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Preface

Following the tradition of biennial meetings, that was established with the 1* European Vertebrate Pest
Management Conference in 1997 in York, UK, the 8" European Vertebrate Pest Management
Conference aimed to provide a platform for scientists, management staff and legislators involved in
vertebrate pest issues.

The 2011 meeting was organized by the Vertebrate Research Group of Julius Kiihn Institute, Federal
Research Centre for Cultivated Plants and the Faculty of Agriculture and Horticulture of Humboldt
University. The organizers thankfully acknowledge the financial support provided by the Federal
Ministry of Food, Agriculture and Consumer Protection, the Federal Ministry of Health, the Federal
Environment Agency, the German Phytomedical Society, and the German Research Foundation.

Former meetings have been held in York, United Kingdom (1997), Braunschweig, Germany (1999),
SeKibbutz Ma'aleh Hachamisha, Israel (2001), Parma, Italy (2003), Budapest, Hungary (2005), Reading,
United Kingdom (2007) and Lyon, France (2009). In Berlin 2011, circa 150 delegates met for a week of
conferencing (about 130 talks and posters, 1 workshop), social interaction (conference tour) and
discussions about the latest research, developments, opportunities and achievements in vertebrate pest
management.

The organizers paid special attention to include presentations from countries beyond Europe and paid
particular attention to countris with developing and emerging economies. As a result, participants from
25 European countries and 13 countries from Africa, Asia, Australia, north-America and south-America
contributed talks and posters.

The presentations were held in 9 symposia on fertility control, invasives, birds, new tools incl. a
workshop, mammal population dynamics, rodenticide resistance, vertebrates in developing/ emerging
countries, wild boar, and zoonoses. The 130 conference contributions are summarized in this book of
abstracts. In addition, a special issue of the international scientific journal Pest Management Science will
be dedicated to the 8" European Vertebrate Pest Management Conference. Publication of the special
issue will be in early 2012 and contain full papers of about 20 invited, peer-reviewed articles.

All summaries in this book of abstracts are available online via www.jki.bund.de/en and can also be
accessed through the conference website www.evpmc.org.

The abstracts presented here demonstrate the diversity of regions, economic systems, and vertebrate
species that matter in the context of vertebrate pest management. It seems that vertebrate damage to
European agriculture, forestry, horticulture and infrastructure exceeds 1 billion € per year. This is likely
to increase because the value of many crops is growing as a result of rising global demand for food,
timber and bio-fuel. The monetary loss due to vertebrate borne disease in Europe is barely known.

There is a range of management methods available to minimize vertebrate damage in plant production,
health protection and conservation. The major challenges for the future are 1) the development of
management approaches that are environmentally benign, effective and economical and 2) to maintain
and expand the diversity of methods in the management tool box to appropriately control problems
caused by overabundant vertebrates.

The next European Vertebrate Pest Management Conference will be held in Finland organized by Otso
Huitu and Heikki Henttonen of the Finnish Forest Research Institute. We are looking forward to the
meeting in 2013 in northern Europe.

We sincerely thank all colleagues that were involved in organizing the 8" European Vertebrate Pest
Management Conference. We are indebted to organizers of the symposia, the plenary speakers and all
other presenters. Thank you for making the conference such a productive and enjoyable meeting.

Miinster, September 2011

Jens Jacob and Alexandra Esther
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Introduction

Invasive species are those that have been introduced to regions beyond their native range, established in
the wild, and spread substantially from their point of introduction (Blackburn et al., 2009; Lockwood et
al., 2007). They can diminish biodiversity, introduce diseases, and cause further ecological problems and
economic costs (Kettunen et al. 2009). Although a few early publications about invasive species date
back to the 19" century (Darwin, 1859; reviewed in Cadotte, 2006), publications have only become
numerous since the late 20" century (Richardson and Pysek, 2008). Many hypotheses about invasive
species have been proposed, but only recently has it become possible to test them adequately, as
sufficient studies and data were not available before. A prominent example for a project that collected
data on invaders in Europe is DAISIE (2009). With sufficient studies and data now available, invasion
biology has entered a new stage where existing hypotheses can be rigorously tested, and those that fail
these tests may be modified or replaced. Another challenge that invasion biology is currently facing is
the need to build bridges with related disciplines (Davis, 2009). To illustrate these challenges and their
implications for invasive species management (Clout and Williams, 2009), I outline to what degree we
can currently answer the following questions, which have guided research on invasive species for
decades (Drake et al., 1989): (1) How many species become invasive in a given region? (2) Which
species become invasive? (3) Which regions are especially susceptible to invasive species? 1 will focus
on invasive vertebrates in Europe, but for comparison, I will also mention other taxonomic groups and
continents.

Keywords: biotic resistance hypothesis, exotic species, fast life histories, invasion biology, non-native
species, propagule pressure, tens rule

How many species become invasive in a given region?

If policy makers are faced with the question whether or not to invest in border controls against accidental
species introductions, they need to know what fraction of introduced species will become invasive. This
fraction can then be used to parameterize cost-benefit models. A hypothesis that predicts this fraction is
the tens rule, which says that of 100 introduced species, about 10 will establish themselves and 1 will
become invasive (Williamson, 1996; Williamson and Brown, 1986). Recent studies, however, suggest
that this hypothesis lacks empirical support, especially for vertebrates (Jeschke, 2008; Jeschke and
Strayer, 2005).

Which species become invasive?

If a company plans to introduce a vertebrate species, e.g. for food production, it would be helpful to have
a probability estimate that this species will become invasive. Having this goal in mind, invasion
biologists are looking for the characteristics of invasive species that discriminate them from other
species. There are many hypotheses about the characteristics of invasive species. A classical hypothesis
says that species with a fast life history are more often invasive than species with a slow life history, i.e.
invasive species tend to reproduce early, have a high fecundity, and a short lifespan (Lodge, 1993).
Among mammals and birds, species with larger brains are supposedly more successful in invading new
environments, due to their supposedly higher behavioural flexibility (Sol and Lefebvre, 2000; Sol et al.,
2008). Besides these rather species-specific traits, there are also traits that characterize the association of
species with humans and that also potentially influence invasiveness. Such traits were largely ignored in
early studies on biological invasions but are now in the focus of many researchers. One such trait is
propagule pressure, a composite trait that reflects how often individuals of a given species are introduced
to a given region, and how many individuals are introduced each time (Blackburn et al., 2009; Lockwood
et al., 2005). Recent studies about invasive vertebrates suggest that propagule pressure and other traits
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characterizing their association with humans are stronger determinants of invasiveness than life-history
traits, brain size, and other species-specific traits (e.g. Jeschke and Strayer, 2006).

Which regions are especially susceptible to invasive species?

Comparing different regions, e.g. different European countries, it is apparent that some regions host more
invasive species than others. The classic idea to explain these differences is the biotic resistance
hypothesis which says that regions with relatively low biodiversity and high human impact are more
susceptible to invasions than regions with relatively high biodiversity and low human impact (Elton,
1958). However, recent studies of invasive vertebrates do not support this hypothesis (Chiron et al.,
2009; Jeschke and Genovesi, 2011; Leprieur et al., 2008).

Conclusions

Many hypotheses about invasive vertebrates and other invaders lack empirical support. They are thus
potentially misleading when designing management strategies against invaders. It is time to revise these
hypotheses.
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A natural food chain found throughout European forests includes three trophic levels: forest plants,
ungulates, and large carnivores. However, the natural structuring of that system has been affected by
humans for so long and in so many ways that nowadays the prevailing notion of the ungulates’ role in
forests is that of damage agents to tree regeneration. One of the very few places that could help us
understand the original role of ungulates in forest regeneration and dynamics is Bialowieza primeval
forest (Poland), which preserves the last remnants of European temperate forests with five species of
ungulates (red deer Cervus elaphus, roe deer Capreolus capreolus, moose Alces alces, European bison
Bison bonasus and wild boar Sus scrofa) and two species of large predators (wolf Canis lupus and
Eurasian lynx Lynx lynx). Historical and contemporary human impact on Bialowieza primeval forest
have been diverse but much smaller compared to other European woodlands.

The impact of ungulates (mainly red deer, the species dominating in the community) on regeneration and
dynamics of natural forests of Bialowieza primeval forest was investigated at three time scales: 10-year
experimental study, 70 years of observational study, and 150-200-year data on forest, ungulate, and
carnivore inventories. The experimental study demonstrated that ungulates strongly affected the density
and species diversity of tree regeneration in height class >50 cm. Data on 70 years of natural dynamics in
tree recruitment showed that total recruitment of all tree species was negatively correlated with ungulate
density. Yet, the variation in response among tree species was related to the preferences of herbivores:
the most preferred forage species, hornbeam Carpinus betulus, showed high recruitment in periods of
abundant deer, due to its browsing-tolerance. In the longest perspective (150-200 years), ungulate impact
on forest dynamics was analyzed together with other factors such as climate change, human-caused
changes in wolf and lynx densities (major agents of ungulate mortality) and forest fire history. At that
longest time-scale, the primary force driving the observed changes in dynamics and species composition
of Bialowieza primeval forest was the abrupt decline in forest fires in the early 19" century. It triggered
the change from Pinus-dominated forests (18" century), to Picea-dominated stands (1850-1950), to
deciduous (Carpinus, Tilia) forests (after 1950). Ungulates appeared a secondary — but still important —
agent modifying the densities and species composition of tree regeneration and recruitment. All data
evidenced a highly dynamic and variable time structure of natural forests, in contrast to the rather static
view which prevails in both the silviculture and the conservation approach.
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Management of exotic or native invasive mammals at a landscape scale is complex and time-consuming.
Current conventional techniques require repeated application and may or may not be species specific,
and some methods (shooting, poisoning) are becoming increasingly unacceptable to the general public,
particularly in urban and peri-urban environments. Fertility control was proposed as another potential
tool for vertebrate pest management more than 3 decades ago. Since then the approach has gained public
acceptance because it is perceived as a more species specific and humane approach. However, so far, no
fertility control products have been developed which can be easily delivered to wildlife populations on a
broad-scale. Ideally, a fertility control agent needs to induce permanent sterility leading to reduced
recruitment in the pest population. It also must be easily delivered to reach an appropriate proportion of
the target population, be species specific with minimal side-effects (behavioural or social structure
changes), and be environmentally benign and cost effective.

Reproductive targets for fertility control include disrupting either the hormonal feedback associated with
the hypothalamic-pituitary-gonadal axis, the function of the gonads, fertilisation, and/or implantation.
Later stages of pregnancy and lactation could also be targeted but these raise animal welfare concerns.

The use of steroidal (e.g. synthetic progesterone) and non-steroidal hormone implants (e.g. agonists
against gonadotrophin releasing hormone, GnRH) to disrupt hormonal regulatory feedback has been
quite successful. However, their delivery is problematic and expensive at the population level because
each individual must be captured for treatment.

Another approach has been the development of immunocontraceptive vaccines in which the body’s
immune response targets a self hormone (e.g. GnRH) or other reproductive antigen (such as follicle or
egg coat proteins, sperm proteins, implantation or other uterine or oviduct proteins). While GnRH and
porcine egg coat (zona pellucida) injectable immunocontraceptive vaccines have been shown to be very
effective, their delivery also requires individual capture and, in some cases, booster immunisations.
Remote delivery using darts has been successful for some vaccines, but cost and time are limiting
application at the population level.

Using viruses to deliver immunocontraceptive vaccines was extensively researched for rabbits, foxes and
mice in Australia, but this work ceased for technical reasons. In New Zealand, recombinant vaccinia
virus is being assessed for delivery of disease vaccines and immunocontraceptive vaccines for possums.

Many plant extracts have been screened for their effects on gonadal function, implantation and/or the
subsequent progress of a pregnancy. Some effects (abortions, suppression of lactation) raise welfare
concerns. However, the main problem is the rapid reversibility of their effects after treatment ceases, and
poor palatability at the required doses.

Chemosterilants have always been of interest, with one chemical, 4-vinylcyclohexene diepoxide (VCD)
currently being tested for its sterlising effects in rodents. VCD causes depletion of ovarian primordial
follicle populations, but it is not species specific and requires delivery over a prolonged period (>10
days). Although formulation for oral delivery is likely to be feasible, the challenge remains to
specifically target the chosen pest species at a population level. The inclusion of a plant extract in food
baits which also contain a chemosterilant could enhance the effects of both agents and lead more rapidly
to infertility. Ovarian-specific phage peptides may also have potential here.

Oral delivery of any of the above agents, particularly of immunocontraceptive vaccines, remains a major
challenge — protecting the reproductive antigens from degradation in the gut, stimulating uptake via
mucosal immune sites and generating sufficient antibody responses to inhibit reproductive processes is
extremely difficult.
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Will fertility control work in all species? Certainly the potential of fertility control as a management tool
is considered high for species with high fecundity, high natural adult mortality rates and rapid turnover
and where the effects of sterilisation may exceed an increase in juvenile or adult survival due to a
lowering of birth rates.

It could also be used to prevent or reduce population growth after other techniques have been applied to
reduce numbers, particularly in long-lived species. If only fertility control was applied in long-lived
species, then until natural mortality reduced population size, the infertile animals would continue to
cause as much impact as fertile animals. This would not be of value to the land manager in the short
term.

In conclusion fertility control has potential and obviously appeals to the public as a humane approach.
However, considerably more needs to be done to develop fertility control approaches which can be
delivered efficiently and cost effectively at a population level.
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Abstract

Many tropical oceanic islands host unique taxa that have evolved in isolation from non-indigenous
influences. Some of these endemic taxa are now threatened by man-induced changes that include the
introduction of predators, competitors, vegetation and seed dispersers. While considerable progress has
been made to eradicate alien mammals from islands, methodologies for the eradication of alien birds lag
behind. This paper will discuss findings of recent and on-going attempts to develop eradication
techniques for common mynas Acridotheres tristis, invasive birds that have been widely introduced on
tropical oceanic islands and are suspected of negative impacts on endemic and indigenous fauna and
flora.

