Published by Associazione Teriologica Italiana

Volume 31 (1): 80–82, 2019

Hystrix, the Italian Journal of Mammalogy

Available online at:
doi:10.4404/hystrix–00271-2019

http://www.italian-journal-of-mammalogy.it

Short Note

Quantification of sex-related diet composition by free-ranging mountain hares (Lepus timidus)
Maik Rehnus∗, Kurt Bollmann
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Zürcherstrasse 111, 8903 Birmensdorf, Switzerland

Keywords:
Alps
non-invasive genetic sampling
pellets
season
sexual niche segregation
Article history:
Received: 30 April 2020
Accepted: 19 May 2020
Acknowledgements
We thank the Swiss National Park for granting permission to conduct
this study, S. Brodbeck, F. Gugerli, and L. Schenker (WSL) for conducting the genetic analyses, and L. Marconi (Wildpuls) for analysing the
microhistological data. We also thank Erin Gleeson (SciencEdit.CH) for
assistance with language editing.

Abstract
Variability in habitat use influences animal distribution and can lead to different life-histories across
sexes and individuals. Such differences are frequently observed in species with sexual dimorphism,
but less known in monomorphic species. In this study, we investigated sex-related differences in the
diet of the mountain hare (Lepus timidus) — a monomorphic species — during the mating season
(spring) and the post-reproductive period (autumn). We investigated the diet composition by the
microhistological analysis of pellets of 18 individuals (8 males, 10 females) which were surveyed
from 2015 to 2017 by a non-invasive genetic population monitoring in the Swiss National Park. We
found significant differences in diet composition between seasons and sexes. Females consumed
a higher proportion of graminoids in the mating season, probably due to higher energetic needs at
that time of the year. Our study shows that further attention should be given to sex-specific diet
composition of monomorphic species.

Sexual segregation in the use of resources (incl. habitat and forage)
influences animal distribution and survival (Ruckstuhl and Neuhaus,
2004; Isaac, 2005) and can lead to different life-histories across sexes
(Ostfeld, 1990; Wauters and Dhondt, 1992; Hoffman et al., 2008). For
example, males and females often allocate resources differently during
the mating season and the reproductive season (Clutton-Brock, 1989;
Hoffman et al., 2008). Sexual segregation is frequently observed in species with sexual dimorphism, i.e., species in which males are clearly
larger than females, such as ungulates (Main, 1988; Ruckstuhl and
Neuhaus, 2004). However, it is less studied in monomorphic species
(Phillips et al., 2011).
Male and female mountain hares (Lepus timidus) have similar body
sizes with an average weight between 2.2 and 2.8 kg in the Alps
(Rehnus, 2013). Thus, the species is a suitable model for analyzing the
knowledge gap in sex-related diet composition. During the mating season, females have been shown to have higher glucocorticoid metabolite
levels than males, which can lead to higher energetic demands (Rehnus
and Palme, 2017). This difference disappears in the post-reproductive
period (Rehnus and Palme, 2017). The social hierarchy of hares, which
includes dominant and subdominant individuals, may also influence
diet composition (Hewson, 1990). We used data from a recently established non-invasive genetic monitoring study of free-ranging mountain
hares (Rehnus and Bollmann, 2016) to test whether sexual segregation
in diet can be found during the mating season but not during the postreproductive period. Because females have higher energy requirements
during the reproduction period (Kenagy et al., 1989), we expect to see
differences between sexes.
Our study area comprises 3.5 km2 and is situated along the Ofenpass in the Swiss National Park in southeastern Switzerland (46°390 N,
10°110 E). The Swiss National Park is designated by the International

Union for the Conservation of Nature (IUCN, 2016) as a Category Ia
nature reserve (strict nature reserve/wilderness area). It is closed to the
public during sampling in spring; during sampling in autumn, it is open
but hiking is limited to walking routes and grazing by domestic animal
is prohibited. The study area was selected to represent the ecological
range occupied by the mountain hare in the Swiss National Park and
encompasses seven main habitat types: meadows (29%; with diverse
grasses and sedges), timber stands (24%), scree slopes (16%), storeyed
stands (12%; mixed Larix decidua, Pinus cembra, P. sylvestris, P. mugo
spp., Picea abies), sapling stands (6%; dominated by P. mugo spp.),
pole timber (5%), and mature stands (5%). Residual habitats cover
3% of the area. The climate in the Swiss National Park is continental,
with mean January and July temperatures of −9 ◦C and 11 ◦C, respectively (Haller et al., 2013). The monthly mean precipitation measured
at 1970 m a.s.l. is 34 mm in January and 108 mm in July (Haller et al.,
2013). The area is accessible under different snow conditions with a
minimal risk of avalanches. The genetic monitoring of the population
allows us to distinguish samples between mountain hare and European
hare (Lepus europaeus) which has been shown to rarely occur in high
altitudes in the Alps (Bisi et al., 2015).
We collected fresh pellets during three mating seasons (end of March
until first half of April) and three post-reproductive periods (October)

