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EDITORIAL

The new quadrennium of the Caprinae Special-
ist Group, 2026-29

Dear CSG members,

in 2025, the IUCN quadrennium concluded, and
new staff assumed leadership of the Species Sur-
vival Commission. Jon Paul Rodriguez and his team
completed their term, and Vivek Menon and his
team will now lead the commission and its work.
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Our group will continue with the same co-chairs,
Yash Veer Bhatnagar and Juan Herrero. Stefan
Michel, our Red List Coordinator, will also remain in
his role. The editorial team of our annual bulletin,
Caprinae News, will see a small change with Luca
Corlatti leaving the role of editor but continuing as a
co-editor, together with Gerhard Damm. Steve Ross
is the new editor.

Important changes in the functioning of our
group will take place during this quadrennium. We
will have the support of Justin Birkhoff allowing us
to accept more members and become a larger en-
tity. The process to become a CSG member will be
explained in the coming months, and all of us will be
required to go through this procedure.

Regarding the work done in the last quadren-
nium, we have accomplished: (i) publishing one is-
sue of Caprinae News per year; (ii) continued with
the reassessment of Caprinae for the IUCN Red
List; (iii) advised all the entities who asked for sup-
port (more than 50 communications) and (iv) en-
dorsed and participated in the 9t World Conference
on Mountain Ungulates Conference (WCMU), held
in Dushanbe, Tajikistan in 2024. In 2027 the 10"
WCMU is planned to be held in Delhi, India.

We have three major pending issues which we
would like to address during this quadrennium: (i)
continuing with the Red List reassessments; (ii) pub-
lishing a multi-authored book on Caprinae popula-
tion estimation methodologies and (iii) publish the
proceedings of the 10" WCMU. We will keep you
updated on all the work to be undertaken.

In this issue, Jorge Cassinello and Sergio Eguia
discuss population trends and control methods for
the invasive aoudad Ammmotragus lervia in Spain.
Reporting on a new Nilgiri tahr Nilgiritragus hylo-
crius conservation project, Manikka Govindan Ga-
nesan and coauthors provide results from the first
synchronized population assessment of the Nilgiri
tahr in Southern India. Stefan Michel and coauthors
provide camera trap evidence for a range extension
of the Transcaspian urial Ovis vignei arkal in Ka-
zakhstan.

Within our Research section Arumugam Vinoth
and coauthors describe antipredation behaviour of
Nilgiri tahr during a golden jackal Canis aureus in-
teraction. This is followed by Valerio Orazi and co-
authors excellent review of their recent publications
describing antipredator responses of alpine cham-
ois Rupicapra r. rupicapra to recolonizing grey
wolves Canis lupus in the western Italian Alps.
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The Spotlights section opens with a new feature
highlighting Caprinae and conservation initiatives
that have gained international media attention in
2025. This is followed by Peregrine Wolff describing
discussions around wild sheep Ovis spp. at the re-
cent IUCN World Conservation Congress.
Lastly, Erica Suitor and Susan Kutz provide a com-
prehensive review of the impacts of disease and cli-
mate change on the conservation of Canadian Arc-
tic muskox populations in ‘Back to the Brink’.

Yash Veer Bhatnagar, Luca Corlatti,
Gerhard Damm,
Juan Herrero, Stefan Michel & Steve Ross

IUCN SSC Caprinae Specialist Group
Editorial Board
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Introduction

The aoudad Ammotragus lervia iis a member of
the subfamily Caprinae native to North Africa that
was introduced to Spain and is now widely distrib-
uted across southeastern Spain. The species was
first introduced into the Sierra Espufia Regional
Park (Murcia) in 1970, with a founding group of 36
individuals (Cassinello 2000; Cassinello et al.
2004). Initially the population was confined within
fenced enclosures, but the group of 9 males, 18 fe-
males and 7 offspring born in captivity, were even-
tually released into the wild. Some individuals dis-
persed up to 80 km from the release site.

By 1973, the population had increased to 79 in-
dividuals and, despite the start of hunting activities
in 1977, continued to grow at an estimated annual
rate of 30% until 1982, when numbers reached ap-
proximately 750 (Gray 1985). By 1990, the aoudad
population in Sierra Espufia and adjacent mountain
ranges was estimated at around 2,000 individuals
(Arman 1991). The following year, an outbreak of
sarcoptic mange Sarcoptes scabiei caused a dra-
matic population crash, reducing numbers by more
than 90% (Gonzélez-Candela and Ledn-Vizcaino
1999). Since then, the population gradually recov-
ered, expanding across mountain ranges in Murcia,

Table 1: Annual surveys covering Sierra Espufia, nearby moun-
tain ranges (Muela de Alhama, Tercia, Gigante, Cambron,
Ponce, Madrofio, Lavia, Burete and Cabras) and hunting bag
records.

Year Sierra Adjacent mountain Hunted
Espufia ranges animals

2002 810 790 50
2008 1399 706 124
2012 1500 1428 243
2014 1050 996 274
2022 653 984 810
2023 404 400 837
2024 478 656 650

and into neighbouring provinces such as Almeria
(see Cassinello 2000), with more than 1,000 individ-
uals estimated to inhabit the Region of Murcia a
decade after the population crash (Gonzalez-Can-
dela et al. 2001).

In an attempt to control aoudad populations, it
was included in the Spanish List of Invasive Exotic
Species (Ministerio de Medio Ambiente, y Medio
Rural y Marino 2011). This policy change created a
new management scenario that favoured the eradi-
cation of aoudad populations (see Cassinello 2018).
This article documents the population trends of the
aoudad in the key mountain systems of Murcia
where the species has become established over the
period 2002 to 2024.
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Figure 1: Annual aoudad population size estimates from 1975 to
2024. Blue bars: Sierra Espufia surveys, orange bars: other
Murcian mountains, grey bars: hunted animals (numbers are
probably underestimated).

Results and Discussion
Since 1975, the environmental management au-
thorities of the Government of the Region of Murcia
have conducted annual population surveys of the
aoudad in the Sierra Espufia Regional Park. The an-
nual surveys are carried out using a consistent
methodology ensuring that results are comparable
across years (Eguia 2024; Eguia et al. 2024).

