direction of the arrow indicates correlations
among variables and with each axis (Kavala, c; Rovaniemi, d). Refer to Table 2 for the species codes
and to Table 1 for the environmental variable codes.

3.2. Niche Analysis for the Breeding Bird Community of Rovaniemi

OMI analysis also retained the first two axes, which accounted for 82.67% of the total
inertia (axis 1: 70.57%; axis 2: 12.10%). OMI values highly varied from 6.60% (Great Tit)
to 79.00% of inertia (Black-headed Gull (Chroicocephalus ridibundus)) (Table 1, Figure 2b).
Analysis showed that 6 of 15 species examined (40.0%) showed significant deviation from
the mean habitat condition, indicating marginal niches. The remaining nine species (60.0%)
had low OMI index values, indicating non-marginal niches, typical of the local average
urban niche. In addition, the average marginality of all species, the criterion optimized
by OMI analysis, was significantly different from the mean habitat condition (p < 0.001).
The relatively low tolerance values (3.90–26.00% of inertia) revealed that the 15 species of
the Rovaniemi assemblage occupied relatively narrow niches. The considerable residual
tolerance values (17.10–82.90% of inertia) suggested that there are other factors important
for explaining species distribution and niche breadth.
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Table 2. Pearson’s correlation coefficients of the environmental variables with the first two axes of OMI analysis.

Environmental Variables Code
Kavala Rovaniemi

Axis1 Axis2 Axis1 Axis2

Tree cover (%) TRC 0.538 * −0.799 *** 0.554 * −0.578 **
Shrub cover (%) SHC 0.395 0.362 0.269 0.043

Bare ground cover (%) GRC 0.302 0.393 0.120 0.933 ***
Gray cover (%) GRAY −0.783 *** 0.591 ** −0.754 *** −0.509 *

Deciduous tree cover (%) TRCD −0.437 −0.275 0.252 −0.323
Coniferous tree cover (%) TRCC 0.726 *** −0.510 * 0.349 −0.356

Green space size (ha) SIZE 0.696 *** −0.551 * 0.712 ** 0.069
Green space perimeter (km) EL 0.666 ** −0.590 ** 0.658 ** 0.221

Relative edge length (km/km2) REL −0.369 0.617 ** −0.745 *** −0.538 *
Distance from city edge (km) EDGE 0.045 0.062 0.035 −0.766 ***

Distance from city center (km) DC 0.440 −0.035 0.788 *** −0.011
Building height (floors/building) FL −0.576 ** −0.366 −0.734 *** 0.077

Morning noise level (dBA) N1 −0.872 *** −0.111 −0.688 ** 0.029
Midday noise level (dBA) N2 −0.699 *** −0.417 −0.746 *** −0.246

Car traffic (cars/min) CAR −0.679 *** −0.492 * −0.530 * −0.172
Pedestrian traffic (people/min) PED −0.644 ** −0.593 ** −0.727 *** −0.213

* p < 0.05; ** p < 0.01; *** p < 0.001.

The first OMI axis was significantly positively correlated with tree cover, green space
size and perimeter and distance from the city center, and significantly negatively correlated
with morning and midday noise levels, car and pedestrian traffic, gray cover, relative edge
length and building height (Table 2, Figure 2d). The second OMI axis was significantly
positively correlated with bare ground cover and significantly negatively correlated with
distance from the city edge, tree cover, gray cover and relative edge length. The Fieldfare
(Turdus pilaris), Willow Warbler, Great Tit, Eurasian Blue Tit, Common Chaffinch, European
Greenfinch, Redpoll (Acanthis flammea) and Eurasian Siskin (Spinus spinus) were positively
correlated with the first axis, species characteristic of green spaces with higher tree cover,
larger size and perimeter, and further from the city center (Figure 2b,d). The Eurasian
Magpie, Western Jackdaw, Hooded Crow and House Sparrow (Passer domesticus) were
negatively correlated with the first axis, mostly occupying greenspaces with high noise
levels, traffic load, gray cover, relative edge length and building height. The Eurasian Tree
Sparrow, White Wagtail (Motacilla alba) and, more strongly, the Black-headed Gull were
positively correlated with the second axis, preferring open green spaces.

3.3. Conservation Status and Priority

Six species had an unfavorable conservation status within Europe (Table S1). Three
were recorded in both cities (Willow Warbler, Eurasian Tree Sparrow, House Sparrow),
while the other three were recorded only in Kavala (Northern House Martin, Barn Swallow,
Common Starling). At the national level, five species were threatened in Finland: the
endangered House Sparrow and European Greenfinch, the vulnerable Black-headed Gull
and the near-threatened White Wagtail and Eurasian Magpie. The conservation status of
urban bird species recorded in Kavala has not been evaluated by the Red Data Book of
Threatened Animals of Greece.

