
Biogeographia – The Journal of Integrative Biogeography 36 (2021): s007 

SPECIAL SECTION: Citizen Science in Biogeography 
https://doi.org/10.21426/B636054517 

 
 

Aliens in their native country: the case of the Alpine marmot 
Marmota marmota (Linnaeus, 1758) (Mammalia, Rodentia)  

in the Apennine ridge  
 
 

ANDREA VIVIANO1,2, EMILIANO MORI1,* 
1 Consiglio Nazionale delle Ricerche, Istituto di Ricerca sugli Ecosistemi Terrestri, CNR-IRET, Via 

Madonna del Piano 10, 50019 Sesto Fiorentino FI (Italy) 
2 Dipartimento di Scienze Agrarie, Alimentari e Agro-ambientali, Produzioni Agroalimentari e 

Gestione degli Agroecosistemi, Università degli Studi di Pisa, Via del Borghetto 80, 56124 Pisa (Italy) 

* corresponding author, email: emiliano.mori@cnr.it 
 

 
Keywords: Alpine marmot, distribution assessment, climatic change, mountain ecosystems, species 
introduction. 
 

 
SUMMARY 

The distribution of the Alpine marmot released in the Northern Apennines has been largely unstudied. 
In this note, we summarise the current distribution and the altitude range of the Alpine marmot in the 
Apennine ridge, 80 years after their first releases. We searched for marmot occurrence on the 
Apennines (i) on citizen-science platforms and (ii) through a webmail on Sciuridae distribution in Italy. 
We collected 80 marmot records validated by photos and by field investigations. We showed that 
Alpine marmots are present on over 70,000 ha in the Apennines, between Emilia Romagna and 
Tuscany. Most occurrences were recorded between 1600 and 1700 m a.s.l., in lines with other works on 
this species. Although the introduction of the Alpine marmot in the Apennines appears to have been 
successful, further molecular and ecological data are needed to assess origins and potential 
environmental impacts (e.g. on soil stability) of these established populations. This work may represent 
a description of the current status of this species, to be compared with future monitoring. In turn, 
updating the distribution of the Alpine marmot in the Apennines in the next years may be useful to 
assess potential distribution shift towards higher altitudes as a response to local climatic change. 
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INTRODUCTION 

Mountain ecosystems include sensitive 
environments subject to wide seasonal 
variations, which require particular adaptations 
by the species they host (Monge and Leon-
Velarde 1991; Inouye et al. 2000). Many 
mammalian species are shifting their altitudinal 
distribution towards higher elevations in most 
mountain environments (e.g., Badgley et al. 
2018; Ye et al., 2018; Lovari et al. 2020; 
Semenzato et al. 2021), providing them with 
enough food (Stanisci et al. 2015; Evangelista 
et al. 2016). Therefore, assessing and updating 
the distribution of mountain mammals is 
particularly important for taxa adapted to live in 
altitude prairies, i.e. above the tree line. Given 
that the tree line is located higher and higher in 
altitude year by year because of climatic change 
(Smith et al. 2009), thus reducing prairie cover, 
prairie-dependent species should be much more 
sensitive to climatic change and more at risk of 
local extinction than other species (e.g., 
Pizzolotto et al. 2014; Lovari et al. 2020). 

The Alpine marmot Marmota marmota 
(Linnaeus, 1758) is a large ground-dwelling 
squirrel (Rodentia, Sciuridae) currently present 
as a native species throughout the Alpine chain 
(M. m. marmota), Carpathians and Tatra 
mountains (subspecies M. m. latirostris 
Kratochvíl, 1961). These subspecies have only 
been defined through morphology, as no 
genetic analysis is available yet to confirm their 
reliability (Amori et al. 2011). Several isolated 
populations are the result of local introduction 
(i.e. those in the Pyrenees, Massif Central, Jura, 
Vosges and Apennines) and reintroduction (i.e. 
Eastern Alps) (Borgo 2003; López et al. 2010; 
Priori and Scaravelli 2011) events. This rodent 
is typical of alpine meadows and high-altitude 
prairies (Armitage 2000; Galluzzi et al. 2017), 
mostly placed on south-facing slopes at 1200-
2800 m a.s.l., although occasionally found at 
lower and higher altitudes (range, 600-3600 m: 
Ferri et al. 1992; Armitage 2000). Marmots 
spend most of night time and all winter months 
in deep burrow systems, dug in alluvial soil or 
rocky areas (Pigozzi 1984). The distribution of 

