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Abstract
Context. The currently remaining 350–500 huemuls in Argentina are not recovering. We evaluated live huemuls,

along with animals that died soon after confinement, or those that had died recently. Although information on the health
status is highly valuable, repeated misdiagnoses of the health status indicate a need for other strategies.

Aims. . Discrepancies between clinical and postmortem diagnoses are critical for improving subsequent management
decisions.

Methods. Initial clinical interpretations and risk assessments were reinterpreted on the basis of necropsies and other
data.

Results.Two debilitated huemul individuals examined by veterinarians died soon afterwards, supposedly one being
intoxicated and one being without lesions. Necropsies showed osteopathology and fluorosis (fluorine concentrations of
2209 and 2979 mg/kg). Another male was tied up, with authorities and veterinarians arriving the next day. After being
sedated, and judged healthy, the animal was translocated. Because there was no reversal, this animal died 22 h post-
capture. Exhumation showed severe osteopathology. Elsewhere, huemuls were considered adequate in selenium
because values below the detection limit were excluded. However, when all values were included, 75% of the animals
were selenium-deficient; this population had numerous cases of osteopathology. Recently, specialists went to Torres del
Paine Park suspecting caseous lymphadenitis, reporting of which has been obligatory since 1937. However, many cases
documented in 1999–2007 have not elicited responses since that time by health professionals. Selenium deficiency
negatively affects antibody responses against caseous lymphadenitis. One province had denied huemul capture
(2012 and 2013) on recommendation of scientific advisors. Because of the right for transparency, it was found out
in 2016 that authorities had requested advice from only one veterinarian who assessed that darting was too risky.
Another 2016 project proposed to dart the first huemul in Argentina. Two weeks earlier, that same team was called to
rescue a tied-up huemul; the team opted not to involve a laboratory with drugs and radios that was only 1 h away. This
huemul died and was left in the woods. Finally, the first huemul enclosure in Argentina was proposed (1995), but the
permission was denied. Again, in 2000, the first huemul centre with private funding secured for 30 years was proposed.
However, the Regional Delegation for Patagonian National Parks prevented aerial surveys, and advised not to provide a
permit for the centre.

Conclusions.Future assessments should consider osteopathology. Risk assessments should be transparent and based
on assessment by multiple qualified professionals.

Implications. Clinical misdiagnoses may reduce life expectancy, in contrast to taking individuals to enclosures,
which would also allow valuable reintroductions. Not permitting captures, censusses and enclosures has resulted in
unwarranted delays in conservation progress.
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Introduction

In Argentina, only 350–500 individuals of Patagonian huemul
deer (Hippocamelus bisulcus) are remaining, and fragmented
into some 50 subpopulations along 1850 km of Andean
mountains (IUCN 2001; Fig. 1). No groups are documented to
be recovering; rather, the process of local extinctions is
continuing (Flueck and Smith-Flueck 2006). The difficulty in
accessing remote locations of the extant huemul has hindered
research; thus, in Argentina, the first female was captured and
radio-markedonly in2016,with sixmore thatwere beingmarked
in 2017 in another population (Flueck and Smith-Flueck 2017).
Thus far, evaluations of intact animals, besides these seven
marked deer, have been based on a few rare animals that died
soon after confinement, or on those that had died recently.
Although few, these examined huemul individuals could serve
as highly valuable case studies to help understand important
issues regarding the ecology and sanitary status, andas sources of
biological tissues, particularly viable gametes.

Instead, a high incidence of misdiagnosis of the health
condition raises the question about what strategies to consider

so as to minimise these diagnostic errors, and consequential
inappropriate treatments, and, thereby, reduce any
unfavourable consequences. Here, we present several cases
involving misdiagnoses, with our corresponding alternative
interpretations. We also address assessments of methods and
risks resulting in decisions with harmful consequences for
conservation measures.

Materials and methods

Several huemul cases were diagnosed in vivo, some of which
were later also subjected to necropsies, alongwith others that had
recently died. Remains were frequently buried after the initial
examinations, but in some cases the huemul carcasses were
buried without prior necropsies. After exhuming each carcass,
a necropsy was performed using techniques of Salwasser and
Jessup (1978) and Wobeser and Spraker (1980), and included
inspections for macroscopic lesions. Pathological changes were
evaluated according to Davis and Anderson (1971), Davis et al.
(1981) and Jones et al. (1997). Determination of fluorine
concentrations was performed according to Flueck and Smith-
Flueck (2013). The initial reports of in vivo and postmortem
diagnoses were then analysed with regards to our necropsy and
analytical results. Last, other assessments, which are used to
make decisions on conservation measures, were evaluated.