During the course of these studies, features of common myna behavior and demography on small islands
have been discovered that can influence preferred control methodologies; these discoveries also highlight
the lack of available basic knowledge of alien invasive bird biology at the inception of most eradication
attempts. On Denis Island, Seychelles, mensural and age/sex data have been collected from all caught
mynas, revealing new demographic information about the population on this small island, and supporting
inferences made from indirect information elsewhere. Experiences with different control methods will be
described, highlighting their benefits and disadvantages and how these may vary between island types,
and possible risks to endemic taxa from their use.

These studies have revealed fundamental requirements for the eradication of populations involving
hundreds of mynas and will contribute to the further development of appropriate methodologies, but how
widely applicable they will be for other invasive bird species remains to be determined.

Keywords: Acridotheres tristis, common myna, eradication, invasive birds, tropical oceanic islands

Introduction

Common mynas have been introduced, deliberately or accidentally, to may oceanic islands in the tropics.
In addition to damaging crops, they are alleged, with some evidence, to have negative impacts on some
endemic bird species and to be involved in the dispersal of plants, especially alien invasives. Techniques
are needed to eradicate common mynas where they are demonstrably compromising biodiversity.

Materials and methods

Traps and toxicants have been investigated as potential eradication methods on some islands in the
Indian and Atlantic Oceans, and inferences have been made from behavioral and morphological data
obtained from living and dead mynas on the efficacy of different control techniques and on the
demography of small island populations.

Results

Trapping, using a variety of techniques, appears to be the most efficient technique for achieving a
sustained depletion of numbers, can be selective and provides large samples of birds for subsequent
analysis. The avian toxicant ‘Starlicide’ is toxic to common mynas but it promotes bait aversion after
repeated exposure and has even been seen to promote aversion to the site where most birds on one island
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exhibited symptoms of illness before dying. The toxicity of Starlicide to non-target taxa, especially
herpetofauna, is unknown.

Various measures of population age structure suggested that myna productivity on small tropical islands
is low but we still do not know whether reduction in numbers relieves constraints on productivity. On
Denis Island, Seychelles, > 90 % of the myna population has now been removed by trapping and the
impact of this removal on the productivity of endemic birds will be assessed.

Discussion

These projects have revealed fundamental requirements for the eradication of populations involving
hundreds of mynas: adequate highly motivated staff devoted to eradication, unqualified open-ended
support of island owners, and the acquisition of demographic and behavioral data to improve eradication
prospects of these projects and future attempts eclsewhere. These studies will contribute to the
development of island myna eradication methodologies but how widely applicable they will be for other
invasive bird species remains to be determined.
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Abstract

Anticoagulant compounds are likely to play an important role in the control of commensal rodents for
crop protection and conservation for the foreseeable future. However there are concerns regarding their
persistence and the development of more widespread resistance. We are seeking to retrieve and retain
older alternatives and develop novel rodenticides. Our three pronged approach is firstly to improve the
performance of older non-anticoagulant rodenticides such as zinc phosphide, secondly to optimise the
performance of 1% generation anticoagulants and thirdly to identify alternatives to anticoagulant
rodenticides with the same mode of action as paraminopropiophenone (PAPP), which was registered in
New Zealand as a predacide in April 2011.

Keywords: anticoagulants, paraminopropiophenone, synergists, zinc phosphide
Introduction

The most prolific period of rodenticide development occurred between the 1940s and the 1980s. First
generation anticoagulant rodenticides and zinc phosphide were developed in the 1940s, 50s and 60s, with
cholecalciferol, bromethalin and second generation anticoagulant rodenticides developed in the 1970’s
and 80’s, partly to overcome resistance to the less potent anticoagulants (Buckle and Smith, 1994).
During this period it was recognised that it was important to have two classes of rodenticides, both
anticoagulants and alternatives to anticoagulants. In recent times the need for toxicants for field use that
are effective but less persistent than second-generation anticoagulants, and therefore likely to be less
hazardous to non-target bird species and other non-target species has been highlighted. Ironically
registration requirements in Europe and around the world have reduced the number of options available
for rodent management. We believe it is important to retain and refine the use of rodent control tools for
conservation, disease control and agricultural protection and develop new alternatives to anticoagulants.
Ideally alternatives to existing anticoagulants would combine limited persistence and humaneness,
however this is a significant challenge. A microencapsulated form of zinc phosphide has been developed
and a low dose of cholecalciferol combined with diphacinone or coumatetralyl is being re-evaluated
(Eason et al., 2010a) to provide three low residue alternatives. In April 2011 para aminopropiophenone
(PAPP), a methaemoglobinaemia inducer was registered for the control of predators in New Zealand.
PAPP is humane in its mode of action and does not bioaccummulate. It has an antidote and is highly
toxic to species like stoats (Eason et al., 2010b) but unfortunately not toxic to rodents. Approximately 50
compounds with the same mode of action including analogues of PAPP have recently been screened to
assess their potency as rodenticides.

Methods

Groups of caged rats have been presented with a microencapsulated form of zinc phosphide containing
1.5% in a palatable paste bait. Coumatetralyl (0.03%) combined with cholecalciferol (0.015%) and
diphacinone (0.05%) also combined with cholecalciferol (0.015% and 0.03%) have been tested on caged
rats in the same bait matrix. Analogues of PAPP have been screened for their potency as rodenticides. /n
vitro work was carried out using a methaemoglobin assay involving hepatic microsomes and rat
erythrocytes. The toxicity of the most promising candidates from the in-vitro screening has recently been
assessed in vivo in laboratory rats by oral gavage.
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Results

A microencapsulated form of zinc phosphide containing 1.5% has been shown to be 100% effective in
caged rats. A combination of coumatetralyl (0.03%) and cholecalciferol (0.015%) has also been
confirmed as having high potency in rats and similar to that achieved by diphacinone (0.05%) and
cholecalciferol (0.15%). Diphacinone (0.05%) was partially effective as a single dose rodenticide when
combined with cholecalciferol (0.015%) and more effective when combined with a higher dose of
cholecalciferol (0.03%). PAPP and sodium nitrite have been developed as vertebrate pesticides in New
Zealand and Australia (Eason et al., 2010b). In laboratory rats neither compound is sufficiently potent to
be an effective rodenticide. Approximately 50 compounds with the same mode of action including
analogues of PAPP have been screened for their potency as rodenticides. This screening has identified a
compound with an LD50 of approximately 40-50mg/kg. Further derivatives of this more potent analogue
are being synthesized and screened.

Conclusion

It has been suggested that product innovation needs to be stimulated to encourage alternatives to the
current suite of rodenticides, as a number of these are associated with secondary poisoning or
bioaccumulation or they are viewed as inhumane (Mason and Littin, 2003). We have advanced an
improved formulation of zinc phosphide and are confirming the synergistic effects of cholecalciferol
when co-administered with first generation anticoagulants. These developments may provide partial
solutions and help provide products that break the cycle of rodenticide resistance. However to produce
completely new rodenticides a new level of innovation is needed. Our current approach is to attempt to
build on the platform created by PAPP. We are part way through a programme of research, development
and registration activity and further in vitro and in-vivo testing is scheduled over the next 3 years on
novel candidates as well as field trials. Any new tools that emerge would most likely need to be
integrated with anticoagulant rodenticides which are likely to play an important role in the control of
rodents for the foreseeable future.
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Several human diseases originate from wildlife, and some of them are of major public health importance.
Wildlife may act as a reservoir of human pathogens as shown in the last decades with the emergence of
Nipah or SARS diseases in Asia involving bats as reservoirs or the re-emergence of West Nile fever
(WNF) or Crimean-Congo Hemorrhagic fever (CCHF) in Europe. Human diseases originating from
wildlife can be divided in two groups: diseases contracted by humans by direct or indirect (excreta)
contact with wild animals and diseases transmitted to humans by an arthropod vector as mosquito, tick or
biting midge previously infected from wildlife (arthropod-borne diseases). Transmission of pathogens
from wildlife to domestic animals and then humans may also occur.

A coordinated approach for vector-borne disease surveillance, prevention and control in Europe was
initiated to identify potential threats for humans by the European Centre for Disease Prevention and
Control (ECDC), which is in charge of risk assessment of communicable diseases. ECDC provides
financial support to an European network of laboratories for emerging viral diseases (ENIVD) for an
early detection of human pathogens and a network of medical entomologists (VBORNET) which
provides information about the present distribution of arthropod vectors and surveillance activities
undertaken in Europe. In addition, ECDC initiated collaboration with the European Agency for Food
Safety regarding risks linked to wildlife.

Prevention and control of human diseases originating from wildlife require a multi-disciplinary approach
to understand the mechanisms of transmission of pathogens and determine predictive indicators of
potential (re)emergence of pathogens. Environmental and human behavior changes can increase the
human-wildlife interface and the risk of transmission of pathogens. Surveillance of absence or presence
or variations of incidence of pathogens in wild animals would be appropriate to better define the
potential risks of transmission to humans.

Currently several vector-borne diseases are under surveillance in Europe but most of these disease are
reported under passive surveillance and information provided by the Member States are published in
epidemiological reports. Other diseases are under more active surveillance such as WNF or CCHF with
an early reporting information system of human cases. Surveillance of wildlife involved in the
maintenance of these viruses in natura (birds for WNF virus, lagomorphs, rodents or birds for CCHF
virus) is difficult. Detection of presence of virus in arthropods (mosquitoes for WNF, ticks for CCHF)
can be performed but cost-effectiveness and sustainability are questionable. The use of sentinel birds for
WNF or domestic ungulates for CCHF can be an alternative to monitor active transmission in areas
where competent arthropod vectors are present. Hantaviruses which cause hemorrhagic fever with renal
syndrome in humans are transmitted by rodents Apodemus and Myodes sp. Monitoring of rodent
population dynamics and hantavirus excretion may provide useful information about any increasing risk
of transmission to humans but this is not used for an early warning system.

In Europe several studies of wildlife to detect the distribution of pathogens of human importance are
undertaken. Other projects e.g. the EDENext FP7 project - Biology and Control of vector-borne
infections in Europe will provide the understanding and modelling the mechanisms of introduction,
establishment, and spread of vectors and human vector-borne diseases, and the improvement of
intervention and control strategies for vector populations for the benefit of partners such as human and
veterinary public health agencies and other groups involved in risk assessment, control and prevention.
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Abstract

There are about 70 alien species of mammals in Russia. Some species had occupied wide ranges before
the 19th century, but most ones have penetrated into the new areas in the 20th century. Ancient invasions
(before the 19th century) are known for rodents of human settlements (Mus musculus, Rattus rattus,
Rattus norvegicus) and arable lands (Microtus levis, Microtus arvalis). In the European part of Russia
these rodents are now common animals that cause harm to humans. In some regions they are continuing
to expanding their ranges. The modern invasions are usually caused by human activities, and to a lesser
extent by climate change. About half of the modern invasions represents self-spreading, intentional
introductions constitute 23%, 16% are reintroductions, and 13% are accidental introductions. In the
second half of the 20th century intentionally introduced mammals: (Neovison vison, Ondatra zibethicus,
Nyctereutes procyonoides) occupied the largest areas. Among the self-spreading mammals, the greatest
enlargements in geographical range were by Sus scrofa, Martes foina, and Pipistrellus kuhlii. These
species have high reproductive potential and the ability to make long-distance movements. The
distributions of invading mammals in Russian territory in the second half of the 20th century are
illustrated in maps.

Keywords: alien species, ancient and modern invasions, mammal, Russia

Introduction

There are about 70 species of mammal that are invasive aliens in different regions of Russia. Some had
occupied extensive ranges before the 19th century (archeoinvaders), but most ones have penetrated into
the new areas in the 20th century (neoinvaders). The aim of our research is to identify the causes of
ancient and modern invasions of mammal species to help prevent further invasions.

Materials and methods

The main criterion used to classify species as alien is an extension of their area, that is, the appearance of
a species in places that it did not inhabit previously. Distribution maps, including original GIS Rodent
and Pika Populations of Russia (http://www.sevin.ru/vertebrates/; Tupikova et al., 1999; Khlyap et al.,
2000), and literature data were used. Additionally, information was received from 37 Russian biosphere
reserves that are located throughout the country and have a long history of protecting biodiversity and
monitoring different environment components. Some results of analysis of these materials have been
published (Bobrov et al., 2008; Khlyap et al., 2010; Khlyap and Warschavsky, 2010; Neronov et al.,
2008).

Results

Ancient invasions (before the 19th century) are known for rodents of human settlements (M. musculus,
R. rattus, R. norvegicus) and arable lands (M. levis, M. arvalis, and perhaps Apodemus agrarius). Stable
populations of house mice and black rats existed in modern Russia in ancient times (BC) in the ancient
states located in the northern Caucasus, at the mouth of the Don and the adjacent coasts of Azov Sea. In
late 18th century they occupied most of the European part of Russia and M. musculus had penetrated to
the south of Eastern Siberia. R. norvegicus penetrated the European part of Russia in the 17th century,
occupied most of it by the early 19th century and reached Western Siberia at the end 19th the century.
Agrophilic rodents reached the boundaries of their geographical range at the end of the 19th century. In
some regions synanthropic and agrophilic rodents are expanding their ranges even today. Range
expansions of all other alien mammal species (neoinvaders) have occurred since the mid 19th century.
The modern invasions are usually caused by a desire to transform the fauna (intentional introduction, 18
species); to restore endangered species (reintroduction, 15 species); human environment transformations
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and (rarely) climate changes (self-spreading, 42 species); casual delivery, domestic animals and
mammals that escaped from captive (accidental introduction, 9 species).

