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SUMMARY: Currently, the Patagonian huemtdigpocamelus bisulc)ss endangered. Anatomical studies focused on
understanding the anatomy of the deer most threatened by extinction in South America is a challenge for anatomist:vetsdinaria
biologists. Research carried out for its conservation has focused mainly on its ecology and pathology, leaving gapsahkarmattedige,
which is basic and important for a comprehensive understanding of this species. Gross anatomy and radiography of tHetskeleton o
pelvic limb was performed in three adult Patagonian huemul. Bone specimens of three skeletally mature Patagonian huemul deer we
used for gross osteological and radiographic studies. This study was conducted to reveal the morphometric and morphategical fea
of the ossa membri pelvini of the Patagonian huemul. The main findings suggest the presence of powerful extensor muscles in the
coxofemoral, femorotibial and tarsal joints, useful during walking, jogging and propulsion in deer. In general, the MNfoofdPata
huemul differ in position with respect to domestic ungulates. In addition, the presence of a notch or obturator canavedsnitiser
variability in morphology and development among the specimens.
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INTRODUCTION

The Huemul is an endemic deer from Chile and Arelue to the Chilean and Argentinian legislation, which protects
gentina, is internationally declared endangered, witihese animals not only from hunting, but also from research.
fragmented populations and decreasing number of individu@gnong the limited morphological data, the research carried
due to anthropogenic causes, such as human encroachmgntby Flueck & Smith-Flueck (2014) in the Argentinian
and agriculture, limiting accessibility to the valleys andPatagonia stands out, who describe the huemul as a deer of
eliminating seasonal migration (Black-Decigtaal, 2016), short and stocky members, being compared with ungulates
and is the only large native herbivore to reside in most of thy the caprinae family of mountainous habits sucGalsra
sub-antarctic false-beech forest habitat occurring in Chile aitsex, Rupicapra rupicapra, Ovis canadenaisd Oreamnos
Argentina (Flueck & Smith-Flueck, 2005). In the year 2003mericanus.After the publication of paleontological
it was declared an endangered species by the Internatioaatecedents, it was stated that the huemul is a mountain deer
Union for the Conservation of Nature, having lost 99 % of itgith structural characteristics typical of climbing animals that
population during the past 100 years (\dteal, 2006). The live at heights. However, currently this tetment has been
morphological and anatomical information is scarce, nametyuestioned. The specific intra-species shape and proportion
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of the length of the bone structures that are part of the thora@mss Anatomy and Morphometry: A descriptive and
and pelvic members is not static and is influenced by echmorphometric study of the pelvic limb skeleton of huemul
geography, nutrition, physiology and other factors that affeastas made from simple visual observation, with calipers and
the thoracic and pelvic limbs. a flexible tape measure. To avoid observer bias, the bones
were described and measured by three independent
In Chile, conservation strategies such as captivevaluators. In long bones we measured: total length,
reproduction, ex situ conservation projects have beemarrowest width of diaphysis and greater width of epiphysis.
implemented, nonetheless any efforts so far, have belerflat bones, length margins were measured. Obstetric axes
insufficient. Undoubtedly, the greatest impact on thevere measured in the coxal bone: dorsal axis, which was
population decline is caused by infectious diseas@&seasured in the cranial opening of the pelvis (between the
transmitted by domestic livestock, such as parapoxvirus (Vilawer portion of sacrum wings), middle axis (between the
et al, 2019), caseous lymphadenitiSarynebacterium tubercles of psoas minor muscle) and ventral axis (between
pseudotuberculosjsMoraleset al., 2017), bovine iliopubic eminences). In the caudal opening of the pelvis:
paratuberculosisMycobacterium aviumSalgadoet al, middle axis (between ischial spines) and caudal axis
2017), bovine viral diarrhea (Cost al, 2013) and sheep (between ischial tuberosities). In addition, vertical axes were
scab Psoroptes ovigGonzalez-Acufiat al, 2009), among measured, such as: conjugata vera (distance between sacral
others. The demand to avoid the total extinction of theromontory and pubic tubercle) and vertical diameter
Patagonian huemul has increased the need to generate (f®tween pubic tubercle and ventral surface of the sacrum).
knowledge. Currently, no literature documents th&hese among other variables specific to each bone. The
anatomical and morphometric characteristics of this parttbtained data (meah SD) were sorted in Excel tables
cular deer. The skeleton of animals is an essential struct@kéicrosoft Office Professional Plus 2013, Windows 7
that serves as a reference point to identify or gain acces$tofessional 2009). The terminology used in this study is
other structures or cavities of the animal system. Therefothat of Nomina Anatomica Veterinaria 6th Edition (Revised)
the anatomical knowledge will not only benefit anatomistg|nternational Committee on Veterinary Gross Anatomical
but also help improve conservation strategies related to tNemenclature, 2017).
prevention of infectious diseases, clinical practice and new
surgical protocols. The aim of this study was to provide tHeadiography: The radiographic study was used to write
normal and detailed gross anatomy of the ossa membre opacity and density of the compact and trabecular bone
pelvini of the Patagonian huemul including a functiondissue. The radiographic findings were correlated with the
interpretation of this, as a reference for clinical anbdone samples. The images were obtained by indirect digital
conservation use, biomedical research and teaching purposadiology. An ORANGE 9020 HF X-ray generator (EcoRay
Co., LTD., Seoul, Korea) was used, with a configuration of
60 Kv and 2.5 mAs, at a distance of 100 cm. Radiographic
MATERIAL AND METHOD carbon fiber chassis with phosphor panel of 24 x 30 cm was
used. The digitalization of the images was carried out through
the portable veterinary radiography (CR) system (iCRcoTM,
Specimens.Three pelvic limb skeleton of PatagonianCR Chrome Vet model, USA). The images were obtained
huemul Hippocamelus bisulcisvere used, which were using DICOM XCTM software using a Dell Inspiron 15 7000
denominated as: "specimen-A", male specimen, deceasseries PC with CORE i7 processor. The radiographic
for causes not related to this research, obtained Eigdings were correlated with the bone samples.
exhumation one year prior to the study (Source: Fauna
Andina, Pedregoso sector, Villarrica (3%'00"S,
72°13'00"W) in La Araucania Region, Chile; 227 m.a.s..LRESULTS
collected on October 20, 2014) within the Resolution
framework No. 1490 (December 22, 2003) of the
Agricultural and Livestock Service of Chile (SAG), The pelvic limb bones were represented by the coxal
"specimen-B" and "specimen-C" belonged to the collectidmone ¢s coxag-ilium, ischium and pubis- femur, tibia, tarsus
of the Chilean National Museum of Natural Historyand foot bones. Both coxal bones articulate forming a smooth
(NMNH), both of unknown sex ("B": NMNH N°1947; and relatively concave pelvic floor (Fig. 1A). llion and
source: Villa Cerro Castillo, Aysen, in General Carlos Ibafiegchium presented large radiolucent areas (trabecular bone
del Campo Region, 467'15.0"S, 7209'20.0"W, 404 tissue), especially in the region of the ala ossis ilii and in the
m.a.s.l., collected on January 3, 2005; and "C": NMNH#kgion of the ischium table. The region of the body of the
MAM N°1948, Chilean origin, no background). ilium and the acetabulum presented radiopaque areas
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Tm 1)
ae | A

