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Abstract

The main aim of this bachelor's thesis is to investigate the genetic diversity of
hedgehogs from the genus Atelerix and Erinaceus on the islands, which will make it
possible to apply effective management strategies to regulate, control, and reduce the
impact of these invasive species on local ecosystems. Island ecosystems are vulnerable to
biological invasions that can have serious consequences for native species. Within the
context of this bachelor's thesis, the genetic diversity of populations of the Algerian
hedgehog in Europe, the Canaries, Mallorca, Menorca, Ibiza, Formentera, Cabrera in the
Balearic Islands and Malta was studied. Previous studies have shown low genetic
diversity in these populations due to founder effects and maternal mtDNA inheritance. In
addition, the genetic diversity of European hedgehog populations in New Zealand and on
the islands of Sardinia, Elba and Pianosa has been studied and the low genetic diversity
among these island populations confirmed the theory of their introduction by humans

from the continents.
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1. Introduction

This Bachelor’s thesis is focused on the genetic diversity of hedgehogs from the
genus Atelerix and Erinaceus on islands. Islands are known to have a high degree of
endemism and a limited range of species. The Theory of Island Biogeography states that
species diversity on islands is dependent on their size, proximity to the mainland, and
isolation from other islands. Islands are also vulnerable to biological invasions, which
consist of the transport, introduction, establishment and spread of non-native species into
an area outside their natural range. Invasive species can cause drastic changes to the local
ecosystems, and can cause the extinction of native species. Therefore, understanding and
managing the genetic diversity of species on islands is important for the conservation of

local biodiversity.



2. Aims of the Thesis

The main objective of this study is to assess the history of the populations and
genetic diversity of hedgehogs of the genus Atelerix and Erinaceus in the islands. Other
objectives are to analyse the potential impact of biological invasions on genetic diversity
and to identify the main causes of genetic changes, to evaluate the theory of island
biogeography and its application to populations of invasive species on islands. Further,
to provide an overview of current knowledge on the causes and effects of biological
invasions and the management strategies that have been proposed or implemented to
prevent or mitigate the impact on islands. Finally, to summarise the results of previous
studies on the genetic diversity of the Algerian hedgehog in the Canary and Balearic
Islands and Malta, and the European hedgehog in New Zealand and Pianosa Island, and

to identify patterns or knowledge gaps that require further investigation.



3. Literature Review

1.1.  Genetic diversity on islands

Conservation of genetic diversity is now considered a key concept in
Conservation Biology, as it is often thought to be essential for the overall fitness of
species and their ability to adapt to environmental changes (Meffe & Carroll 1997). For
example, Grant (1998) found that the number of species inhabiting the Galapagos Islands
was positively correlated with the size of the islands. This was attributed to the fact that
larger islands provide a greater variety of habitats and resources, which can lead to higher
levels of genetic diversity (Hartl & Clark 1997). In addition, the geographical isolation of
islands has been found to be an important factor in the genetic diversity of species living
on them. Grant and Grant (2008) found that species on isolated islands have limited
opportunities for gene flow, which can lead to reduced genetic diversity. Furthermore,
the physical isolation of islands can lead to the formation of new species, which can also
contribute to increased genetic diversity. Human activities can also have a significant
impact on the genetic diversity of island species. For example, Losos et al. (1997) found
that the introduction of the invasive lizard species Anolis sagrei had a negative impact on
the genetic diversity of the native species Anolis conspersus in the Hawaiian Islands. This
was attributed to the fact that invasive species can outcompete native species for resources
and can also hybridise with them, leading to the loss of genetic diversity. Finally, the
climate of an island can also affect the genetic diversity of species living on it. Pimm and
Askins (1995) found that species living on islands with more extreme climates had lower
levels of genetic diversity than those living on islands with more moderate climates. This
was attributed to the fact that extreme climates can lead to higher levels of environmental
stress, which can reduce the ability of species to adapt and survive, thus leading to lower
levels of genetic diversity. In conclusion, the physical characteristics of islands, the
geographical isolation of islands, the introduction of invasive species, and the climate of
an island can all have a significant impact on the genetic diversity of species living on
them. Understanding the various ways that these factors can affect genetic diversity is
important for developing effective conservation measures for island species (Sax et al.
2002).



1.2. The Theory of Island Biogeography

The Theory of Island Biogeography (TIB) was first proposed by Robert
MacArthur and Edward O. Wilson in 1967. The theory is based on the idea that the
species richness of an island is determined by the balance between immigration of new
species and extinction of existing species. The theory states that the number of species on
an island will reach a steady state equilibrium, where the rate of immigration is equal to
the rate of extinction. This equilibrium is determined by the distance of the island from
the mainland, the size of the island, and the number of species already present on the
island. — see Figure 1 (MacArthur & Wilson 1967)

Island near mainland (source)

-
— —— — — —— —

Small island

Rate of colonization by new species

Rate of extinction of species

Equilibrium number of species supported by island

Figure 1 The graph illustrates the theory of island biogeography, which
suggests that large islands situated close to a possible source of colonisers are expected
to have a higher number of species at equilibrium. This is because they experience
increased immigration rates and decreased extinction rates. In contrast, small and
isolated islands are predicted to have the lowest number of species due to their lower
rates of colonisation and higher rates of extinction. Therefore, the graph represents the
relationship between island size, proximity to a source of colonisers, and the predicted

number of species present on the island (MacArthur and Wilson 1967).



The original TIB was based on the idea that immigration was the most important
factor in determining species richness on an island. However, subsequent research has
shown that the extinction rate can be just as important as the immigration rate in
determining species richness. Losos and Ricklefs (2009) proposed a revised version of
the TIB, which takes into account the role of extinction in determining species richness
on an island. According to the revised TIB, the species richness of an island is determined
by a balance between the immigration and extinction rate, which is determined by the

factors mentioned above.

The Theory of Island Biogeography (TIB) has been used to explain a variety of
patterns in the distribution of species on islands, such as the pattern of species richness
increasing with island size (MacArthur & Wilson 1967) and the pattern of species
richness decreasing with distance from the mainland (Simberloff 1998). The TIB has also
been used to explain the patterns of species richness on oceanic islands, which are
typically much more species-rich than continental islands (Whittaker 1972). The TIB has
been used to explain the patterns of species richness on isolated islands, as well as the
patterns of species richness on islands that are connected to the mainland (Brown &
Wilson 1956). The TIB has been used to explain the patterns of species richness in a
variety of ecosystems, including terrestrial, freshwater, and marine ecosystems (Ricklefs
1987). Additionally, the TIB has been used to explain the patterns of species richness in
different types of habitats, such as forests, grasslands, deserts, and wetlands (Ricklefs
1987). The TIB has also been used to explain the patterns of species richness in different
types of communities, such as communities of plants, animals, and microorganisms
(Ricklefs 1987).