the marmot in the Pyrenees is well-known 
(Herrero et al. 1994; Barrio et al. 2013), as well 
as that in the Alps and in Central Europe 
(Mitchell-Jones et al. 1999), whereas no 
updated information is available on its current 
status and distribution along the Apennine 
ridge. About 80 individuals of Alpine marmot 
have been released by the Italian Forestry State 
Body (CFS) and by private citizens in 16 
Apennine localities between 1946 and 1987, 
and most of these releases were successful 
(Ferri et al. 1988; Sala et al. 1993, 1994; 
Tongiorgi et al. 1993). Anecdotal information 
reports that marmots were introduced to the 
Apennine ridge to provide the local population 
of golden eagle Aquila chrysaethos (Linnaeus, 
1758) with a profitable prey, although we were 
not able to find any other reliable information 
explaining these releases. In the early 1990s, 
introduced marmot populations occurred 
through seven provinces (Alessandria, Parma, 
Reggio Emilia, Modena, Bologna, Pistoia and 
Lucca). Over 1800 den entrances were counted 
in the province of Modena (although no 
information is available on how many of them 
were actually occupied), at 1350-1750 m a.s.l., 
with a single individual observed at about 500 
metres for at least two years (Ferri et al. 1992). 
Alpine marmots occurred in the Apennine ridge 
up to Pleistocene (Zimina and Gerasimov 
1973), but not in historical times. Therefore, 
their presence in Apennine regions does not 
represent a reintroduction, but an actual 
introduction, also because individuals of both 
known subspecies (the Alpine one and the 
Carpathian one) were released in this area (Ferri 
et al. 1992).  

No other study on the distribution of 
marmots in the Apennines has been published 
after Ferri et al. (1992). Keeping the knowledge 
on species distribution constantly updated is 
necessary for taxa inhabiting mountain peaks in 
the Apennines. Low mountain peaks (e.g. the 
Apennines) are reported to be particularly 
sensitive areas to climatic change (e.g. Smith et 
al. 2009; Lovari et al. 2020). Furthermore, 
being the Alpine marmot an introduced species 
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by humans in this area, its distribution is an 
essential start point for any management action. 
Therefore, in this note, we updated the 
distribution of the marmot in the Apennine 
ridge with georeferenced records. 

 
MATERIALS AND METHODS 

We collected georeferenced records of the 
Alpine marmot in the Apennine through citizen 
science projects (iNaturalist: https://www.ina-
turalist.org; Ornitho: https://www.ornitho.it) 
and through the “Save Red Squirrels” project, 
which involved the collection of Sciuridae 
photos through email (Mori and Menchetti 
2014). Photos were validated by the authors and 
field investigations were carried out in 16 areas, 
i.e. for records reported with no photo attached. 
We determined the extent of occurrence of the 
Alpine marmot in the Apennines in the period 
2010-2020, by using the Minimum Convex 
Polygon (MCP) encompassing all the records 
(Calenge 2006). The 95% kernel (Ker) method 
was also calculated, as a more accurate 
probabilistic estimate of space use (Worton 
1989). MCP and Ker estimates were obtained 
with the software R 3.3.1 (R Core Team 2013), 
packages ade4 (Dray and Dufour 2007), and 
adehabitat (Calenge 2006). We also determined 
the altitudinal range of records of this species. 