The surveys provide a reliable estimate of aou-
dad population dynamics over nearly 50 years (Fig-
ure 1). Since 2002, some annual surveys have also

2


mailto:jorge.cassinello@eeza.csic.es
mailto:sergio.eguia.martinez@gmail.com

covered nearby mountain ranges and collected
hunting bag records, allowing an accurate picture of
the aoudad’s population trend in Murcia to be esti-
mated (see Table 1 and Figure 1). As shown in Fig-
ure 1, the aoudad population in Murcia has experi-
enced a marked increase over the years, with the
exception of two clearly defined events: the sar-
coptic mange outbreak in the early 1990s (only 130
animals were counted in 1994) and the gradual im-
plementation of population control measures
through hunting following the species’ inclusion in
the Spanish Catalogue of Invasive Alien Species.
Regarding the spatial distribution of the aoudad
population across the Region of Murcia, Figure 2 il-
lustrates how the area occupied by the species has
expanded over the decades, from its introduction in
1970 to the present day. It is worth noting the iso-
lated micro-population present in the north of Murcia
since the 2020s, which most likely originated from
individuals dispersing from the neighbouring prov-
ince of Alicante, whereas the rest of the populations
present in the study area are the result of the pro-
gressive expansion of the source populations.

~N ~N AN
‘ Ji \ § \
) { (
| { J J ({
Al L g K e
il / 2 / ®s
/ ( / ( S ] /
o \ A \ & \
"% \ N g \
\x7 ] Naws Koo N
{ ( A P
( Y { (g A
\ o A~ \ Py e P At
\e N A N
~ ~
1970 1980 1990
AN ~N N
J 4 )
| | ‘ | >4
J L

il

\ {
e A Y

2000 2010 2020

Figure 2: Aoudad distribution across the Region of Murcia over
the decades.

Since 2014, the Regional Administration of Mur-
cia has been implementing a population control plan
for the aoudad in the source population (Sierra Es-
pufia Regional Park), with the objectives of prevent-
ing subpopulation increases and achieving an esti-
mated optimal density for the Park. The plan is com-
plemented by an annual census, and to date, its out-
comes can be considered successful.

References

ARMAN-Murcia — 1991. Informe sobre el Parque Natural de la
Sierra de Espufia. Agencia Regional del Medio Ambiente y
la Naturaleza (ARMAN), Murcia, Spain, Unpublished Report.

Cassinello J. — 2000. Ammotragus free-ranging population in the
southeast of Spain: a necessary first account. Biodiversity
and Conservation 9: 887-900.

Cassinello, J. — 2018. Misconception and mismanagement of in-
vasive species: The paradoxical case of an alien ungulate in
Spain. Conservation Letters 11: e12440.

Cassinello, J., E. Serrano, G. Calabuig, J.M. Pérez. — 2004.
Range expansion of an exotic ungulate (Ammotragus lervia)
in southern Spain: ecological and conservation concerns.
Biodiversity and Conservation 13: 851— 866.

Eguia, S. — 2024. Censo anual de ungulados de la Region de
Murcia. Fundacion Artemisan-Direccion General de Patrimo-
nio Natural y Accién Climatica. Unpublished Report.

Eguia, S., M.J. Gens, R. Rodriguez, Giménez, A. — 2024. Segui-
miento de arrui en las sierras de Espufia, Muela de Alhama,
Tercia-Chichar y Cambrén-Madrofio. Otofio 2024. Mendijob,
S.L.- Consejeria de Medio Ambiente, Universidades, Inves-
tigacion y Mar Menor. Regién de Murcia. Unpublished Re-
port.

Gonzalez-Candela M., L. Ledn-Vizcaino — 1999. Sarcoptic
mange in Barbary sheep (Ammotragus lervia) population of
Sierra Espufia Regional Park (Murcia). Galemys 11: 43-58.

Gonzalez-Candela M., L. Leédn-Vizcaino, M.J. Cubero, P. Martin-
Atance — 2001. Sarcoptic mange (Sarcoptes scabiei) health
control in the Barbary sheep (Ammotragus lervia) population
of the Sierra Espufia Regional Park (Murcia, Spain). Gale-
mys 13: 59-73.

Gray G.G. — 1985. Status and distribution of Ammotragus lervia:
a worldwide review. In: Hoefs M. (ed.), Wild Sheep. Distribu-
tion, Abundance, Management and Conservation of the
Sheep of the World and Closely Related Mountain Ungu-
lates. Northern Wild Sheep and Goat Council, Whitehouse,
Yukon, Canada, pp. 95-126.

Ministerio de Medio Ambiente, y Medio Rural y Marino. — 2011.
Real Decreto 1628/2011, de 14 de noviembre, por el que se
regula el listado y catalogo espafiol de especies exaéticas in-
vasoras. B.O.E 298: 132711-132735.

Synchronized population assessment of Nilgiri
tahr Nilgiritragus hylocrius in Southern India.
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The Nilgiri tahr is an endangered mountain un-
gulate belonging to the subfamily Caprinae. It is en-
demic to the southwestern Ghats of India (Davidar
1978; Ropiquet and Hassanin 2005). The Nilgiri tahr
population is estimated to be between 2,000 and
3,000 individuals (Daniel et al. 2008; Predit et al.
2015) and is distributed across approximately
5713.8 km?, with 58.3% of its range in Tamil Nadu
and 41.6% in Kerala (Predit et al., 2015). Habitat
loss and fragmentation, and the isolation of sub-
populations within its distributional range pose
threats to the Nilgiri tahr population.
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Figure 1: Map showing the distribution of the Nilgiri Tahr population in the South-Western Ghats, India.

Up until now, population estimates of Nilgiri tahr
have not been comprehensive. We conducted the
first synchronized survey of the entire Nilgiri tahr
population between April 29 and May 1, 2024. We

used 140 survey blocks, covering 36 forest ranges,
using the bounded count method in fragmented for-
ests (128 survey blocks) and the double observer
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method (12 blocks) in contiguous forests (Mukurthi
and Grass Hills National Parks).

The survey estimated a Nilgiri tahr population of
1,031 with a confidence interval of 680 to 2,609. The
Anamalai Hills, Srivilliputhur, Megamalai, and Nilgiri
Hills held the bulk of the population, with approxi-
mately 90% of Nilgiri tahr residing there (Figure 1
and Figure 2). The Anamalai and Nilgiri Hills hold
41% and 24% of the metapopulation, respectively,
and these areas serve as important source popula-
tions for the long-term conservation of the species
within a fragmented landscape. The male-female
sex ratio was 1:2, and the female-young ratio was
2:1. The age composition revealed that adult fe-
males constituted 42.2%, followed by adult males
25.1%, young 19.1%, and yearlings 13.6%. Further,
the study has identified some newly colonized hab-
itats of Nilgiri tahr in the Pasumalai area in the Chin-
namanur Range of the Megamalai Division, south-
western Ghats.

Figure 2: Nilgiri tahr herd in the Grass Hills National Park, Ana-
malai Tiger Reserve, Tamil Nadu.