1.3.  The biological invasion

Biological invasions are a major global environmental issue that has become
increasingly important in recent years (Pimentel et al. 2001). Biological invasions occur
when a non-native species is introduced into a new environment and subsequently spreads
(Simberloff 2006). These invasions can have a wide range of impacts on the environment,
ranging from changes in the structure of the local ecosystem to the introduction of new

diseases (Mack et al. 2000). Human activities are the primary cause of biological



invasions, including the intentional or unintentional introduction of species into new
areas, the spread of species through the transport of goods and people, and the destruction
of habitats that allow invasive species to thrive (Simberloff et al. 2000). Climate change
is also a major factor in the spread of invasive species, as rising temperatures enable
species to survive in areas that were previously too cold for them (Mack et al. 2000).
Natural processes, such as the spread of species through birds and other animals, can also

contribute to the spread of invasive species (Simberloff et al. 2000).

The proposed unified framework for biological invasions by Blackburn et al.
(2011) provides a comprehensive overview of the processes that lead to successful
invasions and the potential impacts of biological invasions. The framework outlines the
various stages of the invasion process and the factors that influence the success of
invasions. These stages include introduction, establishment, spread and impact. The
framework also highlights the importance of understanding the environmental and
ecological context in which invasions take place and the potential for management
interventions to reduce the impacts of invasions. The framework provides a useful tool
for researchers to better understand the dynamics of biological invasions and the potential
impacts they may have on the environment — See Figure 2 (Blackburn et al. 2011).
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Figure 2 The graph serves to illustrate the proposed unified framework's main components,
including the invasion stages, associated barriers, species categorization, and the need for different

management interventions at each stage (Blackburn et al. 2011).



The consequences of biological invasions can be far-reaching and have a
significant impact on the environment (Mack et al. 2000). Non-native species can
compete with native species for resources, resulting in a decrease in local biodiversity
(Pimentel et al. 2001). In addition, invasive species can introduce new diseases and
parasites into an area, which can cause significant damage to local ecosystems (Mack et
al.,2000). Invasive species can also alter the physical environment, leading to changes in
water or soil chemistry (Simberloff 2006). The presence of invasive species can lead to
changes in the food web, which can have a significant impact on ecosystem balance
(Mack et al., 2000). Invasive species are also capable of causing economic impacts, such
as the estimated $10 billion loss due to the emerald ash borer (Mack et al. 2000).

In order to reduce the impact of biological invasions, it is important to take steps
to reduce the spread of non-native species (Simberloff et al. 2000). This may include
controlling the movement of commodities to prevent the spread of species as well as
increasing public awareness of the risks associated with the introduction of non-native
species (Simberloff et al. 2000). In addition, it is important to take steps to control and
manage existing populations of invasive species as well as to restore populations of native
species (Simberloff et al. 2000). Understanding the causes of biological invasions is
essential for effective management and prevention strategies (Mack et al. 2000).

1.3.1. Management of invasive species on islands

Islands are particularly vulnerable to invasion species, as they are isolated and
have limited resources to respond to the impacts of introduced species (McGeoch et al.
2010). Invasion species can cause significant damage to island ecosystems, reducing
biodiversity, altering habitats, and reducing the availability of ecosystem services (Vila
et al. 2010). For this reason, it is important for islands to have effective management

strategies in place to prevent, control, and reduce the impact of invasive species.

The first step in managing invasive species on islands is to identify the pathways
of introduction, as this will inform the prevention and control strategies that are most
appropriate for the island (Hulme et al. 2008). Pathways of introduction can include
intentional or unintentional release, natural dispersal, and transfer of species from one

island to another (McGeoch et al. 2016). Once the pathways of introduction are identified,



a risk assessment can be carried out to identify the species that are most likely to become
invasive on the island (Dawson et al. 2015).

Once the pathways and species of concern have been identified, the next step is to
develop a management plan. This plan should include strategies to prevent the
introduction of invasive species, such as biosecurity measures, and strategies to control
and reduce the impact of existing invasion species, such as eradication or population
reduction (Harvey-Samuel et al. 2017). The Global Invasive Species Programme (GISP)
provides a toolkit with best practice recommendations for the management of invasive
species on islands (Wittenberg & Cock 2001). In addition, the Biotope Good Practice
Guide provides specific recommendations for the management of invasive species in

Seychelles, which can be applied to other islands (Rocamora & Henriette 2015).

1.4.  Subfamily Erinaceinae

Subfamily Erinaceinae (G. Fischer 1814) is a group of small to medium-sized
mammals that are part of the family Erinaceidae (G. Fischer 1814). This subfamily is
widely distributed across Europe, Africa, and Asia and is characterised by several distinct
features. Their spines are modified hairs called quills, acts as a dual-purpose defence
mechanism against predators and insulation for thermoregulation in cold environments
(Corbet 1988; Macdonald 2006). They have small eyes and a keen sense of smell that
they use to locate their prey, which primarily consists of insects, snails, and other
invertebrates (Macdonald 2006). Hedgehogs are also known to consume some small
vertebrates, such as lizards and frogs (Nowak 1991). The subfamily Erinaceinae
comprises around 17 species that are classified into five genera: Atelerix (Pomel 1848),
Erinaceus (Linnaeus 1758), Hemiechinus (Fitzinger 1866), Mesechinus (Ognev 1951),
and Paraechinus (Trouessart 1879) (Wilson & Reeder 2005).

1.4.1. Genus Atelerix

Genus Atelerix includes four species of hedgehog, which are native to Africa and
the Middle East. The species of this genus are the Four-toed hedgehog (Atelerix
albiventris Wagner 1841), the North African hedgehog (Atelerix algirus Lereboullet



1842), the Southern African hedgehog (Atelerix frontalis Smith 1831) and the Somali
hedgehog (Atelerix sclateri Anderson 1895) (HE et al. 2012).

1.4.1.1. The Algerian hedgehog

The Algerian hedgehog, also known as Atelerix algirus, is an animal endemic to
the northern Maghreb region which includes Tunisia, Algeria, Morocco, and Libya (Best
2018). Although it was once found in France, it is now extinct (Heim de Balsac 1936). In
continental Spain, this species can be found along the Mediterranean coast, from
Catalonia (Girona, Barcelona) to Valencia, Murcia, and Andalusia (Malaga, Almeria)
(Garcia-Rodriguez & Puig-Montserrat 2014). The Algerian hedgehog is also found in
other regions such as the Balearic, Canary, and Maltese islands (Best 2018). The Algerian
hedgehog may have been introduced into Spain, Southern France, and possibly the
Maltese Islands around 1000 BC during the Phoenician's maritime expeditions (Borg
2005). This species inhabits dry and rocky habitats, such as shrublands, grasslands, and
deserts (Garcia-Rodriguez & Puig-Montserrat 2014). Unfortunately, the Algerian
hedgehog is threatened by various anthropogenic factors, including road mortality, habitat
loss, and illegal hunting (Sayah et al. 2009). Despite this, it has been listed as "Least
Concern" on the IUCN Red List of Threatened Species (Amori et al. 2022).