 
RESULTS 

We collected a total of 80 confirmed 
observations by citizens to describe the range of 
the Alpine marmot in our study area (Figure 1; 
Supplementary Material). The range of the 
Alpine marmot in the Northern Apennines 
covers a MCP area of over 70,000 ha in 2010-
2020 (47,359 ha for 95% Ker), encompassing 
three provinces in Tuscany (Massa Carrara, 
Lucca and Pistoia) and four in Emilia Romagna 
(Parma, Reggio Emilia, Modena and Bologna). 

No record from Piedmont (i.e. province of 
Alessandria) was recorded in our study period, 
suggesting that the populations originating from 
individuals released in this area in 1960-1961 
may have become extinct (Ferri et al. 1992). 
Records of Alpine marmot were collected 
between 1205 and 2123 m a.s.l., with a peak 
between 1600 and 1700 m a.s.l. (Figure 2). 
 

DISCUSSION 
Our work showed that, eighty years after their 
first release, populations of Alpine marmots 
translocated to the Apennine ridge have 
established reproductive groups on 70,000 
hectares covering all areas where they have 
been released apart from the South-Eastern 
Piedmont. The Alpine marmot is a territorial 
species living in family groups, showing a 
limited dispersal ability in such a low timescale 
(i.e. 80 years) (Walter 1990; Galluzzi et al. 
2017), which may explain why a remarkable 
range expansion after introduction to the 
Apennines seems to have not occurred. The 
limited range expansion we recorded may also 
be due to the scarce habitat suitability of the 
Apennines for the species (Galluzzi et al. 2017). 
However, records from Massa Carrara 
province, where no information on local release 
is available (Ferri et al. 1992), suggest that 
some movements from release sites may have 
occurred. We are aware that collecting data 
through citizen science may underestimate 
species distribution (Tiago et al. 2017). 
However, the marmot is a diurnal, large-sized 
species, thus widely reported by citizen 
scientists (Tytar et al. 2017; Milanesi et al. 
2020). Therefore, although we cannot rule out 
that a few further records may occur, we 
assumed that collected data were exhaustive to 
describe the distribution of the Alpine marmot 
in the Apennines. 
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Figure 1. Distribution of the Alpine marmot in the Northern Apennines. Colour intensity of the squares in the heat map is 
related to the number of marmot records in the same area.  

 
 

 
Figure 2. Altitudinal range of the Alpine marmot in the 
Apennine ridge in 2010-2021. 

 

The Apennines represent the 
southernmost limit of the distribution of the 
Alpine marmot, i.e. potentially an area where 
the species faces the strongest ecological 
pressure. Marmots have been reported as 
sensitive species to climatic change, showing 
decreasing litter size and hibernation periods 
with increasing environmental temperatures 
(Herrero et al. 1994; Tafani et al. 2013; 
Rézouki et al. 2016; Gossmann et al. 2019; 
Armitage 2013; Cordes et al. 2020; Yoccoz 
2020). If marmots reduce their hibernation 
period by some days, they may emerge from 
the den when environmental temperature could 
be suitable, but before food resources would be 
available (cf. Armitage 2013). Moreover, the 
reduction in snow cover limits the isolation of 
the den from cold environmental temperatures 
in winter, which may increase winter juvenile 
mortality by increased exposure to cold 
temperatures (Rézouki et al. 2016). 
Accordingly, Sala et al. (1997) recorded 
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population fluctuations in their long-term study 
on marmots in the Apennines. Given the habitat 
requirements by this species (i.e. open habitats: 
Galluzzi et al. 2017), a shift towards higher 
altitudes should be expected in the next 20 
years, following the expansion of scrubland and 
forest habitats, unsuitable for the Alpine 
marmot, at altitudes where marmots currently 
occur. Records above 1900 m a.s.l. in our study 
area have been recorded since 2016 but never 
before, suggesting that movements towards 
higher altitudes may already have started. 
Unpublished observations made by one of the 
reviewers of this manuscript on the northern 
slope of Mount Cimone (Emilia Romagna) 
showed that, in the mid-1990s, stable and 
reproductive marmot nuclei were found starting 
from 1700 m a.s.l., whereas currently the 
species seems to have settled only over 1850-
1900 m a.s.l. At high altitudes, substrate 
conditions are generally less suitable for 
burrowing as being mostly covered with screes. 
Conversely, at lower elevations (i.e., at 1700 m 
a.s.l.), over the last 25 years, a progressive 
contraction of the prairie-grassland coverage 
has been recorded, with the expansion of 
Vaccinium and other shrub species usually 
avoided by marmots. 