Results and discussion

Alternative diagnoses of health condition

Case 1

In the National Park Los Alerces (NPLA), a pregnant female
found in a delicate state (depressed and reluctant to move) was
taken to a pen for veterinary supervision, where she died soon
after. On the basis of a necropsy and tissue analysis (Chang
Reissig et al. 2015), it was reported that she was intoxicated and
that it is likely that she died from consumption of toxic locoweed
(Astragalus pehuenches).

However, a subsequent analyses after exhuming the remains
also showed clear signs of osteopathological processes in the
mandibular and maxillary bones, and, moreover, columnar and
appendicular lesions (Fig. 2a–c). Cases of equivalent pathology
in huemul have been documented in relation to selenium (Se)
deficiency in another population (Flueck 2015). Also, several
histological and clinical-chemistry findings on this female were
compatiblewithSedeficiency.Last, at encounter, the femalewas
reluctant to walk, and remained motionless with an arched back
(Fig. 2d), which is also typical of Se deficiency (Hebert and
Cowan 1971). Additionally, bone fluorine concentrations in this
female reached 2209 mg/kg (Izquierdo et al. 2018), which
explains the depressed state (rather than stemming from
A. pehuenches), and is supported by the high fluorine
concentrations in volcanic ashes deposited from the 2008
eruption of the Chaitén volcano. Fluorine is a neurotoxin, as
classified in the Lancet by Grandjean and Landrigan (2014). In
humans, it results in a lowered IQ, behavioural deficits, nervous
disorders andmemory disruption. Abundant animal studies have
demonstrated adverse effects of fluorine on the brain.

Regarding Astragalus pehuenches, despite the huge number
of livestock in Argentina and South America, intoxication was
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Fig. 1. The various subpopulations of huemul known to occur between
37�Sand54�S (&), and thosewith documented cases of osteopathology ($).
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not identified in any area until 2000, when it was found in sheep
(Robles et al. 2000; Aitken 2007). More importantly,
A. pehuenches does not even occur in the area of the huemul
in this case (Robles et al. 2000; Martinez et al. 2014), which
explains its absence in rumen and faeces contents of this huemul
individual (Chang Reissig et al. 2015). Moreover, there are
millions of mule deer (Odocoileus hemionus) in North
America, and a review has shown that locoweeds are well
distributed, with damage caused to livestock totalling millions
of US$, yet there are no reports of spontaneous locoweed
poisoning among these deer (Stegelmeier et al. 2005). Also,
the expressionof clinical symptoms indeer is quitedifferent from
that in other species (i.e. sheep, cattle, horses; Stegelmeier et al.
2005).

Case 2

A huemul buck individual in the NPLA region was found in
a delicate state and taken to a pen for supervision, where he
died soon after, in August 2013. The veterinarians performing
the necropsy did not report any health problems except a
haematoma on the thorax; no report was completed, only
the head and skin were preserved, and the rest was buried.
The young male was filmed 1 day premortem together with an
older male, but was found debilitated next to road the
following day. The haematoma was interpreted as having
been caused possibly by a vehicle collision.

However, on the basis of a subsequent analyses after
exhumation 2 years later, the animal in this case was also
shown to have clear signs of osteopathological processes in
the column, and in vivo photos clearly showed a swelling on
the left-mandibular side (Fig. 3). Moreover, this deer also had

very high bone fluorine concentrations, reaching even 2979 mg/
kg (Izquierdo et al. 2018). Although death might have resulted
from an impact with a vehicle, the severe skeletal clinical
pathologies went unnoticed, and, yet, these must have played
a mayor role in the health status of the animal. Additionally,
fluorosis was not considered, although volcanic ashes are still
present today. Whereas the fluorosis may have affected the
behaviour and metabolism, the observed bone asymmetries,
healed fractures, exostosis and deformed growth patterns
(Fig. 3) are also compatible with trace-mineral deficiencies,
such as that of Se. Last, 6 years postmortem, it was finally
possible to analyse the frozen head by using computed
tomography. The in vivo swelling resulted from the mandible
being severely affected on both sides, exhibiting exostosis with
simultaneous bone resorption, including perforations. Bone
resorption also resulted in mandibular and maxillary tooth
loss, exposed roots of molars, and complete exposure of all
incisive teeth toots (Fig. 3a–e). The severity of these lesions
undoubtedly reduced feeding capacity due to agony, and thereby
reduced the physical condition, whichmight have contributed to
the death.