The study of Algerian hedgehogs has revealed several subspecies and forms that
can be differentiated based on their morphometric data and pelage coloration. Hutterer
(2005) proposed a classification system that includes three subspecies within Atelerix
algirus. The first subspecies, A. algirus algirus (Lereboullet, 1842), is found in North
Africa and has been associated with four synonyms: caniculus (Thomas, 1915),
diadematus (Dobson, 1882), fallax (Dobson, 1882), and lavaudeni (Cabrera, 1928). The
second subspecies, A. a. girbaensis (Vesmanis, 1981), is found only on Djerba Island in
Tunisia. The third subspecies, A. a. vagans (Thomas, 1901), inhabits various islands
including Spain and Minorca, and is associated with one synonym, krugi (Peters, 1877).
These subspecies differ in their physical characteristics and geographical distribution
(Hutterer 2005).

Genetic diversity in Atelerix algirus was investigated by several researchers using
different DNA markers. Khaldi et al. (2016) analyzed mitochondrial (Cytochrome b) and

nuclear (BFIBR) genes, and reported low genetic diversity across the geographic range
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of the species. Based on these results, Best (2018) suggested merging A. a. algirus and A.
a. vagans into a single subspecies. However, Derouiche et al. (2016) examined a fragment
of the control region and found low genetic diversity within the species in Algeria. In
contrast, Velo-Anton et al. (2019) analyzed the same DNA fragment and identified three
distinct genetic lineages within A. algirus. Lineages 1 and 2 differed by at least 22
mutations, indicating that the control region may be a useful marker for studying the
species' phylogeography and evolutionary history. Recently, El-Farhati et al. (2021)
identified two distantly related lineages (lineages I and I1) within A. algirus, which were
not found in previous studies. Despite showing low mitochondrial diversity across the
continent, previous phylogeographic studies of North African organisms have revealed a
marked east-west divergence and identified two common disjunction areas. These
disjunction areas were located around the Algeria-Morocco border and in Kabylia (central
Algeria) (Nicolas et al. 2015; Beddek et al. 2018). Interestingly, the two haplogroups co-
occur in Atlas and Rif mountains (El-Farhati et al. 2021). Authors proposed two
hypotheses to explain this pattern: (i) vicariance of an eastern and a western haplogroup
followed by secondary expansion, or (ii) retention of deep mitochondrial DNA diversity
in Morocco followed by loss of diversity during eastward expansion of the species out of
Morocco. Both scenarios imply a population expansion of haplogroup 2, for which there
is evidence only with Fu's Fs test. Climatic niche modelling results support the first
hypothesis, showing that during the Last Glacial Maximum, there were several
disconnected areas of high climatic suitability for A. algirus: one in South-West Morocco,
one at the coastal Moroccan-Algerian border, and one in Tunisia-coastal Libya (El-
Farhati et al. 2021).

10
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Figure 3 The figure depicts the geographical distribution of hedgehog DNA
samples utilised in a particular study alongside the distribution of the analysed taxa
based on the International Union for Conservation of Nature (IUCN) 2015 classification
(El-Farhati et al. 2021).

1.4.1.1.1 Atelerix algirus in the Canary Islands

Atelerix algirus, the Algerian hedgehog, is an introduced species in the Canary
Islands with a hundred-eight km distance from the continent and is currently present on
the islands of Fuerteventura, Lanzarote, Gran Canaria and Tenerife. (Medina 2016). It is
believed that a pair of hedgehogs brought from Morocco to Fuerteventura in 1892 led to
the introduction of the species to the Canary Islands (Hutterer 1983). All four hedgehog
individuals from the Canary Islands share the same mtDNA haplotype, which suggests
that the hedgehog pair was introduced from Morocco to Fuerteventura and then spread to
other islands (Khaldi et al. 2016). Founder effects and maternal inheritance of mtDNA
could be the reason behind the low genetic diversity observed for the Cytb gene in the
Canary Islands (Khaldi et al. 2016). Subspecies recognition may not be necessary as there
is no genetic discontinuity between different populations (Khaldi et al. 2016). Human
activity may be responsible for the introduction of A. algirus to Europe and the Canary
Islands as this species is kept as a domestic animal in some areas and used for medicinal
and witchcraft purposes in Morocco (Farhati et al. 2021). Ecological niche modelling
analyses suggest that favourable climatic conditions have existed in most of the southern
and eastern lowland areas of the Iberian Peninsula over the last 6000 years to support the
spatial expansion of the Algerian hedgehog following its arrival in Europe (Farhati et al.

11



2021). Despite these favourable conditions, the current distribution of the Algerian
hedgehog in Spain is smaller than expected on the basis of climate niche modelling,
probably due to interactions between species such as competition, predation, parasitism,
and mutualism, which may play an important role in determining the distribution of the
species (Farhati et al. 2021). The European hedgehog, Erinaceus europaeus, which was
already well distributed in Spain before the introduction of the Algerian hedgehog, may
have contributed to its limited distribution in Spain due to competition between the two
species (Pearman et al. 2008; Sinclair et al. 2010; Giannini et al. 2013). Hedgehogs could
affect endemic invertebrates such as Coleoptera and some vertebrate groups such as
ground-nesting birds and endemic reptiles (Nogales et al. 2006; Dominguez & Bacallado
1944). They can also disrupt ecological processes such as mutualism between animals
and plants, as observed in the Canary Islands during the dispersal of seeds of the endemic
fleshy fruit fly species Plocama pendula (Barquin et al. 1986). Furthermore, hedgehogs
can transmit parasites of importance to human health (Khaldi et al. 2012).

1.4.1.1.2 Atelerix algirus in Balearic Islands

The species of interest can be found in several Balearic Islands, namely Mallorca,
Minorca, Ibiza, Formentera, and Cabrera in the Balearic Islands (Alcover et al. 1993;
Johnson et al. 2012). Recently, genetic evidence from Farhati et al. (2021) indicates that
the Algerian hedgehog (Atelerix algirus) has colonized the Balearic Islands, likely due to
human intervention. Evidence of the Algerian hedgehog's presence in Minorca was
discovered by Morales and Rofes (2008), who attribute its introduction to Muslims from
the Almohad Empire. Radiocarbon dating from the Balearic Islands by Valenzuela et al.
(2022) confirms that the Algerian hedgehog was deliberately introduced, occurring
simultaneously in Mallorca and Menorca, and slightly later in Eivissa. Valenzuela et al.
(2022) suggest that the introduction of mammals to islands often leads to evolutionary
changes in body size as species adapt to new ecological conditions. The new 14C ages
presented in the study could be used to investigate the rate at which evolutionary body
size changes occur in islanders. The introduction of Algerian hedgehogs to the Balearic
Islands was part of a broader phenomenon of animal translocation in the Almohad period
that included dromedaries and hyenas (Delort 1978; Morales 1994; Delibes et al. 2019).
The current fauna of terrestrial non-aquatic mammals in the Balearic Islands was

introduced by human intervention, intentional or unintentional (MacKinnon 2014).
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However, the Algerian hedgehog's historical distribution is strongly associated with
intentional human movement, given the sociocultural values and human use documented

for the species (Valenzuela et al. 2022).

