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Abstract

Savi's pine vole (Microtus savii) is a rodent species of the Cricetidae family, inhabiting southern European agroecosystems. It is
considered to be the main cause of rodent-attributed damage in Italy. To achieve an effective management, detailed knowledge
of this species is needed. However, the available information about this species is fragmentary and incomplete. In this paper,
the existing knowledge of Savi’s pine vole taxonomy, reproduction, population dynamics, habitat and food preferences is
reviewed in order to organise available information and identify priority areas of future research. Some of the changes in farming
practices that have occurred in recent decades may have increased the impact of Savi’s pine vole populations in crop fields.
To manage this pest species effectively, an integrated strategy is recommended (involving habitat management, trapping and,
when appropriate, the use of rodenticides). The apparent lack of cyclical population outbreaks and the relatively small litter size
and long gestation and interpartum period of this species suggest that it could be more manageable than other vole species,
while its strict herbivorous diet, stable population size in open habitats and wide distribution seem to indicate it as an ideal
model species for risk assessment studies.
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1 INTRODUCTION

The aim of this review is to summarise the available knowledge

Fossorial and semi-fossorial species of rodents are important agri-
cultural pests, and voles are especially relevant pests in Asia,
Europe and North America.! In fact, in past centuries, voles gave
rise to famine in Hungary, the Soviet Union and France.?

In Italy, the most damage to agricultural activities is caused
by Microtus voles. Among the Arvicolinae, the genus Microtus is
the richest in terms of species (62); these species are widespread
throughout the holarctic region (Asia, North America and Europe),
the only exception being arid areas. Following the definition by
Contreras and McNab,? voles are considered to be fossorial species
that may spend a certain amount of time above ground. Their
different degrees of aptitude for underground life may allow a
rough distinction among fossorial voles (subgenus Terricola, e.g.
M. savii, M. multiplex, M. subterraneus) and above-ground-active
voles (subgenus Microtus, e.g. M. agrestis, M. arvalis). Voles have a
herbivorous diet based mainly on grass, roots and bark, although
some species may also consume seeds and invertebrates.* Owing
to their small size and intense activity levels, voles have a high
food intake rate. The common vole (Microtus arvalis) is the most
abundant wild mammal species in Europe,>° while in Italy it occurs
only in the north-east regions. In the other parts of the Italian
peninsula and in Sicily, the most widespread species is Savi’s pine
vole (Microtus savii). Savi's pine vole is a fossorial species that nests
in a network of tunnels; it is usually found in rural areas, edge
clearings of forests, uncultivated fields, meadows and orchards
and is held responsible for most of the rodent-attributed damage
to agricultural crops.” To date, knowledge about this species has
been scattered and often based on local studies, despite these
voles being considered one of the mostimportant agricultural pest
species of the Mediterranean region.

about Savi’s pine vole. We reviewed taxonomy, distribution, habi-
tat and feeding preferences, breeding biology and social organi-
sation, population dynamics and main predators. We screened the
main scientific databases, articles, conference proceedings, books
and chapters for publications about this species written in English,
French and Italian. We compared the information about Savi's
pine vole with that about other vole species, especially regarding
breeding biology, fossorial activity and population dynamics. Fur-
thermore, specific attention was paid to the management of Savi’s
pine vole in agriculture and control strategies.

This review provides a basis for direct further research on opti-
mising plant protection and risk assessment.