Case 3

One evening, a huemul buck was cornered by dogs inside a
fenced area alongside the El Manso River, province of Rio
Negro. The local farmer deterred the dogs and then roped and
attached the buck to a fence post (Fig. 4a–e). Authorities were
contacted immediately, but did not arrive until the afternoon of
the next day. After sedation, the animal was evaluated by
veterinarians, being considered uninjured and healthy, and
thus was translocated some 6.5 km to another site for

(a) (d)

(b)

(c)

Fig. 2. Osteopathology in mandibular and maxillary bones (a–c); at encounter, the debilitated female was
reluctant to walk, and remained motionless with an arched back typical also for selenium deficiency (d;
courtesy of Fernando Corvalán).
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release. However, he died there shortly after, not recovering
from the drug after >22 h post-capture (they had no reversal).
Although the carcass was left at the site of death and covered
with some branches, it was later removed by others and buried
elsewhere to prevent scavenging. Three and a half months after
the buck’s burial, a permit was finally received for its
exhumation. The general body condition was good, on the
basis of the fat reserves (early autumn). But in contrast to the
initial veterinarian report (Chehebar 2016), the subsequent
necropsy of the exhumed carcass showed skeletal health
issues, being particularly severe in the mandible and maxilla.

Although the initial diagnosis stated that the huemul did not
have any lesions andwas in good condition, several pathological
anomalies went undetected by veterinarians (Barbato 2016,
p. 70). These lesions included asymmetrically grown
vertebras, osteodystrophy and fenestration of very thin
scapula, osteolysis and deformation of the mandibula,
disappearance of several teeth alveoli, molars broken into
several pieces or misaligned, very thin-walled maxillae with
dental root exposure, or porous and recessed bone (Fig. 4f–k). In
fact, regarding animal welfare, such severe lesions are severe

enough to warrant urgently taking the sick animal to a
rehabilitation centre (Flueck 2018; Lopez Alfonsin 2019;
Lopez Alfonsin and Sol Bucetto 2019).

Case 4

A female in Los Glaciares National Park, immobilised to be
marked in April 2016, was evaluated by a team of veterinarians
(APN 2016a). The animal was considered healthy and apt for
release. However, photos of the animal taken before capture,
during immobilisation, and, later, after her release, indicate
that she had a swelling on the left-mandibular side (Fig. 5).
These types of swellings frequently indicate underlaying
processes such as bone disease or infections, and justify
taking the animal to a rehabilitation centre. No reports are,
yet, available regarding follow-up monitoring of this
individual.

Case 5

A huemul subpopulation in Chile was recently evaluated
for the status of the trace-mineral Se. Although huemul

(a)

(b)

(c)
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Fig. 3. (a) Photos in vivo show an affected left mandibula (arrows). (b) Left mandible with severe
exostosis on buccal side and bone resorption including perforations on buccal (i) and lingual side (ii);
mandibular (iii) and maxillary (iv) tooth loss and exposed roots of molars; complete exposure of all
incisive teeth toots (v). (c) Aberrant growth and asymmetry of vertebra.
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individuals from this subpopulation were considered to have
adequate Se concentrations (Chihuailaf et al. 2014), this was
based on excluding from the analysis those samples with
values below the detection limit. However, when all these
values were included using the most conservative approach
(e.g. Singh and Nocerino 2002), a reanalysis determined that at
least 75% of the samples were indeed in the deficiency range
(Flueck et al. 2014a). Taking this second analysis into account,
relationships of various biological and ecological phenomena
would need to be interpreted quite differently.

Moreover, this subpopulation was shown to have numerous
cases of advanced osteopathology compatiblewith Se deficiency
(Fig. 6; Flueck 2015). In an Argentine subpopulation, the
prevalence of this osteological disease pattern has been shown
tobeat least 57%in the remainsof deadadult huemul (Flueck and
Smith-Flueck 2008), and 86% among the recently examined live
adults (Flueck and Smith-Flueck 2017). Overall, this disease
pattern has been documented in several subpopulations that are
spread out along some 1000 km of the Andean mountain range
(Fig. 1).

