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Abstract

Biological invasions are a major cause of loss of biodiversity worldwide, particu-
larly on islands. Introduced mammalian herbivores are among the most threaten-
ing of all invasive species, especially goats [Capra hircus (Linnaeus, 1758)],
sheep [Ovis orientalis aries (Linnaeus, 1758)], mouflon (Ovis orientalis musimon
[Pallas, 1762)], Barbary sheep [Ammotragus lervia (Pallas, 1777)], and rabbits
[Oryctolagus cuniculus (Linnaeus, 1758)]. The vulnerability of insular plant
communities, especially the endemic flora, is strongly influenced by their historic
(and present) herbivory context, within which these introduced herbivores have
played a key role. The effects of the introduction of mammals such as goats and
rabbits are difficult to elucidate, as their introductions occurred thousands
(or hundreds) of years ago and data on the previous status of the plant
communities are not available. However, the present-day impacts of both of
these herbivores on insular plant communities have been intensively studied.
Herbivory can reduce the distribution area and constrain insular endemic species
to inaccessible areas such as cliffs or islets, which impoverishes the original
insular ecosystems and changes their species composition. Moreover, the

M. Capé ()
Department of Natural Systems and Resources, Universidad Politécnica de Madrid, Madrid, Spain

Research Group of Plant Biology under Mediterranean Conditions, Departament de Biologia,
Universitat de les Illes Balears, Palma, Islas Baleares, Spain

J. Cursach - E. Baraza - J. Rita
Research Group of Plant Biology under Mediterranean Conditions, Departament de Biologia,
Universitat de les Illes Balears, Palma, Islas Baleares, Spain

J. M. Gonzélez-Mancebo - M. del Arco - J. Cubas
Plant Conservation and Biogeography Research Group, Departamento de Botanica, Ecologia y
Fisiologia Vegetal, Universidad de La Laguna, La Laguna, Islas Canarias, Spain

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 97
X. Moreira, L. Abdala-Roberts (eds.), Ecology and Evolution of Plant-Herbivore

Interactions on Islands, Ecological Studies 249,

https://doi.org/10.1007/978-3-031-47814-7_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-47814-7_6&domain=pdf
https://doi.org/10.1007/978-3-031-47814-7_6#DOI

98 M. Capb et al.

negative effects of these species on the insular native flora have led to the
development of eradication and control programmes on many islands, with the
aim to recover and protect native plants. Coordination between policymakers,
managers, researchers, hunters and society is crucial in order to identify efficient
solutions to protect and restore insular plant communities, effectively manage
hunting activities and optimally limit the effects of introduced mammals.

6.1 Overview of Introduced Mammalian Herbivores on Islands

The establishment and expansion of invasive species are one of the most significant
drivers of global change (Lenzner et al. 2020; Bello-Rodriguez et al. 2021), and
these impacts are especially dramatic on islands where native species have often
evolved in the absence of strong competition, herbivory, parasitism or predation
(Courchamp et al. 2003). In particular, the introduction of exotic herbivores has
provided evidence of profound changes in island ecosystems (Courchamp et al.
2003) and the degradation impact can remain for hundreds or thousands of years
until the herbivores are eradicated (Chapuis et al. 2004; Garzén-Machado et al.
2010; Velamazan et al. 2017).