The Apennines represent a particularly 
suitable area to study the effect of climatic 
change on mammal species, as being relatively 
old mountains with few peak above 2000 m in 
comparison to the Alps (cf. Barrio et al. 2013). 
Therefore, in these mountains, the effects of 
climatic change should be more rapidly evident 
than in the Alps. Particularly, changes in 
precipitation regimes would result in summer 
droughts, which strongly affect marmot 
survival (Armitage 2000). Moreover, the 
expansion in altitude of the tree line would 
reduce the availability of altitude prairies more 
rapidly than in the Alps, thus threatening the 
survival of the local population of Alpine 
marmot. 

Although the marmot has been recorded 
in the Apennine ridge as a native species in the 
Late Pleistocene and Early Holocene, its 

presence in the Apennine ridge represents an 
actual introduction in an area where it was 
historically absent (Petronio et al. 2007). 
Information on the current abundance of Alpine 
marmots in the Apennines is not available and 
may require further research. Moreover, the 
role of the Alpine marmot as an ecosystem 
engineer should be evaluated in the Apennine 
ridge, including the environmental effect of 
burrow systems, as this information could 
provide pivotal insights for the management of 
this population and the conservation of 
mountain meadows.  

 
ACKNOWLEDGEMENTS 

We would like to thank Mattia Menchetti, who 
helped us for data collection, and Michela 
Corsini for technical help. We also would like 
to thank ATIt for the provision of information 
on marmot distribution in our study area. 
Andrea Cardini and another anonymous 
reviewer kindly took the time to improve our 
MS with useful comments. 

Author Contribution Statement: Both authors 
planned the study, collected occurrences and 
worked on coordinates to build the map.  
Research funding: Both authors were supported 
by Mur-FOE-Project Capitale Naturale-Task 
“Biodiversità”. 

Conflict of interest statement: The authors 
declare no conflicts of interest regarding this 
article. 
Compliance with ethical standards: All 
procedures performed in this study did not 
involve animal handling and were in 
accordance with the 1964 Helsinki declaration 
and its later amendments. 

 
REFERENCES 
Amori, G., Contoli, L., & Nappi, A. (2009) 

Mammalia II: Erinaceomorpha, Sorico-
morpha, Lagomorpha, Rodentia. Calderini, 
Bologna, Italy. 



 Biogeographia 36: s007 Viviano & Mori, 2021 6 

Armitage, K.B. (2000) The evolution, ecology, and 
systematics of marmots. Oecologia Montana, 
9, 1-18. Retrieved from http://om.vuvb.uni 
za.sk/index.php/OM/article/view/116 

Armitage, K.B. (2013) Climate change and the 
conservation of marmots. Natural Science, 5, 
36-43. DOI: 10.4236/ns.2013.55A005 

Badgley, C., Smiley, T. M., & Cable, R. (2018) 
Mountains, climate and mammals. John 
Wiley and Sons, Hoboken, New Jersey, USA. 