In Kavala, one exploiter (Eurasian Tree Sparrow) and one adapter (Willow Warbler)
were the first conservation priority species. In Rovaniemi, one exploiter (Eurasian Magpie)
and one adapter (European Greenfinch) were the first conservation priority species.

Most species in both communities were assigned to second conservation priority status.
In Kavala, seven exploiters (Northern House Martin, Barn Swallow, Common Starling,
House Sparrow, Feral Pigeon, Eurasian Magpie, Western Jackdaw) and seven adapters
(Eurasian Jay, Common Chaffinch, Eurasian Blue Tit, Eurasian Blackbird, Common Cuckoo,
European Bee-eater, Syrian Woodpecker) were the second conservation priority species.
In Rovaniemi, six exploiters (House Sparrow, Eurasian Tree Sparrow, Black-headed Gull,
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White Wagtail, Western Jackdaw, Hooded Crow) and three adapters (Common Chaffinch,
Eurasian Blue Tit, Willow Warbler,) were the second conservation priority species.

4. Discussion

4.1. Niche Specialization and Habitat Conditions

The bird species breeding in Kavala’s and Rovaniemi’s urban core areas occupied
different niches of varying marginality and breadth, indicating varying responses to urban
environmental conditions. Birds in both Kavala and Rovaniemi could be broadly assigned
to either exploiter or adapter status in relation to their response to local environmental
variables [24,25]. The high niche marginality observed in urban bird communities might be
partially explained by the differential use of resources by exploiters (high use of gray and
low of green infrastructure) and adapters (low use of gray and high of green infrastructure)
in the studied urban core areas.

Several species were recorded only in one of the two bird communities. The Collared
Dove, European Bee-eater, Syrian Woodpecker, Sardinian Warbler, Olivaceous Warbler
(Iduna pallida), Common Nightingale, European Goldfinch and European Serin are south-
ernly distributed species that do not breed in Rovaniemi, while species such as the Redpoll
do not breed in Greece, and others breed very rarely, mostly in mountainous areas (Field-
fare and Eurasian Siskin) [77]. The Northern House Martin, Barn Swallow and Feral Pigeon
were abundant in Kavala, while they were not recorded in the study sites of Rovaniemi
despite that they belong in the breeding bird community of the city. Feral Pigeon num-
bers were recently reduced in Rovaniemi, from several hundreds to several dozen due to
viral infection (J. Jokimäki, unpublished data). Martins and swallows are not abundant
in Rovaniemi, as 90% of buildings were destroyed in World War II [78], and modern ar-
chitecture offers few nesting opportunities, especially where balconies are enclosed with
windows in response to cold weather.

Eleven species were common in the urban core areas of Kavala and Rovaniemi, in
both behaving either as exploiters, preferring green spaces with high gray cover, anthro-
pogenic disturbance and further from the city limits (e.g., Western Jackdaw, House Sparrow,
Eurasian Magpie) or as adapters, preferring larger green spaces with high vegetation cover,
further from the city center (e.g., Common Chaffinch, European Greenfinch, Eurasian
Blue Tit). Furthermore, four of the six specialists of Rovaniemi were also specialists in
Kavala. Although Kavala and Rovaniemi are located in different biogeographical areas,
both bird communities showed similar responses to urbanization and especially bird
species common to both communities were making similar use of local environmental
variables and also showed similar niche specialization. These findings agree with findings
from previous studies. Urban adapters seek in cities conditions similar to their natural
habitats, while urban exploiters are able to make use of novel conditions, which tend to
be similar in cities around the world (e.g., nest sites in buildings, food waste), and thus
become abundant [19–22,24,25,49].

4.2. Conservation Management Implications

A considerable number of species were threatened at the European or national levels
or had specialized niches and were therefore assigned to conservation priority status. Other
studies also found that European urban core areas [29] and Australian cities [28] are locally
important for threatened bird species. Threatened species that were observed in Kavala
and Rovaniemi were also recorded in other European cities, more frequently the Eurasian
Tree and House Sparrows, Northern House Martin and Barn Swallow [29]. Our findings
also suggested that birds, even exploiter species, might mainly depend on a limited set of
critical environmental variables in urban core areas. Potential change in the availability
of these environmental variables might render the urban environment inhospitable for
certain species. This process could be illustrated with the example of exploiters abundant
in Kavala, such as the narrow-niche Northern House Martin and Barn Swallow, which
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have severely declined in Rovaniemi due to changes in habitat conditions and were not
recorded during our surveys. Such outcomes emphasize the need for conservation actions.