2 SAVI'S PINE VOLE

2.1 Taxonomy and morphology

The taxonomic status of Microtus savii is still debated. Several
subspecies have been described: M. s. savii in northern and cen-
tral Italy (De Sélys Longchamps, 1838), M. s. brachycercus (von
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Lehmann, 1961) in southern Italy and M. s. nebrodensis (Mina
Palumbo, 1868) in Sicily.2 ™12 Two other subspecies, M. s. tolfetanus
(Contoli, 2003) and M. s. niethammericus (Contoli, 2008), have
recently been described in a small area of central Italy (Tolfa
Hills, near Rome) and in Gargano (Apulia) respectively.10:12
Genetic studies recently addressed the phylogenetic relation-
ships between M. savii subspecies.’*~'> There is evidence of a
separation between Calabrian populations and the other Italian
populations,'>' but whether M. s. brachycercus should be ele-
vated to the rank of a species is not yet clear. According to Galleni
etal,'®" morphological, karyological and hybridisation studies
suggest that Savi's pine vole is a heterogeneous group at the first
stages of speciation, consisting of two different species:'® M. savii
in northern and central Italy, and M. brachycercus in the south-west.
In addition, chromosomal distances revealed differences also
between M. savii nebrodensis and the group M. savii savii-M.
brachycercus."? These data would be in agreement with the genetic
divergence of the clade brachycercus, which departed from M. s.
savii only in the Middle Pleistocene (0.3-0.5 million years ago).'>'>
Regarding Savi's pine vole morphology, some authors argued
that the pattern of teeth morphology among the populations of
north-central and southern Italy reflects the interaction between
morphological and environmental variability."® The variability of
tooth morphology indeed shows two geographical scales: at a
regional level, morphological variability seems to be related to
the pressure of climatic conditions, while at a more local scale it
may be linked to the fragmentation of areas where small pop-
ulations undergo ecological isolation, thus developing different
morphotypes.’ At an intraspecific level, north-central and south-
ern populations may be discriminated by the morphology of the
first lower molar. Interestingly, the same pattern is also known
at an interspecific level within the subgenus Microtus (Terricola)
between northern and southern species in western Europe.'

2.2 Distribution and habitat

Savi's pine vole is widespread in the Italian peninsula, and it is
also present in a small portion of southern France and Switzerland.
The southern part of the Canton Ticino is the northern limit of
its distribution range, and the presence of the species is reported
at altitudes between 250 and 700 m.2° In Italy, Savi's pine vole
has been found up to an altitude of 2800 m in Gran Paradiso
National Park, Valle d’Aosta." It is present in Sicily, but seems to
be missing from the slopes of Etna.® The north-eastern boundary
of the species’ distribution range is the Tagliamento river, between
Veneto and Friuli Venezia Giulia.

Savi's pine vole occurs in fallow fields, banks of ditches and
canals, ecotonal areas, cereals, forage crops and orchards.?2~2
Only occasionally is it found in forests.??

Canova® reported the presence of Savi’s pine vole in reed
beds, hedgerows and poplar plantations. In Sicily, the species is
found mainly in open hills and plains, steppes, meadows, pastures
and cereal crops.?® In Switzerland, in the southern Ticino, it lives
in meadows with deep and permeable soils, in vineyards and
orchards of the lowland areas.?’

Savi's pine vole also occurs in urban areas, but it avoids too
hard,2 dry and rocky soil, preferring deep, moist and well-drained
s0il.2>2627 However, it may also inhabit sandy soils, peat, clay and
soils subject to water logging.?? Savi's pine vole has a polypha-
sic daily activity rhythm, alternating short rest and activity periods
during both day and night. Home range size ranges from 300 m?
(females) to 450 m? (males).?® The burrow system consists of sev-
eral chambers, stores and primary and secondary entrance holes

connected by a network of corridors up to 40-50 cm deep.?® Exits
are close to the burrow entrance holes that allow voles to feed
above ground, mainly on grasses.?? Nests are often built by modi-
fying pre-existing mole burrows (Talpa spp.). Each burrow system
consists of several nests that are occupied either simultaneously or
successively by several individuals.?® Individuals who occupy the
same tunnels and the same nests do not seem to show a synchroni-
sation of daily activity rhythm.?° Up to 15 voles use the same nests
and share the same area in a colony of closely related individuals.

2.3 Reproductive behaviour and population dynamics

In the Mediterranean area, the Savi’s pine vole’s breeding season
extends from March to November,° but it is concentrated espe-
cially in spring and summer,?® sometimes with breaks during the
summer months, possibly owing to dryness.?