1.4.1.1.3 Atelerix algirus on Malta

Historical records indicate that the Algerian hedgehog has been present in Malta
and the neighbouring island of Gozo since the time of the Phoenicians, approximately
1000 years before the common era (Borg, 2005). This species was likely introduced to
the islands for pest control purposes, as it was commonly used as a weapon against
various agricultural pests at the time (Borg, 2005). In fact, it has been suggested that the
Algerian hedgehog may have been introduced specifically to combat cockroach
infestations on the island of Comino, which led to an overpopulation of these insects in
the 19th century (Borg, 2005).

1.4.2. Genus Erinaceus

The members of Genus Erinaceus are widely distributed across a range of habitats
in Eurasia. The species of this genus are the Amur hedgehog (Erinaceus amurensis,
Schrenk 1858) found in northern China and the Russian Far East, the southern white-
breasted hedgehog (Erinaceus concolor, Martin 1838) in the Middle East, Central Asia
and South-Western China, the European hedgehog (Erinaceus europaeus, Linnaeus
1758) throughout Europe, and the northern white-breasted hedgehog (Erinaceus
roumanicus, Barrett-Hamilton 1900) in Eastern Europe and Western Russia (HE et al.
2012).

14.2.1. Erinaceus europaeus

The European hedgehog (Erinaceus europaeus) is a nocturnal predator species
that inhabits various regions across the British Isles, New Zealand, and continental
Europe, ranging from Iberia and Italy to Scandinavia (Reeve 1994; Morris 2014). It is
essential to maintain gene flow across fragmented landscapes to avoid the negative effects
of genetic drift, reduced genetic diversity, and inbreeding depression (Lacy 1997; Keller
& Waller 2002). The application of conservation genetics, including genetic rescues, is
beneficial in assessing, preserving, and managing populations that are genetically

susceptible (Ralls et al. 2018). Researchers are particularly interested in the levels of
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heterozygosity and inbreeding, with some studies suggesting that promiscuity and
superfecundation in hedgehogs may decrease inbreeding (Moran et al. 2009). Although
the species is classified as a Least Concern on the IUCN Red List of Threatened Species,
conservation measures are still necessary to protect hedgehogs from habitat loss, road

mortality, and other anthropogenic threats (Amori 2016).

Bolfikova et al. (2013) reported negative effects of hedgehog introductions
outside their native range, including the decline of endemic invertebrates, small reptiles,
and ground-nesting birds due to predation. This invader's increase in population density,
despite reduced genetic variability compared to the mainland, can have serious
consequences for the survival of native species (Jackson 2001; Bolfikova et al. 2013,
2017). Intensive studies in Scotland (Jackson 2001; Travis and Park 2004; Bremner and
Park 2007) and New Zealand (Bolfikova et al. 2013, 2017; Jones et al. 2013) support
these findings. Jackson (2001) conducted experiments at two sites in Western lIsles,
Scotland, to measure hedgehog impact on waders (Charadrii). The removal of hedgehogs
resulted in a 2-4-fold increase in nest success of waders compared to control areas with
high hedgehog densities (Jackson 2006).

1.4.2.1.1 Erinaceus europaeus in New Zealand

New Zealand has an interesting history of animal introduction, and the Erinaceus
europaeus is no exception. Historical evidence indicates that European hedgehog was
initially introduced to New Zealand's South Island in the 19th century, and they were not
present on the North Island before the 20th century. It was believed that they were
transported from the South Island to the North Island (Thomson 1922; Wodzicki 1950;
Brockie 1975; Long 2003; King 2005). However, a recent study by Bolfikova et al. (2013)
using molecular data has challenged this view. Authors utilised a control stretch of
mitochondrial DNA and 11 microsatellite loci to compare populations from different
regions of New Zealand with individuals from the UK. The study found that the hedgehog
population genetically similar to the British one was located near Palmerston North on
the North Island. Bayesian cluster analysis revealed that the genotypes were structured
into four clusters, with one cluster containing hedgehogs from the UK and the three others
consisting of individuals from New Zealand. (See Fig 5). However, 77% individuals
showed admixed origin, suggesting that the establishment phase of the western hedgehog
took place on the North Island, from where the hedgehog subsequently spread to the rest
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of New Zealand and recolonized the South Island. Furthermore, hedgehogs were
deliberately transported between the islands by people, and the study revealed the
possibility of the South Island hedgehog lineage becoming extinct and being replaced by
individuals dispersing from the north (Brockie, 1975; Bolfikova et al. 2013). The
molecular data indicated that the hedgehog population inhabiting New Zealand is purely
British (Bolfikova et al. 2013). Additional research by Pipek et al. (2020) identified
several previously unknown overseas shipments of hedgehogs to the North Island. They
found that hedgehogs also appeared as pets in areas where no previous shipment was
noted, such as in Auckland and Wellington in the 1880s. The data in the newspapers
supported some but not all of the findings from molecular data, demonstrating that
historical analysis can provide new insights into the history of animal introductions and
spread in New Zealand. The study by Pipek et al. (2020) suggests that newspapers can be
valuable in capturing early occurrences of species that may have been missed by previous
research. Improved historical records can also assist in clarifying the history of animal

introductions and spread in New Zealand (Jones & Sanders 2005).
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Figure 4 The study used the software STRUCTURE for K = 2, 3, and 4 to infer the population
structure of New Zealand hedgehogs, with the distribution of specific clusters in various locations,
including the United Kingdom, Auckland, Palmerston North, Molesworth, Twizel, and Macreas Flat,
represented in panel A, while panel B shows the outcome of the best-supported sorting, with each vertical
bar representing an individual and divided into segments based on the probability of assignment to each
cluster for K = 4. (Bolfikova et al. 2013).

1.4.2.1.2 Erinaceus europaeus in Pianosa Island (Tuscan Archipelago)

The presence of the European hedgehog on Pianosa Island in the Tuscan
Archipelago is interesting in terms of invasion. The study of the genetic diversity of E.
europaeus on this island provides a valuable opportunity to trace the process of human-
mediated invasion and understand the implications of such invasions for the resident
species. Although the species is not native to Pianosa Island, it has been observed on Elba
Island, the closest island to Pianosa, for over a century (Damiani 1923; Vesmanis &
Hutterer 1980). During the last glacial period, when Elba Island was more extensive and
connected to the mainland, hedgehogs had the opportunity to colonize it naturally (Bossio
et al. 2000). However, due to the lack of a permanent human population on Elba Island

and high staff turnover rates resulting from the island's use as a state prison until 2011,
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detailed information about the timing and circumstances of the hedgehog's introduction
was difficult to obtain (lannucci et al. 2018). Archaeological evidence suggests that
hedgehogs were present on Pianosa Island during the Neolithic era, along with other
species that are no longer found, such as the red fox (Vulpes vulpes), water vole (Arvicola
terrestris), and imported Ovicaprinae (Ducci et al. 2000). The cause and timing of their

disappearance are unknown.