Goats, sheep and rabbits are considered huge threats to the conservation of insular
biodiversity when they become feral in natural areas (Cubas et al. 2019; Mayol et al.
2017). The negative effects of these feral livestock on insular plant communities and
endemic flora, such as predation of endangered species, impact on demographical
structure or propagation of alien species, among others, have been intensively
studied by several authors since the middle of the last decade (Sventenius 1946;
Ceballos and Ortufio 1951; Nogales et al. 1992; Salgado-Luarte et al. 2019), but
information on how ecosystems respond to their impact remains largely unresolved
in many systems. For instance, effective regeneration of some trees and shrubs in
some arid Australian ecosystems is suppressed in favour of the establishment of alien
plants that are adapted to herbivory (Cooke 2012). Notably, amongst all introduced
mammalian herbivores, goats and rabbits are included in the Top 100 world’s worst
invasive alien species list published by the International Union for Nature Conser-
vation (IUCN) (Lowe et al. 2004) and their eradication is considered a key factor for
ecological restoration around the globe (Priddel et al. 2000; Donlan et al. 2002;
Bried et al. 2009; Capizzi 2020; Rita et al. 2022). The impact of introduced
mammalian herbivores on insular vegetation, especially endemic plant species,
varies depending on their palatability, resistance and defence strategies, and their
ecological distribution, among other factors (Cubas et al. 2019; Cap6 2021). These
impacts become especially harmful when they severely feed upon narrow or
endangered species (Carqué et al. 2004; Velamazan et al. 2017), leading in some
cases to local or regional extinctions. For example, in regions such as Australia,
introduced mammalian herbivores can locally eliminate all of the seeds of native
shrubs and shift the herbaceous composition, even at low herbivore densities (Lange
and Graham 1983; Bird et al. 2012).
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Here, we present a review of the literature about the impact of introduced
mammalian herbivores in two insular systems, namely the Canary and Balearic
Archipelagos. We seek to elucidate these impacts relative to historical
(pre-introduction) by describing communities of extinct herbivore paleofauna, as
well as by providing a detailed analysis of how and when introduced mammalian
herbivores arrived in these archipelagos and what are their impacts on insular plant
communities and concretely on threatened species. In doing so, we also examine
differences and similarities between systems in introduced herbivore impacts and
potential explanatory factors (from geographical origin to ecosystem variation).
Finally, we also present perspectives on how to advance future multidisciplinary
research needed to achieve effective solutions for island ecosystem management and
conservation.

6.2 Native Herbivore Paleofauna of the Studied Insular
Systems

Knowledge on the origin of islands is essential to understand the processes that
mediated the evolution of plant-herbivore interactions and therefore the vulnerability
or capacity of native plant species to defend themselves against introduced
herbivores. Generally, islands are classified into two types depending on their origin:
oceanic, that is, islands that emerged through the surfacing of submarine folds due to
geological pressure; and continental, that is, islands that originated by tectonic plate
movements that fragmented and isolated the terrestrial surface (Rosenbaum et al.
2002).

Oceanic islands represent 5% of the terrestrial surface of Earth and are considered
one of the most important refuges for endemic species per unit area (Kreft et al.
2008). In fact, a staggering 25% of the entire endemic flora is located on oceanic
islands (Fernandez-Palacios 2004). At the same time, they are also one of the most
threatened areas of the world and have suffered 80% of all-known species
extinctions since the year 1500 aC (Ricketts et al. 2005). In the case of the Canary
Islands, an example of this type of island, fossils of a variety of native reptiles and
micromammals have been found, such as tortoises (Geochelone spp.) from the
Pliocene (5.3-2.6 Mya) (Lopez-Jurado and Mateo 1993) and more recent fossils
from the Holocene, such as giant lizards (Gallotia spp.) (Castillo et al. 1994), an
unknown snake (Boidae) (Barahona et al. 1998), as well as micromammals such as a
native mouse [Malpaisomys insularis (Hutterer, L6pez-Martinez & Michaux 1988)]
(Hutterer et al. 1988) and giant rats (Canariomys spp.) (Crusafont-Pairo and Petter
1964). Overall, however, this system has historically been characterized by the
absence of ungulates, with the exception of a bovid (NAME) during the last 5 million
years, which was also present in the Balearic Islands. Therefore, the island origins of
the Balearic and Canary Archipelagos—and thus the evolution of their flora—were
driven by two very different ecological scenarios. Thus, the ideas about the impact of
introduced mammalian herbivores on oceanic (Canary Islands) and continental
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(Balearic Islands) islands presented throughout this chapter must be interpreted
within the context of their different biogeographic origins and processes.

In contrast, continental islands can preserve well-established ecosystems that
were present on the continent at the time of fragmentation. After fragmentation
and isolation, these newly isolated communities followed their own line of evolution
under insularity. Many fossil records from the Plio-Pleistocene period
(5.3-0.01 Mya) confirm the existence of endemic insular mammalian herbivores
on the continental islands of the Mediterranean Basin, ranging from micromammals
(Vogel and Sofianidou 1996) to artiodactyls (Croft et al. 2006; Bover et al. 2010).
However, all of these species became extinct before the Holocene, probably due to
abrupt climatic change or as a result of the arrival of humans to the islands (Bover
et al. 2016). The Balearic islands represent a system of this type, for which fossil
records of mammalian herbivores have been dated back to the Holocene 4035 + 32
years BP (Bover et al. 2016), followed by more abundant records dated after the
Messinian salt crisis caused by the closure of the Strait of Gibraltar and the drying of
the Mediterranean Sea (5.9-5.3 Mya) (Krijgsman et al. 1999). During the salt crisis,
the Balearic Islands were still connected to the continent, which allowed the transfer
of new herbivores. The genus Myotragus spp., which represents small artiodactyls,
arrived and established on the island of Mallorca at this time, becoming one of the
most interesting ungulates among insular native mammals that are part of the Plio-
Pleistocene fossil fauna of the eastern islands of the Balearic Archipelago (Bover
et al. 2008). Progressive dwarfism and changes in dentition gave rise to a species
endemic to Gymnesians, the extinct Myotragus balearicus (Bate, 1909) (Bover et al.
2008; Palombo et al. 2013; Winkler et al. 2013). The first colonizing human
populations are thought to have arrived on the islands about 4000 years before the
present, which almost coincides with the last fossil records of M. balearicus (Bover
et al. 2016). The most plausible scenario is based on a continuum between the last
natural populations of native M. balearicus and the human introduction of new
mammalian herbivores, mainly goats, rats, rabbits and sheep (Mayol et al. 2017).