Data from laboratory studies show that females reach sexual
maturity at an average age of 50 days, and the first parturition is
on average at 73 + 12 days; the gestation period is 22-24 days,?
while the interpartum time is on average 30 days. This interval is
shorter in spring and winter and longer in summer and autumn,
and is not affected by age. The litter size of captive-bred females is
on average 2.5 + 1.1, and is similar to that of females captured in
the wild (2.49 + 0.7).2°

Furthermore, laboratory data show a reproductive potential of
females of 11.8 + 3.4 litters per year under optimal conditions. The
average life expectancy in captivity is less than 2 years (Table 1).2°

Wild populations consist of promiscuous groups usually formed
by 1-3 sexually active females, generally an adult male (in sum-
mer), some subadults and several juveniles, but composition may
vary.?® Two or more females can nurse their pups in communal
nests, taking parental care in turns. Studies carried out in a pop-
ulation of Viterbo in central Italy have shown that, if the mother
leaves the nest, it is immediately replaced by a male, possibly
the father, or another adult. This behaviour probably relates to the
pups’ inability to thermoregulate during the first hours of their life.
In the case of danger, females carry the newborns in their mouth
to safer places.>® Female co-nesting is, according to Salvioni,?® one
of the main factors causing the highest population densities.

Numerical fluctuations in Savi's pine vole populations are less
significant than in other Microtus species. Voles species living at
northern latitudes (e.g. field vole) usually show large seasonal
fluctuations in population size. In northern and central Europe,
the common vole is subject to periodic outbreaks, with cycles of
3-5 years.3' Savi's pine vole, instead, shows both multiannual and
seasonal peaks, but no extreme cyclical population outbreaks.

The availability of food is an important limiting factor. The sea-
sonal population pattern has been studied in Switzerland (Can-
ton Ticino), where the population density has minimum values at
the end of the summer (<50 individuals ha~') and a maximum in
spring (>100 individuals ha=").2

After the studies by Salvioni in the 1980s and early 1990s, little
research effort has been devoted to this rodent. Recently, a study
of population dynamics in Italy has been conducted by our group,
and results show population density peaks between August and
November.3? Contoli® reported density values ranging from 10
to 100 individuals ha~!, which may sometimes rise up to 1000
individuals ha='2

2.4 Main predators
The barn owl (Tyto alba) is considered to be the main predator of
Savi's pine vole in some cultivated areas of central Italy, and it has
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Table 1. Activity and reproductive behaviour of captive-bred vole colonies (modified from Caroli et al.?°)

Species Activity Mating system Litter size (range) Litter size (mean) Age at puberty?(days)
M. agrestis Above ground Polygamy 2-8 574 21 (F),7* 42 (M)76
M. arvalis Above ground Polygamy 1-9 529 13 (F), 21 (M)?°
M. californicus Above ground Polygamy 1-9 574 21 (F), 42 (M)77
M. duodecimcostatus Fossorial ? 1-4 2.529 60 (F)78

M. montanus Above ground Polygamy 3-9 674 28 (F)7°

M. multiplex Fossorial Monogamy 1-4 2.5%° ?

M. ochrogaster Above ground Monogamy 1-8 4574 35 (M),”* 40 (F)
M. oregoni Above ground ? 1-6 3.574 27 (F), 45 (M)2°
M. pennsylvanicus Above ground Polygamy 2-8 574 26 (F), 35 (M)7*
M. pinetorum Fossorial Monogamy 1-6 3.574 51 (M), 77 (F)74
M. savii Fossorial ? 1-4 2.5% 47 (M), 50 (F)?°
M. subterraneus Fossorial Polygamy 1-5 329 60 (F), 90 (M)2°
Myodes glareolus Above ground Polygamy 2-8 575 32 (F), 49 (M)74

2 M - male; F - female.

been hypothesised to be an important factor for biological control
of populations.3* The same conclusion was drawn by Contoli and
Sammuri,** who studied the diet of barn owls and tawny owls
(Strix aluco) in the Farma valley (Tuscany). Their study revealed that
both species prey upon the same small mammals (representing
more than 95% of their diet), although the barn owl was more
specialised in the predation of Savi's pine vole, preying on this
species at a significantly higher rate (12.5% versus 2.4% for tawny
owl). Other studies on barn owl diet showed percentages from 64.2
to 79.4% of rodents in pellets,33¢ with Savi’s pine vole remains
accounting for 3.9-39.8%.3%%

Otherimportant predators of Savi's pine voles are diurnal raptors,
such as kestrel (Falco tinnunculus) and common buzzard (Buteo
buteo),*®3° and mammals such as weasel (Mustela nivalis) and red
fox (Vulpes vulpes).?24%4! Predation by snakes is considered to be
rare for Savi's pine vole.3”4?