Table 1 – Number of samples (unique individual) found during sampling in three mating seasons (end of March until first half of April) and three post-reproductive periods
(October) from 2015 to 2017 in the Swiss National Park.
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Male
Female

2016

Mating
season

Postreprod.
period

5(4)
3(3)

0(0)
2(2)

2017

Mating
season

Postreprod.
period

Mating
season

Postreprod.
period

3(3)
3(3)

1(1)
7(5)

2(1)
4(3)

1(1)
5(3)
14th June 2020

Variability in the diet of mountain hares
Table 2 – Diet composition by mountain hares in the mating season (end of March until first half of April) and in the post-reproductive period (October) from 2015 to 2017 in the Swiss
National Park.

Season

Sex
Mating
season

Postreproductive
period
Interseasonal
differences
*

all
Male
Female
p-value
all
Male
Female
p-value
p-value

Graminoids

Forbs

Dwarf-Shrubs

Coniferous trees

Mosses

[Mean ± SD]

[Mean ± SD]

[Mean ± SD]

[Mean ± SD]

[Mean ± SD]

8.6 ± 7.8
5.1 ± 7.1
11.5 ± 7.4
0.048
68.6 ± 19.7
70.4 ± 6.8
68.2 ± 21.8
0.826

0.3 ± 0.5
0.2 ± 0.4
0.5 ± 0.5
0.180
3.2 ± 2.7
3.0 ± 4.2
3.3 ± 2.6
0.778

7.5 ± 6.9
6.9 ± 2.6
8.1 ± 9.4
0.876
4.7 ± 4.7
4.3 ± 3.8
4.8 ± 5.1
0.976

75.6 ± 16.3
80.5 ± 9.1
71.3 ± 20.3
0.254
17.4 ± 18.9
15.8 ± 19.1
17.8 ± 20.0
0.914

0.0 ± 0.1
0.0 ± 0.1
0.0 ± 0.1
0.942*
0.2 ± 0.3
0.8 ± 0.2
0.0 ± 0.0
<0.001*

<0.001

<0.001

0.227

<0.001

0.107*

low sample sizes.

from 2015 to 2017 (Tab. 1). Samples were collected both systematically and opportunistically, as described in detail by Rehnus and Bollmann (2016). DNA samples were amplified in three independent replicates and genotypes were estimated according to Rehnus and Bollmann (2016) and Schenker et al. (2020).
Dietary composition was assessed by analyzing two pellets per
sample with microhistological methods following a standardized procedure (Suter et al., 2004) established for mountain hares (Rehnus et al.,
2013). Briefly, fragments were classified in broad taxonomical groups
according to key epidermal characteristics and frequency of occurrence
(Chapuis, 1990). The fragments were then aggregated to the five main
botanical categories of the study area: graminoids (e.g. Nardus stricta,
Festuca sp., Poa sp., Agrostis sp., Luzula sp., Carex sp.), forbs, dwarf
shrubs (e.g. Erica carnea, Vaccinium myrtillus, Rhododendron ferrugineum), coniferous trees (e.g. Picea abies, Pinus sp.), and moos species (Rehnus et al., 2013). When identification was impossible, epidermal fragments were classified as unidentified.
To estimate sex-related differences in diet composition, we used
the identified epidermis fragments and compared the proportion of
each botanical group per sample for each unique individual per season (N=28) across sexes. Priory, we tested the influence of sampling
year, habitat type at pellet location and season on diet composition by
linear models with botanical group as the response variable. Based
on the seasonal differences in diet, we tested the differences between
sexes for each botanical group for the mating season (N=17) and the
post-reproductive period (N=11) using linear models, with botanical
group as the response variable and sex as the predictor variable. All
statistical tests were conducted using R 3.1.2 (R Development Core
Team, 2018). We used Shapiro-Wilk normality test to examine the distribution of data. If variables were not normally distributed, they were
transformed to meet the criteria of normal distribution.
Of the 5600 fragments in 28 samples (200 per sample), 5200 fragments could be allocated to a specific botanical group (92.8% of the
total), while 400 fragments (7.2%) could not be identified.
We found no influence of habitat type (sites in forests: N=21, in
meadows: N=5, in scree: N=2) or year of sampling on diet composition. However, we found seasonal differences for the ratio of coniferous trees (F(1,23) =68.41, r2 =0.72, p<0.001) which had higher ratios during the mating season than during the post-reproductive period
(Tab. 2). Graminoids (F(1,23) =98.92, r2 =0.78, p<0.001) and forbs
(F(1,23) =22.94, r2 =0.46, p<0.001) were more frequently recorded in the
post-reproductive period than during the mating season (Tab. 2). The
observed differences in diet between the mating and post-reproductive
seasons are in line with findings from other studies, which indicate that
mountain hares are generalist herbivores capable of adapting their diets to the seasonal availability (Johannessen and Samset, 1994; Tangney et al., 1995; Loidl, 1997; Hiltunen, 2003; Rao et al., 2003). For
example, nearly three-quarters of the mountain hare diet is comprised
of coniferous trees during the mating season at a time when most other
food resources are covered by snow (Rehnus et al., 2013). In contrast,