Fig. 1. Bones of the pelvic limb of Endangered Patagonian Huemul D@srcéxaeB Os femorisC
Tibia and F:Ossa tarsiAoi, Ala ossis ilij Ti, Tuber ischiadicumRcop,Ramus cranialis ossis pubis
liM, Incisura ischiadica majarSi, Spina ischiadicalim, Incisura ischiadica mingrCo, Canalis
obturatorius Ai, Arcus ischiadicusFo, Foramen obturatumAc, AcetabulumArf, Area lateralis m.
recti femoris FIM, Facies lunata, pars majofa,fossa acetabulilA, Incisura acetabuliFs,Fossa
supracondylarisFp,Facies popliteaFic, Fossa intercondylari<Cl, Condylus lateralisCm,Condylus
medialis TM, Trochanter majusTm, Trochanter minusCf, Caput femorisCit, Crista intertrochanterica
Cf, Collum ossis femorjsiof, Trochlea ossis femoridr, Lateral ridge; Mr, Medial ridge; F&ossa
extensoriaFmp,Fossa m. popliteiTt, Tuberositas tibiagCt, Cochlea tibiagFib, Reminiscence of the
fibula; Clt, Condylus lateralisCmt, Condylus medialisTim, Tuberculum intercondylare medial&il,
Tuberculum intercondylare latergléi, Area intercondylarislIp, Incisura poplitea Lmp, Linea m.
poplitei; Se,Sulcus extensoriu3o, Tuber olecraniPc,Processus coracoideuSt, Sustentaculum tali
Tp, Trochlea proximalisTd, Trochlea distalisOcq,Os centroquartalgtll+11l, Os tarsaldl et l1I; Sid,
Sulcus longitudinals dorsalis

(compact bone tissue).
The measurements of the
obstetricsaand vertical axes
in coxal bones are descri-
bes in Table | and Figure
2. The measurements
bones of the pelvic
member are described in
Table II.