Barrio, I.C., Herrero, J., Bueno, C.G., López, B.C., 
Aldezabal, A., Campos‐Arceiz, A., & García‐
González, R. (2013) The successful 
introduction of the alpine marmot Marmota 
marmota in the Pyrenees, Iberian Peninsula, 
Western Europe. Mammal Review, 43, 142-
155. DOI: 10.1111/j.1365-2907.2012.00212.x 

Borgo, A. (2003) Habitat requirements of the 
Alpine marmot Marmota marmota in re-
introduction areas of the Eastern Italian Alps. 
Formulation and validation of habitat 
suitability models. Acta Theriologica, 48, 
557-569. DOI: 10.1007/BF03192501 

Calenge, C. (2006) The package adehabitat for the 
R software: a tool for the analysis of space 
and habitat use by animals. Ecological 
Modelling, 197, 516-519. DOI: 10.1016/j.ec 
olmodel.2006.03.017 

Cordes, L.S., Blumstein, D.T., Armitage, K.B., 
Caradonna, P.J., Childs, D.Z., Gerber, B.D., 
Martin, J.A., Oli, M.K., & Ozgul, A. (2020) 
Contrasting effects of climate change on 
seasonal survival of a hibernating mammal. 
Proceedings of the National Academy of 
Science, 117, 18119-18126. DOI: 10.1073/pn 
as.1918584117 

Dray, S., & Dufour, A.B. (2007) The ade4 package: 
implementing the duality diagram for 
ecologists. Journal of Statistical Software, 22, 
1-20. DOI: 10.18637/jss.v022.i04 

Evangelista, A., Frate, L., Carranza, M.L., Attorre, 
F., Pelino, G., & Stanisci, A. (2016) Changes 
in composition, ecology and structure of 
high-mountain vegetation: a re-visitation 
study over 42 years. AoB Plants, 8, plw004. 
DOI: 10.1093/aobpla/plw004 

Ferri, M., Pigozzi, G., Sala, L., Sola, C., 
Spampanato, A., Tarantino, J., Tongiorgi, P., 

& Tosi, L. (1988) Primi risultati di una 
ricerca sulla popolazione di Marmota 
marmota nel crinale appenninico tosco-
emiliano. Atti I Convegno Nazionale di 
Biologia della Selvaggina, 1, 339-349. 

Ferri, M., Sala, L., Sola, C., Spampanato, A., 
Tongiorgi, P., & Tosi, L. (1992) La marmotta 
Marmota marmota, Linneo: indagini 
preliminari per uno studio della popolazione 
dell’Appennino settentrionale. In: AAVV 
(Eds) Relazione sullo stato dell’ambiente in 
provincia di Modena. Ente Provincia di 
Modena, Modena, Italy: pp. 81-85. 

Galluzzi, M., Armanini, M., Ferrari, G., Zibordi, F., 
Nocentini, S., & Mustoni, A. (2017) Habitat 
suitability models, for ecological study of the 
alpine marmot in the central Italian Alps. 
Ecological Informatics, 37, 10-17. DOI: 
10.1016/j.ecoinf.2016.11.010 

Gossmann, T. I., Shanmugasundram, A., Börno, S., 
Duvaux, L., Lemaire, C., Kuhl, H., Klages, 
S., Roberts, L.D., Schade, S., Gostner, J.M., 
Hildebrand, F., Vowinckel, J., Bichet, C., 
Mulleder, M., Calvani, E., Zelezniak, A., 
Griffin, J.L., Bork, P., Allaine, D., Cohas, A., 
Welch, J.J., Timmermann, B. & Ralser, M. 
(2019). Ice-age climate adaptations trap the 
alpine marmot in a state of low genetic 
diversity. Current Biology, 29, 1712-1720.  
DOI: 10.1016/j.cub.2019.04.020 

Herrero, J., García-González, R., & García-Serrano, 
A. (1994) Altitudinal distribution of Alpine 
marmot (Marmota marmota) in the Pyrenees, 
Spain/France. Arctic and Alpine Research, 
26, 328-331. DOI: 10.1080/00040851.19 
94.12003076 

Inouye, D.W., Barr, B., Armitage, K.B., & Inouye, 
B.D. (2000) Climate change is affecting 
altitudinal migrants and hibernating species. 
Proceedings of the National Academy of 
Science, 97, 1630-1633. DOI: 10.1073/pnas.9 
7.4.1630 

Kleiman, D.G. (1989) Reintroduction of captive 
mammals for conservation. BioScience, 39, 
152-161. 