The second synchronized survey was con-
ducted in collaboration with the Kerala Forest De-
partment. In addition to the earlier survey area, 36
new blocks/habitats were identified and included in
the survey through field assessments and literature
reviews. The survey was conducted from 24 to 27
April 2025. This extensive survey effort covered a
total distance of 3,123.6 km on foot across 14 forest
divisions, involving 786 field staff members. In Tamil
Nadu, a total of 177 blocks were surveyed, compris-
ing 163 survey blocks in fragmented habitats and 14
blocks in contiguous habitats, including Mukurthi
and Grass Hills National Park. We employed a sim-
ilar method of survey, the double-observer method
in contiguous forests and the block count method in
fragmented habitats. The estimated population of
Nilgiri tahr in Tamil Nadu was 1303 (813-
2,424). The estimated population in Mukurthi and
Grass Hills National Park was 616 (305-1,077), ac-
counting for 47% of the overall estimate. The esti-
mates fall within the confidence interval of the earlier
estimates; hence, changes in the population size
could not be determined. The current year’s esti-
mate is a more refined estimate than the earlier one,

due to additional survey blocks and increased ef-
fort.

The synchronized survey of the Nilgiri tahr pop-
ulation occurred as part of Project Nilgiri Tahr's initi-
ative to conserve the Nilgiri tahr in Tamil Nadu. This
survey has provided baseline data on the population
of Nilgiri tahr for future status monitoring. We sug-
gest that the application of the double observer
method and the use of drones be evaluated to in-
crease the precision of the estimate for population
monitoring in the challenging survey terrain.
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Introduction

The Transcaspian urial Ovis vignei arkal is a urial
subspecies occurring in the arid lowlands east of the
Caspian Sea, including Kazakhstan, Uzbekistan,
Turkmenistan and Iran. In the south, its distribution
range is contiguous with the range area of the Af-
ghan urial O.v.cycloceros. The distinction between
the two subspecies, as well as the classification of
some populations, remains subject to debate.
Groves and Grubb (2011) merged both subspecies
into one Ovis cycloceros, but still recognized two
subspecies, considering the urial in Kazakhstan,
Turkmenistan and northeastern Iran as belonging to
O.v. arkal and urial in Afghanistan and Western and
Southern Pakistan as O.v. cycloceros. Fedosenko
(2002) considered only the urial in the Ustyurt as
O.v.arkal, distinguishing the urial in the Large and
Small Balkhan and Kopet-Dagh mountain ranges in
Turkmenistan and in northeastern Iran as O.v. cy-
cloceros.



Following the second, narrower understanding of
the subspecies O. v. arkal, the most recent IUCN
Red List assessment assessed the Transcaspian
urial as Critically Endangered (A2bd; Michel and
Ghoddousi, 2020). The total population was be-
lieved to be 1,500-1,850 individuals, with 900-—
1,110 mature individuals. The assessment esti-
mated an 80% population decline in the last three
generations.

The distribution of urial in the cliffs, so-called
“Chinks” of the western part of the Ustyurt plateau
north and east of Kara-Bogaz-Gol Gulf, including
Kaplankyr Plateau, Kazakhly-Sor, the low moun-
tains on the Mangyshlak Peninsula and other areas
with cliffs and ravines in Mangystau Region is well
documented and reflected in the IUCN Red List as-
sessment and distribution map (Michel and Ghod-
dousi, 2020). However, within the distribution map,
large areas towards the Aral Sea are indicated only
as “Possibly Extant” and the northern Chinks of the
Ustyurt Plateau, the spurs, the cliffs of Zheltau and
Donyztau in Atyrau and Aktobe Regions of Kazakh-
stan are not indicated as within the urial range dis-
tribution.

Heptner et al. (1961) wrote that in the past the
urial range extended from the Mangystau Region
“farther northeast and eastward along the northern
Chink of Ustyurt and probably reached even to the
Aral Sea”. Referring to material from the 1950s
Heptner et al. (1961) stated that there has been no
confirmation of urial presence along the northern
Chink, and that the sheep are “absent there today”.

Fedosenko (2002) mentioned the presence of
urials on the Donyztau (Aktobe Region) with refer-
ence to oral reports by A.V. Gracheyv, although with-
out specifics about the timing, frequency or numbers
of animals recorded.

In 2018-2019, urial were first recorded on cam-
era traps on the northern and southern Chinks of the
Zheltau in the Atyrau Region, at the northern edges
of the Ustyurt Plateau (Smelansky et al. 2019). The
authors also mentioned resting places with sign and
droppings of urial on the Donyztau cliff, further to the
east in 2018. This publication does not contain geo-
graphic coordinates of the records.

Methods

The urial records reported here, were not cap-
tured using systematic searches, rather they were
collected as bycatch from work on a saiga conser-
vation project in the northern parts of the Ustyurt
plateau and adjacent lowlands. The study area in-
cludes the northern Chinks of the Ustyurt Plateau
and its spurs towards north and east of the Atyrau-
Beyneu highway in the administrative regions of
Mangystau, Atyrau and Aktobe. The study area lo-
cation is locally called “Kazarma” (N 46,437018°,
57,099519°) at Chink Donyztau, on the northern
edges of the Ustyurt Plateau.

The Chinks are complex scalloped slopes, usu-
ally including almost vertical cliffs and random accu-
mulations of landslides, table-like outcrops and ero-
sion ridges. The Chinks in the northern part of the
Ustyurt Plateau consists of comparably soft, loamy
substrates with occasional calcareous rocks. Above
the Chinks stretches a plateau. At the bases of the
slopes of the Chinks is the Pre-Ustyurt Depression,
a complex of extensive flat depressions, in places
structured by deflationary gullies characteristic of
the foot of the slopes. The flat depressions are flat
pans with deposits of clay and salt, seasonally form-
ing shallow water bodies.

The vegetation of the study area is desert-like,
dominated by Artemisia terra-albae, Anabasis salsa
and Salsola arbusculiformis, which is typical of the
Donyztau, together with various annuals from the
Brassicacea and Poacea families. The depressions
are either without vegetation or are covered by hal-
ophytes. Groups of small trees and shrubs are pre-
sent, including Eleagnus angustifolia and Tamarix
spp. (Smelansky et al. 2019).

The study site is part of a larger region where
since 2015 the authors have explored opportunities
for community-based conservation of saiga ante-
lope and assisted in the development of local insti-
tutions. As a result, since 2019 the Association
“Tabigi Orta” is continuing work in the area to study,
conserve and sustainably use wildlife of the north-
ern Chink of the Ustyurt Plateau. In 2022, the Diyar
Game Management Area, covering an area of ap-
proximately 500,000 ha, partly located on the
Donyztau plateau was assigned to the association
(Michel et al. 2023).