2.5 Impact of Savi’s pine vole in agroecosystems
Savi’s pine vole plays an important role in natural ecosystems.
Its burrowing activity can change the soil structure, bringing to
the surface the soil collected in depth and mixing up the layers.
This can affect the composition of the herbaceous plant commu-
nities near the burrows. Moreover, the material that these small
rodents carry in and out of their burrows for the construction of
nests and as food stocks makes them important agents of seed dis-
persal of arboreal and herbaceous plant species.?? However, voles
of the genus Microtus cause substantial damage to agricultural
activities.?? The strictly herbivorous diet of Savi’s pine vole leads to
extensive damage to arable crops, in particular in vegetable fields
and orchards.®®

Savi's pine vole feeds on annual and perennial herbaceous
plants, both wild and cultivated, preferring the Graminaceae,
Leguminosae, Chenopodiaceae and Compositae'2>* mostly
within a radius of about 10 cm from the burrow exit hole.?’ During
winter, when the grass cover is strongly reduced or covered by
snow, Savi’s pine voles exploit alternative food sources.?? In this
season, the species causes debarking of trunks and roots just
above and below ground level.** The reason for this behaviour is
probably the search for nutrients present in the phloem. This strip-
ping can remove an entire circular band of bark. Potentially, a sin-
gle adult vole is able to cause a lethal laceration of a tree in 24 h.#

The grass collected at the surface is dragged and eaten in
underground tunnels. Thus, during the outbreak periods, Savi's
pine vole may cause severe damage to the taproots of sugar
beets, and to cereals in their growth and maturation phase.?’
However, the most serious damage is caused to valuable horti-
cultural species such as artichokes (Cynara cardunculus), fennel
(Foeniculum vulgare), lettuce (Lactuca sativa), cabbage (Brassica
oleracea), radicchio (Cichorium intybus), parsley (Petroselinum
crispum), garlic (Allium sativum), onion (Allium cepa) and chard
(Beta vulgaris).?' Santini?! describes the typical way the artichoke
plants are attacked: the vole reaches the base of the plant with a
tunnel and then eats the soft and juicy inner tissues, rising inside
along the axis of the plant. Within 2 or 3 days, the plant wilts and
withers.

The most damaged trees are apple, citrus and, to a lesser
extent, olive.?? In Sicily, the problem of vole infestation in citrus
orchards has become more and more relevant, causing a signifi-
cant decrease in profits.*® Some damage in Sicilian vineyards was
recently reported.?® In an area of approximately 2 ha, 10-15% of
the grapevines were damaged. Probably the lack of herbaceous
cover, weeded out since 2006 to avoid drifts, shifted the food selec-
tion to the roots of grapevines.

In Monti Cimini (province of Viterbo), in the winter of 1986-1987,
in a plot of 4 ha, the species caused the death of 1500 four-year-old
apple trees in only 6 days.*® Infestation of Savi's pine vole also
affected northern Italy, with substantial damage on fruit farms.#” In
central Italy, damage caused a remarkable decrease in agricultural
production, especially in the province of Pisa. In these regions
the most serious damage was detected in horticultural crops,
especially in the artichoke. In the province of Latina, artichokes
and melons were severely damaged during outbreak years in
1967-1968 and 1970-1971.4

The most detrimental infestation of this species ever recorded in
Italian history occurred in some areas of the Abruzzo, Molise Apulia
and Basilicata regions. The crops damaged were artichokes, grass
and cereals.”®

Santini*® also mentions other areas affected by this phe-
nomenon, such as citrus orchards of Calabria, Basilicata (Gioia
Tauro, Rosarno, Lamezia Terme, the Plain of Sybaris and the lonian
coast) and south-eastern Sicily (between the provinces of Catania
and Ragusa). Latian apple orchards were damaged by this species
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(100 ha),*® helped by the permanent grass cover maintained
within plant rows according to new agricultural practices.

