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Chapter 16
Cryptic Problematic Species 
and Troublesome Taxonomists: A Tale 
of the Apennine Bear and the Nile White 
Rhinoceros

Spartaco Gippoliti and Colin P. Groves

16.1  �Introduction

Among a broader definition of ‘problematic wildlife’ (Angelici 2016), we think that 
a special section should be reserved for those ‘taxa’ whose conservation strategies 
depend upon the taxonomic status accorded to them by the scientific community. In 
recent decades, it has often been argued that a taxonomy of large mammals based 
on the BSC (biological species concept) is favourable to conservation policies as it 
allows artificially mediated gene flow among distant populations belonging to the 
same species (Frankham et al. 2012; Heller et al. 2013; Zachos et al. 2013; Ralls 
et al. 2018). Linked to this view seems to be the hypothesis that conservation prob-
lems mainly concern the genetic viability of small populations that remain isolated 
owing to human-caused destructive behaviours such as hunting and habitat altera-
tion (small population paradigm, cf. Caughley 1994). However, a finer definition of 
‘evolutionary species units’ can inform a conservation strategy that might make 
sense if past unique evolutionary trajectories in populations are being conserved 
(Weeks et al. 2011). Weeks and co-authors are also concerned that if these popula-
tions are not really ‘unique’ at all but that they are managed as distinct units, we 
may increase their risk of extinction due to reductions in genetic diversity and loss 
of population fitness. Actually we share this concern and, additionally, we do not 
wish to allocate precious resources to ‘phantom taxa’ (cf. Gippoliti and Amori 
2002a) when there is so much neglected biodiversity nor is it our wish to let species 
vanish because of depauperate genetic pools.
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Previously we advocated integrative taxonomy as the way to identify evolution-
ary species beyond the sole use of neutral molecular markers to identify evolution-
ary lineages in ungulate mammals (Groves and Grubb 2011; Cotterill et al. 2014; 
Groves et al. 2017; Gippoliti et al. 2018b). Users of taxonomic data are all too often 
ignorant of how imprecise or wrong current taxonomies can be and consequently 
how dangerous it is to utilize current taxonomy as a yardstick to generalize about 
issues such as inbreeding and outbreeding depression, especially in the absence of 
taxonomic revisions in the last half a century (Goldstein et al. 2000).

Supporters of ‘genetic rescue’ (e.g. Vander Wal et al. 2013) credit this technique 
with the restoration of populations of cougars in Florida (Puma concolor), bighorn 
sheep (Ovis canadensis) and adders (Vipera berus). We note that the last two cases 
refer to translocation between the same putative subspecies. In the case of the 
Florida cougar, generally considered a distinct subspecies, Puma concolor coryi, it 
has been re-stoked with individuals belonging to the Texas subspecies P. concolor 
stanleyana. It seems that all North American forms of cougars have a recent origin, 
and genetic diversity among subspecies is low (Culver et al. 2000) so the risks of 
outbreeding depression (Templeton 1986) in this case was probably low (Hedrick 
and Fredrickson 2010). But this is a much greater risk in the case of evolutionary 
species that are artificially lumped into ‘biological’ species (see below), or little-
known subspecies that have never been thoroughly taxonomically revised in recent 
decades (cf. Groves et al. 2017).

Outbreeding depression indicates a fitness reduction following hybridization 
(Templeton 1986). According to the so-called Dobzhansky–Muller model, isolated 
populations gradually accumulate neutral or advantageous mutations over time, and 
selection for positive epistasis may result in the development of unique coadapted 
gene complexes within each isolated population (Edmonds 2007). Thus, when mat-
ing occurs between populations, segregation and recombination can break up these 
coadapted gene complexes and bring together mutations that have not been ‘tested’ 
together and potentially have harmful effects (Turelli et al. 2001). This is not to deny 
the potential evolutionary importance of hybridization that has influenced even our 
own species (Harris and Nielsen 2016) but rather to highlight our scepticism towards 
a single cure – genetic rescue – which has been studied in the laboratory but has not 
been tested in the field.