In both communities, adapters were more abundant in larger green spaces with high
vegetation cover, especially tree cover, and low rates of urbanization and disturbance. Most
conservation priority adapter species nest in trees (Common Chaffinch, European Green-
finch, Eurasian Jay), in holes in trees (Eurasian Blue Tit, Syrian Woodpecker), in shrubs
(Eurasian Blackbird) or in shrubs and on the ground (Willow Warbler). The enlargement
of green spaces and the increase in tree and shrub cover would benefit adapter species.
Particular attention should be given to the retention of mature trees and dense shrubberies.
Both of these elements are often scarce in the urban landscape or removed for aesthetic and
safety reasons. However, they are vital for cavity nesters the former and for birds that nest
in shrubs or on the ground under shrubs the latter. Decreased shrub cover increases nest
visibility and consequently nest losses from both visually searching avian nest predators
(e.g., Eurasian Magpie [79]) and mammalian predators (e.g., Red Fox (Vulpes vulpes), Pine
Marten (Martes foina), free-ranging dogs and cats [16]). These shrub or ground-nesting bird
species were also intolerant of impervious areas and disturbance. Therefore, recreational
activities with their associated infrastructure (e.g., paths, kiosks, playgrounds) should be
kept at a minimum and arranged at the periphery of green spaces.

Urban exploiters, such as the Eurasian Tree and House Sparrows, Feral Pigeon, North-
ern House Martin and Barn Swallow, are closely associated with built areas, taking advan-
tage of the suitable sites for nesting they offer (i.e., windowsills, wall ledges, roof-tops).
However, modern architecture makes buildings unsuitable for nesting for many species [80],
and therefore architects must incorporate suitable nesting sites when designing buildings.
This is especially urgent for Rovaniemi, were the modern architecture has decreased the
nesting possibilities of the House Sparrow, Northern House Martin and Barn Swallow.
The closing of balconies with windows has restricted access of martins and swallows to
build their nests in wall corners of balconies (J. Jokimäki, unpublished data) and the use of
new types of roof tiles with fewer holes or cracks might reduce nest site availability for
sparrows [81]. In addition, secondary cavity-nesting species can be helped by erecting
artificial nest-boxes [32,82,83].

Several other species that are tolerant of human disturbance and able to exploit
anthropogenic food sources use natural substrates to nest, such as trees (Eurasian Magpie,
Hooded Crow) or cavities therein (Common Starling, Western Jackdaw) and riverbanks
(Black-headed Gull). Furthermore, grasslands and lawns are important foraging sites
for species such as the Black-headed Gull and sparrows. These further emphasize the
importance of preserving specific elements of the urban landscape, both natural and
anthropogenic, for the conservation of bird species, even in urban core areas.

5. Conclusions

We analyzed the niche of bird species nesting in the urban core areas of Kavala and
Rovaniemi, based on a set of 16 local environmental variables. This analysis involved
describing niche characteristics and identifying niche specialization and differences and
similarities between the cities. Specialization in niche position was high in both bird
communities, with species generally preferring either larger, more vegetated green spaces
with lower disturbance, or smaller, more built and disturbed green spaces. Species present
in both communities occupied similar niches. This analysis allowed for determining species
of conservation priority, also considering their conservation status at the European and
national levels. Next, we proposed species-specific conservation actions that would allow
for the protection of these species, but also other with similar ecological requirements. In
doing so, we also secure the maintenance of diverse urban bird communities.

Several species that were observed in only one green space were not included in the
analysis, with some of them being threatened at the European or national levels (Common
Swift, Sand Martin, Redwing (Turdus iliacus), Spotted Flycatcher (Muscicapa striata) [70,71]).
These species should be also considered a conservation priority and future research should
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explore their ecological requirements and the possibilities for their survival in urban core
areas. There is a lack of information on the national conservation status of the bird species
observed in Kavala [72]. It is important that threatened species would be classified as
conservation priorities upon availability of such information. Future studies should also
include other local environmental variables that might have important effects on urban
birds, such as nest predation [15,79]), microclimate [31], artificial light at night [84] and
the availability of holes in mature and dead standing trees [85]. In addition, although the
generally small differences in the measured environmental variables between the cities
indicated small differences in ecological conditions that allowed for comparisons, studies
including variables of the wider landscape matrix would give further insights. Our study
did not contain cities from Central Europe, and therefore the study does not represent an
average situation in Europe. For example, some typical Central European parks birds (such
as the Wood Pigeon (Columba palumbus), Eurasian Blackcap (Sylvia atricapilla), Eurasian
Robin (Erithacus rubecula), Common Chiffchaff (Phylloscopus collybita), and Eurasian Wren
(Troglodytes troglodytes) [86–88]) were missing from our samples. We encourage researchers
from Central Europe as well as other continents to perform corresponding urban niche
studies, also by using other groups than birds.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13116327/s1, Table S1: Common and scientific names, total abundance (sum of individuals
in all survey stations) and incidence (number of stations a species was observed) of the bird species
recorded in more than 5% of the survey stations in the green spaces of Kavala (26 species) and
Rovaniemi (15 species); Table S2: Environmental variables associated with the urban green spaces of
Kavala and Rovaniemi.
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