D'Errico etal.®® report damage to asparagus, artichoke, iris,
hyacinth and tulip cultivation in Campania that caused total yield
loss. Furthermore, the environmental changes produced by mod-
ern farming techniques (see below) played an important role in
this scenario, creating optimal conditions for feeding and repro-
duction and encouraging population growth.*

2.6 Impact of agriculture on Savi’s pine vole
Recent changes in the agricultural environment and farming prac-
tices have favoured fluctuations in rodent populations in crop
fields.#”-*° The permanent grass cover maintained within orchard
rows provides food throughout the year. In particular, it allows
voles to extend their reproductive activity beyond the usual sea-
sonal limit.* In a study conducted in apple orchards of the Cimini
hills (Viterbo), about 20% of adult females continued to breed even
in autumn and winter.* Herbaceous vegetation provides optimal
habitat for this species in forage crops, horticulture and orchards.??
In citrus and apple orchards,*>° the replacement of the tradi-
tional surface irrigation method (application of water by flooding
the entire field) with drip irrigation (sprinklers above canopy or
microsprinklers under canopy) leads to a growth of herbaceous
cover throughout the year that supports Savi's pine vole popula-
tion growth. In fact, given the burrowing habits of Savi's pine vole,
periodic flooding by surface irrigation is a limiting factor for popu-
lation growth.?>%0

Conversely, the mechanisation of agricultural practices in
orchards and arable fields that occurred in the second half of
the twentieth century has reduced vole damage, because deep
tillage prevents the establishment of stable populations. Eco-
tonal, marginal environments, not subjected to tillage and thus
providing shelter for voles, are nowadays greatly reduced.??

2.7 Savi’s pine vole management

Although Savi’s pine vole populations do not go through cycles
like other voles (e.g. common vole, field vole), the densities
reached and the damage they can cause to vegetable crops and
fruit trees may often require an appropriate control strategy. Many
studies have been carried out worldwide to identify the best meth-
ods to manage vole populations,’ such as tunnel fumigation,’
use of repellents in both agriculture and forestry,>2~%6 use of natu-
ral predators, parasites and pathogens,®” diversionary feeding®8>°
and barriers and fences.%' However, rodenticides®? and traps
are still the most used techniques.®'%3* Both anticoagulants and
acute rodenticides (e.g. aluminium phosphide) have been used
against voles in Europe. In general, control strategies adopted
against other European pest voles are also suitable for implemen-
tation against Savi's pine voles, despite the latter being more fos-
sorial. However, in Italy, Savi's pine vole management has been
carried out mainly via trapping and poisoning, but the latter
method was the most popular, and the most used compound was
chlorophacinone.?? The common practice was to deploy the bait
with the rodenticide inside the tunnel entrances, avoiding scatter-
ing it on the soil and thus reducing the risk for non-target species.*®
However, in 2007, EU registration of chlorophacinone for use in
plant protection ceased. In 2008, a new lItalian ministerial regu-
lation prohibited the use of any rodenticide bait outside special
containers, strongly limiting (if not actually prohibiting) vole con-
trol by rodenticides.

Traps may reduce the number of individuals during outbreaks
to supplement the use of toxic baits.*¢*® Capizzi and Santini?
reported that good control of a Savi's pine vole outbreak was
achieved by massive trapping only. Traps should be placed close
to the tunnel exits. Santini*® reported the removal of 90% of voles
in 3-4 days. Galliano et al.*’ integrated the use of traps with roden-
ticide baits on two fruit farms in the province of Cuneo. Firstly,
they used traps to identify the species responsible for the dam-
age and its distribution. Secondly, they applied chlorophacinone
at bait points in two separate treatments. This led to a 95% reduc-
tionin vole density. In addition, the reduction of potential habitat is
useful. Farmers should cut the grass frequently and mow between
the trees. Tillage is also important for the destruction of under-
ground tunnels.” Moreover, using barn owls and other biologi-
cal methods has been suggested as profitable, especially where
the use of rodenticide is forbidden or strongly limited legally.5>
As there is no single technique that is efficient, economical and
safe for non-target species, it is necessary to adopt both pre-
ventive (limiting the availability of food resources and burrowing
activity) and control strategies (i.e. trapping and/or application of
rodenticides).?246:48

3 DISCUSSION

The literature on Savi's pine vole provides an overview of the
knowledge about this species. The ongoing taxonomic debate
poses problems for assessing the species’ distribution. For the time
being, it is appropriate to refer to the ‘Savii group’. If some taxa
are to be elevated to species level, the economic importance of
each of them should be reassessed (e.g. see the damage by M.
s. nebrodensis to orchards in Sicily, as well as damage by M. s.
brachycercus in Calabria).??

