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1. Process of occupying habitat areas by wild cervids 
 Habitats allowing positive population growth are classified as source areas. Cervids 

and other ungulates introduced or re-introduced to source areas frequently expand their 
range along additional source areas. Once the animal density increases, dispersers will 
eventually also inhabit marginal areas, and even sink areas, where losses are only re-
placed with additional incoming dispersers (Pulliam, 1988). In a similar manner, the ini-
tial populations established in source areas are all-year residents. Possibly due to in-
creasing population density, some dispersers in seasonal latitudes will move altitudinally 
to establish new summer ranges, yet return to their original winter area, and thereby re-
joining that resident population. This was shown to have occurred with red deer (Cervus 
elaphus) recolonizing the Swiss National Park (Haller, 2002), and exotic red deer intro-
duced to Patagonia in areas formerly used by huemul (Flueck and Smith-Flueck, 2011). 
There might exist some special cases where a winter range is inhabitable during summer, 
such that there are no resident animals and all of them participate in the migration (e.g. 
Mysterud et al., 2011). This might be more related to wet/dry seasons rather than seasonal 
altitudinal migrations in cold-temperate regions. It takes generations to evolve migratory 
behavior as a cultural trait (Putman and Flueck, 2011; Festa-Bianchet, 2018; Jesmer et al., 
2018). The young of migrating mothers follows them to migrate to winter ranges, and 
back to summer ranges the following spring (Jakopak et al., 2019). However, a mother 
dying on the winter range commonly results in the young remaining there as a resident 
(Flueck, 1989; Thirgood, 1995; Via et al., 1995; Avital and Jablonka, 2000; McClure et al., 
2005). Recolonization generally occurs by moving to new winter ranges, and after arriv-
ing to such an area, its initial use is as residents (Haller, 2002; Flueck and Smith-Flueck, 
2011), and only after several generations does migratory behavior become established to 
use surrounding summer ranges (Festa-Bianchet, 2018).Traditional migratory patterns 
even lead to bypassing better areas and to remain in inferior habitat, even by traversing 
several mountain ranges (Moser, 1962; Flueck, 1989). 
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 Consequently, during the last glaciation huemul occurred in grasslands to the east 
of the Andes mountains, and once glaciers started to retreat, they began to occupy the 
Andes range and eventually passed to the western side (Flueck and Smith-Flueck, 2011). 
Many areas of the Andes were inhabited and used within a migratory pattern, which 
later has been eliminated through anthropogenic impacts (see below). These processes 
resulted in most extant huemul remaining as year-round resident populations in summer 
ranges with various consequences as shown in the accompanying paper. 

2. Historical spatial habitat use by huemul 
 Before the first explorers arrived and initiated the first documentation of features in 

Patagonia, the situation of huemul had already been modified. For one, early humans 
(indigenous and colonists) and their hunting dogs affected the huemul distribution. In 
addition, the unusual lack of anti-human behavior of huemul (see below) intensified the 
effect by resulting in local extinctions. Most importantly, the first descriptions of huemul 
by several early naturalists already noted this phenomenon (Gay, 1847; Philippi, 1892; 
Steffen, 1895; Onelli, 1905; Gigoux, 1929). 

 

2.1. Lack of anti-human behavior 
 In terms of fearlessness, Osgood (1923) was able to throw rocks at huemul a few 

meters away; indigenous people killed them with just rocks, clubs or lasso (Onelli, 1905; 
Housse, 1953; Díaz and Smith-Flueck, 2000; Tonko, 2008); and in open grasslands, a team 
member could approach a huemul and kill it with just a knife, while first allowing the 
head explorer to take a time-consuming hyalotype photo (Onelli, 1904). Prichard (1902b) 
described how after shooting a huemul standing in a group, the other members still came 
closer, so that eventually he could harvest a whole group. This fearlessness was corrob-
orated during the first-ever capturing of six huemul in Argentina: the time between 
spotting the animal and placing a capture dart ranged from 32 to 73 minutes, and still 
allowed to place the dart from distances ranging only from 10 to 23 m. The huemul 
simply ignored the people preparing themselves for darting (Flueck and Smith-Flueck, 
2018). Although huemul apparently can reduce their tolerance towards humans, the 
process was certainly too slow in the past, when the aim was to harvest huemul (Prich-
ard, 1902b; Goss, 1983). 