Camera traps were deployed with the objective
of identifying Chink sections used by saiga to as-
cend from the Pre-Ustyurt Depression to the upper
plateau. This work initially involved the placement of
camera traps at locations along the Chinks based
on sign of saiga movement. In 2024, at the “Ka-
zarma” site, tracks and fecal remains were recorded
that were inconsistent with saiga. As these signs
were similar to those of sheep, a more detailed as-
sessment of the site was conducted. From April to
October 2024, five camera traps were operational at
the site, and four cameras were operational from
October 2024 until the most recent download on 15
July 2025. Throughout the monitoring period the
camera trap locations have remained unchanged,
and have been checked and serviced every 3—4
months.

Results

Two urial captures occurred on one camera trap
in 2025. The first was of two urials — one adult fe-
male and one male of about four years age, on the
5 June 2025 at 10:30 (Figure 1). The second cap-
ture of one female and one male took place on the
6 July 2025 at 16:40. Although individual recognition
of urials is difficult, we believe the recorded footage
captured the same individuals, as patterns of wear
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Figure 3: Distribution range of Transcaspian urial according to the IUCN Red List and newly documented locations.

on the male’s right horn look identical (Figure 2). No
indication of lactation was visible in the female.

Discussion

The footage captured by our camera traps is the
first photographic evidence of urial presence, of
which we are aware, at the northern edge of the Ust-
yurt Plateau, Donyztau. The record fits well into pub-
lished observations by Smelansky et al. (2019),
other observations since 2022 about 40 km west of
our location (Smelansky, pers. comm. 2025), our
own observations 160km southwest in 2016, and a
track recorded in 2015 approximately 95km west at
the Zheltau (Figure 3).

The size of distribution ranges is an important
parameter for the assessment of extinction risk, fea-
turing in the IUCN Red List in form of the Extent of
Occurrence and the Area of Occupancy (IUCN,
2019). Changes in the distribution range may indi-
cate trends in the conservation status of a species,
with range expansions potentially indicating a grow-
ing population. However, a shifting distribution
range may also indicate responses to climate
change, e.g. more northern areas become suitable
due to global warming. Such shifts may not neces-
sarily be a range area expansions if other areas sim-
ultaneously become unsuitable due to heat waves

] ® TABIGIORTA
Figure 1. Transcaspian urials on the Donyztau cliff. Right male,
left female. Photo: Tabigi Orta.

07-06-2025 16:40:50
Figure 2: Cropped picture from a camera trap video, showing the
same male. Photo: Tabigi Orta.



or droughts. In the case of the Transcaspian urial
intensive droughts (e.g. 2021) have affected the
southern part of its range in Kazakhstan’s Man-
gystau Region, causing livestock losses and forcing
herders to move northeast (Pers. Obs.; unpublished
herder interviews). On the other hand, at the north-
ern edges of the Ustyurt plateau, winter climate ap-
pears to be milder than in the past.

The capture of only two urials in two events does
not allow speculation of the potential population size
in the area or whether presence is permanent or
temporary. However, the capture events confirm
that tracks, resting places and pellets detected by
us and Smelansky (2019) very likely belonged to uri-
als, suggesting regular site use. We suggest inten-
sifying the monitoring activities in suitable habitats
by a combination of camera traps, visual observa-
tion and UAVs. We, furthermore, call for thorough
recording of all observations and exchange of data
between all conservation organizations active in the
area.

We hope that community involvement in conser-
vation and frequent presence of the association
“Tabigi Orta” and rangers of the state-owned enter-
prise “Okhotzooprom” will prevent poaching and al-
low for the establishment of a permanent and stable
urial population in the area.

The range map in the IUCN Red List for Ovis
vignei should be updated by adding the confirmed
presence locations and adjacent suitable habitat as
“Extant”. In addition, we suggest mapping urial dis-
tribution at a higher resolution and removing plateau
and depression areas that do not contain suitable
urial habitats. These areas should be removed from
“Extant” and “Possibly Extant” regions to prevent
unrealistically large range areas of this endangered
subspecies.
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A predator-prey interaction between Nilgiri tahr
and Golden Jackal in the Western Ghats, India.
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In March 2024, during routine field surveys in the
Western Catchment of Mukurthi National Park,
Tamil Nadu, we recorded a rare and behaviourally
informative encounter between a golden jackal Ca-
nis aureus and a small group of Nilgiri tahr Nilgiritra-
gus hylocrius. The observation took place in late
evening in typical high-elevation shola—grassland
habitat, where steep rocky slopes intersect with roll-
ing grassland plateaus.

A jackal was seen approaching a Nilgiri tahr
group consisting of two adult females and a young
kid. Upon detecting the predator, the doe adopted a
vigilant posture while the group began to move to-
ward the rim of a nearby slope. Aimost immediately,
the kid disappeared behind a grass-covered fold in
the plateau and remained hidden throughout the en-
counter.

The jackal focused its pursuit on the two adults,
following them across open ground and down a gen-
tle slope. As the tahr reached steeper rocky terrain,
the doe briefly turned toward the jackal and dis-
played an aggressive stance, confronting the pred-
ator before retreating further downslope. This de-
fensive behaviour caused the jackal to hesitate re-
peatedly, and despite several short lunges it failed
to commit to an attack. After approximately one
hour, the jackal abandoned the attempt and re-
treated. Following the jackal's departure, the adult
tahrs returned cautiously to the plateau and reunited
with the kid, which had remained concealed in dry
grass throughout the event.

Figure 1: The Nilgiri tahr doe showing aggression and lunging at
a golden jackal threatening the tahr.



Figure 2: A pair of female Nilgiri tahr showing vigilance toward
the movement of a golden jackal on steep escape terrain.

The interaction illustrates several well-docu-
mented behavioural strategies among mountain un-
gulates. Adult female defence in the form of vigi-
lance, threat postures, and positioning near escape
terrain has been reported in a range of caprinae and
other ungulate species (Stephenson and van Bal-
lenberghe 1995). The Nilgiri tahr's use of steep
slopes as a refuge aligns with classic descriptions
of escape behaviour in Himalayan tahr and other
caprinae (Schaller 1977; Rice 1984). The kid’s hid-
ing behaviour and reliance on camouflage is con-
sistent with “hiding” strategies described for open-
habitat ungulates such as pronghorn and gazelles
(Byers and Byers 1983).

Golden jackals are opportunistic mesopredators
known to target young or small prey. This encounter
shows that even when young are present, adult tahr
may successfully deter jackals using a combination
of terrain choice, coordinated movement, and short
bursts of aggression. As juvenile survival can
strongly shape ungulate population trajectories,
documenting such behaviour contributes to our un-
derstanding of predator influence on the ecology
and conservation of the Nilgiri tahr, a threatened
species with fragmented populations across the
Western Ghats of India.
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Antipredator responses of Alpine chamois to
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The recovery of large carnivores across western
mountainous areas is expected to trigger rapid eco-
logical responses in ungulate communities through
lethal and behavioural effects. In mountain ungu-
lates, predation risk may influence habitat use, ac-
tivity patterns and group size, with potential cascad-
ing effects on population dynamics. Behavioural re-
sponses may be constrained by anthropogenic ac-
tivities and by other key environmental factors
(Peksa and Ciach 2018; Anderwald et al. 2021).
Temperature variations are also expected to play a
role, as warming temperatures are increasingly
emerging as a driver of activity shifts of Caprinae
species (Grignolio et al. 2018; Brivio et al. 2024).