López, B. C., Pino, J., & López, A. (2010) 
Explaining the successful introduction of the 
alpine marmot in the Pyrenees. Biological 



Viviano & Mori, 2021 Biogeographia 36: s007  7 

Invasions, 12, 3205-3217. DOI: 10.1007/s105 
30-010-9712-0 

Lovari, S., Franceschi, S., Chiatante, G., Fattorini, 
L., Fattorini, N., & Ferretti, F. (2020) 
Climatic changes and the fate of mountain 
herbivores. Climatic Change, 162, 2319-
2337. DOI: 10.1007/s10584-020-02801-7 

Milanesi, P., Mori, E., & Menchetti, M. (2020) 
Observer-oriented approach improves species 
distribution models from citizen science data. 
Ecology and Evolution, 10, 12104-12114. 
DOI: 10.1002/ece3.6832 

Mitchell-Jones, A.J., Amori, G., Bogdanowicz, W., 
Kryštufek, B., Reijnders, P.J.H., 
Spitzenberger, F., Stubbe, M., Thissen, 
J.B.M., Vohralík, V., & Zima, J. (1999) The 
Atlas of European Mammals. Academic 
Press, London, UK. 

Monge, C., & Leon-Velarde, F. (1991) 
Physiological adaptation to high altitude: 
oxygen transport in mammals and birds. 
Physiological Reviews, 71, 1135-1172. 

Mori, E., & Menchetti, M. (2014) “Sometimes they 
come back”: citizen science reveals the 
presence of the Italian red squirrel in 
Campania. Quaderni del Museo di Storia 
Naturale di Ferrara, 2, 91-94. 

Petronio, C., Di Canzio, E., & Salari, L. (2007) The 
Late Pleistocene and Holocene Mammals in 
Italy: new biochronological and paleo-
environmental data. Palaeontographica 
Abteilung a Stuttgart, 279, 147-157. DOI: 
10.1127/pala/279/2007/147 

Pigozzi, G. (1984) The den sistem of the Alpine 
marmot (Marmota marmota marmota) in the 
National Park of Stelvio, Northern Italy. 
Zeitschrift für Säugetierkunde, 49, 13-21. 

Pizzolotto, R., Gobbi, M., & Brandmayr, P. (2014) 
Changes in ground beetle assemblages above 
and below the treeline of the Dolomites after 
almost 30 years (1980/2009). Ecology and 
Evolution, 4, 1284-1294. DOI: 10.1002/ec 
e3.927 

Priori, P., & Scaravelli, D. (2011) Variabili 
paesaggistiche nella scelta territoriale della 
marmotta alpina, Marmota marmota, nel 
Parco Regionale della Lessinia (VR) 

(Rodentia, Sciuridae). Bollettino del Museo 
di Storia Naturale di Venezia, 61, 293-299. 

R Core Team. (2013) R: A language and 
environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical 
Computing. ISBN 3–900051–07-0. 
http://www.Rproject.org/ Accessed on 
26.05.2021. 

Rézouki, C., Tafani, M., Cohas, A., Loison, A., 
Gaillard, J.M., Allainé, D., & Bonenfant, C. 
(2016) Socially mediated effects of climate 
change decrease survival of hibernating 
Alpine marmots. Journal of Animal Ecology, 
85, 761-773. DOI: 10.1111/1365-2656.12507 

Sala, L., Sola, C., Spampanato, A., Tongiorgi, P., & 
Magnanini, M. (1993) Capture and 
identification techniques of marmot on Mount 
Cimone (Northern Apennines). Ibex, Journal 
of Mountain Ecology, 1, 14-16. 

Sala, L., Magnanini, M., Sola, C., Spampanato, A., 
& Tongiorgi, P. (1994) Use of territory in a 
population of Marmota marmota of the 
northern Apennines. Bollettino di Zoologia, 
Supplemento, 1, 66. 