As a case in point, we draw attention to one successful conservation story: the 
Arabian oryx Oryx leucoryx. After the species was saved from extinction by captive 
breeding and reintroduced into protected areas located in its original homeland, 
signs of outbreeding depression were discovered in the surviving population 
(Marshall and Spalton 2000; Ochoa et al. 2016). Why should this be? It is of some 
interest that in 1934 Pocock described a subspecies, Oryx leucoryx latipes from 
Wadi Ghudun, Southern Arabian Peninsula (now in Oman), remarking how the skin 
he received showed ‘markedly wider and differently shaped hoofs’ compared to all 
other available specimens then in the British Museum (Pocock 1935: 464). He com-
pared the hoofs to those of Addax nasomaculatus and suggested that this would be 
a character of specific relevance resulting from adaptation to loose sand. Considering 
that he had only one specimen at hand, he preferred to name a new subspecies 
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merely ‘to draw attention to its interest’ (Pocock 1935: 466). Regrettably, the age of 
‘taxonomic inertia’ was beginning at that time and Ellerman and Morrison-Scott 
(1951: 386) simply commented, ‘We regard this form as of doubtful validity’. No 
surprise then that most present-day researchers (Ochoa et al. 2016) dismissed the 
hypothesis that there was any ancient isolation in Oryx leucoryx driven by geo-
graphic and ecological factors. Today we have the technology to test if the Arabian 
oryx shows cryptic historical patterns of genomic and taxonomic diversity. 
Specifically, a genomic study should analyse not only available museum specimens 
from the historic range but the extant captive population – including the founders – 
to ascertain if two or more cryptic evolutionary units have effectively been swamped 
together.

16.2  �Taxonomic Oversimplification

For most of the twentieth century, under the BSC with its acceptance of a plethora 
of polytypic species, most described taxon names were synonymized or, at best, 
accepted to be of subspecific validity. But, again, this was often accomplished with-
out the help of a true taxonomic revision (e.g. critical examination of most available 
museum specimens and type specimens at the end to assess taxonomic variability in 
a taxonomic group (genera, species)). Natural history museums and traditional tax-
onomists had in the meantime fallen under the spell of the Modern Synthesis, or 
rather of what was interpreted as its taxonomic corollary, especially in Western 
Europe (Gippoliti and Groves 2018). This process of simplification is described 
below by one of the fathers of the modern synthesis, Ernst Mayr (1982): ‘While the 
morphological criterion of intergradation had previously been the exclusive sub-
species criterion, “geographical representation” now became the yardstick. As 
Stresemann (1975) has described so well, every isolated ‘species’ was now scruti-
nized for the possibility that it was simply a ‘geographical representative’ of some 
other species, in which case it was reduced to the rank of subspecies. The subspecies 
was subsequently defined as a member of a polytypic species, not simply as a 
‘slightly different’ local population. The new way of looking at geographical iso-
lates, particularly the downgrading of every isolate to subspecies rank, even if these 
were not clearly connected by intermediates, resulted in an extraordinary simplifi-
cation of taxonomy at the species level. Among the 607 species of North American 
birds alone, 315 taxa that had originally been described as full species were subse-
quently reduced to subspecies status. The newly recognized polytypic species were 
much more distinct, real entities of nature compared to the purely morphologically 
defined ‘species’ of the 1880s. Morphological difference was replaced as species 
criterion by reproductive isolation’ (Mayr 1982: 593–594).

Another consequence of this process is that under the same category of ‘subspe-
cies’, there can now be found a heterogeneous array of evolutionary stages (Gippoliti 
and Amori, 2007). True species has been artificially lumped into a polytypic spe-
cies, while other subspecies are essentially points on a cline. ‘In retrospect, it has 
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become clear not only that many of the so-called subspecies described from the 
1920s to the 1940s did not differ in the slightest, but also that the recognition of 
minutely differing populations served, in most cases, no good purpose’ (Mayr 1982: 
594). This has important consequences because many researchers assign a spurious 
objectivity even to the subspecies category, lamented by Lorenzo Camerano as long 
as a century ago (Camerano 1916).

Interestingly, it seems that the oversimplification of taxonomy through the poly-
typic species concept has found a use in at least one other field of environmental 
conservation: ecological connectivity. Human-induced habitat degradation and 
fragmentation is certainly one of the major causes of a population’s loss of viability 
(Lindenmayer and Fisher 2007), so the maintenance or creation of a network of 
ecological corridors has often become one of the main goals of wildlife conserva-
tion, although the validity of this approach has been rarely tested in a scientific way 
(Gippoliti and Battisti 2017). What is more interesting from our perspective is that 
isolated populations of large mammals have almost invariably been assumed to be 
the result of historically human-mediated extirpation of connection between popu-
lations by either direct persecution or by habitat degradation. This belief is repeated 
in almost all papers dealing with molecular aspects of large mammals (i.e. Angelone-
Alasaad et al. 2017), even in those cases where genetic or morphological data could 
in fact support (or at least be tested) a different scenario, namely, that a given popu-
lation was already distinctive (thus isolated) before the peak of anthropogenic 
destructive activities (see also Sexton et al. 2014).