We examined antipredator responses of Alpine
chamois Rupicapra r. rupicapra in the Piedmont
sector of Gran Paradiso National Park, an area
where long-term research has provided unique data
on chamois space use and behaviour (von Harden-
berg et al. 2000; Lovari et al. 2006; Corlatti et al.
2012; Cotza et al. 2023). We assessed (i) the role
of chamois in wolf diet, (ii) demographic and altitu-
dinal responses to wolf recolonization, (iii) changes
in activity and vigilance, and (iv) the combined ef-
fects of predators, humans and temperature on
chamois activity.

We quantified the contribution of chamois to wolf
diet between 2019 and 2022, in two adjacent valleys
differing in forest cover and wolf recolonization time
(year of first wolf reproduction - Valley A: 2013, Val-
ley B: 2017; Orazi et al. 2025). Secondly, we as-
sessed the effects of wolf predation on chamois
population dynamics, using a before—after frame-
work. The same before—after approach was used to
compare group size and elevation use by female
chamois between the two valleys before and after
wolf recolonization. Camera trapping was used to
assess the potential for spatial and/or temporal
avoidance of wolves (Orazi 2025; Orazi et al. sub-
mitted), and camera trap videos of foraging chamois
were used to assess the effects of wolf site use in-
tensity on chamois vigilance behaviour. Finally, we
investigated interactions between predator activity,
temperature and human presence in modulating
chamois spatio-temporal activity (Pallari et al. in
preparation).



Wolf predation and demographic effects on
chamois

Wolf food habits were investigated through the anal-
ysis of 335 scats. Wolf diet was quantified using
three metrics: absolute frequency of occurrence, rel-
ative frequency of occurrence, and volume, for each
prey species (Orazi et al. 2024, 2025). The chamois
accounted for more than 31% of wolf diet, thus rep-
resenting the main and selected prey. Other prey in-
cluded roe deer Capreolus capreolus (20%), wild
boar Sus scrofa (28%) and Alpine ibex Capra ibex
(< 10%). Demographic trends of chamois in re-
sponse to wolves were evaluated using Park war-
den count data across 21 years (2000-2020). No
significant changes in chamois demographics were
detected following wolf recolonization, indicating a
low potential for lethal effects on chamois demogra-
phy (Orazi et al. 2025).

Antipredator response: altitudinal shifts and
site-specific activity

Sightings of female chamois during annual
counts (> 3,500 records) were used to estimate
shifts in elevation use and group size following wolf
recolonization. Time series for temperature, precip-
itation and NDVI were inspected to evaluate envi-
ronmental drivers of elevational shifts (Orazi et al.
2025). In the valley with longer wolf presence (Site
A), female chamois displayed an average upward
elevational shift of approximately 137 m, and a con-
current reduction in group size following predator re-
colonization. A comparable shift was not observed
in the other valley. NDVI, temperature and precipi-
tation did not sufficiently explain the observed trend,
supporting the role of wolf recovery as a major de-
terminant of altitudinal shifts (Orazi et al. 2025).

Camera-trap data from a network of 74 cameras
(2x2 km sampling grids) showed that chamois re-
duced activity and temporal overlap with wolves in
areas with high wolf detection rates (HWR) com-
pared to areas with low wolf detection rates (LWR;
wolf detections divided by camera-trapping days).
Reduced activity was most prominent in autumn—
winter, whereas reduced temporal overlap was seen
in spring-summer in HWR compared to LWR areas,
both effects suggesting temporal avoidance (Orazi
et al. 2024; Orazi 2025; Orazi et al. submitted; Fig.
1). However, the effects of wolf on spatial variation
of chamois detection were not supported, and while
chamois vigilance increased with human detection
rates, vigilance did not increase with wolf detection
rates (Orazi 2025; Orazi et al. submitted).

Predator, human, and temperature effects on
chamois activity?

In 2023-2024, fine-scale temperature data (Ti-
nytag loggers) were used to complement camera-
trap data. While accounting for wolf, human and
livestock detection rates, GLMMs suggested that
higher daily temperatures were associated with
lower daily activity and increased nocturnality by

chamois. Chamois’ daily activity also decreased
with increasing wolf and livestock detection rates
(Pallari et al. in preparation).

® SF7 SQF ISC © 01- 07 2022 191
Figure 1: A wolf (top) and a chamois (bottom) detected in the
study area with camera traps.

A complex response

Overall, our results highlight the complex inter-
actions between predators, humans and climate in
shaping chamois responses. The effect of weather
patterns on the observed altitudinal shifts by female
chamois cannot be ruled out, through direct impacts
on chamois behaviour or, indirectly, via resource-
mediated effects. However, the lack of matching
temporal trends in temperature, precipitation and
NDVI with altitudinal shifts reduces support for cli-
mate-driven explanations (Orazi et al. 2025). Thus,
antipredator behaviour appears to be the main de-
terminant of elevation shifts, representing a strate-
gic spatial adjustment to reduce encounter probabil-
ity with predators. In addition, the reduced group
size observed could be a response of chamois to
scattered resources in rocky areas at higher eleva-
tions (Chirichella et al. 2015). The chamois also ad-
justed activity patterns by decoupling peak activity
periods from those of wolves. This behavioural tac-
tic may be effective where spatial displacement is
constrained by topography, resource distribution
and the costs of relocation (Tambling et al. 2015).

Human activity may modify risk landscapes for
chamois (Hamr 1988; Pépin et al. 1996). The
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stronger association of chamois vigilance with hu-
man detection rates, than with wolf detections, sug-
gests that anthropic activities elevate perceived risk
for chamois. Temperature was a key driver of cham-
ois activity in the warm months. In warmer days, re-
duced activity and compensatory foraging at night
may represent an effective strategy to cope with
heat stress (Grignolio et al. 2018). However, this be-
havioural shift may imply higher costs through re-
duced food intake and/or increased encounter prob-
ability with nocturnal predators.