It is hypothesized that the current hedgehog population on Pianosa Island
originated from individuals recently moved by humans from Elba to Pianosa, either
unintentionally or for unknown purposes (Amori et al. 2008). A recent genetic study
compared the genetic diversity of European hedgehogs from four different regions of
Italy, including the mainland, Sardinia, and the islands of Elba and Pianosa (lannucci et
al. 2018). The genetic data indicated a high similarity between the Pianosa and Elba
populations, supporting the hypothesis that the Pianosa hedgehog originated from a pool
of individuals translocated by humans from Elba to Pianosa (See Fig.6). A unique
haplotype in the Sardinian population suggests a genetic relationship with other
unexplored Mediterranean populations, possibly from Sicily, France, or Iberia (Amori et
al. 2008; lannucci et al. 2018). However, human-induced translocation should be
considered a crucial factor in characterizing the Sardinian fauna (Scandura et al. 2010).

Eradication plans supported by genetic analysis have been successful in Italian
islands, as evidenced by the successful removal of the black rat from the Tavolara
archipelago, which increased the reproductive success of dive birds on the islands
(Sposimo et al. 2012; lannucci et al. 2018). However, plans to eliminate species that are
attractive to humans, such as hedgehogs, often encounter ethical disagreements that can

lead to project failure (lannucci et al. 2018).
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Figure 5 The figure displays the geographic distribution of the sampling
localities, namely Pianosa, Elba, Mainland, and Sardinia, and the frequency pies of the

13 haplotypes representing the four population groups (lannucci et al. 2018).
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2. Discussion

The theory of island biogeography (MacArthur & Wilson 1967) can be applied to
the genetic diversity of hedgehog populations on islands. The genetic diversity of the
Erinaceus europaeus population in New Zealand was influenced by the introduction of
this species to the island, which isolated it from other populations of the same species
(Bolfikova et al. 2013). Pianosa Island, home to the European hedgehog, is also isolated,
potentially limiting gene flow and reducing genetic diversity (lannucci et al. 2018). The
forty-nine km isolation of Pianosa Island from the mainland may also increase the risk of
local adaptation to the Pianosa environment and the evolution of unique traits in the
Pianosa hedgehog population (lannucci et al. 2018). The introduction of Atelerix algirus
to the Canary Islands as a result of human activity can be seen as a process of colonization
of the new "island" by the "founder" population (Khaldi et al. 2016). The distance of one
hundred and eight kilometres between the Canary Islands and the continent, combined
with the absence of natural predators and competitors, creates a unique set of
environmental conditions that can affect the genetic diversity of the introduced species
(Nogales et al. 2006). Previous studies have shown that populations of A. algirus show a
potential cryptic differentiation within the taxon Atelerix, with three distinct genetic
lineages and two distantly related lineages (Velo-Anton et al. 2019). However, there is
no genetic gap between populations from Algeria, Morocco, Tunisia, Spain, the Balearic
and Canary lIslands, indicating that other factors, such as founder effect, historical
population dynamics and gene flow between populations, may play a greater role in

determining genetic diversity. (Khaldi et al. 2016).

The introduction of Algerian Hedgehog to the Canary Islands has been found to
have negative effects on endemic invertebrates and vertebrates, including ground-nesting
birds and endemic reptiles, and can disrupt ecological processes such as mutualism
between animals and plants reptiles (Nogales et al. 2006; Dominguez & Bacallado 1944).
Additionally, hedgehogs can transmit parasites of importance to human health (Khaldi et
al. 2012). Negative effects of European hedgehog introduction outside their native range
have been observed in several areas worldwide, including a decline in endemic
invertebrate species, small reptiles, and ground-nesting birds due to predation (Bolfikova

et al. 2013). Intensive studies have been conducted in Scotland and New Zealand to
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measure hedgehog impacts on native species, and the removal of hedgehogs has been
found to increase the nest success of waders by 2-4 times (Jackson 2001; 2006; Travis &
Park 2004; Bremner & Park 2007; Bolfikova et al. 2013). However, plans to eliminate
invasive species often encounter ethical disagreements that can lead to project failure
(lannucci et al. 2018).

To effectively manage invasive species on islands, it is crucial to first identify the
pathways of introduction, which can include intentional or unintentional release, natural
dispersal, and transfer of species from one island to another (McGeoch et al., 2016; Hulme
et al., 2008). Once the pathways of introduction have been identified, a risk assessment
can be conducted to determine which species are most likely to become invasive on the
island (Dawson et al., 2015). With this information, a management plan can be developed
that includes both prevention strategies, such as biosecurity measures, and control
measures, such as eradication or population reduction (Harvey-Samuel et al., 2017). The
Global Invasive Species Programme (GISP) offers a toolkit with best practice
recommendations for the management of invasive species on islands (Wittenberg &
Cock, 2001), while the Biotope Good Practice Guide provides specific recommendations
for invasive species management in Seychelles that can be applied to other islands
(Rocamora & Henriette, 2015).

The genetic diversity of the Algerian hedgehog (Atelerix algirus) has been
investigated by several studies. Khaldi et al. (2016) found no genetic discontinuity
between different populations from Algeria, Morocco, Tunisia, Spain, Balearic and
Canary Islands, suggesting that subspecies recognition may not be necessary. El-Farhati
et al. (2021) discovered two distantly related lineages (lineages I and I1) within A. algirus,
which were not recovered in the phylogenetic tree. These results suggest that the
mitochondrial phylogeographic structure of the species has a recent origin. The minimum
number of mutations observed between haplotypes of these two lineages was only three

mutations, and they could only be identified in the haplotype network.

The genetic structure of European hedgehog populations in New Zealand most
closely resembles that of the UK population, located near Palmerston North on the North
Island (Bolfikova et al. 2013). As the study suggests, this species has undergone a major
genetic drift and is significantly different from the original population (Bolfikova et al.

2013).
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The genetic diversity of the European hedgehog population on Pianosa is highly
similar to the population on Elba, suggesting that the hedgehog population on Pianosa
originated from a group of individuals translocated by humans from Elba to Pianosa
(lannucci et al. 2018). The different haplotype of the Sardinian population suggests a
genetic relationship with other unexplored Mediterranean populations, potentially
Sicilian, French or Iberian, given the absence of the species in North Africa (lannucci et
al. 2018).
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4. Conclusions

The aim of this study was to assess the genetic diversity of hedgehogs of the genus
Atelerix and Erinaceus on the islands and to evaluate the potential impact of biological
invasions on their genetic diversity. The study also aimed to identify the main causes of
genetic changes and to evaluate the theory of island biogeography applied to populations
of invasive species on islands. The results of this study show that the size and geographic
isolation of islands have a significant effect on the genetic diversity of island species. In
addition, invasive species pose a serious threat to the genetic diversity of native species
on islands, and the climate of an island can also affect the genetic diversity of its species.
The theory of island biogeography is an important concept that explains patterns of
species richness on islands and has been used to explain various patterns in the
distribution of species on islands. Biological invasions are a major environmental
problem that pose a significant threat to native biodiversity and ecosystem services.
Effective management strategies are essential to prevent, control and reduce the impact
of invasive species on islands. Understanding the causes of biological invasions and
developing effective management and prevention strategies is essential to mitigate the
impact of invasive species on native ecosystems, biodiversity and economic systems.
Previous studies on the genetic diversity of the Algerian hedgehog in the Canary and
Balearic Islands and Malta, and the European hedgehog in New Zealand and Pianosa
Island have contributed to our understanding of the genetic diversity of hedgehogs on the
islands. However, further research is needed to identify patterns and gaps in knowledge
that require further investigation. This study has provided valuable insights into the
genetic diversity of hedgehogs on the islands and highlighted the importance of

understanding and managing the impact of biological invasions on native species.