Discussion

A few species of mammals were invasive in ancient times, particularly synanthropic and agrophilic
rodents. Synanthropic rodents are accidental introduced mammals. They settled over all continents
accompanying people. Expansions of agrophilic rodents occurred with increasing areas occupied by
crops. The modern ranges of agrophilic rodents are limited by the placement of arable land (Neronov et
al., 2001). In the European part of Russia these rodents are now common animals which cause harm to
humans. The number of neoinvader species is an order of magnitude greater. Most are self-spreading
species. This means that the most important factor for modern invasions is an anthropogenic
transformation of the environment. In the second half of the 20th century the largest areas were invaded
by the intentionally introduced mammals: N. vison (Fig. 1), O. zibethicus, and N. procyonoides. Among
the self-spreading mammals, the greatest enlargements in geographical range have been by S. scrofa, M.
foina, P. kuhlii. These species have high reproductive potential and the ability to make long-distance

movements.
Fig. 1 Modern area of N. vison in Russia (by Khlyap et al., 2011)

Questions of limitations of mammal invasions are far from being solved. People can and should impose
bans on the intentional introduction of mammals and restrictions on reintroductions. But much more
effort is needed to curb self-spreading and accidental introductions of mammal species.
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Abstract

Successful eradications of harmful invasive species have been mostly confined to islands while control
programs in mainland areas remain small, uncoordinated and vulnerable to recolonisation. We took an
adaptive approach to achieve large scale eradication of invasive American mink in a mainland area in
North East Scotland. Capitalising on the convergent interests of a diverse range of local stakeholders, we
created a coordinated coalition of trained volunteers to detect and trap mink. Starting in montane
headwaters, we systematically moved down river catchments, deploying mink rafts, an effective
detection and trapping platform. Volunteers took increasing responsibility for raft monitoring and mink
trapping as the project progressed. Within 3 years, all breeding mink had been removed from 10,570 km?
with the involvement of 186 volunteers. Capture rate within sub-catchments increased with connectivity
to mink in other sub-catchments and with proximity to the coast where there is more productive habitat.
The main factor underpinning the success of this project was functional volunteer participation.

Keywords: adaptive management, Arvicola terrestris, Cairngorms, compensation, dispersal, genotyping,
Neovison vison, participation

Introduction

Eradication of invasive vertebrates has hitherto been restricted to islands, has nearly invariably been
performed by paid professionals and has rarely been achieved on a significant scale in mainland areas.
As a result, native biodiversity in mainland areas remains severely affected by nefarious invasive species.
To allow the recovery of threatened native species, innovative management strategies are required to
remove invasives from large areas durably. We describe the strategy adopted and achievements to date of
a project that has implement the largest mainland invasive species eradication effort worldwide and,
through an adaptive management approach, use the convergent interests of local communities to
maximum benefit to secure a pest-free area at such a scale as to considerably reduce recolonisation.

Methods

The strategy of the project consisted of coordinating and optimising the efforts of an existing, local and
skilled workforce with convergent interests to deliver coordinated, systematic sub-catchment by sub-
catchment eradication and monitoring of American mink, so as to achieve maximum conservation
benefit on a scale not previously attempted anywhere worldwide. A key component of the strategy was to
promote the systematic use of mink rafts, floating platforms with a footprint-recording plate made of
moist clay and sand under a wooden tunnel. Mink rafts record footprints and are designed to act both as a
monitoring device and as a trapping site for American mink. Raft monitoring also provides feedback on
the impact of trapping, which helps to motivate volunteers.

The strategy of the project was to expand mink control spatially and establish a ‘rolling carpet’,
deploying rafts and recruiting volunteers to operate them in each sub-catchment, moving downstream
from the headwaters of the 5 main river catchments that flow from the Cairngorms National Park but
retaining the network of rafts behind the expanding control front to ensure detection and removal of
immigrants. Our long-term management goal was to achieve sustainable catchment-wide removal of
mink, hence creating suitable conditions for the recovery of the focal native species on a large scale by
promoting ownership of biodiversity resources by local communities.

The project was initiated with only partial knowledge of upland mink populations. Specifically, we did
not know how large an increase in mink trapping effort beyond the baseline level was required to bring
about a sustained decline in the local mink population. We thus chose to use an adaptive management
approach, with information gained in the early stages used to optimise the project’s conservation benefit,

24 Julius-Kiithn-Archiv, 432, 2011



gth European Vertebrate Pest Management Conference

sustainability and cost effectiveness. It was thus essential to systematically collect data from all aspects
and participants of the projects to inform management. Volunteers were trained in the use of rafts.
Project staff monitored mink rafts where volunteers were unavailable. Volunteers were instructed to set
cage live-traps on rafts whenever mink footprints or sightings were recorded and/or contact a project
officer or named volunteer to carry out trapping and dispatch of mink. Those willing were trained to
dispatch mink humanely using air rifles or pistols of sufficient power. Culled mink were aged based on
X-ray and cross-sectioning of canines. They were genotyped at twelve microsatellite (Zalewski et al.,
2009) and parentage was reconstructed. From this, we inferred rich information on natal dispersal and
compensatory immigration.

Results

Within 3 years, the project removed 376 mink from 10,570 km® with the involvement of 186 volunteers.
By the 4™ year, the number of mink removed had exceed 600 and 4 river catchment were effectively
cleared of breeding mink (Bryce et al., 2011).The proportional contribution of volunteers to the project
increased steadily over time. By the end of 3 years, volunteers monitored 86% of all rafts and caught 51
% of mink. The overall probability that a volunteer remained actively involved in the project per 6 month
period was 86.8 % but this varied according to profession. Fisheries staff had the highest retention, game
keepers had the lowest and the retention rates of wildlife conservation professionals, local residents and
land managers varied over time with evidence of gradual improvement.

Mink capture rate within a focal sub-catchment was affected by the intensity of mink control and erosion
of mink numbers in the rest of the catchment. Connectivity, reflecting the distance to and the number of
mink remaining in surrounding sub-catchments, was the dominant effect predicting within sub-catchment
mink capture rate, with proximity to the coast where there is more productive habitat also contributing.
Genotyping and parentage assignment of culled mink revealed exceptionally long natal dispersal
(mean=19 km max: 138 km), hence the need to work over very large scales and prevent mink born in
lowland areas from impacting biodiversity in the uplands. Localised upland sub-catchments characterised
by the presence of sheep hill farms and short swards suitable for rabbits had high ratios of immigrants
(Oliver et al., 2009), highlighting how concentrating trapping efforts on those prey rich area and turning
them into attractive sinks can negatively influence wider scale mink dynamics.

Discussion

The main factor underpinning the success of this project was functional volunteer participation.
Optimising the effectiveness of the volunteer workforce was thus central to the use of functional
participation. The technical simplicity of mink raft method is conducive to its use in a community
conservation project. Given the need to maintain a level of over-watch through the area cleared of mink
to guard against a decreasing risk of reinvasion, it will remain essential that project officers continue
supporting, motivating and engaging volunteers for the long term. A developing understanding of habitat
selection by recolonising dispersers will help focussing long term monitoring as will the gradual
expansion of the project area to cover 20.000 km® by 2014. The defining factors underpinning the
success of the project are strong volunteer involvement, efficient and systematic methods of monitoring
and control, an adaptive approach to suit local conditions, the strategic use of topography to minimise
recolonisation and an ambitious vision; elements that are applicable to other invasive species and areas.
It is a strong testament to what can be achieved when empowering local communities to take a stake in
their local biodiversity and thus reason for optimism that the tide of invasion can be rolled back on a
large scale where the convergent interest of local communities can be harnessed.
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Abstract

American mink (Neovison vison) is a semi-aquatic species, endemic to North America, which was
introduced to the wild in Europe in the 1930s. In many introduced areas, the American mink is a
significant predator of waterfowl and riparian mammals, leading to a marked decrease in their density.
The aim of this study is to analyze adaptation of mink in their introduced range and to determine factors
affecting population dynamics and colonization rate after eradication in the 4 National Parks of Poland
(Biebrza, Narew, Warta Mouth and Drawa National Park). Studies have shown that it is possible to
reduce the number of mink in protected areas and gain greater knowledge of the biology and ecology of
invasive species. Fieldwork and trapping were conducted in each park over 5 days twice a year (March
and November 2009, 2010 and 2011). In each park, trapping took place at two sites: an experimental area
[EA] (from which the mink were removed) and a control area [CA] where mink were marked and
released. Live-traps were set on the banks of rivers. During the spring and summer 20 rafts were
deployed (10 in the EA and 10 in the CA in each park) for population monitoring and to determine the
effectiveness of mink trapping. In total 248 mink were caught (125 in the CA and 123 in the EA). The
ratio of males to females was 1.6:1. Preliminary results show large differences in morphological traits
and population parameters between the various national parks. The average body weight of males and
females from the West of Poland was 1.35kg and 0.6kg, respectively, and from the East of Poland 2.0kg
and 0.8kg, respectively. The lowest density of mink was in the Drawa (2.5 inds./10 km watercourse), and
the highest was in the Narew NP (9 inds./10 km watercourse). The rate of recolonisation was related to
the time since trapping and density of the mink in the NP. The frequency of mink sign found in the EA
after 6 months of mink trapping was similar to that in the CA, suggesting a fast recolonisation of the
eradication area in all parks. Our results underscore the need for continuing research and further analysis
to underpin eradication programs, as well as monitoring and controlling populations of invasive
predators in protected areas.

Keywords: American mink, biometrics, invasion, monitoring, Neovison vison, Poland, recolonisation
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Abstract

Project Halo’s aim is to assist in habitat restoration and biodiversity. Within its initial years the focus was
on increasing sightings of Tui within urban areas of Hamilton city. The reason initial an effort focussed
on this species was because a viable breeding population was known to exist within a 20 kilometre
winter feeding range of the bird. Research had shown that Tui, a nectarivorous species, do not need
‘corridors’ unlike other wildlife and they are known to commute into the city to feed on abundant exotic
plants and, more increasingly with the assistance of volunteer groups, native plant species.

Keywords: habitat restoration, multi-agency approach, predator control

Introduction

An intensive predator control programme was initiated in 2007 to facilitate the re-introduction of
endemic song bird species back into Hamilton city. Named the Hamilton Halo Project (Project Halo), it
was initiated by Waikato Regional Council’s Biosecurity-Heritage Group and is aimed at bringing iconic
native bird species, such as the Tui, Bellbird and Kereru back into the urban areas of Hamilton city.
These three species are both important pollinators and dispersers of native plants, and highly valued by
residents of the city for their bird song and theatrics. Recent studies had shown that tui nest success was
only 27 percent, mostly due to high populations of ship rats in the Waikato. To increase the number of
Tui visiting the city, summer breeding success needed to be enhanced within the 20 kilometre feeding
range around Hamilton city.

Methodology

In conjunction with the project’s strategic partners — the Department of Conservation and Landcare
Research — seven sites within a 20 km radius of Hamilton City were initially identified as being known
tui nesting sites and ear-marked to receive intensive rat, possum and mustelid control. The control
programme for these sites sees them receiving three year’s predator control over a five year cycle. In
2009/10 six of the seven Halo sites, totalling 1,024 hectares, were controlled and achieved less than 5%
rat tracking index over the bird nesting period. In addition to the intensive control being undertaken,
other organisations and volunteer groups have undertaken planting of native trees over many years which
assists in providing the Tui with an increased food source within Hamilton City.

Discussion

Project Halo has been undertaking intensive predator control for a total of five years. The success of the
control has been dramatic in terms of both nesting success, sightings in the city and in public enthusiasm
and support. The public have been very proactive in contacting the Council with Tui sightings in and
around Hamilton City. Public enthusiasm and support has been aided with Project Halo launching a
social networking campaign in October 2009 by way of Facebook and Twitter. A recent survey was
undertaken with 39% of the sites’ active monthly users responding with positive feedback supporting the
objectives of Project Halo.

The successful reduction of predators at breeding sites, through intensive control, led to Waikato
Regional Council collaborating with Landcare Research and the University of Waikato in the release of
50 bellbirds at Hamilton Gardens within the city’s bounds. Leg bands and transmitters were used to
identify the birds for the first three weeks. The release occurred in May 2009 and attracted much media
and public attention with reported sightings proving invaluable to the project post release. Public
assistance again proved invaluable as the project team relied on sightings to track the birds with an
unexpected and welcome side effect being previously unsighted unbanded bellbirds being reported.
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The success of this project could not have been achieved without a multi-agency approach. The expertise
of the Department of Conservation in undertaking many predator control and habitat restoration
programmes combined with Landcare Research’s extensive knowledge in the behaviour and ecology of
the Tui and other native bird species has improved the chances of this project succeeding and its focus
being broadened to include other native bird species.

Community volunteer groups are essential for continuing Halo objectives into the long-term. Throughout
the seven control sites, bait stations networks have been installed and the likes of volunteer groups can
supplement Council-funded control through refilling these stations. In addition, the ongoing native
planting initiatives by other organisations and volunteer groups will result in providing an increased food
source for the city’s increasing populations of native birds.
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Introduction

Invasive alien species have many ecological effects and may threaten biological diversity. They can alter
habitat, and prey on or compete with native fauna (e.g., Ebenhard, 1988; Hulme, 2007; Vila et al., 2010).
The raccoon dog is native to eastern Asia, but was introduced as a fur game species to the western parts
of the Soviet Union in the 1930s-1950s. It is widespread in Northern and Eastern Europe, is still
spreading in Central Europe (Drygala et al., 2010) and was recently listed in the top 100 most damaging
invasive species in Europe by the DAISE project (http://www.europealiens.org/speciesTheWorst.do).