Conclusions

Our study has revealed complex responses of
the Alpine chamois to the wolf, emphasizing the role
of indirect vs. direct prey responses in complex eco-
systems. Moreover, summer temperature emerged
as a key determinant of daily activity, and human ac-
tivities played a major role in elevating chamois vig-
ilance. Our data confirms the behavioural plasticity
of this mountain ungulate and its ability to respond
to environmental pressures. However, these pres-
sures and their changes impose trade-offs between
resource acquisition and risk, potentially impacting
on chamois ecology (Corlatti et al. 2022). The scale
and magnitude of such changes are variable, which
makes it difficult to predict their consequences on
population dynamics. The role of long-term re-
search and monitoring is crucial to inform future
conservation and management strategies.
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SPOTLIGHTS

Caprinae and Conservation in the News: 2025

This section highlights some publications and pro-
jects that featured in international news coverage in
2025.

Mountain sentinels in a changing world
Mountain goats Oreamnos americanus inhabit rap-
idly warming mountain environments across North
America and are highly exposed to climate change.
A recent review found few benefits but substantial
costs of climate change to the species. Costs in-
clude heat stress, lower late-summer forage quality,
mismatches in birthing and forage availability, habi-
tat loss, avalanche risk, disease, predation and
competition. The authors conclude that new moni-
toring and adaptive management approaches are
urgently needed.

Source: https://doi.org/10.1016/j.gecco.2024.e03364 [.
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Elevation dependent climate change in moun-
tain environments

Mountains are warming more rapidly than lowlands,
with high elevations heating about 50% faster than
the global mean. A recent global review of elevation-
dependent warming in ranges identified the Tibetan
Plateau and Mountainous Asia as the most sensitive
regions, with strongest warming near the snowline
(4,500-5,000 m). The Rocky Mountains show simi-
lar patterns but with high elevation drying. In con-
trast, the Alps exhibit complex trends, warming
twice the global average in the past, but experienc-
ing greater valley warming and increasing high-ele-
vation precipitation. These changes are expected to
strongly affect humans, and wildlife habitat.

Source: https://doi.org/10.1038/s43017-025-00740-4

Ethiopia’s iconic Walia ibex faces extinction
once again

Walia ibex Capra walie found in Ethiopia’s Simien
Mountains, are in steep decline, according to a July
Oryx study. Using survey data the study found the
ibex population declined from 865 individuals in
2015 to just 306 in 2024, meeting criteria for a Criti-
cally Endangered classification. Local people at-
tributed the decline to poaching, with evidence of
snaring and ibex carcasses confirmed by park rang-
ers. The researchers are currently preparing a spe-
cies action plan that aims to mobilize the local com-
munity to support Walia ibex conservation.

Source: https://doi.org/10.1017/S003060532500034 1

The elusive Mishmi takin faces new challenges
in its changing habitat

The Mishmi takin Budorcas taxicolor taxicolor, one
of four takin subspecies, is restricted to Arunachal
Pradesh and Sikkim. A 2024 survey mapped its dis-
tribution, finding that only ~11% of northern and
eastern Arunachal provides optimal habitat. Climate
change could eliminate up to 45% of this habitat by
2070. Additional threats include road development
and the Siang Valley Dam, which will also affect
other caprinae including the bharal Pseudois nayaur
and Himalayan goral Nemorhaedus caudatus.

Source: https://india.mongabay.com/2025/11/the-elusive-
mishmi-takin-faces-new-challenges-in-its-changing-habitat/

WWF-China and WWF-Mongolia launch new
snow leopard project, with knock on benefits for
caprinae

China and Mongolia contain most global snow leop-
ard habitat and over 80% of the snow leopard pop-
ulation. WWF recently launched the United for Snow
Leopards project. The initiative aims to strengthen
international conservation, support community-led
action and raise public awareness to improve popu-

lation security, habitat protection and human—wild-
life coexistence. A key focus is conserving prey and
alpine ecosystems, benefiting mountain ungulates
such as Siberian ibex Capra sibirica, bharal
Pseudois nayaur, argali Ovis ammon and markhor
Capra falconeri.

Source: https://asiapacific.panda.org/?394855/

The markhor is losing crucial grazing habitat to
livestock

A recent study in Kashmir, India, found that increas-
ing livestock numbers in alpine and sub-alpine hab-
itats restrict feeding and movement of the Near
Threatened markhor Capra falconeri cashmeri-
ensis. Livestock densities exceeded markhor by up
to 30:1, and markhor favoured areas with low to
moderate grazing pressure. High livestock numbers
limited altitudinal migration, reduced population
density and was linked to low yearling-to-female ra-
tios. Management actions include restricting live-
stock access to key habitats particularly during rut-
ting and birthing seasons, enforcing stricter protec-
tion and supporting herders through welfare
schemes.

Source: https://doi.org/10.1016/j.jnc.2025.126933

Wildlife Diversity in Global Team Sport Branding
Wildlife imagery is widely used in global team sports
branding. A study of 727 professional teams found
that 25% use animal names or mascots, many rep-
resenting species listed as Vulnerable, Endangered
or Near Threatened by the IUCN. Mascots are bi-
ased toward large predators, though some Capri-
nae—such as ibex, chamois and markhor—are
used in Europe and Asia. Although few teams cur-
rently support conservation, the study highlights
sports branding as a novel way to engage new au-
diences and support biodiversity conservation
through education, fundraising or licensing.

Source: https://doi.org/10.1093/biosci/biaf181

Wild Sheep on the Global Stage at IUCN World
Conservation Congress.

Peregrine L. Wolff DVM

Wildlife Disease Association
WSF-Professional Resources Advisory Board
Leesburg, FL 34788 USA

Exec.manager@uwildlifedisease.org

From October 9-14, 2025, nearly 10,000 repre-
sentatives from over 140 countries participated in-
person or online in the IUCN World Conservation
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Congress in Abu Dhabi, United Arab Emirates. Dur-
ing this weeklong event, in addition to the many
events and presentations attendees acted on 148
motions addressing global conservation priorities.

The Wild Sheep Foundation (WSF), represent-
ing bighorn sheep Ovis Canadensis and thinhorn
sheep Ovis dalli, joined Conservation Visions / Wild
Harvest Initiative, JAMMA International, Conserva-
tion and Communities and Oppenheimer Genera-
tions Research and Conservation, to provide five
days of presentations at the of Human-Centered
Conservation Pavillion in the Congress Exhibition
Hall. This theme places the rights, knowledge,
needs, and leadership of people, and specifically in-
digenous peoples and local communities, at the
core of conservation practice. It seeks to achieve
both ecological integrity and human well-being
through inclusive, locally grounded, and equitable
governance systems.

Each day’s offering focused on one of the follow-
ing topics.

e Food Security and Climate Change Adaption

Health and Coexistence
Resource Rights
Wildlife Economies
Human Centered Landscapes

Over 27 sessions provided case studies, topical
deep dives and panel discussions with presenters
from several different countries.