2.2. Historical efficiency of hunting huemul 
 Past densities in areas easily accessed by humans can also be deduced from the re-

ported hunting efficiency. For instance, Juan Ladrillero reported in 1558: ‘and then we 
went up to the place known as the Deer Point, where in just one hour two of our men shot 
fifteen of them with the arquebus’ – and this being weaponry less accurate than bow and 
arrow (Diaz and Smith-Flueck, 2000). Prichard (1902a) summarized that he could have 
very easily shot ten huemul in a day, based on his whole team living from huemul for 
many weeks during work. Equestrian precolonial humans rarely hunted huemul in the 
forests as horses and boladores were useless there, however, they killed huemul out in 
the open foothills, lowlands or open valleys (Falkner, 1774; de la Cruz, 1836; Prichard, 
1902a; von Colditz, 1925; Gigoux, 1929; Grosse, 1949; Housse, 1953; Liebermann, 1962; 
Iglesias, 1965; Kolliker Frers, 1969). Boladores are devices with weights on the ends of 
interconnected cords, used to capture animals by entangling their legs. Once the use of 
feral and controlled livestock became common, huemul - driven down by snow to lower 
forests, valley bottom and further out to open flats, were then much persecuted by gau-
chos or native people and their dogs (Gay, 1847; Prichard, 1910; von Colditz, 1925; Giai, 
1936; Housse, 1953; Kolliker Frers, 1969; Miller et al., 1973; Torrejon, 2001). Every native 
hunter in Patagonia had at least a dozen dogs, to accompany them on hunting trips by 
horseback (Onelli, 1904; von Colditz, 1925).  
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2.3. Anthropophobia by huemul and other cervids 
 Under natural conditions, cervids are exposed to numerous predators, mainly fe-

lids, canids, ursids, raptors and humans. Large predators of felids, canids and humans 
commonly elicit an anti-predator responses, by the deer becoming alerted and if needed, 
by fleeing. Under special conditions like captive breeding, cervids may become preda-
tor-naïve, or when an exotic predator has been introduced. Commonly, a basic level of 
anti-predator behavior is always present, like red deer (Cervus elaphus) introduced to 
Patagonia, being able to adapt to the new predator puma (Felis concolor) (Flueck and 
Smith-Flueck, 1993). Another example is a bedded newborn Black-tailed deer fawn 
(Odocoileus hemionus columbianus) which increases the pulse and respiratory rate when 
first approached by a human, and when mobile later on, retains a distance even when the 
tamed mother feeds off the hand of a person. Thus, general anti-predator behavior does 
not have to be learned, and anthropophobia is typically exhibited even during an ani-
mal’s first encounter with a human (Stringham and Rogers, 2017). 

 Studying wild Odocoilines, deer alerted shortly after a human started to approach, 
with approach distances ranging from 70 to 1000 m (Lingle and Wilson, 2001). Similarly, 
different ways of approaching by a human resulted in the deer fleeing at a minimal dis-
tance of 60-90m, depending on the approach tactic (Stankowich and Coss, 2006; 
Stankowich, 2008). 

 
 In contrast, huemul are naive regarding humans, in an unique way among cervids. 