16.3  �Troublesome Taxonomists

Rojas (1992) was among the first to recognize the existence of a problem in the 
application of different species concepts for biodiversity conservation policy. Much 
earlier, the pioneer conservationist and mammal taxonomist Oscar de Beaux 
(Fig. 16.1; Gippoliti 2006) was probably the first to recognize how the ‘new taxon-
omy’ posed more than a challenge for biodiversity conservation. He dedicated the 
last years of his life to a monograph on the wild goats of the genus Capra (de Beaux, 
1956), in which he refuted the taxonomic vision proposed by Ellerman and 
Morrisson-Scott (1951) which, in that specific case, was even less simplified than 
those already advanced by Schwarz (1935). As early as 1930, when de Beaux pub-
lished his Etica Biologica, later translated into English (de Beaux 1932) and cited 
by Aldo Leopold (Leopold 1933), he stressed the importance of preserving the 
results of evolutionary history. De Beaux included among the conservation priori-
ties the distinctive populations of Maremman roe deer, those of the Gargano and 
Calabria (Southern Italian Peninsula), the Maremman wild boar and those living in 
Southern Italy even if then unstudied scientifically (de Beaux 1930).

It is perhaps no coincidence that one of the most known (and unsuccessful) cases 
of ante-litteram genetic rescue/translocation involved members of the genus Capra. 
An assemblage of Capra taxa, Capra ibex, Capra ibex x Capra nubiana and Capra 
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aegagrus, which at that time were regarded as members of one polytypic species, 
were released on the Tatra Mountains, but owing to the lack of the right birth sea-
sonality and lack of human care during the Second World War, the experiment failed 
(Turček 1951). This remarkable early unsuccessful example, fuelled by the exces-
sive synthetic approach of Schwarz (1935), is a powerful reminder that species can-
not be discriminated on the basis of breeding compatibility and, if this is done, there 
would be some grave problems in conservation biology. Interestingly, de Beaux 
believed humans had a moral duty to not interfere with the existing diversity pattern 
well below species level, an issue that is critically reviewed by Rohwer and 
Marris (2016).

We have observed that after decades of ‘taxonomic inertia’, it is not easy to pro-
pose ‘revolutionary’ changes in the way people see the world. The revisionary work 
on the world’s ungulates by Groves and Grubb (2011) was often received with hos-
tility and the criticisms often failed to focus on true scientific issues. But even in 
more parochial (but yet important) issues, we see how difficult it is to open a frank 
discussion among different researchers and disciplines. Regarding the conservation 
issues of the so-called woodland caribou Rangifer tarandus caribou, only the single 
authoritative voice of Valerius Geist (Geist 2007) called for an urgent revision of the 
taxonomy, an issue that has so far remained unheard. How neglected taxa can 
become critical for biodiversity conservation is demonstrated by the case of the Bale 
monkey Chlorocebus djamdjamensis in Ethiopia. Ignored by most mammalogists 
and primatologists – with the exception of Pierre Dandelot – during the twentieth 
century, this species was first ‘rediscovered’ in the Harenna Forest by one of us 
(Carpaneto and Gippoliti 1994) who reviewed its taxonomic history and highlighted 
that this was a uniquely mountain bamboo-forest subspecies of the otherwise 
savannah-living aethiops complex. Subsequently, both Kingdon (1997) and Groves 
(2001) raised djamdjamensis to full species status. Further genetic data established 

Fig. 16.1  Oscar de Beaux
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that under the name djamdjamensis two genetically distinct populations exist (Haus 
et  al. 2013), one of which shows traces of extensive introgression with other 
Chlorocebus species. Further research has confirmed the distinctiveness of the two 
ESUs (Mekonnen et  al. 2018). What is of relevance is that the presence of an 
endemic primate species made international funding available for research and con-
servation on this highly restricted species, making it an effective umbrella and flag-
ship species for montane forest conservation in Bale and Sidamo regions of Ethiopia 
(Mekonnen et al. 2012, 2017), a habitat so far neglected by conservationists.