6.3 Endemic Flora of the Canary and Balearic Islands and Their
Vulnerability

The Canary Islands are located 96 km off the west coast of Africa, in the
Macaronesian region, and the maximum altitude is located on Tenerife Island at
3718 m a.s.l. The archipelago harbours 2260 wild species of vascular plants, of
which 597 are endemic, within 29 genera (Data Bank of Canary Islands Govern-
ment). Hence, a high proportion of the flora on the Canary Islands is endemic (del
Arco and Rodriguez-Delgado 2018). The archipelago is home to more than 50% of
the endemic flora of Spain and exhibits the highest endemicity rate in Europe
(Beltran et al. 1999). Moreover, this archipelago has one of the highest percentages
of endemic plants in the world (Whittaker and Fernandez-Palacios 2007), including
many unique ecosystems such as FEuphorbia scrub and shrublands, thermo-
sclerophyllous woodland, dry, humid and temperate laurel forests, Canary pine
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forest, summit broom shrubland and a community of Teide violets. In terms of the
vascular flora, circa 30% of all endemic species are estimated to be endangered
(Caujapé-Castells et al. 2010) and this has the highest number of threatened plant
species in Spain (del Valle et al. 2004).

The Balearic Archipelago, on the other hand, is located in the Western Mediter-
ranean Basin. The maximum altitude is 1445 m a.s.l. (Mallorca). This Archipelago is
home to 1551 plant species, of which 20 are endemic to the Thyrrenian Islands
(including Corsica and Sardinia) and 140 are exclusive to the Balearic Archipelago
(Rita and Payeras 2006; Saez et al. 2013). The latest available version of the Balearic
Islands flora red list considers 171 taxa under various categories of threat: high
proportions of these threatened species are also endemic—56.5% in Mallorca,
17.7% in Menorca, 47.8% in Eivissa and 28.5% in Formentera (Saez et al. 2017).
The Archipelago encompasses many different habitats, including saltmarshes, tem-
porary ponds, dunes, shrublands, forests and ravines. The disturbances caused by
humans have changed over time; urbanization, construction of infrastructure and
intensive agriculture in some areas and abandonment of agriculture in others, among
other factors, are currently causing the loss or fragmentation of many habitats (Pons
and Rullan 2014; Saez et al. 2017).

Altogether, both archipelagos harbour a wide variety of endemic species and
habitats of high conservation value due to endemism or rarity, all of which are
currently being impacted to some degree by introduced mammalian herbivores. We
will next describe how and when these herbivores arrived, their current population
levels, and then analyse whether management strategies have been successful in
mitigating these impacts and to what extent.

6.4  History of Exotic Mammalian Introductions and Current
Status

Goats and sheep were probably introduced to the Canary Islands during the first
millennium BC (Rando 2003; de Nascimento et al. 2020) while the European rabbit
(Oryctolagus cuniculus) was introduced in the fifteenth century (de Abreu-Galindo
1977). Rabbits have the highest establishment success in the Archipelago (Nogales
et al. 2006) and are present on all islands and habitats of the Archipelago, including
the main islets—except for Montafa Clara, where they were successfully eradicated
between 2000 and 2001 (Martin et al. 2002). Additional introduced mammals
include the mouflon (Ovis orientalis musimon), which was introduced during
1970s to El Teide National Park (Tenerife), and Barbary sheep (Ammotragus lervia),
introduced to Caldera de Taburiente National Park (La Palma) (Nogales et al. 2006).
Both species have experienced substantial population increases over time, expanded
to other ecosystems and been illegally trafficked to other islands from the same
archipelago (La Gomera and Gran Canaria) (Rodriguez-Luengo, personal
communication).