diets are largely dominated by more nutrient-rich graminoids during
the post-reproductive period (Loidl, 1997; Rehnus et al., 2013), when
the study area is free of snow. This seasonal diet composition of the
mountain hares can be explained by its intermediate feeding strategy
which varies from grazing to browsing on a seasonal basis (Hulbert et
al., 2001) and relates to the seasonal change in food availability in the
study area which is mainly influenced by snow (Rehnus et al., 2013).
Within seasons, we found that females forage more graminoids
than males during the mating season (F(1,15) =4.66, r2 =0.19, p=0.048;
Tab. 2). However, this results seems to be biased by the small sample
size with two males only. The higher proportion of graminoids for females is likely related to the higher energetic costs of reproduction,
namely the activation of catabolic processes associated with the hypothalamic ± pituitary ± adrenal axis activation, ovulation, and pregnancy (Saltzman et al., 1998; Cavigelli et al., 2003; Gittleman and
Thompson, 2015; Rehnus and Palme, 2017). Protein content and digestibility of graminoids is highest in the early phase of growth (Albon and Langvatn, 1992; Duru, 1997; Bumb et al., 2016). This sexual
difference in nutrient requirements in the late gestation and early reproduction period is in line with observation in other herbivores, e.g.
ungulates (Main, 1988; Ruckstuhl and Neuhaus, 2004) and influences
diet composition (Bowyer, 2004).
Our results indicate that diet composition of mountain hares varies
between sexes, despite the lack of a significant sexual dimorphism.
However, it should be recognized that also other factors such as the
study area or the quantity of forage might affect diet composition.

References
Albon S.D., Langvatn R., 1992. Plant phenology and the benefits of migration in a temperate ungulate. Oikos 65(3): 502–513.
Bisi F., Wauters L.A., Preatoni D.G., Martinoli A., 2015. Interspecific competition mediated by climate change: which interaction between brown and mountain hare in the
Alps? Mamm. Biol. 80(5): 424–430.
Bowyer R.T., 2004. Sexual segregation in ruminants: Definitions, hypotheses, and implications for conservation and management. J. Mammal. 85(6): 1039–1052.
Bumb I., Garnier E., Bastianelli D., Richarte J., Bonnal L.,Kazakou E., 2016. Influence
of management regime and harvest date on the forage quality of rangelands plants: the
importance of dry matter content. AoB PLANTS 8: plw045.
Cavigelli S.A., Dubovick T., Levash W., Jolly A., Pitts A., 2003. Female dominance status
and fecal corticoids in a cooperative breeder with low reproductive skew: ring-tailed
lemurs (Lemur catta). Horm. Behav. 43(1): 166–179.
Chapuis J.-L., 1990. Comparison of the diets of two sympatric lagomorphs, Lepus europaeus (Pallas) and Oryctolagus cuniculus (L.) in an agroecosystem of the Ile-de-France.
Z. Säugetierkunde 55: 176–185.
Clutton-Brock T.H., 1989. Review Lecture: Mammalian mating systems. Proc. R. Soc.
Lond. B 236(1285): 339–372.
Duru M., 1997. Leaf and stem in vitro digestibility for grasses and dicotyledons of meadow
plant communities in spring. J. Sci. Food Agric. 74(2): 175–185.
Gittleman J.L.,Thompson S.D., 2015. Energy allocation in mammalian reproduction. Integr. Comp. Biol. 28(3): 863–875.
Haller H., Eisenhut A., Haller R., 2013. Atlas des Schweizerischen Nationalparks. Die ersten 100 Jahre. Haupt, Bern. [in German]
Hewson R., 1990. Behaviour, population changes and dispersal of mountain hares (Lepus
timidus) in Scottland. J. Zool. Lond. 220(2): 287–309.
Hiltunen M., 2003. Feeding intensity of mountain hares (Lepus timidus) during winter in
Finland. Mamm. Biol. 68(1): 48–52.