Between June 2004 and September 2006, we carried out a telemetry study in the intensively used
agricultural landscape of northeast Germany (Mecklenburg-Western Pomerania, district of Giistrow) into
inter-specific interference competition between red foxes and raccoon dogs. The non-native raccoon dog
has been present throughout the area since the end of the 1990s. This is the first investigation on potential
interaction of the two canids in Central Europe.

Materials and methods

We used VHF-telemetry to record 6.627 location data from 15 red foxes and 20 raccoon dogs during the
28 month field study project. 23 stable home ranges (both MCP 100 and Kernel analyses) were
calculated. We analysed home rage sizes, home range overlap, interaction and habitat indices use using
ArcView GIS 3.2a and Ranges6 v1.2.

Results

The average annual home range sizes based on 23 seasonal home ranges (95% kernels) of red foxes and
raccoon dogs were 177.224+36.82 ha (n=10) and 161.09+74.62 ha (n=13), respectively. The home ranges
of the two species overlapped by up to 93% (Figure 1).

Fig. 1 Home range shape (K95) and overlap for red foxes (F) (n=3) and raccoon dogs (Mh) (n=5)

Julius-Kiithn-Archiv, 432, 2011 29



gth European Vertebrate Pest Management Conference

We found slightly positive intra-specific interaction indices (I;) (Jacobs, 1974) for red fox (I=0.12) and
raccoon dog (I;=0.13) but a neutral inter-specific interaction index (I;=0.01). There was a significant
(p=0.03) difference between intra- and inter-specific interaction pattern. On the basis of estimated home
range sizes and reproduction and mortality rates a population density of 3.1 red foxes/ km? and 3.4
raccoon dogs/km? was calculated in autumn. The raccoon dog differed significantly (p<0.05) from the
red fox in its use of habitat types (Hp=habitat preference index), with preference of dense vegetation
cover (Hpi=0.66-0.8) and avoidance of open areas (Hp;=-0.58--0.79). The red fox displayed significantly
less preference for or avoidance of specific habitat types (Hpi=-0.33-0.27). Unlike those of the red fox,
the home ranges of the raccoon dog shifted significantly with changes in habitat type and state. Areas of
maize and rape were only used intensively when the crops offered sufficient cover.

Discussion

The population densities of both species are very high by international standards, and seem to result from
the abundance of resources and different use of habitats that reflected both differences in food
preferences and morphologically-determined differences in hunting and feeding strategies between
species. There was no evidence of strong interference competition between the two canids. However,
VHF- telemetry may not reveal specific behaviour patterns and predation of red fox on raccoon dogs
(esp. juveniles) and vice versa, as recorded in Eastern Germany (Drygala unpublished data).
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Abstract

The eastern gray squirrel, Sciurus carolinensis, is one of the world’s most recognized sciurids and a
highly successful human commensal. Historically restricted to eastern North America, gray squirrel
populations are now established in Italy, U.K., South Africa, and Australia, and squirrels continue to
expand their geographic range globally. Successful introductions of S. carolinensis often result in
significant negative impacts on native ecosystem integrity. As a result, countries have devised and
implemented unique pest management strategies to reduce or eradicate S. carolinensis populations, but
with differing levels of success. We review accounts of historical global introductions of S. carolinensis,
discuss its invasive biology and impacts in non-native habitats, and recommend specific management
strategies that should successfully curtail establishment of this species in non-native habitats.

Keywords: establishment, introduction, management, non-native, Sciurus carolinensis G.

Introduction

The eastern gray squirrel (Sciurus carolinensis G.) is a highly adaptable arboreal sciurid native to eastern
North America (Flyger, 1999). It is also a successful human commensal, and has established populations
in non-native habitats around the world as a result of introductions by people (Bertolino, 2009). Here, we
review its historical introductions, comment on why it has been such a successful invasive species, and
recommend possible strategies and plans for effectively managing introduced populations of this species.

Materials and Methods

Historical accounts from publications and reports were reviewed for data pertaining to S. carolinensis
introductions around the world. Life history information was used to make inferences on the invasive
species biology of gray squirrels, and to determine why they are such successful alien species. Current
management plans were also reviewed to determine what elements of control were most effective.

Results and Discussion

Introductions of S. carolinensis into non-native habitats around the world have occurred since the early
1800s. In North America, regional introductions were made into previously unoccupied Canadian
provinces (e.g., Nova Scotia; Huynh et al., 2010) and numerous western U.S. states, while introductions
also occurred in South Africa (Davis, 1950) and Australia (Peacock, 2009). The U.K. (Lloyd, 1983) and
Italy (Currado et al., 1987) have had multiple introduction events associated with the successful
establishment of S. carolinensis. Hence, it appears that successful establishment of S. carolinensis is
partly dependent on high propagule pressure generated by repeated introductions by people.

Trophically, gray squirrels are ecological generalists. Their highly adaptable nature in terms of resource
exploitation provides them with intrinsic advantages that promote population establishment and growth.
For example, though S. carolinensis primarily inhabit broad-leaved, mixed deciduous woodlands with
mast species, they are able to thrive on food sources found in conifer-dominated stands (Koprowski,
1994). Such adaptable foraging behavior on the part of S. carolinensis can significantly increase survival
and reproductive success, especially in the context of interspecific interactions with native species (e.g.,
competition — Gurnell et al., 2004; disease transmission — Sainsbury et al., 2000).
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Though the availability of trees (mast, shelter) appears to be a limiting factor in restricting population
expansion, the ability of S. carolinensis to thrive in human-modified landscapes facilitates the species
establishment in introduced environments. Urban areas in particular often have high population densities
of S. carolinensis and can function as refugia and patch sources in dispersal dynamics.

Gray squirrels are often considered attractive and benign by local communities, which may enhance the
probability of successful establishment. Indeed, human enamorment with gray squirrels appears to be an
important factor in determining the fate of an introduced population — the novelty of introduced S.
carolinensis along with the associated emotional attachment generated by their charisma may function as
intractable hindrances to development and proper implementation of pest management and eradication
programs (e.g., Bertolino et al., 2000).

Effective management plans for introduced gray squirrels should include: detection and monitoring of
introduced S. carolinensis (Tattoni et al., 2006); understanding the ecological interactions and impacts of
S. carolinensis in non-native habitats (Gurnell et al., 2004); collating spatial data on the environment
(i.e., landscape structure, connectivity and composition; Lurz et al., 2001); and eradication of potential
founders before population establishment (Tattoni et al., 2006).

References

Bertolino S 2009 Animal trade and non-indigenous species introduction: the world-wide spread of squirrels.
Diversity and Distributions 15: 701-708

Bertolino S, Currado I, Mazzoglio PJ, Amori G 2000 Native and alien squirrels in Italy. Hystrix 11: 65-74

Currado I, Scaramozzino PL, Brussino G 1987 Note sulla presenza dello Scoiattolo grigio (Sciurus carolinensis
Gmelin, 1788) in Piemonte (Rodentia: Sciuridae). Annali della Facolta di Scienze Agrariedella Universita
degli Studi di Torino 14: 307-331

Davis DHS 1950 Notes on status of the American grey squirrel (Sciurus carolinensis Gmelin) in the south-western
Cape (South Africa). Journal of Zoology 120: 265-268

Flyger V 1999 Eastern gray squirrel (Sciurus carolinensis). In: Wilson DE, Ruff S (eds.) The Smithsonian Book of
North American Mammals. p. 451-453, Smithsonian Institution Press, Washington DC, USA

Gurnell J, Wauters LA, Lurz PWW, Tosi G 2004 Alien species and interspecific competition: effects of introduced
eastern grey squirrels on red squirrel population dynamics. Journal of Animal Ecology 73: 26-75

Huynh HM, Williams GR, McAlpine DF, Thorington Jr. RW 2010 Establishment of the eastern gray squirrel
(Sciurus carolinensis) in Nova Scotia, Canada. Northeastern Naturalist 17: 673-677

Koprowski JL 1994 Sciurus carolinensis. Mammalian Species 480: 1-9

Lloyd HG 1983 Past and present distribution of red and grey squirrels. Mammal Review 13: 69-80

Lurz PWW, Rushton SP, Wauters LA, Bertolino S, Currado I, Mazzoglio P, Shirley MDF 2001 Predicting grey
squirrel expansion in North Italy: a spatially explicit modelling approach. Landscape Ecology 16: 407-420

Peacock DE 2009 The grey squirrel Sciurus carolinensis in Adelaide, South Australia: its introduction and
eradication. The Victorian Naturalist 126: 150-155

Sainsbury AW, Nettleton P, Gilray J, Gurnell J 2000 Grey squirrels have high seroprevalence to a parapoxvirus
associated with deaths in red squirrels. Animal Conservation 3: 229-233

Tattoni C, Preatoni DG, Lurz PWW, Rushton SP, Tosi G, Bertolino S, Martinoli A, Wauters LA 2006 Modelling
the expansion of a grey squirrel population: implications for squirrel control. Biological Invasions 8:
1605-1619

32 Julius-Kiihn-Archiv, 432, 2011



gth European Vertebrate Pest Management Conference

Changes in the impact and control of the grey squirrel (Sciurus carolinensis) as
determined from regional surveys in Great Britain

Mayle, B.!, Broome, A.2

!Centre for Human and Ecological Sciences, Forest Research, Farnham, Surrey, GU10 4LH, UK,
brenda.mayle@forestry.gsi.gov.uk

’Centre for Human and Ecological Sciences, Forest Research, Northern Research Station Roslin Midlothian EH25
9SY

DOI: 10.5073/jka.2011.432.013
Abstract

The grey squirrel (Sciurus carolinensis) was introduced to approximately 30 sites in England and Wales
from the USA between 1876 and 1929, to three sites in Scotland from Canada between 1892 and 1920,
and to one site in Ireland in 1911 (Middleton, 1931). Soon after its introduction damage to trees due to
seasonal bark stripping activity by grey squirrels was reported (Middleton, 1931). Despite the formation
of the National Anti-Grey Squirrel Campaign' in 1931, aimed at exterminating the 'pest', grey squirrel
populations continued to increase and expand in distribution.

Research suggests that damage is triggered by high numbers of squirrels, but particularly when high
numbers of juveniles enter the population in early summer (Gurnell, 1989, Kenward et al., 1996). By
1967 it was recognised that eradication was no longer feasible and, to limit the risk of bark stripping
damage, populations should be reduced just prior to and during the damage period (Mayle et al., 2007,
Pepper and Currie, 1998, Rowe, 1967).

Surveys in state and private forests since 1952 have monitored grey squirrel distribution and impacts.
Two of these (1983 and 2000) also gathered information on control efforts used to minimise damage. We
report on the results of these surveys and changes in relation to changes in squirrel distribution, along
with efficacy of control efforts.

Keywords: grey squirrel, bark-stripping, damage,
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Abstract

After acclimatization muskrats spread over almost all Lithuania and increased to about 40 000
individuals in the 1980s. But since then the number of muskrats has decreased to about 2000 individuals.
We used BINPAS (Bioinvasion Impact/Biopollution Assessment System) for terrestrial ecosystems,
which is usually using for water ecosystems, to assess the impact of Ondatra zibethicus on native species
and communities, on habitats, on ecosystems and the biopollution level (BPL). The impact of muskrats
varied between different regions of Lithuania. Widespread and high numbers of muskrats, and strong
biopollution of ecosystem functioning were identified in four regions of Lithuania — Nevézis and
Nemunas Rivers, Saldia River, Varéné river, Vistytis Regional Park.

Keywords: BINPAS, bioinvasion impact, Ondatra zibethicus, muskrat, distribution

Introduction

The muskrat Ondatra zibethicus was introduced to Lithuania from Archangelsk in 1954 and from
Kazakhstan in 1956 (Lavrov, 1957). After acclimatization, they have spread over almost all of Lithuania.
The aim of this paper is to describe the distribution, abundance and the impact of muskrats on native
species and communities, habitats and ecosystems in Lithuania.

Materials and methods

Muskrat distributions were analysed in 11 forest enterprises: Alytus, Valkininkai, Kaunas, Siauliai,
Anyksciai, Varéna, Sal¢ininkai, Zarasai, Nemenciné, Utena and Ignalina. The abundance of muskrats
was assessed by the numbers of individuals, lodges and burrows. To evaluate the biopollution level
(BPL) of muskrats we used the method of Bioinvasion Impact/Biopollution Assessment System
(BINPAS) proposed by Olenin et al. (2007) and available at http://www.corpi.ku.It/databases/binpas.
Invasive species impacts were scored at five levels ranging from: no impact (0), weak impact (1),
moderate impact (2), strong impact (3) and massive impact (4). We similarly assessed muskrat
abundance impacts on native communities (C0-C4), habitats (H0-H4), ecosystem functioning (E0-E4),
and biopollution level in the period 1986-2011 over 16 biotopes in Lithuania.

Results

Muskrat distribution and abundance during the last 10 years has been highly variable. For example, in
2002 muskrats were most abundant in forest enterprises of Zarasai district (400 individuals), Valkininkai
(333 individuals), Nemenciné (293) and Utena (278). In 2005, however, they were most abundant in
Valkininkai (220) and Ignalina (124), respectively.

The highest abundance (E) from the overall assessment occurred in five different Lithuania regions. But
in many cases, muskrats occurred in low numbers in several localities (A). The impacts on native species
or communities ranged from none (C0) to moderate (C2) and no sites with strong or massive impacts
were detected.

A strong impact level on ecosystem functioning (E3) was evident only on the Sal¢ia river, upstream of
Zygmantiskés village, SalCininkai district. In other cases, the impact levels were weak or nonexistent.
The impact was on habitats was also low (HO-H2), but a strong biopollution level (BPL=3) was noted in
5 regions.
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Discussion

In this study we examined the distribution and bioinvasion situation in Lithuania of the invasive species
O. zibethicus. Numbers of muskrats during the investigation period in Lithuania were quite variable.
During 1991-2000 five rivers (Varéné, Saléia, Merkys, Sventoji, Virinta) were surveyed along their
banks to establish muskrat distribution and abundance. In the Salgia, Merkys after eight years muskrat
became practically extinct. In Varéné the relative abundance was similar in all 9 years, as were the
Sventoji and Virinta (Ulevi¢ius and Bal&iauskas, 2002). Compared to the period 1967-1975 when
muskrats were abundant in Lithuania and the numbers were estimated at about 40.000, currently their
numbers have fallen to 2.000-2.500 individuals (Ziemiené¢ and Paulauskas, 2005).