The introduction of exotic mammalian herbivores to the Balearic Islands
coincides with the arrival of humans about 4000 years ago. Most of these animals
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were intentionally introduced as cattle for food purposes, such as goats and sheep
(Campbell and Donlan 2005). These species were managed and used by humans for
centuries, and some populations were evolutionarily driven to form varieties of
domestic animals such as the goat variety known as ‘Cabra mallorquina’ from
Mallorca or ‘Cabra eivissenca’ from Eivissa. The first of these species is now used
for hunting purposes, while the other is still used for cattle (Mayol et al. 2017).

During human colonization 4000 years ago, several species of small mammals
such as rabbits and rats were also introduced, which rapidly dispersed and colonized
all islands of the Archipelago (Traveset et al. 2009). Rats also colonized small
islands in the Archipelago, such as Dragonera, Cabrera, es Vedra and Conillera.
Whereas rabbits are currently abundant in the centre and southern part of the Island
of Mallorca and are widespread on the other islands, being particularly harmful on
small islands such as Formentera and Cabrera and the islets (Santamaria et al. 2007,
Capé et al. 2020; Rita et al. 2022). In addition, other more recently introduced
herbivores are becoming free-ranging, including the European fallow deer [Dama
dama (Linnaeus, 1758)], which will probably expand across these islands in the near
future (Pinya and Lassnig 2018).

More recently, significant land-use change occurred in the Balearic Islands during
the 1960s with the shift from agriculture to tourism (Pons and Rullan 2014), which
led to the abandonment of many populations of ungulates (mainly goats). As a result,
feral populations of goats were established on the mountains and natural areas of
Mallorca (Vives and Baraza 2010). Their high reproductive rate and lack of man-
agement allowed the populations to grow rapidly and led to overpopulation within a
few decades (Mayol et al. 2017; Limpens et al. 2020). At present, the overpopulation
of goats is considered one of the major threats to plant communities on these islands
(Moragues et al. 2015; Mayol et al. 2017; Cap¢ et al. 2021, 2022).

6.5 Impacts of Introduced Mammalian Herbivores on Both
Insular Systems

The introduction of the first mammalian herbivores to the Canary and Balearic
Islands is dated before the start of ecosystem studies, which makes it difficult to
compare data of herbivory impacts before and after introductions. In addition, there
is no information on the historical distribution of plant species that are currently
constrained to areas inaccessible to herbivores (i.e., cliffs or mountain walls) and on
potential plant species extinctions during the last few centuries. Hence, the richness
and composition of the original plant communities could differ remarkably from the
current vegetation—many insular endemic species could have disappeared or dras-
tically reduced their populations due to the introduction of mammalian herbivores,
as reported for other islands worldwide (Wood et al. 2017). Therefore, it is difficult
to evaluate the ecological degradation due to introduced mammalian herbivores in
most ecosystems, complicating the design of suitable vegetation restoration
strategies. As an example, Thesium psilotocladum Svent was last seen on Tenerife
in 1983. Since then, repeated searches in its classic localities have been unsuccessful.
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Uncontrolled livestock has been pointed out as the main cause of the extinction of
this species (Martin-Céceres et al. 2004).

6.5.1 Impact of Herbivory by Feral Goats

Goats are considered one of the most pernicious invasive species on islands around
the world (Lowe et al. 2004). Herbivory by goats can drive dramatic decreases in the
population size of endemic plant species, with the remaining restricted to areas
where herbivores find it difficult to access (Nogales et al. 1992; Pisanu et al. 2012)
or eventually become extinct (Roemer et al. 2002; Genovesi and Shine 2004;
Campbell and Donlan 2005; Garzén-Machado et al. 2010). They can also severely
defoliate shrub species, causing severe damage on the plant (Chynoweth et al. 2013;
Limpens et al. 2020; Cap6 et al. 2021) (Fig. 6.1). They can also indirectly affect
endemic fauna such as insular lizards by altering their habitat and competing for
resources (Nogales et al. 1992), invertebrate communities (Jauregui et al. 2008), as
well as mutualistic interactions such as seed dispersion or pollination (Traveset and
Richardson 2006; Capé et al. 2022).