The ilium (os
ilium) had a triangular
shape, the dorsal margin
corresponded to the
greater sciatic notch and
to dorsal and caudal iliac
spines, and the cranial
margin was the iliac crest;
the cranio-lateral angle
was the coxal tuber, which
had an internal and
external lip, and the dor-
so-medial angle corres-
ponded to the sacral tuber.
The sacropelvic (medial)
surface of the wing
presented a smooth iliac
face and a rough auricu-
lar face. The gluteal (late-
ral) surface was smooth
and had more rough
gluteal lines in "specimen-
B" and "specimen-C".
The MNF was located on
the medial side of the
body. Also, a short arcuate
line that ended medial to
the area of the rectus
femoris muscle insertion
was observed.

Ischium Qs ischi)
presented a bodggrpus
ossis ischij, a table
(tabula ossis ischjiand a
ramus (amus 0ssis
ischii). The table was
square, its caudo-lateral
angle was the ischial
tubercle in which three
tuberosities were
observed: dorsal, medial
and lateral. The last ones
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Table 1l. Morphometry of the patagonian huemul deer hindlimb
(meaxSD).

Length (mm)
Right n=3 Left n=3
Pelvic Girdle
Coxa bone 291.15+ 33.96 283.85+ 17.84
Dorsal Width of iliumwing 60.60 +3.72 59.31+5.79
Obturator foramen 4579+6.31 4497+ 5.73
Middle Denth of acetabulum 2458+0.48 2570+ 3.83
Obturator canal 9.71+2.37 9.07+ 151
Ventral Femur
Total 24752+ 21.33 23817+ 14.77
Neck 11452 + 10.52 106.93+ 11.89
Width of proximal epiphysis 64.28+2.84 62.51+2.27
Width of digohysis 21.38+2.70 19.67 £ 0.93
Width of distd epiphysis 60.26+2.47 50.43 + 2.34
Patella
Base of patella 34.70+2.25 34.28+3.73
Medid border 4141+1.48 39.05+ 3.65
Lateral border 41.90+2.94 41.75+0.18
Tibia
Total 31691+ 2.20 31810+ 3.83
Width of proximal epiphysis 63.82+4.05 62.00 £ 4.22
Width of digphysis 2229+1.14 21.72+£1.22
Width of distd epiphvsis 4240+1.41 4312 +3.06
Fi ; ; . - ; Nl etatarsals
g. 2. Obstetric axes in the coxal bone. A: cranial opening of the p
. . . . . otal 194.64+ 11.12 186.97a
vis, dorsal axis (between the lower portion of sacrum wings), m'dd\ﬁ'dth ¢ oroxima eoiohvs 32124316 30.49°
axis (between the tubercles of psoas minor muscle) and ventral Syjgih of proximal eniphvsis SRS o a
- . . ) ) — .. \Wicth of diaphysis 1834£1.72 17.34
(between iliopubic eminences). B: caudal opening of the pelvis: mid cith of distd epiphysis 3563+3.98 3176

axis (between ischial spines) and caudal axis (between ischLatl1
tuberosities). In addition, vertical axes were measured, such-as:
conjugata vera (distance between sacral promontory and pubic tubercle)
and vertical diameter (between pubic tubercle and ventral surface of

the sacrum).

towards caudal. This projection presented differences
_ o between the studied specimens: "specimen-B" and
Table I. Morphometry of the patagonian huemul deer pelvic girdle "specimen-C" presented rough lines directed towards the