In actuality, one or more people frequently can get very close to huemul, including in 
areas where the animals likely never had seen a human. Moreover, huemul will walk 
towards humans to very close distances: such cases are documented repeatedly with 
photos and videos. For instance, finding a group of 4 huemul in a remote part of a Chil-
ean National Park, a video of 5 minutes shows how this group approaches and a female 
eventually sniffs the leg of the person, and then moves on slowly (Flueck, unpubl). Very 
young fawns also walked directly up to people (Flueck, unpubl.). It corroborates a similar 
experience by Prichard (1902a) when a huemul walked away after having sniffed his leg, 
or the gaucho putting to death a huemul using a knife, photographed by Onelli (1904). 
This lack of anti-human behavioral response explains the historical efficiency of hunting 
huemul, thus preventing adaptive behavioral changes, and resulting in their local ex-
termination. 

 

2.4. Historical use of huemul products 
 The ease of hunting huemul was accompanied by the many useful products ob-

tained. Instructively, early descriptions at contact with pedestrian hunter-gatherers re-
ferred to some as ‘huemules’, reflecting their clothes made from huemul skins (Steward, 
1946; Torrejon, 2001). For one sole area it was estimated that two thousand huemul were 
killed per year, mainly to feed dogs, pigs, chickens, while skins were made into clothing 
and shelters for people and their domestic animals, or used for commercial trading (Giai, 
1936; Liebermann, 1962; Iglesias, 1965; Kolliker Frers, 1969). Claraz (1864) stated that 
huemul hides had already been traded for over 50 years (i.e. 1785) through Carmen de 
Patagones via Buenos Aires to Europe (Cabrera and Yepes, 1940), through Valdivia (Phi-
lippi, 1873), while Behm (1880) mentioned the export site of Punta Arenas in Chile for 
hides, and in addition for male heads in velvet. Considered useful for its various prod-
ucts, the huemul was listed as early as 1883 as one of the commercially important species 
traded and utilized by humans (Simmonds, 1883). Then, to provide better protections, 
Chile proposed in 1902 to charge an export tax for huemul skin hides (Ramirez Morales, 
1991). 
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 When the Chilean Presidente José Joaquín Prieto decided in 1832 to place the 
huemul symbol in their National Flag, huemul had already become so unknown that the 
first Flag depicted huemul as a horse, based on the first description by Abbot Molina in 
1782, naming it Equus bisulcus (now: Hippocamelus bisulcus Molina 1782). However, most 
relevant is the declaration of 1832 made by President Prieto: that huemul was already 
most rare, and how its good skin had been their valued material to make the corslets and 
war boots for their troops of soldiers (Donoso et al. 2017).   

 

2.5. Historical comments about the concurrent problematic status of huemul 
 The ease of hunting huemul and the high interest in its products resulted in local 

extinctions in many sites. Therefore, it is not surprising that historically huemul was not 
only considered as having already disappeared or as being very rare (Vidaurre, 1782; 
Molina, 1809; Gay, 1847; Sclater, 1873; Philippi, 1857, 1892; Sclater, 1873; Prichard, 1910; 
Wolffsohn, 1910; von Colditz, 1925; Hauman, 1926; Latcham, 1935; Giai, 1936; Magne de 
la Croix, 1937; De Agostini, 1941; Ringuelet, 1946; Housse, 1953; Pefaur et al., 1968; Kol-
liker Frers, 1969; Miller et al., 1973), but was also considered to be close to extinction 
(Onelli, 1905; von Colditz, 1925; Dawilov, 1926; Gigoux, 1929; Grosse, 1949; Kolliker 
Frers, 1969). Moreover, as colonization had already advanced in other sites, and with it 
the disappearance of huemul, hunters in one such region were honored with a feather in 
their hats if still able to kill a huemul (Prichard, 1902a). 