The WSF delegation comprised a diverse group
of representatives from across countries and disci-
plines who provided 11 presentations on topics in-
cluding:

e Desert sheep restoration efforts in South
Texas, USA, and Sierra El Alamo, Sonora, MX.

e The Wild Sheep Economy: How Conservation
Permits & hunting fund wild sheep conserva-
tion.

e Best practices in developing and maintaining
water sources across arid landscapes

e One Health initiatives and Test-and-Remove
programs to restore herd health in wild sheep

¢ Integrating indigenous knowledge with science-
based wildlife management

e Establishing the Central Asia Wild Sheep Work-
ing Group (WHISPA_CA)

¢ Working Dogs for Conservation initiatives using
scent-detection dogs for Mycoplasma ovipneu-
moniae and to reduce contact between domes-
tic and wild sheep

e Collaborative disease management efforts by
the Montana WSF and Montana Wool Growers
Association, Montana, USA

e Broad scale landscape and habitat conserva-
tion programs highlighting the North American
Model of Wildlife Conservation

Represented by both the IUCN Sustainable Use
and Livelihoods and the Caprinae Specialist Group,
wild sheep conservation programs were presented
as an example that sustainable use and Human-
Centered Conservation are vital to the future of peo-
ple, communities and wildlife.

Back to the Brink? Health Update on Muskoxen
in the Canadian Arctic

Erica Suitor, Susan Kutz

Faculty of Veterinary Medicine, University of Calgary, Calgary,
Alberta, Canada

Email: erica.suitor@ucalgary.ca

Muskoxen Ovibos moschatus are taxonomically
unique but are most closely related to takins Budor-
cas taxicolor and gorals Naemorhedus goral within
the Caprinae subfamily (Sun et al. 2024). As one of
the few surviving relics of the Pleistocene mega-
fauna, muskoxen have endured repeated glacia-
tions followed by heavy hunting pressure to supply
the fur industry that nearly eradicated them from the
Arctic (Barr 1991). Strict hunting moratoriums intro-
duced in 1917 enabled their recovery from this his-
toric population low in Arctic Canada (Barr 1991).
Multiple translocations during the 20th century have
resulted in their establishment in Alaska, USA, Rus-
sia, Norway, and Sweden as well as west Green-
land and northern Quebec, Canada (Leng 2006;
Cuyler et al. 2020).

Over the past two decades, however, that recov-
ery has begun to unravel. Populations on Banks and
Victoria Islands in the Canadian Arctic (Figure 1),
the two largest in the world and once home to more
than 100,000 animals have declined by roughly 90%
since 2001 (Nagy et al. 2009; Davison and Williams
2022; Leclerc and Milton 2025). For Inuit communi-
ties that rely on muskoxen for food, cultural continu-
ity, and income, these changes represent an imme-
diate threat to food security and well-being (Rosol et
al. 2016; Kutz et al. 2017).

Muskoxen are adapted to extreme cold, but they
evolved for a predictable environment—not the rap-
idly transforming Arctic of today (Polyakov et al.
2024). Heat stress is becoming an increasingly im-
portant physiological challenge for this cold-adapted
ruminant, further reducing resilience at the very time
other stressors intensify (Polyakov et al. 2024).
While some mainland populations remain stable,
the long-term decline on Victoria Island and neigh-
bouring regions highlights severe ecosystem insta-
bility and the spatial heterogeneity of climate
change impacts across the Arctic.

As multiple stressors compound in an Arctic
warming faster than at any other point in human his-
tory (Polyakov et al. 2024), the question becomes

13



increasingly urgent: are muskoxen heading back to-
ward the brink?

Indigenous Knowledge and Community-Based
Monitoring for Muskox Conservation

Crucially, Indigenous knowledge has been cen-
tral to documenting stressors and health challenges
and understanding their impacts. Through commu-
nity-based wildlife health monitoring programs in
muskoxen, including swollen joints, lameness, hair
loss, shifts in body condition, and declining calf
numbers, have provided essential context for inter-
preting disease surveillance data and evaluating
ecosystem change (Tomaselli et al. 2018; Di Fran-
cesco et al. 2021). These programs demonstrate
the power of bringing Indigenous knowledge with
scientific approaches together to detect early warn-
ing signals and guide management actions, a prac-
tice increasingly recognized as essential for adap-
tive conservation in the Arctic.

Multiple Converging Stressors

Muskoxen today are confronting an unprece-
dented convergence of stressors, each capable of
reducing survival and collectively overwhelming
(Kutz et al. 2017; Cuyler et al. 2020). Across their
circumpolar range, muskoxen are being exposed to
rapid temperature anomalies and warming events
(Polyakov et al. 2024), which affect everything from
forage availability to pathogen dynamics (Kutz ef al.
2009; Kafle et al. 2020) and thermoregulatory de-
mands (Desforges et al. 2021).

Genomic Resilience and Population Constraints

Although muskoxen have always been shaped
by periods of environmental change, their evolution-
ary response has been slow and constrained. Ge-
nomic analyses show that muskoxen possess the
lowest genome-wide heterozygosity of any known
ungulate, a consequence of repeated bottlenecks
and postglacial isolation (Pe¢nerova et al. 2023).
Remarkably, they show no evidence of inbreeding
depression (PeCnerova et al. 2023), suggesting that
long-term gradual population contractions may have
allowed for purging of deleterious mutations. This
genetic signature reflects a species highly resilient
to long-term, gradual environmental pressures. Yet
the pace of modern climate change far exceeds any
conditions under which muskoxen historically
evolved (PeCnerova et al. 2023). Their adaptations,
fine-tuned for predictable cold, low pathogen diver-
sity, and stable forage, are increasingly mismatched
to a rapidly shifting ecosystem.

Parasitic Expansion into New Ranges

One of the clearest consequences of the warm-
ing climate is the expansion of parasites into previ-
ously inhospitable northern regions. Muskox lung-
worms, including Umingmakstrongylus pallikuuken-
sis and Varestrongylus eleguneniensis, have
moved northward as temperatures rise, with their
distributions shifting substantially within the
last decade (Kafle et al. 2020). Mechanistic models
show that parasites expand into new areas as tem-
peratures become suitable, but this expansion often
lags behind climate change (Kafle et al. 2020).

These emerging parasite pressures may alter
muskox health in ways that were historically rare or
absent. In caribou, high nematode abundance has
been associated with lower body condition and re-
duced female reproduction, suggesting that para-
sites impose both direct and indirect fithess costs
(Dickinson et al. 2024). The costs of gastrointestinal
parasites appear particularly significant during peri-
ods of nutritional stress, when animals must priori-
tize energetic reserves for reproduction over para-
site defence (Dickinson et al. 2024).