16.4  �History of Translocations in Conservation Biology

From a conservation biologist’s perspective, the era of taxonomic inertia opened the 
door to a number of appealing and apparently successful conservation operations, 
such as the translocation of wildlife species in regions from where they had been 
long extirpated. In 1976 WWF Italy organized a meeting on Reintroductions: tech-
niques and ethics (Boitani 1976), from which, however, taxonomic considerations 
were almost completely absent. The attached ‘manifesto on animal re-introductions’ 
specified that, in cases of restocking, ‘…the animal must be of the same race as 
those in the population into which they are released’. In addition, the manifesto 
specified that ‘…the animals reintroduced must be of the closest available race to 
the original stock’ (Boitani 1976: 300). Given that we may consider the term race – 
in this instance anyway – a synonym of subspecies, the document is in agreement 
with the attitude of past times, which assumed that all we need to know about sub-
specific variation was already known and available to wildlife conservationists. We 
note that many researchers have always emphasized the importance of maintaining 
unaltered existing patterns of geographic variation inside biological species. In the 
case of Caprinae, it has been stressed that a subspecies extinction by human-
mediated introgression is a really extinction, and proposed conservation recommen-
dations are at the subspecies level (cf. Shackleton and Lovari 1997). In 1987 an 
IUCN Statement on the Translocation of Animals was produced (IUCN 1987) and 
in 1988 an IUCN/SSC Re-introduction Specialist Group was established that pub-
lished guidelines for re-introductions in 1998 (IUCN 1998). In 1999 Seddon and 
Soorae (1999) proposed guidelines for subspecific substitutions in translocations, 
when the original subspecies is extinct.

According to the IUCN/SSC (2013), founders should show characteristics based 
on genetic provenance and on morphology, physiology and behaviour that are 
assessed as appropriate through comparison with the original or any remaining wild 
populations. In some cases the original species or subspecies may have become 
extinct both in the wild and in captivity. A similar, related species or subspecies can 
be substituted as an ecological replacement, provided that the substitution is based 
on objective criteria such as phylogenetic closeness, similarity in appearance, ecol-
ogy and behaviour to the extinct form. Regrettably, extinction of a ‘subspecies’ is 
not a rare phenomenon and a reasonable replacement, as we will see, is not always 
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possible as we deal, in fact, with unique lineages adapted to very specific ecological 
and geographical niches. The whole issue is much more complicated (Gippoliti 
et al. 2018a, b), but we would highlight here that the abandonment of the subspecies 
category as observed in some IUCN Specialist Groups will certainly have conse-
quences for translocation/restocking policies.

16.5  �The Nile or Northern White Rhinoceros

Groves et al. (2010) revised the taxonomy of living Ceratotherium (white rhinoc-
eros) and concluded that the two living taxa are best treated as separate species, the 
southern white rhino (SWR) Ceratotherium simum in Southern Africa and the 
northern (or Nile) white rhino (NWR) Ceratotherium cottoni in Central Africa.

IUCN’s African Rhino Specialist Group (AfRSG) reacted negatively to this 
proposition:

This conclusion is being contested by, amongst others, African rhino genetics expert 
Colleen O’Ryan who has informed the AfRSG that she and her colleagues are working on 
a detailed rebuttal of Groves et al.’s paper based on findings derived from larger sample 
sizes, and using what she feels are more appropriate genes (Brooks 2010: 14).