22



5. References

Alcover JA, Ballesteros E, Fornos JJ. 1993. Historia natural de I’arxipelag de Cabrera.
Editorial Moll, Palma de Mallorca, Spain.

Amori G. 2016. Erinaceus europaeus. The IUCN Red List of Threatened Species DOI:
https://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T29650A2791303.en.

Amori G, Contoli L, Nappi A. 2008. Mammalia II: Erinaceomorpha, Soricomorpha,
Lagomorpha, Rodentia. Edizioni Calderini, Bologna.

Amori G, Hutterer R, Krystufek B, Yigit N. 2022. Atelerix algirus. The IUCN Red List
of Threatened Species. DOI: https://dx.doi.org/10.2305/IUCN.UK.2022-
2.RLTS.T27926A22324424.

Barquin E, Nogales M, Wildpret W. 1986. Intervencion de vertebrados en la
diseminacion de plantas vasculares en Inagua, Gran Canaria (Islas Canarias).
Vieraea 16:263-272.

Becher SA, Griffiths R. 1997. lIsolation and characterization of six polymorphic
microsatellite loci in the European hedgehog Erinaceus europaeus. Molecular
Ecology 6:89-90.

Becher SA, Griffiths R. 1998. Genetic differentiation among local populations of the
European hedgehog (Erinaceus europaeus) in mosaic habitats. Molecular Ecology
7:1599-1604.

Beddek M et al. 2018. Comparative phylogeography of amphibians and reptiles in
Algeria suggests common causes for the east-west phylogeographic breaks in the
Maghreb DOI: https://doi. org/10.1371/journal.pone.0201218.

Berggren KT, Ellegren H, Hewitt GM, Seddon JM. 2005. Understanding the
phylogeographic patterns of European hedgehogs, Erinaceus concolor and E-
europaeus using the MHC. Heredity 95:84-90.

Best T. 2018. Family Erinaceidae (Hedgehogs and Gymnures). Pages 288-331 in
Wilson DE, Mittermeier RA, editors. Handbook of the Mammals of the World.
Lynx Edicions, Barcelona.

23



Blackburn TM, Pysek P, Bacher S, Carlton JT, Duncan RP, Jarosik V, Wilson JRU,
Richardson DM. 2011. A proposed unified framework for biological invasions.
Trends in Ecology and Evolution 26:333-339. Elsevier. Available from
http://www.cell.com/article/S0169534711000930/fulltext (accessed April 2, 2023).

Bolfikova B, Hulva P. 2012. Microevolution of sympatry: landscape genetics of
hedgehogs Erinaceus europaeus and E. roumanicus in Central Europe. Heredity
108:248-255.

Bolfikova B, Kone¢ny A, Pfaeffle M, Skuballa J, Hulva P. 2013. Population biology of
establishment in New Zealand hedgehogs inferred from genetic and historical data:
conflict or compromise? Molecular Ecology 22:3709-3720.

Borg J. 2005. Technical Appendix 7: Mammalia baseline survey on the Xaghra I-Hamra

Golf Course Proposal. Malta Tourism Authority :40.

Bossio A, Cornamusini G, Ferrandini J, et al. 2000. Dinamica dal Neogene al
Quaternario della Corsica orientale e della Toscana. Pages 87-95 L’attivita

scientifica delle Universita di Pisa e Corte. Edizioni ETS, Pisa.

Braaker S, Kormann U, Bontadina F, Obrist MK. 2017. Prediction of genetic
connectivity in urban ecosystems by combining detailed movement data, genetic
data and multi-path modelling. Landscape and Urban Planning 160:107-114.

Brockie RE. 1975. Distribution and abundance of the hedgehog (Erinaceus europaeus)
I. in new zealand, 1869-1973. New Zealand Journal of Zoology 2:445-462.

Brown WL, Wilson EO. 1956. Character displacement. Systematic Zoology 5:49-64.
Available from
https://scholar.google.com/scholar_lookup?journal=Systematic+Zoology&title=C
haracter+displacement&author=WL+Brown&author=EO+Wilson&volume=5&p
ublication_year=1956&pages=49-64& (accessed April 8, 2023).

Case TJ. 1978. A General Explanation for Insular Body Size Trends in Terrestrial
Vertebrates. Ecology 59:1-18. Wiley.

Corbet GB. 1988. The family Erinaceidae: a synthesis of its taxonomy, phylogeny,
ecology and zoogeography. Mammal Review 18:117-172.

24



Damiani G. 1923. La fauna. Pages 103-129 in Foresi S, editor. L’Elba illustrata.
Portoferraio.

Dawson J, Oppel S, Cuthbert RJ, Holmes N, Bird JP, Butchart SHM, Spatz DR, Tershy
B. 2015. Prioritizing islands for the eradication of invasive vertebrates in the United
Kingdom overseas territories. Conservation biology: the journal of the Society for
Conservation  Biology 29:143-153. Conserv  Biol. Available from
https://pubmed.ncbi.nlm.nih.gov/25163543/ (accessed April 2, 2023).

Delibes M, Centeno-Cuadros A, Muxart V, Delibes G, Ramos-Fernandez J, Morales A.
2019. New insights into the introduction of the common genet, Genetta genetta (L.)
in Europe. Archaeological and Anthropological Sciences 11:531-539. Springer
Verlag.

Delort R. 1978. Le commerce des fourrures en Occident 4 la fin du Moyen Age. Ecole

francaise de Rome, Palais Farnése 236.

Derouiche L, Bouhadad R, Fernandes C. 2016. Mitochondrial DNA and morphological
analysis of hedgehogs (Eulipotyphla: Erinaceidae) in Algeria. Biochemical

Systematics and Ecology 64:57-64.

Dominguez F, Bacallado JJ. 1944. Mamiferos. Pages 333-338 in Bacallado Aranega JJ,
editor. Fauna Marina y Terrestre del Archipi¢lago Canario. Editorial Edirca, Las
Palmas de Gran Canaria.

Ducci S, Guerrini M V, Petrazzi P. 2000. L’insediamento della Scola (Isola di Pianosa,
Comune di Campo nell’Elba, LI). Pages 83-90 in Tozzi C, Weiss MC, editors. Les

premier peuplements olocenes de 1’aire corso-toscane. Edizioni ETS, Pisa.

El-Farhati H, Khaldi M, Ribas A, Hizem MW, Nouira S, Nicolas V. 2021. Evolutionary
history of the two North African hedgehogs (Mammalia: Erinaceidae) Atelerix
algirus and Paraechinus aethiopicus based on phylogeography and species
distribution modelling. Vertebrate Zoology 71:799-811. Senckenbergische
Naturforschende Gesellschaft.

Evanno G, Regnaut S, Goudet J. 2005. Detecting the number of clusters of individuals
using the software STRUCTURE: a simulation study. Molecular Ecology 14:2611—
2620.