In the Canary Islands, the presence of goats has contributed to the degradation of
natural ecosystems and plant communities (Gangoso et al. 2006; Fernandez-Lugo
et al. 2013). This trend has continued since their introduction, mainly due to the
economic benefits of the species for the aboriginal inhabitants and Europeans
(Rando 2014). In fact, goats are feral on all of the Canary Islands, especially in
specific areas defined as Natural Protected Areas. However, feral goats eradication
programmes have been difficult to implement or continue for social reasons
(Fernandez-Lugo et al. 2013).

In the Balearic Islands, feral goats foraging areas are very stable during the year
between 45 and 170 ha (Ibafiez et al. 2019). However, there is strong temporal
variation in their diet depending on the season of the year and the type of vegetation
they feed (Rivera-Sanchez 2014). Although it is not uncommon to see feral goat
populations throughout the mountainous areas of Mallorca, these animals show a

Fig. 6.1 Examples of plant communities on the Canary Islands (a) and Balearic Islands (b) that are
severely affected by overpopulation of goats
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preference for the highest and rockiest areas (Limpens et al. 2020). At the same time,
these habitats are also hotspots of endemic flora, such as the mountain peaks of the
northern mountain range (Moragues et al. 2015). Still, literature on the effects of
goats on the Balearic Islands vegetation is scarce; only a few studies have reported
severe threats to endemic species (Cursach and Rita 2012; Capé 2021) and vegeta-
tion at the population level, such as the case of Euphorbia dendroides L. (Capé et al.
2021), and at the community level, as observed in Es Vedra islet (Cap¢ et al. 2022).
The impact of goats can also occur through indirect effects, such as the habitat
disappearance due to soil erosion in the case of Naufraga balearica Constance &
Cannon. Even though goats can favour N. balearica plant survival by predation of its
competitor species, they also impact the species by increasing soil nitrification and
erosion (Cursach et al. 2013).

6.5.2 Effects of the European Rabbit

Rabbits directly affect a large number of endemic and native plant species found on
islands (Chapuis et al. 1995). These herbivores mainly predate seedlings and young
individuals, making an assessment of their impact hard to detect in the short term
(Cubas et al. 2018; Capo et al. 2021). These effects, however, are expressed over
longer-term periods even after eradication and are intensified by impoverishment of
the seed bank in the soil (Edwards and Crawley 1999; Bueno et al. 2011; Gonzalez-
Mancebo et al. 2019), especially due to the significant impact of rabbits on the
juvenile stages of plants (Gémez-Aparicio et al. 2005; Irl et al. 2012; Cubas et al.
2017, 2018; Cap6 et al. 2021) and their influence on seed recruitment (Nogales et al.
1995, 2005; Martin et al. 2003).

In the Canary Islands, information on their ecological impacts in the archipelago
was surprisingly scarce until recently (Garzén-Machado et al. 2010; Irl et al. 2012;
Cubas et al. 2018, 2019, 2021; Gonzélez-Mancebo et al. 2019) and their negative
effects are considered a direct threat to many endangered and keystone insular
species (Bafiares et al. 2004, 2008, 2010; Carqué et al. 2004; Moreno 2008; Segui
et al. 2017). For instance, several key accompanying species of Pinus canariensis
C. Sm. ec DC. in the Canarian pine forest (Bello-Rodriguez et al. 2019; Cubas et al.
2022) are now restricted to rupicolous areas due to the disappearance of all accessi-
ble populations to rabbits (Garzén-Machado et al. 2010).

The impacts of rabbits on insular endemic species have also been reported for the
Balearic Islands, mainly in terms of fruit and seed predation or herbivory of vegeta-
tive structures (Santamaria et al. 2007; Cap¢ et al. 2020). Specifically, the impact of
rabbits on the endangered Medicago citrina (Font Quer) Greuter has been exhaus-
tively investigated on the small islands of the Balearic Archipelago. Some studies
have shown that this species is absent from the large island of Cabrera because both
rats and rabbits consume seeds and seedlings arriving from surrounding islets
(Latorre et al. 2013). Interestingly, and among the few successful cases, another
study reported that new seeds of M. citrina germinated and a population of more than
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2000 individuals established within a few years after eradication of rabbits on an islet
close to Eivissa island (Rita et al. 2022).

6.6 Case Studies of Highly Threatened Endemic Species

On both archipelagos, there are many cases in which the impact of introduced
mammalian herbivores comprises their conservation status (Moreno 2008; Bafiares
et al. 2010; Saez et al. 2017). From this large number of species, we have selected
three threatened endemic species whose most important threatening factor is
introduced mammalian herbivores requiring urgent management strategies (i.e.,
fencing, herbivore population control) in order to guarantee their conservation.