The impact of muskrats on native species and communities (C0-C2) were negative for amphibians, fish
and mollusks. Negative impacts also occurred on herbal and woody plants, and new growth was reduced
in areas densely populated with muskrats. Muskrat impacts on waterfowl macrophytes (reeds, rushes
etc.) degraded the protective properties of vegetation in coastal waters. Muskrats also impacted on the
semi-aquatic rodent guild species composition, particularly the indigenous semi aquatic rodent Arvicola
terrestris (Danilov, 2009). They caused moderate impacts on riparian vegetation structure by feeding on
it, and also burrowing in the banks of water bodies (Sokolov and Lavrov, 1993). They also affected
species composition, population size and age structure of freshwater unionid mussel communities (Owen
et al., 2011). Muskrats impacts extended beyond habitat damage to effects on ecosystems (Danell, 1996;
Nentwig et al., 2009). In Nevézis and Nemunas Rivers, Sal¢ia River, Varéné river, and Vistytis Regional
Park muskrats were assessed as having a strong impact (E3) on ecosystem functioning and energy flow
by consuming riparian vegetation, and releasing of the subsurface ground by burrowing and thus
influencing chemistry and physical properties of water (Sokolov and Lavrov, 1993).
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Abstract

During the last 10 years the coypu population (Myocastor coypus) in the city of Cottbus caused
increasing problems by gnawing on plants, destroying river banks, attacking pets and even pedestrians.
The legal situation in the federal state of Brandenburg, the competence of different authorities as well as
public opinion made it difficult to find a simple solution. To protect river banks in the city and the
waterways of park Branitz, a UNESCO landscape park, the institutions involved and an external
consultant bureau developed a specific package of measures. Prohibition of feeding coypu in the city area
led to a rapid disintegration of the coypu colonies and stopped the stream bank destruction. Eradication
of the park population was successful but a few individuals immigrated within one year, as not all the
identified dispersal routes could be closed.

Keywords: agency cooperation, damage, eradication, feeding prohibition, population management

Introduction

After escapes and releases from fur farms in the early 1990s the increasing coypu population in Southern
Brandenburg became a serious pest problem, especially in urban areas. In Cottbus, coypus live in the city
park along the river Spree and in small canals and ponds in the UNESCO landscape park Branitz.
Coypus were especially attracted to locations where they were fed by people. At such places complete
destruction of ground vegetation, damage to trees, massive erosion of pond and stream banks and small
islands occurred, as well as undermining and tilting of sculptures. As well as the coypus, several other
rodent species were attracted to the feeding places, posing an increased risk of disease transmission to
people. The coypus even attacked and bit pets and pedestrians.

Since the legal and administrative responsibilities of the city administration and the relevant authorities
were unclear, it was difficult to find a solution. The Nature Conservation Act, Game Law and Plant
Protection Act did not provide adequate control measures. The Animal Welfare Act provided a range of
possibilities to control the coypu but the public would not tolerate an extensive reduction by lethal
methods. The Veterinary Office as the authority in charge therefore contracted the wildlife consultants
Erminea GmbH to map the destruction in the park Branitz and to work out practical measures for an
effective population management.

Materials and methods

A first meeting and on-site inspection involving representatives from the veterinary office, regulatory
office, gardens office, nature conservation department, water department, water and land communities,
park Branitz administration, plant protection service and Erminea GmbH took place in March 2008. The
coypu population in the park Branitz was assessed in October 2008 ahead of planned landscape
rehabilitation measures. Individuals were counted, their main activity periods determined, feeding and
resting places detected and damage documented. In the outer park areas all tributaries and water
discharges were checked to identify potential dispersal routes for coypus. Based on the findings, an
action plan was developed and adjusted to the needs and possibilities of the institutions involved. The
proposed measures were carried out by authorities, park administration and the water and land
communities between November 2008 and March 2009.

Results

A total of 26 coypus - 4 males, 4 females, 18 pups - were found in the park Branitz. The colony consisted
of four family groups using contiguous territories in the main canal and its ponds. Their main activity
periods were in the late morning and in the evening, before sunset. The coypus fed on riverine
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vegetation, reed beds, plantations and grassland. Feeding by people occurred in three places. For resting
the animals preferred broad bush vegetation on the islands and steep banks. Where coypus occurred
frequently damage was observed, such as destroyed vegetation cover, peeled bushes or trees, erosion of
banks and islands and undermining of sculptures. Along the park borders nine potential gaps for invading
coypus were detected - all of these involved passages under roadways. Five of them were already closed
by fences in the waterway and on the embankment.

Based on these observations the action plan recommended a rapid eradication of family groups of coypu,
and the closing of all channels and creeks leading in and out of the park to prevent new invasions.
According to the action plan, the veterinary office authorised trappers of the land and water communities
to eradicate the population in the park Branitz. Trapping was finished successfully within two weeks.
The fencing of channels should been done as a cooperation of the park Branitz, the neighbouring
zoological garden, the gardens office and the water department. Two individuals immigrated into the
park during spring 2009 as the fencing of channels had not all been completed.

For the city area prohibition of feeding of coypus was recommended by Erminea and implemented by the
regulatory office, and coypu abundance on former feeding places declined quickly. Animals abandoned
these places individually or in small family groups. Consequently no further damage was reported.

Discussion

Relations between humans and wildlife are regulated by many different and sometimes even contrary
laws. Animal welfare, wildlife conservation, hunting or pest control are controlled by different
authorities. In case of a pest problem it is difficult to find the leading authority to take action. Another
major problem is the costs of necessary actions. Both of these issues played a major role in Cottbus and
the park Branitz. As coypus are furry mammals, public opinion was an additional factor that had to be
taken into account. As there was a potential risk of injuries and infection of people the veterinary office
took the lead in Cottbus. Once the project was started effective measures were not too difficult to identify
and execute. Within the city boundaries along the river Spree coypus occurred as individuals or small
family groups. As long as no new feeding places are established, the coypu problem in the city area will
remain under control.

In the park Branitz the problem was slightly different and lethal methods were employed. Coypus cannot
be tolerated in the park at all as the artificial waterways and ponds have to keep their original design due
to its status as an international heritage. Recolonisation from outside the park must be prevented and this
is the responsibility of different authorities. Barriers to prevent reinvasion have not yet been fully
installed and coypus are present in the park again. The responsibility for dealing with invasive and
neozoic species should be in the hands of a single agency no matter where and what kind of control is
needed.
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Abstract

Red foxes (Vulpes vulpes) impact on populations of many prey species in Australia, and so are the targets
of widespread management programs. In this study we monitored fox management programs already
operating across 4.5 million hectares of regional New South Wales (NSW) to compare the impact of
varying fox baiting effort on the survival of lambs as a major prey species. The spatial coverage and
frequency of fox baiting were both correlated with lamb survival. Lamb survival was higher in areas
where fox baiting was done twice a year, in autumn and late winter/spring. Properties that had near
neighbours participating in group fox baiting programs had higher survival of lambs than properties that
did not. These results support the development of landscape-scale fox management programs,
incorporating a high level of group participation to reduce the impact on vulnerable species.

Keywords: Australia, fox management, group control, predation, seasonal timing, Vulpes vulpes, 1080
baiting

Introduction

Since its establishment across Australia in the late nineteenth century, the European red fox, Vulpes
vulpes, has been one of the most destructive introduced pest species, threatening the survival of many
native animals as well as impacting on the livestock industry (Saunders et al., 1995). Poisoning, using
1080 bait is currently the most widespread and effective method used (Saunders and McLeod, 2007).
Shooting and trapping, sometimes encouraged through the offer of bounties have historically been
popular but are less efficient and cost-effective than poisoning. Exclusion fencing, den fumigation and
destruction, and guard animals such as dogs and alpacas are also used.

A major research effort to develop an immunocontraceptive vaccine for fertility control could not
overcome technical constraints associated with a product suitable for field release (Strive et al., 2007).
Ongoing research efforts have been directed into registering a new toxin, para-aminopropiophenone
(PAPP) and an alternative toxin delivery system, the spring-loaded M-44 mechanical ejectors (Marks et
al., 2004, Marks and Wilson, 2005). Current research has also focussed on best practice programs to
reduce fox impacts on both native wildlife (conservation programs) and livestock production. The culling
of foxes reduces the impact of predation at a local level, however immigration, compensatory breeding
and juvenile survival allow fox populations to recover quickly (e.g. Gentle et al., 2007). Hence there has
been a movement towards landscape approaches with group participation to increase the effectiveness of
fox management programs. Despite their popularity, there is little experimental evidence of their
effectiveness due to the difficulty in conducting long-term, broad-scale ecological field experiments
(McLeod et al., 2008; Rushton et al., 2006). This study was undertaken to determine if there was a
correlation between the frequency and spatial coverage of fox control programs and the survival of lambs
(McLeod et al., 2010).

Materials and methods

Experiments designed to detect the impacts of foxes require a large number of replicates to detect the
relatively small effect (Greentree et al., 2000). This study took advantage of existing fox management
programs on 5740 properties distributed across 4.5 million hectares in central west NSW to determine if
lamb survival on a particular property was affected by fox baiting effort on that property or neighbouring
properties. Initially we used the ‘LambAlive’ component of the ‘GRAZPLAN’ decision support system
(Donnelly et al., 1997) to estimate the level of lamb mortality that was independent of predation.
Resulting lamb survival figures were then analysed using a linear mixed effects model that incorporated
the covariates of varying distance and times of neighbouring baiting, and the fixed effects of sheep breed,
rainfall, year and season, their interactions, and individual property effects.
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Results

Most control programs were conducted in early autumn, and late winter/ early spring, which coincided
with the dispersal and breeding periods for foxes. The Sheep breed factor was found to be highly
significant, along with three covariate interactions: i) baiting six months apart on the lambing property
only, ii) near neighbour baiting just prior to lambing and baiting on the lambing property, and iii) near
neighbours baiting both just prior to lambing as well as 6-9 months prior to the lambing. The model
predicted significant increases in lamb survival of up to 20% could be achieved when all near neighbours
participated.

Discussion

Landholders who participated with their neighbours in coordinated baiting programs were likely to have
greater survival of lambs than landholders who did not. Furthermore, as the proportion of the adjoining
properties that coordinate their fox baiting program increased, so did the survival of lambs on those
properties. The frequency of fox control was also positively correlated with the survival of lambs even
without neighbour support, with more frequent baiting (twice a year compared with once or no baiting)
correlated with higher lamb survival. In Australia baiting of foxes is currently a valuable control tool to
protect and improve the survival of species vulnerable to predation. Coordinated control of foxes over a
large spatial scale and increasing the frequency of control to at least twice a year may further enhance
protection by reducing fox immigration and any compensatory breeding and juvenile survival.
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Abstract

Rabbit (Oryctolagus cuniculus) populations in many parts of New Zealand have begun to increase
dramatically as the impact of rabbit haemorrhagic disease wanes, and aerial poisoning control operations
have resumed. Aerial 1080 poisoning of rabbits has historically used high prefeed and toxic bait sowing
rates and low toxic loading. We review the extent to which this practice is based on a good mechanistic
understanding of the process, or has evolved by trial and error to find a workable and affordable system.
Current operational practices appear to have resulted from attempts to provide solutions to poor bait
quality and concerns about the welfare of livestock. Current research on 1080 use on rabbits in Australia
and possums (7richosurus vulpecula) in New Zealand suggests that higher toxic loading and decreased
sowing rates may be as effective as current practice, but with substantive reductions in the costs
associated with control methods and the amount of toxin applied to the environment.

Keywords: aerial poisoning, operational practice, Oryctolagus cuniculus, rabbits, sodium fluoroacetate,
sowing rates, toxic loading, 1080

Introduction

Aerial poisoning of rabbits (Oryctolagus cuniculus) emerged in the latter half of the 20" century as a
crucial tool for reducing the economic cost to pastoral agriculture in New Zealand. However, the need for
aerial poisoning declined dramatically in 1997 with the illegal release of rabbit haemorrhagic disease
(RHD), a viral disease lethal to rabbits. The impact of RHD now appears to be waning and land
managers have resumed aerial application of 1080 (sodium fluoroacetate) baits (primarily carrot), using
practices established in the mid-1990s. Those practices include use of prefeeding, a low toxic loading,
and high sowing rates. In contrast, aerial 1080 poisoning of possums (Trichosurus vulpecula) in New
Zealand now uses a relatively high toxic loading, and considerably less prefeed and toxic bait, and is as
least partly a result of research and operational refinement over the decade in which aerial poisoning of
rabbits was in abeyance. This disparity prompted a review of the basis for the practices used for rabbits
(Twigg, 2010). Here we assess whether current best practice for aerial poisoning of rabbits with 1080-
laden carrot bait is based on a good mechanistic understanding of the process, or has evolved by trial and
error to find a workable and affordable system.

Methods

We combine a literature review with new primary data to ask two interlinked questions; why do
managers use the historically favoured 1080 toxic loadings of 0.02% for carrots and 0.04% for oats (now
formalised in current registrations), and why do they apply bait at the rates and manner that they do? We
then explore (focusing on carrot bait) what the optimal loading and sowing rates might be, based on the
data available on rabbit densities, movement and foraging behaviours, and susceptibilities to 1080. This
assessment is important because poison programmes remain the only realistic backstop for regaining
control of burgeoning rabbit populations beyond the reach of other follow-up or secondary control
measures. The greatest concern is the potential resurgence of bait and poison shyness problems that arose
from historically poor practice during the final years of the pest boards in the 1980s (Lough, 2009).