25



Foster JB. 1964. Evolution of mammals on Islands. Nature 202:234—235.

Garcia-Rodriguez S, Puig-Montserrat X. 2014. Algerian hedgehog (Atelerix algirus
Lereboullet, 1842) habitat selection at the northern limit of its range. Galemys,
Spanish Journal of Mammalogy 26:49-56. Sociedad Espanola para la Conservacion
y Estudio de los Mamiferos (SECEM).

Giannini TC, Chapman DS, Saraiva AM, Alves-dos-Santos |, Biesmeijer JC. 2013.
Improving species distribution models using biotic interactions: a case study of

parasites, pollinators and plants. Ecography 36:649-656.

Grant PR, Grant BRosemary. 2008. How and why species multiply: the radiation of

Darwin’s finches:218. Princeton University Press.

Grant PR, Royal Society (Great Britain). Discussion Meeting. 1998. Evolution on
islands: 334, Oxford University Press. Available from
https://global.oup.com/academic/product/evolution-on-islands-9780198501718
(accessed April 8, 2023).

Hartl, D.L., Clark, G.A. 1997. Principles of Population Genetics. 3rd ed., Sinauer

Associates.

Harvey-Samuel T, Ant T, Alphey L. 2017. Towards the genetic control of invasive
species. Biological Invasions 19:6 19:1683-1703. Springer. Available from
https://link.springer.com/article/10.1007/s10530-017-1384-6 (accessed April 2,
2023).

HE K, Chen J, Gould G, Yamaguchi N, Ai H-S, Wang Y-X, Zhang Y-P, Jiang X-L.
2012. An Estimation of Erinaceidae Phylogeny: A Combined Analysis Approach.
PloS one 7.

Heim de Balsac H. 1936. Le Hérisson d’Algérie, Aethechinus algirus, relique pliocéne
en France. Bull. Mus. Hist. Nat 8:322—-326.

Hulme PE et al. 2008. Grasping at the routes of biological invasions: a framework for
integrating pathways into policy. Journal of Applied Ecology 45:403-414. John
Wiley & Sons, Ltd. Available from
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2007.01442.x
(accessed April 2, 2023).

26



Hutterer R. 1983. Uber den Igel (Erinaceus algirus) der Kanarischen Inseln. Zeitschrift

fur Sdugetierkunde International Journal of Mammalian Biology 48:257-265.

Hutterer R. 2005. Order Erinaceomorpha. Pages 212-219 in Wilson DE, Reeder DM,
editors. Mammals species of the World. A taxonomical and geographical

reference., 3rd edition. The John Hopkins University Press, Baltimore.

lannucci A, Baccetti N, Giannini F, Gotti C, Baratti M. 2018. A genetic analysis of the
European hedgehog (Erinaceus europaeus): an applicative case study to support its
eradication from Pianosa Island (Tuscan Archipelago). Conservation Genetics
20:395-402. Springer Netherlands.

Johnson L, Pons GX, Roig-Munar FX. 2012. L’eri¢d africa, Atelerix algirus
(Lereboullet, 1842) (Erinaceidae), i els passos de bestiar canadencs del Cap de
Cavalleria (Es Mercadal, Menorca). Boll. Soc. Hist. Nat. Balears 55:139-148.

Jones C, Moss K, Sanders M. 2005. Diet of hedgehogs (Erinaceus europaeus) in the
upper Waitaki Basin, NewZealand: implications for conservation. New Zealand
Journal of Ecology 29:29-35.

Jones C, Sanders M. 2005. European hedgehog. Pages 81-94 in King CM, editor. The
Handbook of New Zealand Mammals, 2nd edition. Oxford University Press,
Melbourne.

Keller LF, Waller DM. 2002. Inbreeding effects in wild populations. Trends in Ecology
& Evolution 17:230-241.

Khaldi M, Ribas A, Barech G, Hugot JP, Benyettou M, Albane L, Arrizabalaga A,
Nicolas V. 2016. Molecular evidence supports recent anthropogenic introduction
of the Algerian hedgehog Atelerix algirus in Spain, Balearic and Canary Islands
from North Africa. Mammalia 80:313-320. Walter de Gruyter GmbH.

Khaldi M, Torres J, Sams6 B, Miquel J, Biche M, Benyettou M, Barech G, Benelkadi
HA, Ribas A. 2012. Endoparasites (helminths and coccidians) in the hedgehogs
Atelerix algirus and Paraechinus aethiopicus from Algeria. African Zoology
47:48-54.

King CM. 2005. The Handbook of NewZealand Mammals, 2nd edition. Oxford

University Press, Melbourne.

27



Lacy RC. 1997. Importance of genetic variation to the viability of mammalian
populations. Journal of Mammalogy 78:320-335.

Lomolino M V. 1985. Body Size of Mammals on Islands: The Island Rule Reexamined.
The American Naturalist 125:310-316. University of Chicago Press.

Long JL. 2003. Introduced mammals of the world. Their history, distribution and
influence, 1st edition. Centre for Agriculture and Bioscience International,
Wallingford.

Losos JB, Ricklefs RE. 2009. The theory of island biogeography revisited. The Theory
of Island Biogeography Revisited:1-476. Princeton University Press.

Losos JB, Warheitt KI, Schoener TW, Losos JB, Warheitt KI, Schoener TW. 1997.
Adaptive differentiation following experimental island colonization in Anolis
lizards. Natur 387:70-73. Nature Publishing Group. Available from
https://ui.adsabs.harvard.edu/abs/1997Natur.387...70L/abstract (accessed April 2,
2023).

MacArthur RH, Wilson EO. 1967. The theory of island biogeography REV-Revised.
Princeton University Press. Available from http://www.jstor.org/stable/j.ctt19cc1t2
(accessed April 8, 2023).

Macdonald DW. 2006. The Encyclopedia of Mammals. The Encyclopedia of Mammals
DOI: 10.1093/ACREF/9780199206087.001.0001. Oxford University Press.

Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, Bazzaz FA. 2000. Biotic
invasions: Causes, epidemiology, global consequences, and control. Ecological
applications 10:689-710.

MacKinnon M. 2014. Fauna of the ancient Mediterranean World. Pages 156-179 The
Oxford handbook of animals in classical thought and life. Oxford Unviversity Press,
Oxford.

McGeoch MA, Butchart SHM, Spear D, Marais E, Kleynhans EJ, Symes A, Chanson J,
Hoffmann M. 2010. Global indicators of biological invasion: species numbers,
biodiversity impact and policy responses. Diversity and Distributions 16:95-108.
John Wiley & Sons, Ltd. Available from

28



https://onlinelibrary.wiley.com/doi/full/10.1111/j.1472-4642.2009.00633.x
(accessed April 2, 2023).

McGeoch MA, Genovesi. P, Bellingham PJ, Costello MJ, McGrannachan C, Sheppard
A. 2016. Prioritizing species, pathways, and sites to achieve conservation targets

for biological invasion. Biological Invasions 18:299-314.