Case 6
Recently, the Chilean government was concerned about the

possible presence of disease in huemul of Torres del Paine
National Park (CONAF 2018). On 24 April 2018, a team of 13
specialists, including two veterinarians, was sent to Torres del
Paine National Park for 4 days to evaluate whether such
disease was the result of livestock presence, since the
appearance of lesions was similar to that in the Cerro
Castillo Reserve (CCR) further north, which was identified
as caseous lymphadenitis (CLA) from Corynebacterium
pseudotuberculosis (Morales et al. 2017).

However, not to be ignored are the intensive field studies
conducted between 1999 and 2007 on this same population,
where many cases of fawns and adults were documented to be
affected by the same clinical symptoms (Fig. 7). These facts and
photographic evidence were published in 2008, with the
suggestion that some resemble the general disease of lumpy
jaw (Guineo et al. 2008). Regardless, the presence of those
lesions did not elicit any sanitary concerns or responses by
health professionals for nearly two decades. Instead, the

(a) (b) (f)

(g)

(h)

(i) (k)

(j)

(c)

(e)

(d)

Fig. 4. The huemul buck after being restrained with a rope at (a) approximately 2030 hours, (b) 14 h later, (c, d)
bedded down, and (e) 15 h after having been roped. Dental root exposure and porous and recessed bone
(f–h), deformation of the mandibula (i), disappearance of several teeth alveoli (j), and molars broken into several
pieces or misaligned (k).

(b) (c)(a)

Fig. 5. Swelling on the left mandibular side of a huemul (a) before capture, (b) during immobilisation, and
(c) later after her release.
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present initiativewas fuelled by the fact that CLAwas diagnosed
in huemul further north in theCCR. It is likely thatCLAhad been
affecting huemul in this reserve long before the first case was
documented by a local citizen, a lawyer and hobby photographer,
in August 2014. His consistent documentation and reporting via
the ‘Agrupación Cultural para la Protección del Huemul’ finally
achieved a reaction from the public authorities in 2015 (de los
ReyesRecabarren2015),which then resulted in the identification
of CLA by November 2015. Afflicted huemul individuals were
then captured, treated and radio-collared.

First described in 1888 (Pepin and Paton 2010), CLA is awell
known disease of global distribution. It was common in
Argentina by 1913 (Dunlop Young 1934) and, notably, CLA
was also recognised inChile early on, such that it already became
obligatory in the year of 1937 (Decreto No. 644) to report all
cases to the government. Yet, the clinical cases documented in
the Torres del Paine National Park since 1999 were never
diagnosed, and those occurring in CCR were not confirmed
until 2015 due to a private initiative.

The urgency and importance currently given to CLA in
huemul is in stark contrast to the documented long existence
of CLA in Chile and Argentina. Huemul, therefore, has been in
contactwithCLAformuchof its existence inSouthAmerica, due
to it being in contact with species recognised as having been
affected with CLA, namely sheep, goats, mules, horses, cattle,
alpaca, other deer species, hares, and also native guanaco
(Wernery and Kinne 2016). It is well known that cervids in
other continents have also become infected, and infections in
huemul are, thus, to be expected (Pepin and Paton 2010; Matos
et al. 2015; Valli et al. 2016). Consequently, as the disease is not
rare inwild species anddoesnot indicate anythingabout the exact
origin of CLA in wildlife, Pepin and Paton (2010), thus,
suggested the need to differentiate sources according to
contacts with domestic animals, or the existence of a wild
fauna reservoir. Also, and being highly relevant, Se deficiency
has been shown to negatively affect the antibody response in

sheep against CLA (Larsen et al. 1988). Last, a live huemul in
CCR affected with CLA was also documented to have lost
incisive teeth and misplacement of other teeth (D. Aldridge,
pers. comm., 2018), which he considered equivalent to those
cases described inArgentina by Flueck and Smith-Flueck (2008,
2017).

Problematic risk assessments affecting conservation
policy

Case 7

In 1995, there was an initiative to establish the first
rehabilitation and breeding centre for huemul in Argentina.

(a) (b)

(d)

(f) (h)

(i)

(g)

(e)

(c)

Fig. 6. Examples of (a) extensive erosion of dental alveoli with missing teeth, (b, f) thickening of
mandibular body, (c) erosions and perforation of the palate, (d) osteolytic lesion causing a large
perforation, (e) pathological fracture, (g, h) bone resorption reducing mandibular height, and
(i) pronounced porosification with large perforations exposing root apices.