This represent an obvious misunderstanding, as no scientist would work on an 
already predetermined rebuttal, and no geneticist would refer in such a context to 
any gene as ‘more appropriate’ than any other. Nonetheless, O’Ryan’s research 
group has more recently conducted such a test, sequencing the entire mtDNA 
genomes of four NWR and three SWR (Harley et al. 2016), and compared them to 
Rhinocerotidae from GenBank as well as selected outgroup taxa, including mtDNA 
genomes of modern Homo sapiens and what they referred to as Homo sapiens nean-
derthalensis and Homo sapiens denisova (that is to say, the Late Pleistocene 
Neanderthal people of Europe and western Asia and the mysterious Denisovans, 
known only by a tooth and a manual phalanx). The results corroborated the main 
findings of Groves et  al. (2010), namely, that NWR and SWR are reciprocally 
monophyletic (with 100% support). Despite this, Harley and colleagues disputed 
their status as separate species, the main arguments being that, first, accepting them 
as different species would be ‘a problem for conservation’ (Harley et  al. 2016: 
1286) because they maintained that if some of the genes of NWR were to be saved, 
the only hope seemed to be that the last survivors should be interbred with 
SWR. Their second argument was that the genetic distances (p-distances) between 
SWR and NWR were less than those between modern humans and either 
Neanderthals or Denisovans. The first point comes up against the probability of 
outbreeding depression in any hybrids; as for the second, Harley et al. (2016) were 
under the impression that Neanderthals and Denisovans are considered subspecies 
of Homo sapiens, which is not the case generally. They likewise claimed that the 
PSC ‘would also lead to the requirement for H. sapiens to be divided into a large 
number of separate species’ (Harley et al. 2016: 1290); this frumpy statement has 
been dealt with by Groves (2012, 2014) and Groves & Robovský (2011).
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In summary, the combined evidence for unambiguous diagnosibility of 
Ceratotherium cottoni versus C. simum is beyond doubt. The two are (or were, alas) 
clearly individuated evolutionary lineages. Yet the fact that it was almost universally 
recognized only as a subspecies of C. simum and that the latter taxon flourished 
under strict protection (Rookmaaker 2000) makes awareness of the importance of 
conserving the Nile white rhinoceros (C. cottoni) less urgent. Although first 
imported to zoos in 1950 (much earlier than its southern congeneric), the captive 
population of the NWR was fragmented among a number of zoos that kept pairs that 
never breed in such a deprived social condition.

Only Dvur Kralove Zoo (in then Czechoslovakia) (Fig. 16.2) operated its own 
innovative acquisition programme that in retrospect offered at least a chance to cre-
ate a self-sustaining ex situ population. In 1975 a small herd was captured in South 
Sudan, before the poaching rise after 1980 (Hilmann-Smith et al. 1986). The history 
of the status of the species in the Garamba National Park (Democratic Republic of 
Congo) (Fig. 16.3) was summarized by Hilmann-Smith et al. (1986). Interestingly, 
differences between NWR and SWR were already evidenced at the time: ‘The skull 
shape is distinct in the field, and the head is held higher than in southern whites. 
Body proportions are also different, with the northern white rhinos tending to be 
shorter, and there are almost certainly ecological and behavioural differences 
between the two subspecies’ (Hilmann-Smith et al. 1986: 20). We evidenced some 
words in italics because too many laboratory researchers and zoologists, at most 
familiar with one studied population, are unaware of how subtle ecological condi-
tions coupled with geographic isolation may produce phenotypically different pop-
ulations, which is quite unappreciated to the unexperienced eye.

Groves et al. (2017) reviewed the issue and another important aspect is that while 
in Southern Africa the SWR was sympatric with the black rhinoceros Diceros bicor-
nis, this was not the case in Central Africa. This suggests that the NWR could be 
less strict grazers than the SWR.  Interestingly, differences between the two taxa 
were also found when studying the social behaviour of captive rhinoceros and their 

Fig. 16.2  Part of the Nile white rhinoceros group at Dvur Kralove Zoo in 1991. (Photo S. Gippoliti)
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vocalizations (Kuneš and Bičík 2002; Cinková and Policht 2014. It seems that either 
the wish of the Democratic Republic of Congo (formerly Zaire) to maintain in situ 
a ‘national treasure’, and the fall of the ark paradigm in zoos’ conservation work 
(Gippoliti 2011) and the adopted taxonomy conspired to halt the preparation of a 
‘plan B’ for conservation of NWR. In some cases, political turmoil prevented the 
conservation of the last wild stronghold of the taxon. In a sense, the northern white 
rhino was first a victim of colonialism, ‘scientific inquiry’ and trophy hunting, with 
several hunters (some very famous such as Theodore Roosevelt, Winston Churchill, 
Frederick C. Selous, Vittorio Emanuele of Savoy-Aosta, Herbert Lang and Powell 
Cotton, obviously) bringing back not one or two but several specimens of these – 
then – little-known species; 14 were taken by the Roosevelt expedition alone (Heller 
1913). Later, it fell victim to post-colonialism and the decline of the new indepen-
dent states, the heritage of colonialism. If we reflect on a history of now 60 years 
(Curry-Lindahl 1972) of political turmoil in Central Africa (and no bright future 
insight), we should ask ourselves if a strategy for this extraordinary species should 
have been developed when we had more options available. In 1976 the population 
in Garamba had risen to some hundreds of individuals and the capture of a small 
herd for a zoo should have had no effect on the wild population. Furthermore, it 
seems that no interest was shown in conducting surveys and eventually establishing 
protect areas in Chad and Central African Republic where the species was reported 
by local hunters (Owen-Smith 2013). Inevitably, geopolitics needs to be considered 
in conservation biology.