Results

Our review suggests that low toxic loading of 1080 appears not to be based on experimental optimisation
using New Zealand rabbits, but on early (1960s) Australian toxicity assessments. A low toxic loading is
also favoured to minimise risk to livestock, particularly sheep (Ovis aries), and destocking periods
(Mclntosh, 1958). Further, despite long-standing concerns about carrot bait quality, current practices still
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appear to produce a large number of sub-lethal bait fragments (Batcheler, 1982). Rabbits that ingest few
sub-lethal fragments may become ill and stop feeding (within 30 min — 3 hours) prior to obtaining a
lethal dose. This phenomenon has major implications for increasing bait shyness in rabbit populations.
Thus high sowing rates appear to be an attempt to overcome poor bait quality by providing rabbits with
many opportunities to encounter and ingest sufficient toxic bait to ensure a lethal dose. We suggest an
alternative approach is to increase toxic loading of 1080 (up to a max. of 0.15%), such that the number of
baits that need to be encountered and ingested to obtain a lethal dose is reduced. Using this approach, we
deduce that the amount of toxic bait that would need to be sown to ensure the ingestion of a lethal dose
could be substantively reduced, perhaps by as much 80%. We argue that previous research indicates that
undesirable non-target and environmental impacts of higher 1080 concentrations are minimal.

Discussion

The ‘traditional” use of multiple prefeeds and high toxic sowing rates may be an unintended counter to
poor bait quality and the subsequent need for rabbits to find multiple baits. Whereas low toxic loading of
1080 appears to be a tradition spawned by concern about the risk to sheep rather than a consideration
relating to efficacy of use against rabbits. Thus formalised current registrations pertaining to 1080 use
have arisen from operational trial and error, and historical research that has attempted to find effective
solutions to operational problems. We deduce from both parallel experience in possum poisoning (where
there has been a shift to individually lethal baits and reduced sowing rates) and to the success of the one-
shot-oat technique in Australia, that an approach based on use of individually lethal baits has the
potential to be as effective as current practice and yet open the door to a substantive reduction in the
amount of toxic and nontoxic bait used, and in the amount of 1080 applied to the environment.

References

Batcheler CL 1982 Quantifying ‘bait quality’ from number of random encounters required to kill a pest. New
Zealand Journal of Ecology 5: 129-139

Lough RS 2009 The current state of rabbit management in New Zealand: issues, options and recommendations for
the future. Contract report for MAF Biosecurity, Wellington, New Zealand. 100 p

Mclntosh IG 1958 1080 poison, outstanding animal pest destroyer. Journal of the Department of Agriculture New
Zealand 97: 361-366

Twigg LE 2010 Review of rabbit control using 1080 and Pindone in New Zealand. Report prepared for Landcare
Research, New Zealand. Contract no. 0910-96-007 B. 82 p.

Julius-Kiithn-Archiv, 432, 2011 41



gth European Vertebrate Pest Management Conference

Plans to eradicate invasive mammals on an island inhabited by humans and domestic
animals (Corvo, Azores, Portugal)

Oppel, S.!, Beaven, B.M.%, Bolton, M.}, Bodey, T.W.!, Geraldes, P.%, Oliveira, N., Hervias, S.3, Henriques, Al
Silva, C.?

'Royal Society for the Protection of Birds, The Lodge, Sandy, Bedfordshire SG19 2DL, United Kingdom,
steffen.oppel@rspb.org.uk

2Depaltment of Conservation, Stewart Island Field Centre, PO Box 3, Stewart Island, New Zealand

*Sociedade Portuguesa para o Estudo das Aves, Av. Jodo Crisostomo 18 - 4° dto, 1000-179 Lisboa, Portugal

DOI: 10.5073/jka.2011.432.018
Abstract

Non-native invasive mammal species have been eradicated from many islands to conserve native species
diversity. The Azores (Portugal) previously hosted very large seabird colonies, but since human
colonization and the introduction of rodents (Rattus rattus and R. norvegicus) and cats (Felis catus)
many seabird colonies have declined or disappeared as a result of predation. Because the Azores are also
inhabited by humans and livestock, we reviewed the challenges associated with the eradication of
invasive mammals from inhabited islands in order to plan for a seabird restoration project on the island
of Corvo. Detailed analyses of the social, cultural, and economic costs and benefits of eradication are
required to increase the probability of the local community supporting the eradication campaign.
However, the ecological benefits of eradication are difficult to trade-off against social and economic
costs due to the lack of a common currency. Local communities may oppose an eradication campaign
because of perceived health hazards, inconvenience, financial burdens, religious beliefs, or other cultural
reasons. Besides these social challenges, the presence of humans and domestic animals also complicates
eradication and biosecurity procedures. For example, houses, garbage-disposal areas, and livestock-
feeding areas can provide refuges for many synanthropic species and so decrease the probability of a
successful eradication. Transport of humans and goods to an island increases the probability of
inadvertent reintroduction of invasive mammals, and the establishment of permanent quarantine
measures is required to minimize the probability of unwanted recolonization after eradication. Most of
these challenges exist on Corvo, and continued work with the community is required before an
eradication project can be initiated.

Keywords: Azores, cats, Corvo, eradication, invasive mammals, island, rats

Introduction

The introduction and spread of non-native mammals on islands has become a major threat to native
island species that evolved in the absence of mammals (Blackburn et al., 2004; Jones et al., 2008). Over
the past 40 years, eradications of mammals have reduced the negative effects of non-native mammals on
native species (Howald et al., 2007; Towns and Broome, 2003). Most eradication campaigns have been
conducted on islands that are not permanently inhabited by humans partly because such operations are
less complicated. However, more than half of islands (55%, n=38) where eradication of non-native
mammals has a high conservation benefit-to-cost ratio are inhabited permanently by humans (Brooke et
al., 2007). Thus, we examined the operational challenges associated with eradications on islands with
permanent human populations, in order to prepare a plan for the eradication of Ship rats (R. rattus) and
feral cats (F. catus) from the island of Corvo.

Major challenges for mammal eradication on inhabited islands

Mammal eradications on inhabited islands require more than the consideration of the biological and
technical pre-requisites to remove all individuals of a target species. While these basic prerequisites (i.e.
by what means a target species can be killed, and whether it is possible to kill all individuals) for
successful eradication have received much attention (Zavaleta, 2002), permanent human settlements
require the consideration of additional factors including how an eradication campaign will affect human
inhabitants, their domestic animals, and human activities. The eradication project must be socially
acceptable to the community involved, and social and ecological benefits must outweigh the social and
ecological costs. Moreover, the probability of recolonization must be reduced to near zero despite regular
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traffic transporting goods that support the island’s human population. The removal of all individuals of
an invasive target species is also made more difficult when target species can seek refuge in buildings or
escape poison bait by accessing alternative anthropogenic food sources.

Lessons from the island of Corvo

Corvo is a 1700 ha volcanic island with ~400 human inhabitants, most of whom make a living through
farming, with the principal land use being livestock grazing. Due to inaccessible steep cliffs, eradication
of rodents on Corvo would only be feasible through the aerial distribution of poison bait pellets, which
may put livestock and feral ungulates at risk of accidental ingestion of poison. In addition, food provided
to domestic animals is widely available for invasive rodents, and may reduce attractiveness of poison bait
to target animals and thus reduce the probability of successful eradication. Corvo is dependent on
imported goods and building materials, which are transported by boat and plane and are currently not
inspected or treated for hidden rodents prior to shipment. Biosecurity measures that prevent the
accidental re-introduction of invasive mammals would be required at all ports of departure of boats and
planes for Corvo, on boats themselves, and around the harbour and airport on Corvo. These quarantine
measures would have to be maintained in perpetuity and could significantly increase the cost of living on
Corvo.

Most people on the island favour the idea of eradicating rats from Corvo. Because rats serve as prey to
both domestic and feral cats, the eradication of rats alone may increase the adverse impact of cats on
seabirds (Bergstrom et al., 2009; Caut et al., 2007), and seabird populations would therefore benefit from
a combined rat and cat eradication. Many people support eradication of feral cats, but are opposed to
removing domestic cats. This increases the operational complexity of feral cat eradication because it is
often difficult to distinguish feral and domestic cats, and more labour-intensive methods would be
required for feral cat eradication. Ongoing research and community involvement will decide whether rat
and cat eradication on Corvo is feasible.
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Introduction

Increasingly, invasive species management is being challenged by changing attitudes in society and
greater restrictions on the use of control methods. Invasive species management usually involves the
deaths of many animals, mostly the target pest(s) but often other non-target species as inadvertent by-kill.
Management usually involves a variety of lethal methods such as traps, toxins and hunting, which may
differ in their animal welfare costs, their risks to non-target species and, for toxins, of environmental
contamination and spread through food webs. The welfare issues include the pain and suffering caused
directly by the control method used (to both target and non-target) and any flow on effects (e.g. trophic
cascades), while the ethical costs include the consideration of the justification and outcomes of the
control or eradication programme. Recently there have been a number of developments that address
some of the concerns raised about invasive species management. The development of a framework for
humaneness assessment of control tools, modelling of management strategies that minimise numbers of
animals killed, and improved definition of management outcomes that incorporate uncertainty are
significant steps forward in providing invasive species managers with means of informed choice of the
extent to which they can mitigate the welfare and ethical costs of invasive species management.

A framework for humaneness assessment

A welfare assessment framework was developed recently that produces a ranking of the relative welfare
impacts of vertebrate toxic agents on their mammalian targets and other non-target mammals (Sharp and
Saunders, 2008). This was modified to improve general utility and applied to a range of invasive species
management traps and toxins used for invasive species management in New Zealand (Fisher et al.,
2010). Examples are presented to demonstrate the application of the framework, and to highlight some
issues with application of the frame work identified, particularly the assumption of best-practice
application and availability of data. Overall, the welfare impact assessment framework was a useful
approach to providing invasive species managers with information to allow selection of control tools on
the basis of welfare as well as cost and efficacy, and should provide a future consistency in relative
comparisons between control tools for a range of vertebrate pest species.

Minimising numbers of animals killed

Research, policy and regulation have most often focused on the welfare impacts (humaneness) of the
management tools used (Shivak et al., 2005; Warburton et al., 2000). Efforts to mitigate welfare impacts
have thus been focused at the individual animal level rather than at the population level. For invasive
species management, however, there is a population issue because often large numbers of animals are
involved and so the total welfare cost of a control programme may be significant. An example of rodent
control for biodiversity protection is presented to show how a modelling approach can be taken to
compare the number of animals killed and the operational costs of two different control strategies, and so
allow managers to take total welfare cost into account in their choice of control strategy.

Management outcomes and uncertainty

From a welfare perspective, control operations that fail to manage invasive species effectively may have
high costs and little benefit, and so are of major concern (Cowan and Warburton, 2011). Such failures
may mean that tens to thousands of the target pest have been killed without achieving the goal of the
operation and, in the worst case where there is no further management of the pest species, those animals
have died to no good purpose, or at best for a temporary reduction in their impacts. Such uncertainty can
be reduced by better definition of proposed outcomes of management by asking questions such as (1) do
the perceived benefits actually justify the large-scale killing of the pest species?; (2) is the risk of failure
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too high?; (3) will perverse outcomes result in minimal benefits?; (4) will the management fail because
of cessation of funding or because of unforeseen technical problems?; and (5) will the benefits of
successful management be lost if reinvasion cannot be minimised? These issues all contribute uncertainty
to management operations, and failure highlights the welfare and ethical issues, and makes future
management more difficult. To address this, programmes must identify uncertainties at the planning
stage and develop appropriate mitigation strategies. Such approaches to reducing the risk of failure
should be complemented by a learning-based strategy and the adoption of an adaptive management
framework that has as its first tenet the need to learn and reduce uncertainty (Walters and Holling, 1990;
Warburton and Norton, 2009).
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Abstract

The most recent literature describing the distribution and abundance of fallow deer (Dama dama) in Italy
does not indicate the presence of this species in the province of Rieti. Some reports indicate the presence
of the species in the middle valley of the river Velino. To test the reliability of those reports a field study
was undertaken using three different techniques: fixed points census, line transects, and snow tracking.
The area investigated was about 3,500 hectares. Given the topography of the study area these techniques
were carried out opportunistically. Fallow deer were located, and the population was estimated to be
about 70-90 individuals. Investigation in the Archives of the Provincial Command of the State Forestry
Corps of Rieti allowed the origin of the population to be traced. The fallow deer escaped from a group of
individuals reared on an estate called Santogna in 2001-2002. The animals came from the Presidential
Estate of Castelporziano (Roma). The population of this invasive species is problematic because it
dominates the native red deer (Cervus elaphus) and roe deer (Capreolus capreolus), and restricts their
natural expansion.