Fig. 7. Examples of lesions in huemul fromTorres del Paine National Park
(Guineo et al. 2008).
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Theproposal aimed to extend the then existingCentre ofWildlife
Rehabilitation Shanti (Province of Chubut), by adding a Centre
of Rehabilitation andBreeding forHuemul. However, according
to received advice, establishment of the huemul centre was not
allowed; the reasoning was that hardly any data on wild huemul
existed, new field studies were to be launched, and, therefore,
before more data were available, a new centre was, thus, not
considered justifiable (Lizurume 1995).

A second initiativewas launched in 2000by researchers of the
National Council of Scientific and Technological Research
(Buenos Aires), again to establish the first rehabilitation and
breeding centre for huemul, which would have relied on secured
private funding for 30 years (Escobar Ruíz et al. 2017). As a first
step, since neither the structure nor the size of any Argentine
subpopulation had yet been determined, aerial census surveys of
eight huemul subpopulations in unprotected areaswere proposed
and backed by funding already procured for the specific project.
If it could, subsequently, be justified to extract two or three pairs
of huemul from these subpopulations, the goal was then to start a
centre (Flueck and Smith-Flueck 2006). However, the group
leading the national huemul-conservation program (Regional
Delegation for Patagonian National Parks) prevented the aerial
surveys and, furthermore, advised the provincial authorities not
to give a permit for a huemul centre (Ramilo 2001). Their
assessment of risks, and resulting recommendations, were
based on the following arguments:
(1) the situation of huemul in Argentina has not yet reached the

critical point that justifies the implementation of an ex situ
program, with time yet remaining to prevent reaching such a
state;

(2) the risks associated with keeping huemul in captivity are,
therefore, too high to take, as yet;

(3) there are abundant areas containing huemul groups in a
relatively good conservation state;

(4) other activities have much higher conservation value than
those obtained from ex situ programs;

(5) current in situ efforts are sufficient to guarantee the long-
term survival of huemul in Argentina and that, therefore,
a conservation centre with semi-captive huemul is
unnecessary;

(6) previous attempts to keep huemul in captivity had failed;
(7) modern techniques for wildlife research allow research on

biological aspects essential for conservation without the
need for studies conducted ex situ; and

(8) no basic information, such as population structure, size or
social system, is available, whichwould be necessary before
animals can be extracted from a population.

Despite the strong reluctance of government authorities to
accept a centre, a successful recovery would depend on
understanding the main factors affecting individual
subpopulations, and on well designed in situ and ex situ
projects. Information gaps impeding conservation can be filled
via research on semi-captive huemul, which would also provide
animals for reintroductions or restocking. Accordingly, IUCN
(2002) recommends, explicitly, that ex situ programs foster
research on questions relevant for in situ conservation.
Reintroductions using adaptive-management principles could
determine factors presently preventing recovery (Walters and

Holling 1990). Successful diagnoses must be based on scientific
monitoring (Sutherland 2000), which is notoriously lacking
regarding huemul. In essence, no information has, yet, been
generated on factors preventing recovery of any subpopulation
(Flueck and Smith-Flueck 2006; Lopez Alfonsin 2019; Lopez
Alfonsin and Sol Bucetto 2019). Suggesting that huemul has not
yet reached the critical point justifying ex situ strategies counters
the norms established by IUCN, who recommends such
strategies while a species is still considered vulnerable and the
number of individuals is still in the thousands (IUCN 1987).
Notably, IUCN declared huemul to be at ‘a very high risk of
extinction’ based on Category C2a, among others (IUCN 2001).
Furthermore, the two asseverations by Ramilo (2001) that
abundant areas contain huemul in a relatively good
conservation state and that current in situ efforts are sufficient
to guarantee the long-term survival of huemul both lack any
foundation and do not agree with the documented situation.
Then, the two claims that huemul in captivity is a risky
undertaking and that previous attempts to keep huemul in
captivity had failed are erroneous and ignore substantial
literature documenting just the opposite. Several centres have
successfully bred huemul as early as the 1930s (Smith-Flueck
2000; Smith-Flueck et al. 2004), and an extant centre has been
successful for 15 years (reviewed in Escobar Ruíz et al. 2017).
These recommendations that a conservation centre with semi-
captive huemul would be too risky and unnecessary, and that in
situ activities have a much higher conservation value, have
prevented the formation of a centre, along with the
consequential loss of many conservation benefits. It also
reflects the application of terminology (in situ versus ex
situ) in an outdated and obsolete way, disregarding the
modern view of urgent metapopulation management in the
anthropocene (Braverman 2014). It is well recognised that
conservation centres contribute to a diverse array of in situ and
ex situ conservation efforts, and serve as important partners
with research and in the recovery of threatened species (Che-
Castaldo et al. 2018; Lopez Alfonsin 2019; Lopez Alfonsin
and Sol Bucetto 2019).

