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Abstract
Scientific evidence should dominate in any management decision dealing with alien

species. It is also essential for all stakeholders to agree on the terminology used to

avoid undesirable misinterpretations. A well-known example is the use of the term

“invasive,” which has two basic meanings, one as a biogeographic criterion and the

other as an impact criterion. The aoudad (Ammotragus lervia) is a North African

ungulate introduced in Spain, which was labeled “invasive” by Spanish authorities due

to misreading of the term used by early studies. Indeed, to date, there are no conclu-

sive empirical data showing negative effects of the aoudad on native flora and fauna.

Recent studies have shown that its closest native ungulate, the Iberian ibex (Capra
pyrenaica), has expanded throughout territories already occupied by the aoudad, with-

out any apparent conflict. Aoudad diet selection studies also show them to be markedly

grazers, so its role in the Mediterranean trophic network might be similar to that of

extinct wild ungulates that fed in natural meadows, maintaining landscapes heteroge-

neous. New opportunities for its study are opening, particularly in Iberian semiarid

lands. Unfortunately though, its current simplistic definition as an invasive species

keeps in suspense its eventual eradication throughout the country.
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1 INTRODUCTION

Public and private environmental institutions are making
tremendous economic and legislative efforts to protect and
conserve biodiversity and natural resources from so-called
“invasive alien species,” generally considered a major world-
wide threat to biodiversity (Bergmans & Blom, 2001). Not in
vain, as in the United States alone they have been estimated
to cause environmental damage and economic loss of about
$120 billion per year (Pimentel, Zuniga, & Morrison, 2005).
The great majority of natural ecosystems are already suffer-
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ing from some degree of alteration caused by human activity
(habitats altered by roadways, rural areas, or agricultural fields
and crop lands), so that some of the first aliens that appeared
in these areas tended to be human commensals, species asso-
ciated with human-altered habitats (Sax & Brown, 2000).

However, when the new discipline in invasion ecology
emerged, no definition of the term “invasive species” was
attempted (Elton, 1958). This has given rise to a multitude
of disagreements, misconceptions, and misunderstanding of
the growing amount of literature on the phenomenon being
published and has led to numerous initiatives calling for a
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F I G U R E 1 Aoudad males kept in captivity at the EEZA facilities.
© EEZA-CSIC.

consensus (Colautti & MacIsaac, 2004; Valéry, Fritz,
Lefeuvre, & Simberloff, 2008).

2 DEFINING INVASIVENESS

In the scientific literature, two definitions predominate, one
referring to a biogeographic invasion (equivalent to merely
colonizing in time and space) and the other indicative of
negative impacts on the environment, i.e., a biogeographic
criterion versus an impact criterion (Valéry et al., 2008).
Early studies on the subject tended to relate invasion to the
geographic expansion of species, whether human-mediated
or not (Vermeij, 1996; Williamson, 1996). However, at the
beginning of the 21st Century, the International Union for
Nature Conservation (IUCN) and the Convention on Biolog-
ical Diversity (CBD) defined alien invasive species as alien
species that threaten the biodiversity of the host ecosystem,
disregarding their capacity for spreading (CBD, 2002; IUCN,
2000). Consequently, and under this premise, public and pri-
vate institutions devoted to the protection of biodiversity have
embraced this definition, which is currently the one used
by most managers, politicians, and environmentalists, despite
there still not being agreement on its use among ecologists
and zoologists (see a recent review by Wijesundara, 2010).

As a consequence of this lack of consensus, when refer-
ring to particular studies and references dealing with “invasive
species,” it is crucial to identify precisely what the authors
meant by it, in order to cite them properly and understand their
results or conclusions. Unfortunately, this is not always done,
and therefore, misinterpretations may emerge.