Fig. 16.3  Nile white rhinoceros in the Garamba National Park. (Photo Francesco Germi)
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16.6  �Apennine Bear

A similar case occurred in Italy, where the morphologically distinctive Apennine 
brown bear population has been generally treated just as a southern population of 
Ursus arctos. The history of the conservation of the Apennine bear (and of the 
Apennine chamois Rupicapra ornata Neumann, 1899) offers a powerful demon-
stration of how taxonomy can have a positive influence on wildlife conservation, as 
previously indicated by Cotterill et  al. (2014) and Gippoliti et  al. (2018a, b and 
references therein). When the Parco Nazionale d’Abruzzo was finally established in 
Central Italy, Altobello (1921) had just described the local bear population as a new 
subspecies, Ursus arctos marsicanus. Although some proposals for a National Park 
had been made before, safeguarding the stronghold of two unique mammal taxa – 
the Apennine bear and the Apennine chamois, with their high touristic potential 
value – was a crucial element in the establishment of the park (Sipari 1926). The 
founder of the park, Erminio Sipari, discussed at length the taxonomic status of the 
Apennine bear, consulting not only with Altobello but with several other mammalo-
gists such as Giuseppe Lepri, Enrico Festa, Paul Matschie and Theodor Knottnerus-
Meyer (Sipari 1926). Altobello had only an adult female skull at hand (and two 
skulls of juveniles), so his original description (Altobello 1921) appeared so weak 
to Pocock (1932) that he relegated marsicanus to the synonymy of arctos. Already 
in Sipari’s work new evidence was collected and Enrico Festa communicated to 
Sipari on the basis of material in the Turin University Museum that the superior 
profile of the skull in the frontal region was more convex than in Ursus arctos 
(Sipari 1926: 29). Ellerman and Morrison-Scott (1951) had no choice other than to 
follow Pocock’s arrangement.

An original and (at the time) ‘shocking’ taxonomic view was offered by the pale-
ontologist Sergio Conti. While studying and describing a particular ‘variety’ of cave 
bear from Liguria (North-West Italy) which he named Ursus spelaeus var. ligustica 
(Conti 1954), he made some comparisons with modern Alpine and the Apennine 
bears. After suggesting that his ligustica seems an intergrade between spelaeus and 
arctos, he also concluded that (having at hand an adult male skull of marsicanus) 
the Apennine bear was more related to ligustica than the Alpine bear, to the degree 
that he recognized marsicanus as a full species. Although Conti’s sample was very 
limited, it is clear that the unique skull he had is fully representative of the Apennine 
population as a whole (Vigna Taglianti 2003; Colangelo et al. 2012) (Figs. 16.4 and 
16.5) and his proposal should be taken seriously – evidently he had utilized the 
diagnostic version of the phylogenetic species concept (Wheeler and Platnick 2000) 
to identify evolutionary species. Differently from North America, in Europe the 
concept of ‘subspecies’ among mammalogists has received so far scanty attention. 
Although sometimes listed in the more accurate checklist (i.e. Amori et al. 1999), 
there has generally been no attempt to revise mammal taxonomies at the subspecies 
level, even utilizing the increasingly available data derived from phylogeographic 
studies. These data often indicated a more complex situation than showed by 
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traditional taxonomy and this is of potentially great importance as a basis for con-
servation strategies (Gippoliti and Amori 2002b).

The low level of genetic distinctiveness of Apennine bears from Balkan bears led 
Colangelo et al. (2012) to explain that the particular skull of the Apennine bear was 
mainly the result of genetic drift in a small population isolated for ‘240–720 years’ 
from the Alpine population. We have already referred above to the ‘belief’ of 
humans, especially utilized in Europe, to be the only agent of range fragmentation 
and isolation. We also know that the southern European peninsula hosts a number of 
unique lineages that found refuge there during glacial periods (Bilton et al. 1998). 
In the case of the Apennine bear, early genetic data (mtDNA, microsatellites) are 

Fig. 16.4  Dorsal view of 
the skull of the Alpine 
brown bear. (Photo 
Jacopo Conti)

Fig. 16.5  Dorsal view of 
the skull and mandible of 
the Apennine bear Ursus 
arctos marsicanus (photo 
Jacopo Conti)
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not supportive of an ancient separation from other bears, yet a gene tree does not 
necessarily represent a species tree (Ferguson 2002). In addition, it is well known 
that shifts towards genome-wide single-nucleotide polymorphisms (SNPs) will be 
particularly useful to provide a comprehensive assessment of genetic distinctiveness 
and will allow more precision in targeting what deserves special efforts for conser-
vation (Desalle and Amato 2017).