Medina FM. 2016. First record of Algerian hedgehog Atelerix algirus (Lereboullet,
1842) in La Palma lIsland Biosphere Reserve. Galemys, Spanish Journal of
Mammalogy 28:61-62. Available from
https://www.academia.edu/48216394/First_record_of_Algerian_hedgehog_Ateler
ix_algirus_Lereboullet_1842 in_La Palma_Island_Biosphere_Reserve (accessed
April 8, 2023).

Meffe, G. K., Carroll, C. R. 1997. Principles of Conservation Biology. 2nd ed., Sinauer
Merrit JF. 2010. The biology of Small Mammals. The Johns Hopkins University Press.
Morales A. 1994, Earliest genets in Europe. Nature 370:512-513.

Morales A, Rofes J. 2008. Early evidence for the Algerian hedgehog in Europe. Journal
of Zoology 274:9-12.

Moran S, Turner PD, O’Reilly C. 2009. Multiple paternity in the European hedgehog.
Journal of Zoology 278:349-353.

Morris P. 2014. Hedgehogs. Whittet Books Ltd, Stansted, Essex.

Nicolas V, Mataame A, Crochet PA, Geniez P, Ohler A. 2015. Phylogeographic patterns
in North African water frog Pelophylax saharicus (Anura: Ranidae). Journal of

Zoological Systematics and Evolutionary Research 53:239-248.

Nogales M, Rodriguez-Luengo JL, Marrero P. 2006. Ecological effects and distribution
of invasive non-native mammals on the Canary Islands. Mammal Review 36:49—
65.

Nowak RM. 1991. The Natural History of Hedgehogs. Academic Press, London.

Pearman PB, Guisan A, Broennimann O, Randin CF. 2008. Niche dynamics in space
and time. Trends in Ecology & Evolution 23:149-158.

29



Pimentel D et al. 2001. Economic and environmental threats of alien plant, animal, and
microbe invasions. Agriculture, Ecosystems & Environment 84:1-20. Elsevier.

Pimm SL, Askins RA. 1995. Forest losses predict bird extinctions in eastern North
America. Proceedings of the National Academy of Sciences 92:9343-9347.
Proceedings of the National Academy of Sciences. Available from
https://www.pnas.org/doi/abs/10.1073/pnas.92.20.9343 (accessed April 2, 2023).

Pipek P, Pysek P, Bacher S, Bolfikova Cerna B, Hulme P. 2020. Independent
introductions of hedgehogs to the north and South Island of New Zealand. New
Zealand Journal of Ecology 44. New Zealand Ecological Society. Available from
https://newzealandecology.org/nzje/3396 (accessed April 8, 2023).

Ralls K, Ballou JD, Dudash MR, Eldridge MDB, Fenster CB, Lacy RC, et al. 2018. Call
for a Paradigm Shift in the Genetic Management of Fragmented Populations.

Conservation Letters 11.

Rasmussen SL, Nielsen JL, Jones OR, Berg TB, Pertoldi C. 2020. Genetic structure of
the European hedgehog (Erinaceus europaeus) in Denmark. PLoS ONE 15. PLOS.
Available from /pmc/articles/PMC6968871/ (accessed April 8, 2023).

Reeve N. 1994. Hedgehogs. Poyser, London.

Ricklefs RE. 1987. Community Diversity: Relative Roles of Local and Regional
Processes. Science 235:167-171. Available from
http://www.jstor.org/stable/1698957. (accessed April 2, 2023).

Rocamora G, Henriette Elvina. 2015. Invasive alien species in Seychelles: why and how

to eliminate them? Identification and management of priority species. Biotope.

Sax DF, Gaines SD, Brown JH. 2002. Species Invasions Exceed Extinctions on Islands
Worldwide: A Comparative Study of Plants a 160.

Sayah CM, Robin JP, Pévet P, Monecke S, Doumand;ji S, Saboureau M. 2009. Road
mortality of the Algerian hedgehog (Atelerix algirus) in the Soummam Valley
(Algeria). Revue D’écologie 64:1-12.

Scandura M, lacolina L, Apollonio M (2010) Current status of the sardinian partridge
(Alectoris barbara) assessed by molecular markers. Eur J Wildlife Res 56(1):33-

42.
30



Seddon JM, Santucci F, Reeve NJ, Hewitt GM. 2001. DNA footprints of European
hedgehogs, Erinaceus europaeus and E. concolor. Pleistocene refugia, postglacial

expansion and colonization routes. Molecular Ecology 10:2187-2198.

Simberloff D. 1998. Flagships, umbrellas, and keystones: Is single-species management

passé in the landscape era? Biological Conservation 83:247-257. Elsevier.

Simberloff D. 2006. The role of propagule pressure in biological invasions. Annual

review of ecology, evolution, and systematics 37:1-20.

Simberloff D, et al. 2000. Strategies to limit the impact of nonindigenous species on
island ecosystems. Annual review of ecology, evolution, and systematics 14:879—
888.

Sinclair SJ, White MD, Newell GR. 2010. How useful are species distribution models

for managing biodiversity under future climates? Ecology and Society 15:8.

Sposimo P, Spano G, Navone A, Fratini S, Ragionieri L, Putzu M, Capizzi D, Baccetti
N. 2012. Rodent eradication on Molara Island and surrounding islets (NE Sardinia):

from success to the riddle of reinvasion. Aliens 32:33-38.

Thomson GM. 1922. The naturalisation of plants and animals in New Zealand.

Cambridge University Press, Cambridge.

Valenzuela A, Martinez-Sanchez RM, Garcia J, Alcover JA. 2022. New insights into the
historical translocation of the Algerian hedgehog and pine marten throughout the
Balearic Islands (Western Mediterranean): refining the radiocarbon-based

chronology. Journal of Zoology 316:61-71. John Wiley and Sons Inc.

Velo-Anton G, Boratynski Z, Ferreira CM, Lima VO, Alves PC, Brito JC. 2019.
Intraspecific genetic diversity and distribution of North African hedgehogs

(Mammalia: Erinaceidae). Biological Journal of the Linnean Society 127:156-163.

Vesmanis IE, Hutterer R. 1980. Nachweise von Erinaceus, Cocidura und Microtus fiir
die Insel Elba, Italien. Z Saugetierkd 45:251-253.

VilaM etal. 2010. How well do we understand the impacts of alien species on ecosystem
services? A pan-European, cross-taxa assessment. Frontiers in Ecology and the
Environment 8:135-144. John Wiley & Sons, Ltd. Awvailable from

https://onlinelibrary.wiley.com/doi/full/10.1890/080083 (accessed April 2, 2023).
31



Whittaker RH. 1972. Evolution and measurement of species diversity. Taxon 21:213—
251. Wiley.

Wilson DE, Reeder DM. 2005. Mammal species of the world: a taxonomic and

geographic reference. JHU press.

Wittenberg R, Cock MJW. 2001. Invasive alien species: a toolkit of best prevention and
management practices. Invasive alien species: a toolkit of best prevention and
management practices DOI: 10.1079/9780851995694.0000. CABI Publishing.

Wodzicki KA. 1950. Introduced mammals of New Zealand. An ecological and economic

survey. Department of Scientific and Industrial Research Bulletin 98:279.

32