 

2.6. Historical reports about sites still containing huemul 
 Although locally exterminated in many areas early on, some historical accounts still 

mentioned huemul populations - with a few even considered numerous, between the 
Andean foothills and the Patagonian mesas, and even reaching all the way eastward to 
the Atlantic coast (Günther, 1875; Behm, 1880; Prichard, 1902a,b; Church, 1903; Hatcher, 
1903; Onelli, 1905; Osgood, 1923; von Colditz, 1925; Giai, 1936; Santos Gollan, 1946; 
Housse, 1953; Liebermann, 1962; Kolliker Frers, 1969; Conway 2005). Reports from the 
16-19th centuries mentioned huemul near ports of San Julian and Desire (e.g. Pigafetta 
1521 and van Noort 1598, both cited in Eastman, 1915; Pennant, 1793; MacDouall, 1833; 
Roulin 1835). With time, naturalists found an even more reduced distribution, but still 
with some descriptions of huemul far from the Andean forest, including in the so-called 
'Patagonian pampa' (Claraz, 1864; Musters, 1871; Burmeister, 1873; Moreno, 1898, 1899; 
Prichard, 1902a,b; Hatcher, 1903; Onelli, 1905; Steffen, 1897, 1900, 1910; Wolffsohn, 1910; 
Osgood, 1923; von Colditz, 1925; Gigoux, 1929). In these same reports, huemul were 
commonly found occurring in great numbers together with guanaco. 

 Moreover, indigenous people were reported to like and to be cooking huemul meat, 
hunted in steppe areas together with guanaco and ostrich (Rhea pennata) (Bürger, 1924; 
Aschero, 2010; Machon and Juarez, 2013). Even documented with photos is a huemul 
hunted by the governor of Chubut in 1904, at a site 270 km east of the continental divide 
(Anon., 1904). 

 Many of these historical reports of huemul distribution resulted from expeditions 
aimed at describing the landscape, hydrology and biology, such that there is much cor-
roborating evidence in form of resulting huemul specimens deposited in numerous mu-
seum collections all over the world: Italy, France, Switzerland, Austria, Germany, 
Czechoslovakia, England, USA to name a few. Also corroborating the historic distribu-
tion are numerous shed antlers or huemul remains found in archeological sites (Onelli, 
1905; Reichlen, 1959; Laming-Emperaire et al., 1972; Johnson, 1976; Silveira, 1979; Cardich 
and Miotti, 1983; Massone, 1984; Goni, 1988; Serret, 1990; Diaz, 1993; Re et al., 2005; Díaz 
et al., 2007; Carballo Marina et al., 2008; Paillan and Tello, 2012; Teta and Rodríguez, 
2020). 
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 Nonetheless, it is utmost important to recognize that the pre-Columbian anthropo-
genic impact on the huemul distribution was substantial, and resulted in corresponding 
initial reports of already severely modified circumstances. Thus, others have concluded 
that huemul and guanaco were already nearly extinct by the time of the first Spanish ar-
rival, but still occurred in Coquimbo (Chile, at 30̊S) as late as 400 years ago (Fig. 4b in the 
accompanying paper): this is 680 km further north of the extant and isolated north-
ern-most population (Bahre, 1979; Saavedra and Simonetti, 1991; Moreno et al., 1994; Ale, 
2014). 

2.7. Paleobiogeography 
 The pre-Columbian distribution of huemul resulted likely from Odocoileus found-

ers (Morejohn and Dailey, 2004), which dispersed through the Panama isthmus. Species 
which successfully passed this equatorial filter were generalists and predominantly sa-
vanna-adapted (Webb, 1978), and considering paleoclimatic conditions, Hippocamelus 
colonized southwards through continuous savanna habitat east of the Andes (Hoffstetter, 
1963; Hershkovitz, 1969; Frailey et al., 1980; Markgraf and Kenny, 1997). The early pres-
ence of Hippocamelus species in South American plains, and its absence from Andean 
fossil records imply that the genus did not evolve in the Andes. The most probable sce-
nario suggests that Hippocamelus first evolved elsewhere as suggested by lowland fossils 
(Paula Couto, 1953, 1979; Rusconi, 1967) as mentioned above. Glaciations kept Hippo-
camelus repeatedly away from the Andes, with fossils known from northeastern Brazil 
(8°9'S, 36°22'W), and from the rangeland plains of southeastern Brazil, Uruguay and 
Argentina (Castellanos, 1944; Magalhaes et al., 1992; Eisenberg, 2000; da Silva et al., 2006; 
Guérin and Faure, 2009; Anonymous, 2021). Hershkovitz (1972) thus recognized Hippo-
camelus as pastoral and only secondarily adapted to sylvan habitats. 