Keywords: allochthonous, competitor, Dama dama, distribution, Rieti province

Introduction

The fallow deer (Dama dama) is a species native of the eastern portion of the Mediterranean. The current
distribution is considered almost entirely man-made, with the exception of the population in Turkey in
the National Park Termessos (Carnevali et al., 2009; Pedrotti et al., 2001). The species is quite common
in Western Europe, particularly in England. The populations derived from groups kept in captivity for
ornamental and hunting purposes, introduced in estates and game reserves, and escaped from pens
(Apollonio, 2003; Scalera, 2001). The species is social and this characteristic limits its ability to
dispersal. The deer is classified as a ruminant, of the intermediate type with the ability to use a variety of
pasture and vegetation types (Perco, 1987). These features allow it to adapt easily to different
environments, except for arid areas and those where the snow cover is persistent. The high level of
interspecific competition with other deer species and the dominance of fallow deer in deer killed for
venison (Carnevali et al., 2009; Perco, 1987; Scalera, 2001) poses management problems in areas of
sympatry, particularly where expansion of native species is possible. For these arecas ISPRA (Institute for
Protection and Environment Research) proposes drastic steps to contain or eradicate the fallow deer
(Carnevali et al., 2009). The Italian distribution area of the species (about 2,700 km?) is very fragmented
and comprises: Tuscany, Umbria, Tuscany and Romagna Apennines, the area between the Ligurian
Apennines and the provinces of Alessandria and Pavia. Fallow deer are also spread in the Alps,
provinces of Belluno, Treviso and Pordenone, and present in the plains or low hills of Veneto, Friuli-
Venezia Giulia and Piemonte. Isolated nuclei, sometimes significant, occur in peninsular Italy and on
islands. Overall fallow deer occur in 60 out of 113 provinces (53%) (Carnevali et al., 2009). No data are
available for Rieti. To fill this gap a study has started to acquire the first data on a group of deer reported
in the middle valley of the Velino (province of Rieti). The aim of survey was threefold: 1 - define the
distribution and abundance of the population, 2 - identify the source of the population, 3 - determine
potential interference between fallow deer and other deer species.
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Materials and methods

The surveys were preceded by a preliminary phase aimed at verifying the presence of the species.
Successful outcome of this phase was followed by investigations of the distribution and origin of the
nucleus. The study area, identified according to reports, is mountainous with altitudes between
850 m a.s.l. and 1,500 m a.s.l. The area is characterized by extensive mixed forest with a predominance
of Quercus spp. at lower altitudes and Fagus sylvatica at higher ones. The woods are interspersed with
large areas of natural pasture. The snow is sporadic and shallow with an average snowpack and low
persistence. The field surveys were conducted from September 2008 to March 2011using fixed points
census (after finding 10 sites), line transects (for detection of signs of presence), and snow tracking
(technique applied in an "opportunistic" way on routes identified in conjunction with the snow
deposition). The area of distribution was estimated using the MCP (minimum convex polygon), with
geo-referenced signs of presence. To trace the origins of the population we investigated information held
by the State Forestry Department (CFS) of the middle valley of the Velino (Post, Bournemouth), the
Archives of the Provincial Command of the CFS of Rieti, and a fenced area of about 600 hectares called
Santogna near the town of L'Aquila in which the CFS has maintained a herd of fallow deer. Interviews
were conducted with some operators employed at Santogna in the 1980s and 1990s.

Results

A total of 36 sessions of fixed point census were performed (18 at sunrise, and 18 at sunset). Transects
were searched 13 times for a total of 546 km. Six snow tracking sessions were carried out for a total of
42 km. The analysis of data collected showed that the population of fallow deer numbers 70-90 deer, and
the area used is about 3,500 hectares in the municipalities of Borbona and Posta. The nucleus of deer, the
only one present in the province of Rieti in the wild, is derived from the herd reared by CFS in the area
named Santogna (Leonessa municipality, province of Rieti). The oldest data refer to 1964, when the CFS
of Rieti acquired from the Presidential Estate of Castelporziano (Rome) 6 deer (2 & and 4 Q) to be
placed in the enclosure of Santogna. In 1970, 20 fallow deer were introduced (6 & and 14 Q) to an area
of about 70 ha of the estate of Santogna fenced with metal mesh 3 m high. The documents show that the
breeding of deer was uncontrolled and, because of inbreeding, the population condition weakened,
especially the female component. The farm was managed until December 1992 at which time
approximately 150 deer were present, about 100 of which were males. It was not possible to find
documents that describe the development of breeding after 1992. In 1998, during inspections conducted
in the drafting of legislation of the Province of Rieti Wildlife, approved by the Lazio Region in 2001
(Del Zoppo, pers. comm.), the fenced enclosure still housed animals. Between 2001 and 2002 the
population was reduced to about 120 animals due to escapes. For at least a couple of years, deer,
including escapees, continued to frequent the compound, in which they continued to be fed. The animals
gradually began their dispersal giving rise to the wild population censused in this study (Durante, pers.
comm.).

Discussion

The area currently occupied by fallow deer also has a population of roe deer. This area also lies along the
lines of expansion of two different populations of red deer, one coming from the reserve of the Velino-
Sirente through the Regional Natural Reserve of the Duchessa and the Mountains National Park Gran
Sasso Monti della Laga. Knowing the competition and the dominance of fallow deer over red deer and
roe deer, which are native species of great conservation concern, a rapid decision needs to be made on
the most appropriate management arrangements to control fallow deer. The aim must be to prevent the
fallow deer adversely affecting the natural expansion and consolidation of the roe deer. The fallow deer
population should also be monitored over the next few years to assess its effects on the roe and red deer
populations.
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Abstract

The coypu (Myocastor coypus) is native of sub Patagonian region, the temperate areas of Chile and
Argentina. In Italy the first animals were introduced in 1928 for farming for fur production. Released and
escaped coypu have altered the ecosystems colonized and impacted on agriculture and they are now
considered as an invasive species. Three study areas were chosen in the Lazio region. The first area was a
protected natural reserve characterised by extensive agriculture and backyard farming, the second was
characterised by intensive and specialised agriculture, and the third was characterised by intensive
agriculture. In order to understand whether there are problems caused by coypu in these areas, a
questionnaire was prepared and distributed to 574 farmers/peoples living/working close to the
investigated areas, and 389 completed questionnaires were obtained. The results covered the legal status
of the species, the problem of damage to crops, and the negative effect on native species, and highlighted
that the removal of this invasive species should be accompanied by an information program involving
farmers and people living close to areas suitable for coypu.

Keywords: eradication, introduction, invasive species, Myocastor coypus, public survey, rodents

Introduction

The coypu (Myocastor coypus) is native of sub Patagonian region, the temperate areas of Chile and
Argentina (Cocchi, 2002). The species was introduced to North America, England, Asia, Africa and
Europe (Soccini and Ferri, 2001; Cocchi and Riga, 2001). In Italy the first animals were introduced in
1928 by the National Institute of Rabbit husbandry in Alessandria, for farming for fur production (Vicini
et al., 2003). The project was successful for a few decades and then declined. Inadequate housing and
voluntary release by the farmers (to avoid the disposal of animal carcasses) were the main causes of
dispersal of coypu (Soccini and Ferri, 2001). Naturalised groups have occurred since the 1970s (Soccini
and Ferri, 2001). At the end of the 20th century Lazio, Umbria, Tuscany, Lombardy, Emilia Romagna,
Veneto and Piedmont were the Italian regions with the highest density of free living individuals (Santini,
1983). The high reproductive potential and adaptability of the coypu have allowed the rapid colonization
of new territories (Scalera, 2001). At the national level there are two large distribution areas: the Po
Valley and northern Adriatic coast, and the Tyrrhenian coast between the Arno and the Tiber (Cocchi
and Riga, 2001). The presence of a rich network of waterways and ponds has facilitated the natural
dispersion and settlement of the species (Cocchi and Riga, 2001; Soccini and Ferri, 2001; Vicini et al.,
2003). Coypu (Perco and Lovari, 2002) have greatly altered the ecosystems colonized, impacted on
agriculture and are now considered invasive. In many areas they are now controlled or eradicated
(Bertolino et al., 2001, 2005; Panzacchi et al., 2007). Little is known about the perception of the species
by the farmers and what activities can be adopted for species containment. To address this, during a
study on the distribution a questionnaire on the species was given to farmers and stakeholders.

Materials and methods

Three study areas were chosen on the basis of the first results on coypu distribution and on the basis of a
deterministic model of habitat suitability of the species (unpublished results). The study area identified in
the province of Rieti (hereinafter referred to as area A) coincides with a portion of river Aia of 3.6 km, a
tributary of the Tiber, where hunting is allowed. The territory lies in the municipalities of Torri in
Sabina, Selci and Tarano and is characterized by intensive agriculture. There is no coypu containment
program and no information provided to stakeholders. The study area identified in the province of
Viterbo (hereinafter referred to as area B) is a protected area (Natural Reserve of Tuscania) where a
portion of 3.8 km of river Marta was studied. Information was available to stakeholders but there were no
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containment programs. The study area identified in the province of Latina (hereafter referred to as C) lies
in the Municipality of Latina, and is a hunting area of with 4.8 km. A containment program has been in
place for three years.

In order to understand whether there are problems caused by coypu in these areas, a questionnaire was
developed and given to 574 farmers/peoples living/working close to the investigated areas (207 in area
A, 168 in B, 199 in C). The researchers helped the farmers to complete the questionnaires or asked them
to return them within fifteen days. A first evaluation was the completeness and relevance of responses.
The statistical analysis of responses was carried out only on questionnaires completed in full and
relevant.

Results

Of a total of 574 questionnaires 389 were returned (67.8%), 148 in A, 111 in B, and 130 in C. Of these
358 were complete (141 in A, 99 in B, 118 in C). The following results were considered relevant from a
social and technical point of view:

the coypu is a protected species (62% in A, 12% B, 14% C);

the coypu causes damage to the agricultural crops (96% in A, 39% B, 48% C);

the coypu interferes with native species (35% in A, 74% B, 55% C);

Nutria is poached (91% in A, 12% B, 13% C);

Nutria carcasses are destroyed illegally and without veterinary supervision (67% in A, 0% B,
0% C);

6. Nutria meat is consumed (77% in A, 0% B, 0% C).

Nk W=

Discussion

The famers were unclear about legal status of coypu. Its classification as an invasive species depends on
information and containment programs. The problem of damage to crops is spread across all three areas.
The negative effect on native species is not known by most of the people, both in protected and non-
protected areas. Poaching was thought to exist mainly because of ignorance of the legal status of the
species. The research concluded that the removal of coypu should be accompanied by an information
program directed at farmers and people living close to areas suitable for the species.
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Abstract

The raccoon dog (Nyctereutes procyonoides) is a prominent example of a pest with a wide distribution in
Europe and significant ecological impacts. Alien species may have an effect on various levels of
biological organisation: genetic, population, community and habitat/ecosystem. Using basic information
on abundance, distribution (Bioinvasion Impact/Biopollution Assessment System (BINPAS) and genetic
diversity of raccoon dogs, we identifed their impact on the environment in Lithuania. Genetic variation
of 269 individuals of N. procyonoides from Lithuania was analyzed using RAPD and D-loop analysis.
RAPD analysis showed that there were 70 polymorphic loci and the number of fragments varied among
the primers. The genetic polymorphism was most with ROTH — 180 — 05 and ROTH — 180 — 06 (100%)
and least with ROTH — 180 — 10 (25%). Using Rac-1F and Rac-1R primers were amplified D-loop
fragments of individuals from different locations in Lithuania. The genetic data suggest that raccoon
dogs colonised Lithuania from different neighbouring countries Belarus and Latvia. The raccoon dog
impact on native species and communities (C0-C2) were moderately negative for amphibians, mollusks,
rodents, birds, insects, and reptiles and for transmission of pathogens.

Keywords: genetics, impacts, invasion, Nyctereutes procyonoides, RAPD, raccoon dog

Introduction

During 1929 to 1955 the raccoon dog (Nyctereutes procyonoides) was introduced to 82 locations in the
European area of former Soviet Union from the Amur-Ussuri region in far-eastern Russia and has spread
from the southern districts to boreal forests, steppe and semi-desert. They were not introduced to
Lithuania but were first observed there in 1948, in the eastern part of the country. It is believed that the
raccoon dog came from neighboring countries since it was introduced in 1936 to Belarus and Latvia in
1948. Since 2000, raccoon dogs have spread in widely in Europe, observed in 2002 in Macedonia, 2005
in Italy and 2008 in Spain. The raccoon dog population situation in Lithuania can be divided into five
periods, during which population size varied. Since 1970 the species has been declared invasive and
hunting is permitted throughout the year. Invasive alien species are often a significant threat to
ecosystems and, in Lithuania, the raccoon dog impacts on various levels of biological organisation:
genetic, population, community and habitat/ecosystem and populations of native rodents, birds, insects,
amphibians, and reptiles. In this study we examined raccoon dog genetic variability in relation to the
origin of invasion and the consequences of raccoon dog bioinvasion of Lithuania.

Materials and methods

Between 2007 and 2011 hunters sampled tissue from 269 raccoon dogs from different locations in
Lithuania. Genetic variation was analyzed using RAPD and D-loop analysis. Genomic DNA was
extracted from frozen liver and muscles using “Genomic DNA Purification Kit#K0512” (Fermentas,
Lithuania). PCR for RAPD was performed on a Mastercycler gradient (Eppendorf) in a 21 pl reaction
mix and 4 pl template DNA (~25-50 ng). Thermocycling parameters after predenaturation step at 94°C
for 4 minutes were 44 cycles with denaturation step at 94°C for 1 minute, annealing step at 49.9 — 60.1°C
for 1 minute, elongation step at 72°C for 2 minute and final elongation step at 72°C for 5 minutes.

PCR for D-loop analysis using primers Rac-1F 5'-tcgtgcattaatggettge-3' and Rac-1R  5'-
ccattgactgaatagcaccttg-3' was performed in 20 pl reaction mix and 5 pl template DNA (~50 ng) and
thermocycling parameters after predenaturation step at 95°C for 5 minutes were 35 cycles with
denaturation step at 94°C for 45 s, annealing step at 55°C for 45 s, elongation step at 72°C for 1 minute
and final elongation step at 72°C for 7 minutes. PCR product of D-loop were prepared for sequencing
using “GeneJETTM Gel Extraction Kit#K0691” (Fermentas, Lithuania).
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RAPD results were analyzed using “TREECON for Windows” (Van de Peer et al., 1994) program.
Relationships among individuals were represented in a UPGMA cluster tree and we also calculated
degree of polymorphism among individuals. GenBank blastn search algorithm was used (Altschul et al.
1990) to confirm that sequences were from N. procyonoides. To determinate haplotypes we used “CLC
Sequence Viewer 6.4”. Haplotypes phylogenetic relationships were assessed through haplotypes network
using “Network” program.