(meartSD). lateral tubercle of the ischial tuberosity. “Specimen-A”
Length (mm) presented two smooth lines, one towards the ischial
Pdyvic inlet tuberosity and the othertowards the ischial symphysis.
Dorsal 78.07 £ 8.75 Furthermore, different levels of ossification of the ischial
Medium 77.36+2.82 symphysis were observed: in "specimen-A" both coxals
Ventral 66.67 £ 6.93 were articulated, "specimen-B" presented a type of joint
Coniugata vera 11400+ 1.74 synostosis and "specimen-C" presented an incomplete
\ngtfcaj L?t::tneter 8616+ 7.16 ossification. The symphysis was found to have a concave
VIC Ol
Medium 2163 +15.26 shape dorsally and convex shape ventrally.
g?ﬁg‘: e0.r4x8.17 The pubis ¢s pubi3, presented a characteristic
Symphysis 17412 + 105.78 "r" shape and the groove of th_e accessory ligament of the
Width at ischial spine 80.10+18.33 fem_ur. In the pubic symphysis, the \_/_entral_ and _dorsal
Maximum width of ischia tuberosity 116.39 + 12.47 pubic tubercles were observed. The iliopubic eminence

was observed on its lateral side. Between the cranial ramus
and the acetabulum there was a difference with respect
were more developed in "specimen-B", as were medial andto the presence of a notch or an obturator c@mzisura
lateral in "specimen-C". It presented a smooth dorso-medial aut canalis obturatoriusthat crossed the bone: in

and a rough ventro-lateral surface, with a tuberosity projected"specimen-A" it was semi-closed (notch) and the caudal
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margin had a small opening; in "specimen-B" it waBetween the lateral condyle and the trochlea -distally- the
completely closed (canal) with a robust bony bridge; and axtensor fossa was observed. Between the condyles, from
"specimen-C" it was open (notch), flanked by laterallyhe base of the popliteal surface to the end of the trochlea,
differentiated tubercles and the lateral side of the right cartak inter-condyloid fossa extended. "specimen-C" further
less developed. The acetabulum presented a weldveloped the major trochanter and the femoral trochlea on
circumscribed acetabular notch, and additional notchése right side, and "specimen-B" showed a larger major
towards cranial and cranio-lateral. The lunate surface waechanter, medial condyle and femoral head on the left side.
smooth and had a greater and a smaller portion. Thae shaft of femur has a radiopaque medial and lateral
acetabular fossa with a round margin was observed in thertion (dense or compact bone tissue) and a middle
middle. It projected caudally forming a tube with the caudaadiolucent portion (trabecular bone tissue). Both epiphyses,
portion of the lunate surface. In "specimen-C" an acetabulacluding the articular and non-articular eminences, had a
fossa with a pyriform margin and elongated towards caudakrge amount of trabecular bone tissue.
was observed. In "specimen-A" the left acetabulum was
smaller than its counterpart. The obturator foramen was oval Patella patellg) was a pyramidal shape that protruded
with sharp and smooth margins, however, in "specimen-Afom the cranial side, rough towards proximal and smooth
and "specimen-B" the medio-caudal margin had sharp atwvards distal, and was the only sesamoid bone of the stifle
pointed spines (Fig. 1A). joint. The base had three eminences, two big laterals and
one cranial to lateral. Several nutrient foramina pitted the
Femur 6s femori¥ was slightly curved towards the slightly roughened surface of the base. The apex was
cranial (Fig. 1B). The proximal epiphysis had thre@bserved acute and elongated. The smooth articular face
eminences: i) the femoral head (medial), which had the forpnesented two grooves towards laterality.
of a smooth sphere protruding towards cranio-medial, it had
a fovea for the insertion of the ligament of the head of femur, The tibia {ibia) was slightly curved in its longitudinal
and a relatively smooth anatomical neck, deeper ixis (Fig. 1C). The proximal epiphysis presented the medial
"specimen-B "and "specimen-C"; ii) the major trochanteand lateral condyles, the latter being larger. Both articular