Case 8

Authorities of the Argentine province of Rio Negro denied
a permit to capture and mark huemul on private land (2012), on
the basis of the following arguments: (1) high risks from
darting, capture and manipulations; (2) the precarious
situation of the subpopulation with respect to applying such
risky methods; and (3) availability of less invasive methods
such as camera traps, surveys of tracks and other signs. A
modified proposal was again denied in 2013, stating that the
decision was based on the recommendations by the Committee
of Scientific Advisors of the Argentine National Plan for
Huemul Recovery. Once confirmed that several advisors
had actually never been consulted (S. Di Martino and
S. Gonzalez, pers. comm.), a persistent process to obtain
access to government documentation finally resulted in a
reply (Vinci 2016) which included an assessment of the
only advisor that was consulted. The advice provided the
following reasoning: (1) that the same recommendations
had been provided in the previous assessment regarding a
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similar proposal the year before; (2) that the proposal would
first have to include a very strong justification for why the
proposed captures were the only alternative to address the
objectives; (3) that various objectives could be answered with
non-invasive methods, such as using camera traps, instead of
using extremely risky methods, such as darting; (4) that there
must be an assigned veterinarian to take the responsibility for
captures and drugs; and (5) recommended to consult with two
Chilean veterinarians who had caught 49 and 20 deer
respectively.

Even though the status of huemul has been considered
endangered since 1973, Chile has proceeded to capture over
100 individuals since the 1980s. Meanwhile, not a single one
had ever been marked in Argentina at the time of these
proposals to the Rio Negro province (2012 and 2013). To
suggest that chemical captures are extremely risky goes
against their common practice worldwide, which is
supported by clear risk analyses (Kock et al. 1987;
DelGiudice et al. 2001). Insistence to have a veterinarian in
charge is also not according to the law of most countries,
including that of Argentina, and other certifications exist that
permit non-veterinarians to handle wildlife. Moreover,
suggesting that the proposal applicants need to consult the
two recommended colleagues in Chile with capture experience
could be argued against, given that the proposing scientists had
already captured and marked over 250 other cervids, besides
15 huemul in Chile, and, in addition, had already obtained
various capture permits for huemul from Argentine National
Parks and other provinces.

Overall, there was no opportunity to defend or revise the
proposal, given the province did not supply any material
regarding their decision until several years later (Vinci 2016).
Remarkably, that same year, another capture team received a
permit backed by the Committee of Scientific Advisors of the
Argentine National Plan for Huemul Recovery, and successfully
radio-collared the first huemul in Argentina (APN 2016b). Their
proposal aimed to capture only one huemul, explicitly as ameans
for them to gain initial experiences before additional future
captures, and emphasised the importance of this first-ever
capture operation (APN 2016a). Whereas darting was claimed
to be extremely risky in response to the 2012 and 2013 proposals
in the province Rio Negro, the 2016 proposal, in contrast,
asserted the success of darting for capturing huemul in Chile,
and, furthermore, attested that this method causes little stress to
captured deer or to the rest of the population (APN 2016a). No
additional huemul has since been marked there.

Thus, considering that the capture of only one huemul was
later acceptable (APN 2016a), the earlier advice to Rio Negro
province to deny the proposed capture project was
inconsistent, especially given the experience of the proposal
team in having captured 265 deer. Moreover, the decision of
the committee based on the biased advice resulted in important
losses of logistical arrangements, funding and time. Behind the
earlier denial was the reasoning that a strong justification had
to first be given for the need to dart and mark several
huemul individuals as the only alternative for answering the
objectives. Yet, similar objectives, namely, studying
population dynamics, habitat use, seasonal movements, and
interchange of huemul among subpopulations, were stated in

the 2016 proposal (APN 2016a), with emphasis given to
telemetry methodology as a means to provide such
information, and allowing to make conservation strategies
in the national park more effective. Despite a sound
intention by these project leaders, their questions will
remain unanswered, given that only a single animal was
radio-marked; then, further making the study design
questionable, the radio functions for only 2 years or less.
As a positive note, permits were eventually obtained by the
team that was previously refused permits in another province,
leading to successful capture and monitoring of six radio-
collared huemul individuals in 2017. This operation required
97% less man/day efforts per animal than did the 2016 capture
effort (Flueck and Smith-Flueck 2018).