6.6.1 Cytisus supranubius (Tenerife and La Palma, Canary Islands)

Cytisus supranubius (L.f.) Kuntze is considered a keystone species characteristic of
alpine ecosystems in the Canary Islands (particularly on Tenerife), which should be
considered vulnerable according to the general criteria established by the ITUCN
(Cubas et al. 2022). This species was considered to be in decline in the 1940s
(Sventenius 1946), but the establishment of El Teide National Park in 1954
prohibited the human use of this species (previously used as pasture, for firewood
and bedding for livestock). In addition, goats were eradicated within the limits of the
National Park, which led to a dramatic reduction in herbivore pressure (Rodriguez-
Delgado and Elena-Rossell6 2006). These important conservation measures led to a
strong increase in the population of C. supranubius in subsequent years with a
notable expansion in later decades, as demonstrated by the distribution maps of
this species (del Arco and Rodriguez-Delgado 2018) and aerial photographs (Kyncl
et al. 2000).

In the last 32 years, C. supranubius has experienced a 28.7% decline in its
distribution (Cubas et al. 2022). This reduction is negatively correlated with temper-
ature and positively correlated with precipitation. Climate change, especially
prolonged droughts, is contributing to an increase in the mortality rate of this species
(Olano et al. 2017). However, the most important factor that explains the decline of
this species is the impact of European rabbit (Cubas et al. 2018). In a recent study
including rabbit and mouflon exclusion plots across 13 sites of summit vegetation,
Cubas et al. (2018) found that the European rabbit was the main cause for the decline
in the Teide broom population. Outside the fences, the number of juveniles is almost
non-existent (<2%) (Cubas et al. 2018). This suggests that exclusion of mouflon
alone will not lead to recovery of the population structure of this species (Cubas et al.
2018). The present-day Teide broom shrublands without recruitment exhibit ageing
of the shrubs and a high number of dead individuals (Cubas et al. 2018).

The impact of the European rabbit on the Teide shrubland can also operate
through different pathways, in many cases involving complex mechanisms. For
instance, one relates to an increase in the representation of clones within
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C. supranubius populations. Rabbit seed herbivory increases the representation of
clonally produced offspring, leading to reduced cross-fertilization by natural
pollinators of this species, ultimately causing reduced seed viability due to
inbreeding (Pérez de Paz et al. 2017). In many areas, these clones form large groups
of shrubs with low vitality and lower reproductive output (Cubas 2020), thus
reinforcing the direct negative effects of the European rabbit on vegetation regener-
ation in the Teide broom.

By impacting this species, rabbits also have indirect effects on the ecosystem.
This can occur because C. supranubius is a major nitrogen fixer in the ecosystem
(Wheeler and Dickson 1990; Pulido-Suarez et al. 2021), and reductions in its
abundance consequently lead to a reduction in total soil nitrogen, and thus negative
impacts on other plant species (Cubas et al. 2022). The presence of rabbit latrines has
been also shown to alter the soil rhizobial populations within the ecosystem and can
favour co-entrance of non-nodulating bacteria into the root nodules of plants, which
can affect N-fixing symbiosis (Pulido-Suarez et al. 2021).

6.6.2 Coristospermum huteri and Agrostis barceloi (Mallorca,
Balearic Islands)

Coristospermum huteri (Porta) L.Sédez & Rossellé and Agrostis barceloi (Porta) L.
Saez & Rosselld are endemic species to the Balearic Islands catalogued as Critically
Endangered on both the Red List of Vascular Flora of Spain (Moreno 2008) and the
Red List of Vascular Flora of the Balearic Islands (Saez et al. 2017). These species
are also classified at the highest threat level according to the Decree 75/2005
(Balearic Catalogue of Endangered Species, Special Biological Protection Areas)
(BOIB 2005). These plants only occur at the summit of the highest mountain on
Mallorca Island, Puig Major, at 1200-1400 m a.s.l. The summit of this mountain
represents a hotspot of extremely narrow endemic species and other endangered
plant species, as this unique site on the Balearic Islands has sufficient elevation to
function as a suitable refuge in the present interglacial period (L6pez-Pujol et al.
2013). However, herbivory pressure, mainly by feral goats, poses a major threat to
the conservation of this site.