81

Hystrix, It. J. Mamm. (2019)

31(1): 80–82

Hoffman C.L., Ruiz-Lambides A.V., Davila E., Maldonado E., Gerald M.S., Maestripieri
D., 2008. Sex differences in survival costs of reproduction in a promiscuous primate.
Behav. Ecol. Sociobiol. 62(11): 1711.
Hulbert I.A.R., Iason G.R., Mayes R.W., 2001. The flexibility of an intermediate feeder:
dietary selection by mountain hares measured using faecal n-alkanes. Oecologia 129(2):
197–205.
Isaac J.L., 2005. Potential causes and life-history consequences of sexual size dimorphism
in mammals. Mammal Rev. 35(1): 101–115.
IUCN, 2016. Protected Areas Category Ia. IUCN, Gland.
Johannessen V., Samset E., 1994. Summer diet of the mountain hare (Lepus timidus L.) in
a low-alpine area in southern Norway. Can. J. Zool. 72(4): 652–657.
Kenagy G.J., Sharbaugh S.M., Nagy K.A., 1989. Annual cycle of energy and time expenditure in a golden-mantled ground squirrel population. Oecologia 78(2): 269–282.
Loidl B., 1997. Nahrungsökologie des Alpenschneehasen (Lepus timidus varronis Miller
1901) und Entwicklung einer molekularbiologischen Methode der Nahrungsanalyse von
Herbivoren. Faculty of Natural Sciences. Paris London University Salzburg. [in German]
Main M.B., 1998. Sexual segregation in ungulates: A reply. J. Mammal. 79(4): 1410–1415.
Ostfeld R.S., 1990. The ecology of territoriality in small mammals. Trends Ecol. Evol.
5(12): 411–415.
Phillips R.A., McGill R.A.R., Dawson D.A., Bearhop S., 2011. Sexual segregation in distribution, diet and trophic level of seabirds: insights from stable isotope analysis. Marine
Biology 158(10): 2199–2208.
R Development Core Team, 2018. R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna.
Rao S.J., Iason G.R., Hulbert I.A.R., Racey, P.A., 2003. The effect of establishing native
woodland on habitat selection and ranging of moorland mountain hares (Lepus timidus),
a flexible forager. J. Zool. Lond. 260: 1–9.

82

Rehnus M., 2013. Der Schneehase in den Alpen. Ein Überlebenskünstler mit ungewisser
Zukunft. Haupt Verlag, Bern Stuttgart Wien. [in German]
Rehnus M., Bollmann K., 2016. Non-invasive genetic population monitoring of mountain
hares (Lepus timidus) in the Alps: systematic or opportunistic sampling? Eur. J. Wildl.
Res. 62(6): 737–747.
Rehnus M., Marconi L., Hackländer K., Filli F., 2013. Seasonal changes in habitat use and
feeding strategy of the mountain hare (Lepus timidus) in the Central Alps. Hystrix 24(2):
161–165. doi:10.4404/hystrix-24.2-4703
Rehnus M., Palme R., 2017. How genetic data improve the interpretation of results of faecal
glucocorticoid metabolite measurements in a free-living population. PLoS ONE 12(8):
e0183718.
Ruckstuhl K., Neuhaus P., 2000. Sexual segregation in ungulates: a new approach. Behav.
137(3): 361.
Saltzman W., Schultz-Darken N.J., Wegner F.H., Wittwer D.J., Abbott D.H., 1998. Suppression of cortisol levels in subordinate female marmosets: Reproductive and social
contributions. Horm. Behav. 33(1): 58–74.
Schenker L., Bollmann K., Rehnus M., Brodbeck S., Gugerli F., 2020. Hare’s affairs: Lessons learnt from a noninvasive genetic monitoring for tracking mountain hare individuals. Ecol. Evol. early view.
Suter W., Suter U., Krusi B., Schutz M., 2004. Spatial variation of summer diet of red deer
Cervus elaphus in the eastern Swiss Alps. Wildl. Biol. 10(1): 43–50.
Tangney D., Fairley J., Odonnell G., 1995. Food of Irish hares Lepus timidus hibernicus in
western Connemara, Ireland. Acta Theriol. 40(4): 403–413.
Wauters L., Dhondt A.A., 1992. Spacing behaviour of red squirrels, Sciurus vulgaris: variation between habitats and the sexes. Anim. Behav. 43(2): 297–311.
Associate Editor: R. Chirichella