3 INVASIVE SPECIES

Alien species which are harmful to the environment require
special attention by authorities and managers to decrease

their deleterious effects (Pallewatta, Reaser, & Gutierrez,
2003). Under some circumstances, eradication programs
should be carried out (Myers, Simberloff, Kuris, & Carey,
2000), whereas in others, coexistence of native and non-
native species might be the most reasonable management
strategy (Schlaepfer, Sherman, Blossey, & Runge, 2005). Fur-
thermore, although the precautionary principle should be fol-
lowed when dealing with alien species (Rogers, Sindent, &
De Lacy, 1997), in many instances there is no actual or
updated knowledge on their ecological effects (Thomas &
Palmer, 2015), and taking a decision on their management
strategy may be untimely, controversial or just plain wrong
(see below). Therefore, defining how to handle the impact of
alien species is a must (Jeschke et al., 2014).

Habitat alteration, along with the decline in natural preda-
tor populations, associated with human activities (e.g., perse-
cution, poaching, and unsustainable hunting), can exacerbate
an increase in numbers of native species (Côté, Rooney, Trem-
blay, Dussault, & Waller, 2004; Garrott, White, & Vanderbilt
White, 1993), which in turn may become invasive, i.e., harm-
ful to their environment (Carey, Sanderson, Barnas, & Olden,
2012). A paradigmatic example is that of the wild boar (Sus
scrofa) in its native range of distribution, where it tends to be
associated with human sources of food (e.g., food containers
and trashcans in the outskirts of towns), increasing in numbers
in such high densities that it causes adverse effects (Apollonio,
Andersen, & Putman, 2010). Consequently, identifying inva-
sive native species is also crucial in any profound examina-
tion of ecological issues related to wildlife management and
policy.

Therefore, the term “invasive” should be applicable to
native species as well as non-native species.

4 THE CASE OF THE AOUDAD

The aoudad or Barbary sheep (Ammotragus lervia Pallas,
1777; Figure 1) is a North African caprid widely introduced
in several countries for hunting (Cassinello, 2015; Cassinello
et al., 2008). The main wild-ranging alien populations are
found in the United States (mainly Texas, New Mexico, and
California) and Spain (southeastern mainland and La Palma
Island, Canary Islands). Paradoxically, while these alien pop-
ulations have settled and expanded their ranges, the species is
threatened in its native area of distribution (Cassinello et al.,
2008). So far, and apart from the population located in La
Palma Island, where its Macaronesian flora is not evolution-
arily adapted to the presence of large herbivores such as the
aoudad, there is no empirical evidence related to any negative
impact on native fauna or flora (Cassinello, 2015).

The first studies dealing with the presence of the species in
Spain expressed serious concern for potential harm to native
flora and competition for resources with the native Iberian
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ibex (Capra pyrenaica Schinz, 1838), taxonomically the
closest kin among native Iberian ungulates (Acevedo,
Cassinello, Hortal, & Gortázar, 2007; Cassinello, Acevedo,
& Hortal, 2006). In these studies, the species was depicted
as invasive, but used the term in its biogeographic sense
(“The aoudad has shown a formidable capacity to establish,
spread, and extend its distribution (…), characteristics typical
of biological invasions (Williamson, 1996)”). In the Region
of Murcia alone, the aoudad population is as high as 2,000
free-ranging individuals.

Not critically reading the term “invasive” led to the inclu-
sion of the aoudad in the first Spanish Catalogue of Invasive
Alien Species (Ministerio de Medio Ambiente, y Medio Rural
y Marino, 2011), although with some basically political pecu-
liarities which prevented the populations present in the Region
of Murcia from being included in the Catalogue. This bizarre
procedure led environmental associations to appeal for a gen-
eral classification of the aoudad as an invasive alien species
throughout the country, an appeal which was finally approved
by the Spanish High Court (Tribunal Supremo, 2016).