Given Savi's pine vole’s widespread distribution in Italy and its
opportunistic habitat preferences®?® it can be stated that the
species can flexibly adapt to cultivated areas. It is not a species of
conservation concern, being listed as LC (least concern) in the IUCN
Italian Red List.5¢ There is no evidence for an increasing relevance
as pest, even though Savi’s pine vole is actually considered to be a
serious local pest in specific crops.

Although this species is no longer subject to control interven-
tions as in past decades, it could be relevant as a target species
for the analysis of ecological processes. In fact, stable populations
in open habitats (including those intensively cultivated) with a
strictly herbivorous diet seem to be an ideal target for this kind
of study, with the potential for almost immediate response to
experimental treatments.

Compared with other voles, fossorial species such as Savi's pine
vole are less prolific than species that are active above ground
(Table 2) such as the common vole. Litter size is comparable with
that of other fossorial voles such as Mediterranean pine vole,
Woodland vole and European pine vole. The small litter size and
the long mean gestation time and interpartum period suggest that
Savi's pine vole is less an r-strategist than other Microtus species
(i.e. M. arvalis).?® This might suggest that this species could be
more manageable than other species of voles characterised by
population outbreaks.

In reviewing the work published to date on this species, and
trying to provide useful information for a more effective man-
agement, a gap in the current knowledge of Savi's pine vole
emerged. This gap regards the behaviour of the species. Such
knowledge may be of importance for planning monitoring and
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Table 2. Mating systems of European fossorial voles

Species Activity Mating system
Microtus cabrerae Semi-fossorial Monogamy8°
Microtus duodecimcostatus Fossorial Monogamy?®'
Microtus lusitanicus Semi-fossorial Monogamy?®?
Microtus multiplex Fossorial Monogamy?®3
Microtus oeconomus ? Polygamy®*
Microtus subterraneus Fossorial Polygamy?8
Microtus tatricus ? Polygamy®

control programmes, as the most appropriate control programmes
imply integrated strategies rather than a single technique.®’

Adopting the behavioural approach is not easy, especially in
cases of fossorial organisms that cannot be observed directly in
the field. However, a wider knowledge of Savi’s pine vole behaviour
may prove essential in order to gain a better understanding of its
biology and perform effective control actions.

Savi's pine voles live in groups,?® but group composition may
vary between populations or depending on season. Knowing the
group composition would make it possible to estimate the num-
ber of animals present in an area, based on the number of tun-
nels and holes, using for example an active burrow index.%® This
could help to understand whether interventions are needed. Fur-
thermore, the Savi’s pine vole’s mating system is still unknown.
Comparison with other European fossorial species of the genus
Microtus does not help to make predictions because the major-
ity are monogamous, but there are exceptions (Table 2). Mating
systems influence effective population size (N,): in the case of a
promiscuous species, members of the more abundant sex might
have a greater opportunity to breed and this would lead to a
larger N, than at monogamy (used here as a basis for compari-
son). In the case of polygyny or polyandry, instead, N, declines
because fewer males (polygyny) or females (polyandry) contribute
genetically to the next generation.®® Given the species’ status as a
recognised pest, ascertaining its reproductive strategies would be
important and could help to make predictions about population
fluctuations.

Models show that the removal of certain age/sex classes from a
population may affect population growth rates.®® Thus, in those
species that exhibit infanticide, the removal of males results
in a reduction in population size, because immigrating males
kill the offspring of deceased or ousted males.® Infanticide
occurs in some microtine species,’® but there are no data for
Savi's pine vole. Acquiring this information may allow the con-
trol of whole populations, targeting only specific demographic
classes.”!

Overall, studies aimed specifically at understanding the
behavioural perspective would integrate the purely ecologi-
cal approach, which is usually adopted in the study of the pests,
and may be advantageous to understanding how the target
species reacts to habitat manipulations.”>”3
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