 During glaciations, the Andes were covered with ice even near the equator (Clap-
perton, 1993; Coltorti et al., 2007), and continuous sheets 1600-1800 m thick covered the 
Andes from about 33-56°S during the last glacial maximum (Flint and Fidalgo, 1969). 
Glaciers south of 42°S dipped into the Pacific and reached hundreds of kilometers into 
eastern Patagonia. There, only non-forested habitat existed, with Patagonia-like range-
lands reaching far into Brazil, and much of South America was covered by savanna and 
rangelands (Marshall, 1988; Clapperton, 1993; Rasmussen, 1994; Markgraf and Kenny, 
1997; Tatura et al., 2002; Rabassa and Coronato, 2009). Moreover, the sea level was 
120-150 m lower than currently and the Atlantic coastline located >300 km east of the 
present coastline, which almost doubled the area of eastern, flat paleorangelands (Ra-
bassa et al., 2011). Huemul thus persisted repeatedly in only non-forested habitats, which 
is the typical environment for the extant congeneric taruca (H. antisensis) (Flueck and 
Smith-Flueck, 2012a).  

 During glaciations, Hippocamelus persisted in eastern non-forested lowlands, and as 
mixed feeders, huemul are known to consume notable amounts of grass (Smith-Flueck, 
2003; Prothero and Foss, 2007). Extant huemul ate 16% grass (Sierralta, 2003), while ta-
ruca had ~60% of grass in its diet (15 species, Gazzolo, 2006). Furthermore, besides Gra-
mineae, Patagonian rangelands contain many shrubs, they maintain important 
green-grass production throughout winter, and deer are known to heavily use seed 
heads, further corroborating past distributions of huemul in non-forested habitat. Even 
smaller-sized cervids thrive exclusively in non-forested rangelands, like Pampas deer 
(Ozotoceros bezoarticus) or roe deer (Capreolus capreolus) (Pérez et al., 2008), and many 
Odocoilines, including Odocoileus, are versatile in foraging and successfully utilize 
rangelands, steppes and deserts besides closed forests (Putman and Flueck, 2011). Simi-
larly, huemul also exhibit flexible feeding behavior, utilizing some 200 plant species 
(from modern studies), and many more if considering past distributions and exotic food 
received in zoos like in Buenos Aires (Flueck and Smith-Flueck, 2012b).  

 Once eastern Patagonia became free of ice, huemul were able to reach Andean hab-
itat and, when deglaciation allowed, eventually cross the Andes through corridors which 
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had opened (Moreno et al., 1994). Faunal exchanges from the east occurred across low 
Andean passes, explaining the presence of huemul in late Pleistocene as far north-west as 
30°S by the Pacific coast (Bahre, 1979; Saavedra and Simonetti, 1991; Moreno et al., 1994; 
Ale, 2014). With the last glacial retreat, forests spread from few western refuges, and 
eventually covered the southern Andes again, reaching their current extent only 
2,000-3,000 years ago (Markgraf and Kenny, 1997; Rabassa and Coronato, 2009; Armesto 
et al., 2010). 