Can the presence of spelaeus-like characters in the skull and dentition of marsi-
canus (see also Capasso Barbato et  al. 1993) really be explained by convergent 
evolution during 700 years of genetic drift? Or might it be possible that some spe-
laeus genes were present in the bear population south of the Alps, possibly due to 
an introgression episode (cf. Barlow et al. 2018)? These genes could be masked by 
other genes which got lost by genetic drift. So it should not be convergent evolution 
but the reappearance of a special set of genes due to genetic drift and/or 
introgression.

Gippoliti (2016) called for a taxonomic revision of the whole Ursus arctos com-
plex and specifically considered the available evidence sufficient to rank marsica-
nus as a distinct ESU and, provisionally, a valid subspecies. Following a first call for 
action for the taxon, the need for a more vigorous approach to its conservation has 
been reiterated (Guacci et al. 2013; Gippoliti and Guacci 2017) given that the popu-
lation size does not exceed 65 individuals including some 13 breeding females 
(Fig. 16.6) (Ciucci et al. 2015).

Although never openly debated, it is obvious that most bear experts in Europe 
believe that the first measure to ensure the long-term conservation of bears on the 
Apennine is restocking with a few individuals from the Balkans to allow ‘genetic 
rescue’. This is in fact a continent-wide strategy, already utilized in the Alps and 
Pyrenees. Partly explaining the overt neglect of taxonomic issues – in a recent revi-
sion of ‘Genetics and conservation of European brown bear Ursus arctos’, the term 

Fig. 16.6  An adult female Apennine bear. (Photo Antonio Macioce)
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‘taxonomy’ is never used (Swenson et al. 2011). But if the unique characters of the 
skull of marsicanus are due to local adaptations as a result of directional selection 
instead of genetic drift (Colangelo et al. 2012), and evidence of inbreeding depres-
sion has never been observed, the picture that emerges is one of a lineage well 
adapted to a Mediterranean mountain habitat. A conservation strategy should, there-
fore, prioritize population expansion and not take the risk that the potentially unique 
gene pool is spoiled by introgression of genes from possibly ‘less adapted’ popula-
tions (outbreeding depression). The social organization of brown bears is character-
ized by female philopatry and male dispersal (Støen et  al. 2005). Since male 
Apennine brown bears wander over several mountain systems of Central Italy, an 
important alternative conservation strategy would be to create new female breeding 
nuclei in other protected areas of the Apennine Mountains.

Given the taxonomic status of marsicanus, it has also been suggested that a bank 
of reproductive samples (semen, eggs) should be created – as has been planned in 
Spain for the Cantabrian brown bears (Anel et al. 2011; see also Saragusty et al. 
2016) – and that if some bears have to be taken out of the wild population because 
they are ‘problematic’ (i.e. visiting villages to eat fruits and chicken), or are found 
orphaned in the wild, they should be included in an ex situ breeding program 
(Guacci et al. 2013). Benazzo et al. (2017) performed whole-genome sequencing of 
six Apennine bears comparing marsicanus with Iberian and Balkan Ursus arctos 
and divergence time was estimated at 3000–4000 years. They found evidence of two 
evolutionary processes with opposite outcomes: active maintenance of variation of 
specific families of genes and fixation by drift of several deleterious alleles. Their 
results thus support the view that, even in small populations, the random loss of 
variation does not affect all sites in the same way. Their work further contributes to 
the general debate about the relative role of drift and selection when the effective 
population size is very small. Interestingly, Benazzo et al. (2017)s conclusion is that 
‘On the other hand, the recognition of the Apennine bear as an Italian iconic endan-
gered taxon, the possible risk of introducing aggressiveness genes and deteriorating 
the relatively peaceful human–bear coexistence in central Italy, and the current lev-
els of variation at relevant immune and olfactory genes suggest avoiding genetic 
rescue’ (Benazzo et al. 2017: 9595). This fully overlaps with Gippoliti’s suggestion 
(2016) and strongly departs from the orthodoxy of bear management in Europe.