Sala, L., Tongiorgi, P., Gianaroli, M., Sola, C., & 
Spampanato, A. (1997) Long-term 
monitoring of a population of marmots in the 
northern Apennines - preliminary data. In: 
Rumiantsev, V., Nikolskii, A.A. & Brandler, 
O.V. (Eds.) Proceedings of the 3rd 
International Conference on Marmots 
“Holarctic Marmots as a factor of 
Biodiversity”. Cheboksary, Russia, 25th-30th 
August 1997, 187-188. 

Semenzato, P., Cagnacci, F., Ossi, F., Eccel, E., 
Morellet, N., Hewison, A.J.M., Sturaro, E., & 
Ramanzin, M. (2021) Behavioural heat-stress 
compensation in a cold-adapted ungulate: 
forage-mediated responses to warming 
Alpine summers. Ecology Letters, 24, 1556-
1568. DOI: 10.1111/ele.13750 

Smith, W. K., Germino, M. J., Johnson, D. M., & 
Reinhardt, K. (2009) The altitude of alpine 
treeline: a bellwether of climate change 
effects. The Botanical Review, 75, 163-190. 
DOI: 10.1007/s12229-009-9030-3 

Stanisci, A., Pelino, G., & Blasi, C. (2005) Vascular 
plant diversity and climate change in the 



 Biogeographia 36: s007 Viviano & Mori, 2021 8 

alpine belt of the central Apennines (Italy). 
Biodiversity and Conservation, 14, 1301-
1318. DOI: 10.1007/s10531-004-9674-6 

Tafani, M., Cohas, A., Bonenfant, C., Gaillard, 
J.M., & Allainé, D. (2013) Decreasing litter 
size of marmots over time: a life history 
response to climate change? Ecology, 94, 
580-586. DOI: 10.1890/12-0833.1 

Tiago, P., Ceia-Hasse, A., Marques, T. A., Capinha, 
C., & Pereira, H. M. (2017) Spatial 
distribution of citizen science casuistic 
observations for different taxonomic groups. 
Scientific Reports, 7, 1-9. DOI: 10.1038/s41 
598-017-13130-8 

Tongiorgi, P., Sala, L., Sola, C., Spampanato, A., 
Tosi, L., & Pigozzi, G. (1993) Ethological 
observations on Alpine marmots (Marmota 
marmota) in the Apennine Mountains. 
Ethology Ecology & Evolution, 5, 415-416. 

Tytar, V., Hammer, M., & Asykulov, T. (2019) 
Distribution modeling of the long-tailed 
marmot (Marmota caudata) for objectives of 
directing field surveys and ground validation 
of the snow leopard (Panthera uncia) habitat 
quality. Theriologia Ukrainica, 284, 140. 
DOI: 10.15407/pts2019.18.101 

Walter, A. (1990) The evolution of marmot 
sociality: I. Why disperse late? Behavioural 
Ecology and Sociobiology, 27, 229-237. 

Worton, B.J. (1989) Kernel methods for estimating 
the utilization distribution in home range 

studies. Ecology, 70, 164-168. DOI: 10.23 
07/1938423 

Ye, X., Yu, X., Yu, C., Tayibazhaer, A., Xu, F., 
Skidmore, A. K., & Wang, T. (2018) Impacts 
of future climate and land cover changes on 
threatened mammals in the semi-arid Chinese 
Altai Mountains. Science of the Total 
Environment, 612, 775-787. DOI: 10.101 
6/j.scitotenv.2017.08.191 

Yoccoz, N.G. (2020) Seasonal climate change and 
marmot demography. Proceedings of the 
National Academy of Science, 117, 18921-
18923. DOI: 10.1073/pnas.2012792117 

Zimina, R.P., & Gerasimov, I.P. (1973) The 
periglacial expansion of marmots (Marmota) 
in Middle Europe during Late Pleistocene. 
Journal of Mammalogy, 54, 327-340. 

 

 
Submitted: 26 August 2021 

First decision: 6 November 2021 
Accepted: 12 November 2021 

Guest editor for the special section 
Citizen Science in Biogeography: 

Stefano Martellos 
 

 