However, recent studies dealing with aoudad feeding habits
have shown that the species is primarily a grazer, actively
selecting forbs and grasses when available (Ben Mimoun &
Nouira, 2015; Miranda et al., 2012); while their incidence on
woody plants is similar to that of native herbivore ungulates,
not showing particularly higher negative effects on threatened
plants (Velamazán, San Miguel, Escribano, & Perea, 2017).
The presence of wild grazers may be crucial to the preserva-
tion of mosaic landscapes in Mediterranean habitats (Malek
& Verburg, 2017), as it is widely acknowledged that grazers,
along with browsers, allow open pastures to be maintained
by reducing shrubland colonization (Odum, 1969). These het-
erogeneous landscapes are fundamental to the preservation of
biodiversity and species richness in ecosystems (Stein, Gerst-
ner, & Kreft, 2014). The fact is that extant large wild herbi-
vores in the Iberian Peninsula are basically browsers (Gebert
& Verheyden-Tixier, 2001; Martínez, 2010), and apart from
decreasing livestock activity, no specialist grazers are present
any longer. Thus, it would not be venturous to expect benefi-
cial outputs from the presence of new wild grazers, although
from an exotic origin (Fernández-Olalla, Martínez-Jauregui,
Perea, Velamazán, & San Miguel, 2016).

Furthermore, Iberian ibex populations have recently been
showing impressive recolonization in southeastern Spain,
reaching areas previously occupied by aoudads. However, the
presence of the North African ungulate does not seem to affect
ibex range expansion. In fact, it is rather the opposite, as in
some mountainous areas the native ungulate seems to be dis-
placing the exotic one (Eguía et al., 2015).

Despite current empirical evidence showing that the effects
of the aoudad, both in the United States and the Spanish main-
land, are not harmful, if not beneficial (Cassinello, 2015),
the species is still classed as invasive by Spanish authorities

(Ministerio de Agricultura, Alimentación y Medio Ambiente,
2013), leading to the startup of eradication programs in some
of its distribution areas (Consejería de Agua, Agricultura y
Medio Ambiente, 2017). Another consequence of this policy
is that a threatened species in its native range of distribution is
being subject to eradication in exotic areas, which might well
become species reservoirs if no harmful effects are detected
(Garzon-Machado, del-Arco-Aguilar, & Perez-de-Paz, 2012;
Marchetti, & Engstrom, 2016).

This is the first evidence of an unprecedented manage-
ment policy based on an erroneous application of scientific
evidence due to the misleading terminology applied to alien
species, interpreting “invasive” as “harmful” instead of “col-
onizing.”

5 CONCLUSIONS

Knowledge of whether an alien species poses a risk to the
host environment, based on scientific data and proper iden-
tification of the results and conclusions in the available liter-
ature, is crucial to its management (Valéry et al., 2008). Inva-
sive species, sensu impact criterion, may be either exotic or
native (Carey et al., 2012), and their management and con-
trol should always be implemented according to scientific and
empirical evidence. Apart from proper management policies,
it is also important to implement further evaluation proce-
dures enabling institutions to find out what benefits, if any,
have been achieved (Ferraro & Pattanayak, 2006).

The alien aoudad, depicted as harmful in all the territories
where it is present, is currently included in the Spanish Cat-
alogue of Invasive Alien Species. This inclusion is based on
a misinterpretation of the scientific literature available, and
according to current findings, consideration of the popula-
tions located in the southeast of the Iberian Peninsula as inva-
sive is ungrounded (Cassinello, 2015). A recent ruling by the
Spanish High Court promotes its total eradication in the coun-
try, even though the ecological consequences of a massive
eradication program are unforeseeable. Nevertheless, politi-
cal commitments may still vary, as the Spanish Ministry of
Environment is currently holding new meetings on this issue
with concerned aoudad management stakeholders, including
scientists devoted to their study. Hope for a better management
policy based on actual ecological facts is still in the air.

6 ADDENDUM

A few days after this manuscript was submitted, the Span-
ish Parliament approved a modification of the Spanish Law
42/2007 on the Natural Heritage and Biodiversity (Jefatura
del Estado, 2007), so that invasive species that can be of eco-
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nomic interest through fishing or hunting will be allowed to be
sustainably managed in areas where they were present before
Ley 42/2007 was approved, in December 2007; whereas in
recently colonized areas, they should be controlled and even-
tually eradicated (Proposición de Ley, 2017). This legal mod-
ification, however, does not raise any change in invasiveness
status of such species, as it is only based on socioeconomic
profits in rural areas; it may also change over time if parlia-
mentary majorities do so. Therefore, the issue on aoudad inva-
siveness status remains to be addressed and resolved.
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