Coristospermum huteri is a perennial herb that inhabits limestone cliffs in shaded
and slightly moist rocky areas; its entire population consists of ca. 400 individuals
(of which more than 200 are transplanted individuals) distributed within an area
smaller than 0.1 km? (Bibiloni et al. 2017). Its biology has not yet been fully studied,
though this species has been reported to have extremely low genetic diversity
(allozyme markers) (Lopez-Pujol et al. 2013); this is a common rule for species
with small population sizes, especially in island populations. Generally, the number
of reproductive individuals is very low: only 9 individuals bloomed in 2006 (Forteza
2007), 3 in 2007, 2 in 2008, 12 in 2009, 5 in 2010, 13 in 2011 (L6pez-Pujol et al.
2013), 12 in 2015 (Bibiloni et al. 2017) and 17 in 2022 (L. Séaez, personal commu-
nication). Anthropogenic threats have also affected the population of C. huteri over
recent decades. Historical records indicate that the species was very abundant in the
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summit area (Bonafe 1979); however, plants could have been destroyed by construc-
tion of a radar facility for military purposes in 1958 (Sdez and Rosell6 2004;
Moragues et al. 2015). At present, the major threats are drought and herbivory by
introduced mammalian herbivores, with the latter causing a reduction of up to 50%
in the population during the late twentieth century (Mayol and Bibiloni 2005). Due
to the poor conservation status of the species, recovery plans have been designed and
implemented (BOIB 2008); several measures have been implemented in the last
decades to avoid a decrease in the population sizes, mainly by controlling the impact
of goat herbivory by fencing. To complement these efforts, control of competitor
plant species inside the fenced area has also been implemented and plants were
transplanted to increase the population. Globally, these management measures have
improved the population size, but conservation actions must continue to reduce the
impact of feral goats. A significant decrease in the feral goat populations would
highly benefit the conservation of this species. In addition, other factors threaten the
survival of the species, such as the low habitat availability and its very low
reproductive performance.

Agrostis barceloi is a short rhizomatous perennial grass up to 30 cm in height that
occurs in three subpopulations of an area of 170 m? (Saez and Rossell6 2004; Massé
et al. 2016). The rupicolous plant grows on shadow rock crevices and moist soils at
the base of cliffs—generally north-facing—and is a tetraploid (2n = 28) species
(Séez and Rossell6 2000). Generally, the number of reproductive individuals is very
low; the population size fluctuates widely over the years and the species undergoes
clonal reproduction (Sdez and Rossell6 2004; Moragues et al. 2015). Previous
studies reported no genotypic variability in this species, which can be attributed to
a founder effect, the very small effective population size and a series of threats
affecting the population (Massé et al. 2016). Predation of leaves and inflorescences
certainly constitutes the major threat to the species; thus, conservation strategies
including fencing and removal of competitor plants have been performed in recent
years according to the Recovery Plan for this species (BOIB 2008). Indeed, fencing
was initially very effective, as the number of inflorescences increased from 36 in
2007 to 1255 in 2008 (Moragues et al. 2015). Moreover, the habitat disturbance due
to construction of the previously mentioned military installations in the 1950s and
episodes of drought affect the persistence of the species (Sdez and Rossell6 2004;
Mass6 et al. 2016). Overall, similarly to the case of C. huteri described above,
ongoing management measures related to controlling the herbivory pressure are
critical for the conservation of A. barceloi; demographic monitoring, improved
knowledge of the biology of the species and creation of ex-sifu collections are also
essential for long-term conservation.

6.7  Multidisciplinary Perspectives and Recommendations

Management of introduced herbivores affects a variety of social stakeholders with
contrasting points of view, which can lead to confrontational dynamics that inhibit
policymakers from implementing interventions. Thus, it is crucial to include many
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Fig. 6.2 Multidisciplinary scheme illustrating the major stakeholders implicated in the manage-
ment of introduced mammalian herbivores and the roles they should play in application of suitable
solutions

agents from society in order to properly manage multidisciplinary problems as the
one presented in this chapter. In this section, we present the major social issues that
must be considered in order to effectively manage and palliate the impact of
introduced mammalian herbivores on both the Canary Islands and Balearic Islands
(Fig. 6.2).