(lateral), hook-shaped in "specimen-A"; and iii) the minofacets conformed the proximal articular surface. Between
trochanter (caudal), was pyramidal in shape. The lattdre condyles, the cranial, central and caudal intercondylar
presented a projection towards the diaphysis (distal) similareas were observed. Flanking the central intercondylar area,
to a small ridge in "specimen-B", while it was moreghe medial and lateral intercondylar tuberosity were
prominent and rougher in "specimen-C". On the caudabserved, corresponding to the intercondylar eminence. The
aspect of the epiphysis, both trochanters converged througttensor groove was smooth and well defined, flanked by
the intertrochanteric ridge, delimiting the trochanteric fossayo tuberosities. In the lateral margin of the lateral condyle,
with a disto-medial obliquity. The diaphysis was cylindricalthere were two spines projected toward distal, and only in
In the middle of the proximal third of the cranial surface;specimen-C" a rudimentary fibula was observed. The
the MNF was observed. This was slightly higher on the riglpopliteal notch was well defined; however, it had a small
side in "specimen-B" and "specimen-C". The rough fac&berosity oriented medially. The diaphysis presented three
located on the caudal surface slightly towards lateral, waarfaces: medial, lateral and caudal, and its cranial margin
limited by a prominent lateral lip. At the distal end of thevas defined by the extension of the tibial tuberosity distally.
rough surface, the supra-condyloid fossa and the latefah its caudal surface, there was a sniradl. [The distal two-
supra-condylar tuberosity were observed. The narrowehirds of the diaphysis presented two smooth surfaces -cranial
section was right between the proximal third and the middland caudal- with well-defined margins. On the cranial side, a
Immediately proximal to the distal epiphysis the poplitedine that was projected from the lateral margin of the proximal
surface was observed, which was rough. Proximal to tlepiphysis was observed, reaching even the distal epiphysis.
medial condyle was located the medial supracondylér the middle third of the diaphysis, the MNF oriented
tuberosity. Overall, "specimen-B" and "specimen-Cproximo-lateral was present. In "specimen-B" the MNF from
presented more robust and defined muscle structures dhel right side was slightly higher, whereas in "specimen-C"
insertion lines than "specimen-A". The distal epiphysis hadlis condition was presented by the left one. On the caudal
three eminences: to cranial, the trochlea of the femoral boiseyface, a single line of the popliteus muslate& m. poplitei
which lateral lip was sharp and thin, and medial lip was thickjas observed with disto-mediabliquity. The narrowest
to caudal, medial and lateral condyles were observed, thection was between the middle and distal third. Distal
latter was slightly more prominent and larger than the mediapiphysis presented the tibial cochlea which articulated with
presenting on its lateral side the popliteal fossa. Each condilte talus. In the cranio-lateral surface, an eminence with two
had an epicondyleepicondylus medialis et latera)is small spines was observed. In addition, the malleolar groove
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was present in the medial malleolus towards caudal. Thenservation status and particularly due to thescarce amount
shaft of tibia has a radiopaque medial and lateral portion of living specimens available for biometric studies, the
diaphysis (dense or compact bone tissue) and a middégulatory mechanisms and difficult access to cadaverous
radiolucent portion (trabecular bone tissue). Both epiphysisiaterial which makes it complex to obtain or manage it for
including the articular and non-articular eminences, hadsaientific activity. Therefore, the presented morphological
large amount of trabecular bone tissue, especially in tldata are limited by sample size and by itself does not allow
subchondral cortical plate of the condyles. generalizations outside of the study area.