 The only congeneric, taruca - considered osteologically indistinguishable and pos-
sibly a mere subspecies by some (Wagner, 1855; Philippi, 1857; Dabbene, 1911; Krieg, 
1925; reviewed in Diaz, 1995), currently utilize non-forested rangelands with high affinity 
to Patagonia (Fernández and Busso, 1997). However, taruca also have been displaced 
because of anthropogenic pressures, e.g. from Prosopis forests by the Pacific coast (Dab-
bene, 1911; Horkheimer, 1960; Sinclaire, 2009). Although now mainly found above 
treeline, some populations are still found, even exclusively, in Polylepsis and yungas 
forests, also due to continued hunting pressure (Aldenderfer, 1998; Tarifa and Yensen, 
2001). 

 Paleobiogeography indicates that the ability to utilize non-forested rangelands was 
essential for the persistence of huemul (Hershkovitz, 1972; Webb, 1978), making the claim 
unrealistic that huemul are strictly a forest-dependent species. 

3. Historical seasonal habitat use 

3.1. Resident behavior of huemul 
 Not only were huemul described as year-round resident populations in valleys and 

on winter ranges, but also as having been there frequently together with guanaco, and 
even with numbers equivalent to guanaco (Cox, 1863; Claraz, 1864; Prichard ,1902a; 
Steffen, 1910; Krieg, 1940; de Agostini, 1945; Grosse, 1949).  

 Examples of current resident behavior at low elevations stems from a large island 
with mountains reaching 1830 m.a.s.l., and forests reaching the coast. All sightings and 
signs occurred between sea level and 200 m elevation, and on 0-15 % slopes: no huemul 
signs were recorded above the tree or shrub lines (Moreira-Arce et al., 2021) 

3.2. Migratory behavior of huemul 
 In some cases, huemul grazed together with cattle or mules on high-elevation 

summer ranges, and then went down with the domestic animals when these were driven 
by gauchos from summer areas to low winter range lands (Philippi, 1892). Others have 
described huemul to descend to valleys and/or out into the grasslands during winter 
where they formed large groups of over 100 huemul (Moreno, 1898; Gay, 1847; Claraz, 
1864; Sclater, 1875; Lydekker, 1898; Prichard, 1902a,b; Wolffsohn, 1910; Steffen, 1910; 
Neveu-Lemaire and Grandidier, 1911; von Colditz, 1925; Dawilov, 1926; Gigoux, 1929; 
Giai, 1936; Krieg, 1940; Grosse, 1949; Housse, 1953; Lieberman, 1962; Kolliker Frers, 1969; 
Ibar Bruce, 1973; Goss, 1983; Serret, 1990). Moreover, given that antlers are shed in late 
winter and have nothing to do with hunting, any antler findings can serve as an addi-
tional indicator of winter habitat use, by resident or migratory animals. As such, old shed 
antlers have been collected in historical winter ranges like temperate grasslands. For 
example, when first settling the large Rio Manso valley, a colonist reported finding old 
shed antlers while initially plowing riparian areas (Flueck and Smith-Flueck, 2012b). 
Then interestingly, prehistoric remains have been found in Patagonian grasslands and 
near the Atlantic Ocean (Ibar Bruce, 1973; Cardich and Miotti, 1983; Serret, 1990; Guineo 
et al., 2008; Fernandez et al., 2016), including a human-modified antler recently (Cruz et 
al., 2010). Hence, from very early on it was recognized that continued human pressure 
resulted in huemul remaining in high and inaccessible areas (Pennant, 1793; Gay, 1847; 
Philippi, 1892; Wolffsohn, 1910; Cabrera and Yepes, 1940; Ibar Bruce, 1973), which was 
interpreted as being refugee areas (Krieg, 1940; Housse, 1953; Liebermann, 1962; Kolliker 
Frers, 1969). Current habitat use by huemul in the Park Shoonem is certainly only a frac-
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tion of the area reported to have been used historically (Moreno, 1898; Onelli, 1905; Stef-
fen, 1910).  

4. List of references for historical spacial data 
The main paper provides a map showing the locations of historical presence of 

huemul, based on hunting, shed antlers, and archeological samples (n = 54, Figure 4). The 
following list of citations formed the basis of these locations: 
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