Last, just 2 weeks before the planned 2016 capture
operation, which resulted in the first marked huemul in
Argentina, leading members of that same group were called
to rescue a restrained huemul buck that had been tied to a fence
post after an attempt to protect it from dogs (see Case 3 above).
In summary, the rescuers arrived after a long delay and
borrowing tranquilisers, and decided to still sedate the
stressed buck 19 h post-capture. Notably, due to stress and
lack of reversal, this young buck died 4 h later. Independently,
the same group had authorised other researchers to capture and
mark huemul, and were well aware that all elements for
sedation as well as radio-collars for huemul were present at
their facility. Regardless, in the case of the tied-up huemul
buck, these researchers were not contacted despite being only
1 h away from the restrained buck. This string of decisions
(Barbato 2016) leading to the death was followed by the
eventual exhumation of the carcass of this unfortunate buck,
so as to perform an essential necropsy, although it was
done months after his death (Flueck 2018). If, instead,
standard international protocols had been followed, a buck
dying during the breeding season in the presence of a team of
experts would have justified a myriad of analyses and tissue
collections, particularly important for any species on the brink
of extinction that lacks a substantial amount of pertinent data.
For instance, in another case, after being advised of a fresh
carcass of a radio-marked huemul buck in a remote area, the
research team immediately travelled 700 km, performed a
necropsy, and returned to process the material, resulting in
varied valuable data and tissues, including viable gametes
(Table 1).

Conclusions

Given the severe predicament faced by the last few hundred
and highly dispersed huemul individuals in Argentina, future
prospects are primarily dependent on correct diagnoses of the
basic factors preventing a population recovery, and on
strategies to overcome these limiting factors. Such reduced
numbers spread over large landscapes that are commonly
difficult to access have impeded the creation of a well
founded database. Consequently, every opportunity for an
examination is highly valuable and should be used
maximally. Repeated misdiagnoses of live and dead huemul
cases have been observed, and this needs addressing.
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The fluorosis resulting from the 2008 Chaitén volcanic
eruption had gone unnoticed (Fig. 8), similarly to the situation
of the 2011 Puyehue eruption. Not only did these events affect
wildlife (Flueck and Smith-Flueck 2013), including huemul
(Izquierdo et al. 2018), but they also affected livestock
(Flueck 2013). There is good consensus regarding measures
aimed at reducing the toxic impact on animals, and livestock
producers elsewhere have employed these successfully (Flueck
2016a, 2016b). In the case of huemuls being exposed to such
toxicity, their critical conservation status would justify proactive
management by keeping them in a rehabilitation centre, where
young animals can be fed non-contaminated food at least during
the development of their permanent teeth. This would result in
the individuals gaining some extra years of life by slowing down
thewear on healthy teeth. A secondmeasurewould be to provide
supplemental nutrients as is practised in areas affected by excess
fluorine. For instance, foodcontainingample amounts of calcium
and vitamin C helps counteract fluorine toxicity (Ulemale et al.

2010; Choubisa 2015). Moreover, as fluorosis is aggravated by
local iodine deficiency, which increases the incidence and
harshness of fluorosis (Matamoros et al. 2003), and by local
deficiency of Se, which among other things also results in
secondary deficiency of iodine, these nutrients could also be
supplemented if shown to be deficient.

The misdiagnoses of cases with overt osteopathology is
striking. Such individuals certainly should not be released back
to the wild where their life span would be extremely reduced.
Additionally, it would result in much unnecessary suffering;
exactly this occurred with a buck that was radio-marked in
mid-winter 2017. He had already lost seven of the eight
incisive teeth and was emaciated (Flueck and Smith-Flueck
2017). Although he did survive that winter, he succumbed
during the following winter. He had also lost maxillary
premolars and exhibited several severe cranial bone lesions.
Given that there were no body fat reserves, that bone marrow
was down to 15% fat, and that no other lesions were present,
starvation was indicated as the cause of death (W. T. Flueck
and J. M. Smith-Flueck, unpubl. data). Instead, by extending
life under controlled ex situ conditions, such debilitated
animals could still be able to contribute to the population
genetically and numerically, by continuing to produce
offspring.