The skeleton of the fooagtopodium comprised the The coxal bone is elongated and narrow. Well-
bones of the tarsusgsa tarsi, basidopodiummetatarsus developed and prominent ventral iliac spines were observed,
(ossa metatarsalia, metapodiyiand of the digitsqssa as well as a concave gluteal surface where powerful gluteal
digitorum pedis, acropodiumin the proximal row of the muscles are inserted. Also, a rough tendon insertion area for
tarsal bones were the calcaneus (lateral) and the talus (medfad; rectus femoris muscle in the body of the ilium was
Fig. 1D). The calcaneus was larger, with a latero-plantabserved. All this reflects the relevance of the hindlimb
position to the talus. Towards dorso-plantar, a promineaktension function, particularly of the coxofemoral and
calcaneal tuberosity was observed, which presented tf@mnorotibial joints. The thinnest area of the caudal third of
smooth surfaces that united in thick margins and a plantae wing of the ilium observed in this species is associated
margin, which had a tendinous sliding surface. At the baseith sharp spine-like rugosities in the caudal margin just cranial
a medium-sized coracoid process was observed, whitththe greater ischial notch, and could be the result of the
presented an articular facet. The lateral surface was roughesence of a ligament that could correspond to the broad
it was projected forming the sustentaculum tali and sacrotuberous ligament. The latter appear to increase the
tendinous sliding surface over giufcus tendini m. flexoris surface of the iliac wings, probably forming part of the lateral
digit. lateralis). The talus articulated with four tarsal boneswall of the birth canal. The gluteal side is almost vertical, si-
It presented two trochleae: proximal and distal. The lateralilar to sheep and goats (Getty & Sisson, 1975), but different
lip of the proximal trochlea was thicker and taller than thi#om larger ungulates, such as cattle (Niekedl, 1986). The
medial. The lips of the distal trochlea had the same heigiltiteal surface, directed laterally in the Patagonian huemul, is
and articulated with the centroquartal bone. The distal rosimilar to that observed in some domestic carnivores, such as
of the tarsal bones corresponded to the latter and to tarda$j and cat (Nickedt al). In bovines, the iliopsoas muscle is
bones Il and 111, it presented proximal and distal joint faceslouble and powerful and consists of the fusion of psoas major
The proximal surface presented two glenoid foveas thand iliac muscles tendons in the minor trochanter (Niekel
articulated with the distal trochlea of the talus, andtowards.). In this last species, the surface of origin of the iliac muscle
the lateral side, a joint facet was seen that articulated withthe ventro-medial aspect of the iliac wing is very wide.
the calcaneus. The distal aspect had articular facets fdowever, the Patagonian huemul presented an elongated iliac
articulation with the metatarsus-distally- and tarsal bone Wing and a small and relatively flat body. The ventro-medial
and Ill, medially. The tarsal 1l and Ill bone were discoidaspect of the ilium wing is small and presented a ventro-late-
with articular facets that articulated proximally with theral, almost vertical, obliquity. This suggests that the iliac
centroquartal bone and ventrally with the metatarsumuscle is small in this species, but we believe that it does not
Metatarsal bones were similar to metacarpus and correspafiect the flexion capacity of the coxofemoral joint, as it is
ded to the fusion of bones Il and IV. The evidence of theupported by the presence of a prominent minor trochanter in
bone fusion was the dorsal and plantar longitudinal groovihe femur (Kardong, 2013).