6.7.1 Government Administration

Conservation actions and decisions taken by environmental authorities can eventu-
ally be refused by society due to controversial social perception of mammalian
herbivores on both archipelagos. For instance, in 2016, the Government of the
Balearic Islands decided to eradicate the feral goats from a small islet located
close to the island of Eivissa for conservation purposes. This decision translated
into extraordinary recovery of the vegetation, especially of endemic plant species
(Capé et al. 2022). However, at the same time, this decision was not well received by
animalism parties and some citizens, and required judicial intervention (Rita 2016).
This case illustrates how these policy actions are essential to consider a multidisci-
plinary point of view in order to guarantee their effectiveness in the long term.
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6.7.2 Managers and Technicians

Environmental managers and conservationist technicians play an essential role in the
creation of suitable strategies and programmes to address the impact of introduced
mammalian herbivores. In some cases, complete eradication is difficult or even
impossible; therefore, population control of the herbivores must be continuously
performed to maintain the population density at low levels. This option is often
difficult for several reasons, depends on the use of the area and an appropriate
strategy needs to be designed (i.e., exclusion fences, hunting area, experimental
areas, public-use areas, etc.) (Capé et al. 2021).

6.7.3 Researchers

Ongoing scientific studies must be carried out to generate new information that can
help both government leaders and managers to design and implement efficient
strategies. This information must also contribute to raising awareness to society
through outreach activities and dissemination of results in non-scientific
programmes, journals and media. Even though recent information has been
generated to indicate which species and areas are more affected by introduced
mammalian herbivores on both archipelagos (Cubas et al. 2018, 2019; Muiioz-
Gallego et al. 2019, 2022; Limpens et al. 2020; Bello-Rodriguez et al. 2021; Cap6
et al. 2021, 2022; Ibafiez-Alvarez et al. 2022; Rita et al. 2022), managers still
demand more answers in order to design control and eradication programmes.
Further studies must focus on disentangling the influence of introduced herbivores
on the demographic structures, recruitment, germination and ecological interactions
of threatened endemic species.

6.7.4 Hunting Associations

It is not rare that hunter authorities and associations take responsibility and collabo-
rate with environmental management authorities with the purpose to control ungu-
late populations in order to prevent ecosystem and animal population degradation.
However, common hunting techniques used to eradicate ungulates from islands
(Campbell et al. 2004; Campbell and Donlan 2005) usually require hunters to be
specially trained to optimize their fieldwork (Carrion et al. 2011). Hence, the
collaboration of hunters with management programmes is desirable, under appropri-
ate supervision by environmental authorities, to guarantee an optimal conservation
strategy.
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6.7.5 General Society and Environmental Associations

General society plays a key role in visualizing the importance of environmental
problems and finding optimal solutions. In particular, environmental problems need
to be communicated to urban areas, where it is very difficult to have a realistic
perception of the problem and possible solutions. In this sense, it is very important
that society knows and understands the importance of conserving valuable natural
places, the serious problem of introduced herbivores and the limited management
options that can be realistically applied (i.e., eradication of goats from islets or other
crucial spots). Also, environmental associations can play a very important role in
raising awareness among society about the problems of introduced herbivores on
conservation of the natural heritage.

6.7.6 Animalism Versus Conservationism

The most defeating conflict that conservation managers face in terms of environ-
mental policies is the confrontation between animalism and ecologism (Lépez-i-
Gelats et al. 2021). Animalism prioritizes the well-being of animals, frequently with
a bias towards species that are phylogenetically close to humans or that have
domestic traditions (Bailey 2015). In contrast, ecologism considers the ecosystem
to be important as a whole (Baxter 1999). Hence, animalism and ecologism have
opposing views on the role of introduced mammalian herbivores: animalism
considers introduced herbivores as new members of the ecosystem that nature should
adapt to, and considers killing the mammals as a crime. On the other hand, ecologists
consider the introduced herbivores as a threat to the conservation of nature and that
their elimination (with maximum effort to avoid unnecessary suffering) is necessary
to guarantee the survival of native species of flora and fauna.

6.8 Conclusions and Final Remarks

This chapter reviews the current studies about the impact of non-native mammalian
herbivores, notably goats and rabbits, on the ecosystems of the Canary and Balearic
Archipelagos. The Canary Islands, due to their oceanic origins and lack of native
mammalian history, appear to be more susceptible to these invasive species. In
contrast, the Balearic Islands once housed native mammals like the bovid Myotragus
balearicus, which potentially exerted evolutionary pressures on certain species but
others seem to be vulnerable to herbivory. Anyway, the current proliferation of
non-native mammal herbivores in both archipelagos poses significant threats to
native plant communities due to overgrazing, with endemic species being especially
vulnerable. To address these ecological challenges, comprehensive strategies are
imperative. These should involve collaboration among a wide spectrum of
stakeholders, ensuring a cohesive approach that factors in varied perspectives to
counteract the adverse impacts of these invasive species effectively.
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