Moreover, the high prevalence of osteopathology among
adults has been well documented (Flueck and Smith-Flueck
2008), with at least 57% of dead adult huemuls being affected,
and, of those, 100% and 78% had cranial and appendicular
lesions respectively. This pattern was confirmed in vivo where
86% of examined adults had lesions (Flueck and Smith-Flueck
2017). Furthermore, this disease pattern has been documented
in subpopulations spread along some 1000 km of the Andean
mountains (e.g. Texera 1974). The link to nutritional ecology,
particularly to deficiency of trace elements, has been suggested
repeatedly (Flueck and Smith-Flueck 2008, 2011; Flueck et al.
2012, 2014a), and has been, subsequently, supported by
several studies, including the following: (1) Se deficiency
was shown in a population with osteopathology (Flueck

Table 1. List of postmortem tissue retrieval and other observations
obtained from a huemul buck, 2018

CT, computed tomography; MRI, magnetic resonance imaging

Body fluid collections
Blood (via cardiocentesis)
Urine
Viable sperm for cryopreservation
Lesions for microbe cultures

Samples for various determinations
Skin
Hair
Head and neck (MRI and CT scans)
Leg extremities with hooves
Skeleton
Femur marrow
Rumen contents
Faecal pellets
Fat content in bone marrow
Fat deposit extent (omentum, rump, kidney, heart, sternum)
Weights (whole body, organs, digestive tract)
Morphometry of body
Morphometry of digestive tract

Samples for histology
Lungs
Kidney
Spleen
Liver
Heart
Muscle from different sites
Tongue
Urinary bladder
Testes
Skin
Rumen
Abomasum
Reticulum
Leg joints
Bone marrow
Bone lesions
Internal parasites

Fig. 8. The eruption of the volcano Chaiten (1 May 2008) deposited a
large amountof ash in theareaofCases1and2 (see text).Ashdeposits are still
substantial in many areas.
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2015); (2) soil Se concentrations were shown to be at the low
end of the range considered deficient (Flueck et al. 2014b); and
(3) hair analysis of 18 individuals indicated trace-element
deficiencies (W. T. Flueck, J. M. Smith-Flueck and
L. H. Winkel, unpubl. data). These observations are further
accompanied by numerous reports of live huemul being found
with broken bones (Cerda et al. 2011), another phenomenon
that has not been described in other cervid species, and may be
related to nutritional deficiencies, including that of Se
(Pilarczyk et al. 2013). Given such published antecedents
covering nearly 20 years, in vivo examinations of huemul
undoubtedly must emphasise relevant diagnostic approaches
addressing the hitherto described pathophysiognomy.

Reducing diagnostic errors is an important goal because
of the associated morbidity and potential preventability
(Croskerry 2003). Aftermaths of failed diagnosis include a
reduced life expectancy, when the alternative could be to take a
debilitated individual to a rehabilitation centre. Furthermore,
at the current precarious state of this species, individuals under
controlled conditions can provide useful opportunities to
answer numerous pending research questions. These
repeated cases of diagnostic errors reported here are non-
trivial, given the few rare opportunities to evaluate live or
fresh specimens of this highly endangered species.
Professionals frequently underappreciate the likelihood that
their diagnoses are wrong, and this tendency to be
overconfident is related to both intrinsic (e.g. cognitive
errors) and systemically reinforced factors (Berner and
Graber 2008). Additionally confirming in vivo diagnoses via
postmortem analyses is an essential approach to measure the
incidence of the diagnostic error. Such errors are common also
in human medicine, and even regarding common diseases that
are mislabelled or missed entirely (Graber 2013).

Aside from actual misdiagnoses on live and dead huemul
individuals, there are also conceptual ones that can seriously
impair progress in conservation measures. Thus, erroneous
assessments of methodological risks, or unfounded
confidence in a supposedly adequate conservation state,
have prevented, in Argentina, the establishment of captive
centres (1995, 2000) and the use of helicopters and captures
in general. The Argentine system for huemul operates under a
centralised advisory board at the federal level, which is
controlled by a restricted group and lacks transparency
(Lopez Alfonsin 2019; Lopez Alfonsin and Sol Bucetto
2019). Only recently have local authorities opted to make
independent decisions, which allowed, for one, the capturing
of huemul so as to conduct the first telemetry study of a
huemul group, and also the initiation of the first breeding and
rehabilitation centre for huemul, despite uninvited advice
from members of the national advisory board to not permit
establishment of such a centre. If this centre will be as
successful as the only one currently existing, Huilo Huilo
in Chile (Vidal et al. 2018), the first reintroductions will be
conducted in historical winter ranges under an adaptive-
management approach.
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