The narrowest section was between the proximal and middle

third. The distal epiphysis presented two independent The rounded acetabulum that was observed in the

trochlea, each of them had two condyles (abaxial and axi8atagonian huemul increases the efficiency of terrestrial

separated by a notch. The abaxial condyle was lower thlacomotion, restricting the mobility of the femoral head in a

the axial, but the latter had a larger surface area. None of gagasagittal plane of the body. Sargis (2002) qualifies this type

three studied skeletons had malleolar basenfalleolarg.  of movement as "pendulum type" in those animals where the
rotation of the femur is not necessary.

DISCUSSION In the pubis, the presence of an obturator canal was a
focus of particular attention. This was large, well circumscribed
and smooth, suggesting the passage of a neurovascular bun-

We have described the osteology of the pelvidle. Taeet al (2014) described the obturator canal in 26 species
skeleton only in three specimens mainly due to itsf deer worldwide, excluding the genera Hippocamelus,
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classifying them into 4 types according to their morphologirabecular bone tissue - present in the epiphyses as opposed to
and stage of development. In huemul, a type Il canal was fouthet diaphysis - oriented in specific trajectories to support
in "specimen-B" - obturator notch, small indent in the cranialompressiorand traction (Oftadeét al, 2015). In addition,
margin of the obturator foramen, obturator tubercles are formad the long bone is a hollow cylinder, from the epiphysis
- one of type Il in "specimen-A" -canal virtually closed byresistant beams are observed that help to preserve the integrity
spines of the obturator tubers- and one of type 1V in "specimenf the compact bone tissue of the long bones, obtaining a
C" - completely closed by a bony bridge -. This last varietyreater resistance. Therefore, the radiographic images
was also described in the work of Teieal, where it was obtained in Patagonian huemul, confirm the epiphyseal
found that 4 out of 16 species with more than one type finction, which is to direct the forces along the diaphyseal
obturator canal presented 3 different morphologies for théis in such a way that the resulting forces that act on the
structure. They also performed dissections confirming whidione are centralized in a single direction, guaranteeing a better
nerve and vessels crossed the canal, these are the obturergy absorption and finally, preserving bone integrity. This
nerve, the obturator artery (branch of the internal iliac arteriypformation could be useful to investigate in future
dorsal to obturator nerve) and the obturator branch of thevestigations regarding the displacement to the mountains
medial circumflex femoral artery. of this deer - due to anthropic factors - and how the forces of
tension and compression affect the bones.
The femur is similar to what has been described in
domestic ungulates (Nicket al), but less robust. The In conclusion, the characteristics of bones and bony
insertion and joint eminences are prominent. The min@minences present in the pelvic limb suggest the presence of
trochanter, of caudomedial location, reduces the rotatipowerful extensor muscles in the coxofemoral, femorotibial
associated with flexion of the femur and allows a morand tarsal joints, useful during walking, running and propulsion
sagittal displacement. This has usually been associated wittdeer. In general, the MNF of Patagonian huemul differ in
guadruped mammals where the hindlimb is used primariposition with respect to domestic ungulates. In addition, the
as a propelling element (Fleagle & Simons, 1995; Sargis).dtesence of a notch or obturator canal was observed, with
was found that a characteristic of the deer femur was thariability in morphology and development among the
absence of the third trochanter. It should be noted thatspecimens. Also, this radiographic data can provide new
difference with domestic animals was the location of thiaformation about the tissue loading conditions in Patagonian
MNF, which is on the cranial surface of the proximal half ofiuemul, that cannot be obtained by other methods.
the diaphysis. This suggests that blood is mainly supplied
by the lateral circumflex femoral artery, which plays a
predominant role in the irrigation of the cranial surface ACKNOWLEDGEMENTS
the thigh and the rectus femoris muscle in Alpavasigna
pacog and Llamasl{ama glamaAnguloet al, 2013). The
asymmetry of the femoral condyles observed in this study All stages of this study were conducted for scientific
could indicate a pendular adduction movement during thpeirposes only. The authors would like to thank: DI-PUCV
gait and propulsion of the hindlimb (Fleagle & Simons). 039.378/2019 Direccion de Investigacion PUCYV, Jhoann
Canto of the National Museum of Natural History of Chile
In tarsal bones, we observed a deep trochlea of thar providing skeletons of Patagonian huemul deer, Cecilia
talus with a prominent lateral lip articulated to deep grooveésitamirano of School of Veterinary Medicine of Universi-
of the tibial cochlea, which would act as a blockage to maintaitad Santo Tomas of Chile for providing skeletons of domestic
pronation during locomotion, similar to that described in goatmnimals to compare and improve our discussion.
(Makungu, 2019). Therefore, this mechanism would prevent
rotation, especially supination, and the movement of the tarsal

joint would be restricted to only one axis, id est the extensiﬁﬁﬂgASLv _F’-;(:'Aj:';ﬁﬁsé (NZ'_AF";% Alé; N;':‘/'IEEZ)"ACLO?:K' SE {V'(;_‘
and flexion for locomotion and propulsion. P ;= ;T ESUdio

morfométrico, anatémico y radiogréafico de los huesos del miem-

. . . bro pélvico de un ciervo patagénico en peligro de extincion
The radiographic images reveal two types of tiSsuegjinnocamelus bisulc)sint. J. Morphol., 38(3747-754, 2020.
compact and trabecular. The long bones, in general, show the

effect of the pressure they support, particularly because the RESUMEN: Actualmente, el Huemul Patagénico
forces applied on them do not have a symmetrical diStri_bUti?ﬂi pocamelus bisulcysesta en peli,gro de extincion. Los estu-
on the bone, generating a phenomenon where tension gk morfolégicos centrados en comprender su anatomia han sido

compression forces are combined that eventually exceed tliedesafio para morfélogos, veterinarios y bi6logos. Investigacio-
resistance of the bone. These forces are attenuated by ribs enfocadas en su conservacion, se han centrado principalmente
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agentes infecciosos, dejando vacios en el conocimiento anatémicoK- H. The Anatomy of the Domestic Animasl. 1. The Locomotor
basico, y por ende, su comprensién morfofisiologica. El objetivg_System of the Domestic Mammals. &d. Hamburg, Paul Parey, 1986.
de este estudio fue describir la anatomia, morfometria y radiologifi2den: R.; Perez-Viloria, M.; Villa-Camacho, J. C.; Vaziri, A. & Nazarian,
P . L A. Biomechanics and mechanobiology of trabecular bone: a reliiew.
macroscopica normal y detallada} QSBa_membrl pelw_ren tres _ Biomech. Eng., 137(12015. Doi 10.1115/1.4029176
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: o o L o 85, 2002.
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