Although there is widespread concern for inbreeding depression, in the case of 
marsicanus there has been no national effort to conserve vouchers (skulls, skele-
tons, skins, etc.) of the many bears found dead due to human persecution. These 
materials should be critical to assess the health of the endemic Apennine bear. 
Hopefully, the slowly increasing evidence of the distinctiveness of marsicanus (see 
also Meloro et al. 2017) will lead to the development of a conservation plan that will 
effectively guide the recovery of the most endangered Italian mammals.

Incidentally, at least in the historic stronghold of the species, bears are consid-
ered by local inhabitants as a regional heritage, and in these regions, bears have 
never been aggressive towards humans and have a limited impact on human activi-
ties. In the end, we hope that social considerations too will help direct conservation 
strategy away from so-called genetic rescue.
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16.7  �Implications for Management and Conservation

There is no doubt that among the consequences of an overly simplified view of 
biodiversity, there is an oversimplified – and assuring – view of the environmental 
situation of the planet. The recognition of a given polytypic species with an enor-
mous geographical distribution as a lower risk species completely overlooks the 
conservation status of several local populations/subspecies (Morrison III et al. 2009; 
Thakur et al. 2018) which, it is assumed, in case of continuing decline, could be 
‘restocked’ with animals from other more healthy local populations (Frankham 
et al. 2012).

Promoting human-mediated genetic introgression, as supported by some biolo-
gists and philosophers (Sgrò et al. 2011; Rohwer and Marris 2016), is a step towards 
integrating and homogenizing conservation biology in an ‘Anthropocene science’ 
where we accommodate biological evolutionary history to the will of one species – 
Homo sapiens. Concern over the risks of homogenization of biological diversity of 
African bovids for commercial reasons has already been expressed by the IUCN/
SSC Antelope Specialist Group (IUCN SSC Antelope Specialist Group 2015). 
Translocation and genetic rescue is potentially an important technique that has been 
successfully utilized in several conservation projects, for example, with desert big-
horn sheep (Hedrick and Wehausen 2014; Buchalski et al. 2016). But it can also be 
a waste of meagre conservation resources, not to mention of individual animals, in 
some instances such as the unsuccessful translocations of the ‘woodland caribou’ in 
Canada (Leech et al. 2017). In other words, before applying the ‘magic bullet’ of 
genetic rescue, look carefully at what is a species and what is not. What are the 
special adaptations of a declining population? Has ‘genetic purging’ occurred? And 
why has that population (or species) declined? Conservation is a very complex field. 
The decline of a population (or species) may have little or nothing to do with genetic 
impoverishment (Peer and Taborsky, 2005) and outbreeding depression may follow 
the ‘top-up’ of an endangered population by the introduction of fresh genes (Tallmon 
et al. 2004). An outdated and oversimplified taxonomy is one of the fundamental 
causes of a wrong-headed conservation strategy (Gippoliti et  al. 2018a). 
Conservationists’ motivations against adoption of an evolutionary species concept 
(Wiley 1978) seem to be due to a scarce knowledge of the ‘species problem’ outside 
the community of systematic biologists (Padial et al. 2010; Gutierrez and Helgen 
2013; Raposo et al. 2017). We also reaffirm our opinion that the goal of conserva-
tion biology must be the maintenance of biodiversity biogeographical patterns that 
are as much as possible similar to those developed in the planet’s history aside from 
human interventions.

Evolutionary thinking certainly justifies an increase in the number of mammal 
species that are recognized, including those that are threatened and those that are 
‘problematic’ in their relationship with humans. But a clearer picture of existing 
biodiversity will, we hope, motivate the conservation community to direct resources 
through a transparent prioritization system. Once discovered, mammal lineages are 
particularly effective to serve as flagship and umbrella species for conservation of 
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otherwise neglected habitats. Further, it is urgent that – as was already evidenced by 
Caughley (1994)  – a real integration between disciplines will be achieved. The 
belief that conservation problems stem automatically from small population sizes is 
a reductionist approach that may divert attention from true problems and the real 
solutions to species conservation. In the end, we think that such a finer approach to 
mammal taxonomy offers more opportunities for local communities’ involvement 
in conservation and sustainable utilization is the only way we can hope to maintain 
a diverse and healthy planet.
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