Rain-on-Snow Events and Winter Mortality

Extreme weather, particularly rain-on-snow
(ROS) events, has also become a defining feature
of the modern Arctic winter. When rain falls onto
snow and subsequently freezes, vegetation be-
comes sealed beneath thick ice layers that mus-
koxen cannot penetrate (Berger ef al. 2018). These
events have severe consequences: juveniles show
arrested skeletal growth, reproductive output de-
clines, and adult condition deteriorates for months
afterward, with inhibitory effects on growth lasting
up to three years post-partum (Berger et al. 2018).
ROS events were once rare in the Arctic; they are
now increasingly common and increasingly destruc-
tive (Warden et al. 2024).

Projections suggest that ROS frequency will in-
crease in many regions under climate warming
(Warden et al. 2024), with particular impacts on un-
gulate foraging success and winter survival. A de-
cline of an estimated 20,000 muskoxen on Banks
Island was primarily attributed to a single ROS event
in October 2003, causing forage unavailability
(Putkonen et al. 2009).

Emerging Infectious Diseases

Alongside climatic stressors, infectious diseases
have emerged as major contributors to muskox mor-
tality. Erysipelothrix rhusiopathiae (Er), a
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Figure 1: Population distributions and regional conservation status of muskoxen as of 2023. From the unpublished poster by Tomaselli
et al. Muskox health, status and trends—crossing the boundaries. Arctic Ungulate Conference, Anchorage, Alaska, May 2023. Photo:

Muskoxen near Ulukhaktok, NU (Fabien Mavrot).

bacterium previously unrecognized as a threat to
muskoxen, has caused widespread die-offs since
the early 2000s (Mavrot et al. 2020). Seropreva-
lence (exposure rates) rose sharply during the pe-
riod of documented declines (Mavrot et al. 2020),
and genomic studies reveal that a single “Arctic
clone” strain has caused muskox mortality on is-
lands separated by more than 1,000 km (Wooten et
al. 2025). Another pathogen threat is parapoxvirus,
also called “Orf’, which creates open sores around
the mouth that are thought to be an entry point for
Er (Tomaselli et al. 2022).

Brucellosis, caused by the bacterium Brucella
suis biovar 4, is also on the rise, with seropreva-
lence in muskoxen on Victoria Island increasing
substantially over recent decades (Tomaselli et al.
2019). Brucellosis is well known in Arctic caribou,
but the establishment in muskoxen is new. Brucella
infection can cause reproductive failure, lameness,
swollen joints and subsequent risk of predation (To-
maselli et al. 2019). All these pathogens, Er, orf, and
Brucella, are zoonotic, raising concern for Inuit har-
vesters who depend on muskoxen for food (Rosol
et al. 2016). The emergence of these pathogens in
muskox populations parallels broader patterns of
disease emergence in wildlife driven by climate
change, habitat alteration, and ecological disruption
(Kutz et al. 2017; Cuyler et al. 2020).

Trace Element Deficiencies

Compounding these health challenges are im-
balances in copper and selenium, trace minerals
that are essential for immune function, reproduction,

antioxidant defense, and overall physiological resil-
ience (Rombach et al. 2002; Flueck et al. 2012). Re-
cent giviut analyses show that muskoxen from de-
clining populations have significantly lower concen-
trations of copper, selenium, iron, manganese, and
cobalt compared to those from stable or increasing
populations (Dickinson et al. 2025). These patterns
suggest that limitations of these essential trace min-
erals may be a key, yet under-recognized, contribu-
tor to population declines.
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Figure 2: Conceptual diagram showing how elemental profile of
plants reflects current availability to muskoxen, giviut (hair) re-
flects recent months of exposure, and teeth record longer-term
patterns during tooth development.

15



The emerging mineral deficiencies raise im-
portant questions about how climate-driven
changes to Arctic environments are altering nutrient
pathways. Shifts in plant phenology, shrub expan-
sion, soil mineral cycling, and permafrost thaw are
all likely affecting the availability and composition of
trace elements in forage. Since herbivores rely en-
tirely on plants for these nutrients, even subtle land-
scape-level changes may cascade through food
webs and compromise muskox health.

Ongoing research integrates element profiles
from giviut (reflecting recent months), the teeth (ar-
chiving long-term patterns), and plants (capturing
current availability) to reconstruct the pathways by
which ecosystem change translates into population
decline (Figure 2).

Dental Pathology as an Indicator of Nutritional
Stress

Among the indicators of ecosystem stress are
the severe dental lesions we have been document-
ing in muskoxen from declining populations on Vic-
toria Island. Lesions observed include fractured in-
cisors, extensive wear, and malocclusion (Figure 3).
These lesions can compromise the animal’s ability
to forage effectively, reduce nutrient intake, and el-
evate susceptibility to secondary infections (Powers
and Mead 2019). Dental defects in wild ungulates
can correlate with nutritional stress, episodes of
food shortage and serve as permanent morphologi-
cal records of developmental disruption (Brown et
al. 2020). Because tooth development spans multi-
ple years and reflects stress during specific seasons
of life (Esan and Schepartz 2019), dental abnormal-
ities offer a unique lens into long-term ecological
change and can provide information on the timing
and severity of past environmental perturbations
(Losey et al. 2014).

e,
Incisor Fractures

Figure 3: Muskox incisor arch with multiple fractured incisors
and only one intact tooth remaining.

The presence of fractured and worn dentition in
muskoxen may indicate periods of heightened
stress during critical developmental windows or re-
cent environmental challenges, potentially linked to
both climate-driven changes in forage availability

and the physiological burdens imposed by parasites
and disease (Brown et al. 2020).

Uncertainty and Knowledge Gaps

Despite decades of study, major uncertainties
remain in understanding the drivers of muskox pop-
ulation dynamics. The relative contributions of cli-
mate stress, disease, parasites, nutrition, predation,
and trace element deficiencies vary across regions
and through time. Their cumulative and interacting
effects are difficult to disentangle. Global abun-
dance estimates often mask profound local varia-
tion, with some mainland populations remaining sta-
ble even as island populations collapse.

Adaptive Management and Future Prospects

Our integration of community-based monitoring,
Indigenous knowledge, and scientific research of-
fers one of the most promising avenues for under-
standing and addressing these challenges. To-
gether, these approaches reveal a consistent mes-
sage: the Arctic ecosystem itself is undergoing rapid
and fundamental change. Severe dental pathology,
mineral deficiencies, emerging diseases, and in-
creasing extreme climate events collectively indi-
cate that muskoxen are facing conditions beyond
their historical experience. These pressures occur
within genetic constraints that may further limit their
ability to adapt.

Without coordinated action to identify and miti-
gate the intersecting stressors driving declines, the
celebrated recovery of muskoxen risks being re-
versed. The fate of this Ice Age survivor remains
closely intertwined with the food security, cultural
traditions, and well-being of Arctic peoples. Protect-
ing muskoxen is not only a conservation priority; it
is a commitment to sustaining the ecological and
cultural fabric of the North.
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