To evaluate the biopollution level (BPL) of N. procyonoides we used the method of Bioinvasion
Impact/Biopollution Assessment System (BINPAS), available at http://www.corpi.ku.lt/databases/binpas
(Olenin et al. 2007). Invasive species impacts were scored at five levels ranging from: no impact (0),
weak impact (1), moderate impact (2), strong impact (3), massive impact (4). We similarly assessed
raccoon dog impact on native communities (C0-C4), habitats (H0—H4), ecosystem functioning (E0-E4)
and biopollution.

Results

Raccoon dog DNA was amplified with ten primers (ROTH-180-01-ROTH-180-10) and 70 fragments
were obtained ranging from 110 to 2000 base pairs. The primer ROTH — 180 — 09 amplified the most
polymorphic bands (n = 16). Genetic polymorphism was highest for ROTH — 180 — 05 and ROTH — 180
— 06 (100%) and least for ROTH — 180 — 10 (25%). Using the Rac-1F and Rac-1R primers we
successfully amplified D-loop fragments of individuals from different locations in Lithuania.

Discussion

Following translocation of raccoon dogs by people from Far East to North West European Russia during
1929 to 1955, they began to invade neighbouring areas. However, unlike most other invading species,
understanding of the specific dynamics of invasion by raccoon dogs is facilitated by the known date of
the European invasion and its geographical source, which is the NW region of the former Soviet Union.
Thus, theoretical predictions regarding the general population development seemed fairly simple (Pitra et
al., 2010). The genetic data suggest that raccoon dogs colonised Lithuania from the neighbouring
countries of Belarus and Latvia, beginning some time after their introduction to Latvia in 1948 and
Belarus in 1936) with westward expansion into the wide open ecological niches. Howevere, raccoon
dogs were introduced to Latvia and Belarus from different original populations. This situation suggests
the likelihood of a second genetic bottleneck because the invaders would only represent a subsample of
the originally translocated populations (Pitra et al., 2010).

The raccoon dog impacts on native species and communities (C0-C2) were moderately negative for
amphibians, mollusks, rodents, birds, insects, and reptiles, and for transmission of pathogens.
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Background

The digital monitoring system RatMap is used to monitor urban rat populations in Hamburg, Germany.
In addition to the analysis of surface data, data from infestations in underground sewers are compared for
the first time in Germany.

Methods

Infestation was identified systematically according to a case definition for rat infestation. Descriptive
analysis of the data was done with Epilnfo (CDC), and the MySQL data-base RatMap linked to ArcGis
(ESRI), which allows analysis of rat infestations in space and time, and the extent and outcome of control
measures. However, activities of the Institute are limited to the occurrence of rats near surface of public
property. Therefore, data from the sewer system provided by Hamburg water public works were entered
into the geo-database. Results of evaluation over a period of four years are demonstrated. If applicable,
95 % confidence intervals were calculated.

Results

In the period from 2007 to 2010, 8,770 rat indications were notified to the database. Following the case
definition for above-ground rat infestation, 7,278 were rated as true infestations, with 2,214 cases in
2007, 2,507 in 2008, 1,194 in 2009, and 1,393 in 2010 respectively. Rat incidence peaked significantly in
the summer months in 2008, and decreased significantly in the summer months of 2009. Annual
frequencies show at least two peaks in April and in July, where patterns may differ related to seasonal
temperature cycles. The number of cases from a private pest control company roughly reflects the cases
on governmental property. The frequencies of the numbers of rat notifications over the last 17 years
show similar patterns compared to an index of small wild rodents monitored by a forest department in
northern Germany. The geographic reflection of data from above ground infestations of Rattus
norvegicus is not always consistent with the one from underground infestations.
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The Urban Pest Advisory Service (UPAS) is responsible for controlling rats and mice in public areas in
the city of Ziirich. For rat problems on private properties, the house owner has to contact a private pest
control company. Rats however do not care about property boundaries and, usually, nobody feels
responsible for solving the rat problem and paying for it. UPAS conducts a survey of the area concerned
to ensure a quick solution in such cases. If rats appear repeatedly in the same surroundings near houses,
and water (lakes or rivers) is not close by, it is important to check sewer plans in relation to the position
of the rats’ burrows. If they overlap, the sewer system has to be checked with a sewer camera and if
damage is found, repairing the sewer pipe is the only effective solution.

I present a practical rat management case with the control measures used and how the case was finally
solved. This includes several minutes of professional film sequences of the rat management case.

Rats appeared for two consecutive years in the backyards of two houses. By the time the UPAS was
informed, high numbers of rats had established themselves. In one of the houses there was a bakery that
kept old bread in paper bags next to the backdoor. In August 2009, direct baiting into the rat burrow
openings was conducted with 1 kg difenacoum grain bait and three chlorophacinone wax blocks (100 g).
During a follow—up visit nine days after the placement of bait, two moribund rats were seen. No further
rat activity was observed after 15 days and the bait blocks showed no sign of fresh gnawing. Comparing
the position of the rat burrows with the sewer plans of the backyard we found no overlaps. The baker was
ordered to install a rat safe box to store his old bread.

In August a year later UPAS was called again and an even bigger rat population of approximately 30 rats
was evident in the same areas of the backyard. Again the rat burrows were baited with 1 kg of
difenacoum grain bait. In addition, six coumatetralyl bait bags (100 g) were placed in safe positions. It
was found that the rats could easily enter the newly-installed bread box of the bakery. The baker was
contacted again and storage of bread in the backyard was forbidden. 11 days after the first baiting the
follow-up visit showed no signs of fresh rat activity. The house with the bakery had steps covered with
an iron grill leading into a small, dark underground room. A leak in the sewage pipe of the house was
found by inspecting this room. It was there that rats were able to come to the surface from the sewer
system. The house owner was contacted and had to renew this sewage pipe and pay for the rat control.
The rat problem was finally solved with these measures.
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In 1971-1972 a rat control program was implemented throughout Budapest and continuous maintenance
work has been going on since 1973. In order to ensure efficacy, all rat occurrence related data have been
recorded since 1974. Using the special code system developed by us, it is possible to determine which
are the macro-habitats and, within those the micro-habitats, where Norway rats occur most frequently.

It is assumed that during rat control in urban areas (i.e. large cities) or maintenance of rat-free conditions,
it is not necessary to perform rodenticide treatments in the sewer system. To assess the importance of
control in the sewer system and to test this assumption, the authors conducted a separate analysis of the
data related to Norway rat occurrence in Budapest between 2000 and 2009.

Considering the average of the 10 years in question — 63% of the rats occurred in buildings and related
habitats, 30% in the sewer system while 7% occurred at places other than in these habitats. With rats
living in a given building, the frequency of their occurrence in the sewer system near that building was
also determined.

In the light of the data obtained, rat control in the sewer system is considered to be of primary
importance in terms of efficacy within a long term urban rat management program.
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Accumulation of chlorophacinone in susceptible and resistant Norway rat strains

Berny, P., Caillis, P., Vey, D.
Université de Lyon, VetAgro Sup, USC1233, INRA, F-69280 Marcy L’Etoile, France, p.berny@vetagro-sup.fr

DOI: 10.5073/jka.2011.432.026

Keywords: anticoagulant, bioaccumulation, non-target exposure, rodenticide, secondary poisoning,
toxicity

Introduction

Anticoagulant rodenticides (AVK) are known to accumulate substantially in the liver of exposed
animals. Their half-lives are very long; up to 350 days for brodifacoum in rats (Erickson and Urban,
2002). As a consequence, secondary poisoning occurs in predators and scavengers feeding regularly on
poisoned animals (Berny et al., 1997, Shore et al., 1999). This has been observed in many species,
including endangered species such as the red kite (Milvus milvus) (Berny and Gaillet, 2008). In Europe,
rodenticide resistance appears to be widely distributed. There is strong evidence supporting the role of
the Vkorcl gene in the resistance of the Norway rat (Rattus norvegicus) (Rost et al., 2004) and several
SNPs’ associated with resistance have been identified (Pelz et al., 2005). The objective of this work is to
analyze the potential for bioaccumulation of given anticoagulant compounds in resistant rats from
various European strains. The hypothesis tested was that resistant strains should accumulate
anticoagulants to a larger extent than susceptible rats.

Materials and methods

Resistant rats were obtained from Germany (Dr. Jens Jacob), United Kingdom (Dr. Alan McNicoll) and
France, carrying respectively the Y139C, L120Q (Berkshire strain) and Y139F resistance mutations.
Susceptible rats were obtained from our own breeding colony. The genetic status of each strain was
verified with DNA sequencing (homozygous resistant animals). The resistance status of each strain has
already been published (Pelz et al., 2005). Rats were fed ad libitum on a wheat-bait containing
chlorophacinone (50 mg/kg). This anticoagulant was chosen because it is one of the most commonly
used in France and also because all strains are known to be resistant to a significant extent to this AVK.
Four animals of each strain (2 males, 2 females) were euthanized after 1, 4, 9 or 14 days of continuous
exposure. A second series of exposure was conducted on rats exposed 3 days on day 3, 8 and 13 and
euthanized at days 4, 9 and 14. PT time was determined on the day of euthanasia for each rat.
Chlorophacinone and its major hydroxyl metabolites were analyzed by HPLC with UV detection in
plasma and liver samples for all animals.

Results

The resistance status of the strain had a definite effect on the survival rate at day 14 and on the time-to
death. Resistance was L120Q > Y139C=Y139F, as confirmed by mean time to death and elevation of
PT. Daily consumption of chlorophacinone was fairly consistent for all strains and during the entire
study period with a mean of 3.0 mg/kg/day (LD50: 2.1 mg/kg). Accumulation of chlorophacinone was
clearly dose-dependent for the first week (i.e. day 4), at least for the parent compound (Figure 1).

Accumulation seemed to stop during the second week in all strains except L120Q. No significant
differences could be detected between strains after 4 days. At Day 9 or 14, differences were noted,
especially related to the time of death, which was clearly strain dependent. Overall, L120Q rats
accumulated higher concentrations of chlorophacinone in the liver than other resistant strains and
susceptible rats (incomplete data at the time of abstract submission). Metabolites accumulated somewhat
in the liver but with no apparent dose-dependent relationship. Among the four different durations of
exposure (days 1, 4, 9 and 14) accumulation occurred to a less significant extent. (Plasma and some liver
samples are still being analyzed at the time of submission of this abstract).
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Fig. 1 Liver accumulation of chlorophacinone (Chloro) after 1 week in resistant rats (data combined for all
strains).

Discussion

Published work regarding AVK accumulation in resistant rats is very limited so far. Atterby et al. (2005)
compared whole-body residues of the L120Q strains (both Hampshire and Berkshire, the latter being
resistant to difenacoum) and found no significant difference between susceptible and resistant strains. In
their study, the authors showed that whole body concentrations peaked after 3 days and remained
constant over 20 days of feeding. These results are quite different from ours, but the study design was
also very different: we chose chlorophacinone, because all the strains were known to be strongly resistant
and we analyzed only the liver, known to be the cumulative site of contamination of many mammalian
species, rather than whole bodies. Since the liver is also rapidly consumed by predators, this choice
appeared more appropriate to investigate potential ecotoxicological impacts of the anticoagulant. Our
results clearly show that resistant rats may carry more AVK in their body than susceptible rodents,
therefore they represent a greater risk to predators and scavengers feeding on them.
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Abstract

Anticoagulant rodenticide (AR) resistance in Norway rat populations has been a problem for fifty years,
however its impact on non-target species, particularly predatory and scavenging animals has received
little attention. Field trials were conducted on farms in Germany and England where resistance to
anticoagulant rodenticides had been confirmed. Resistance is conferred by different mutations of the
VKORCI gene in each of these regions: tyrosinel39cysteine in Germany and leucinel20glutamine in
England. A modelling approach was used to study the transference of the anticoagulants into the
environment during treatments for Norway rat control. Baiting with brodifacoum resulted in lower levels
of AR entering the food chain via the rats and lower numbers of live rats carrying residues during and
after the trials due to its lower application rate and efficacy against resistant rats. Bromadiolone and
difenacoum resulted in markedly higher levels of AR uptake into the rat population and larger numbers
of live rats carrying residues during the trials and for long periods after the baiting period. Neither
bromadiolone nor difenacoum provided full control on any of the treated farms. In resistant areas where
ineffective compounds are used there is the potential for higher levels of AR exposure to non-target
animals, particularly predators of rats and scavengers of rat carcasses. Thus, resistance influences the
total amount of AR available to non-targets and should be considered when dealing with rat infestations,
as resistance-breakers may present a lower risk to wildlife.

Keywords: anticoagulant rodenticides, environmental exposure, residues, resistance

Introduction

Anticoagulant rodenticides (ARs) are used globally to control pest rodent infestations. Resistance to ARs
first appeared against warfarin and diphacinone in Scotland in 1958 (Boyle, 1960). In the wake of this,
more potent ARs were produced but resistance has since developed to some of these (RRAG, 2010).
Monitoring residues in carcasses of predators and scavengers in the UK has shown that ARs may affect a
range of non-target species, including some of high conservation value (Burn and Carter, 2002; Shore et
al., 2005). The risk to wildlife depends on several factors, including AR loading in individual rats and
total AR residue in rat populations. The impact of resistance on these factors is less well understood.
Resistant rats are able to consume some rodenticides without dying and so may carry body burdens of
active substance at higher levels and for longer than rats that are susceptible to the poisons (Atterby et al.
2005; Brakes and Smith, 2005). Using data from field trials against resistant rats and modelling the
movement of active substance in the rat population we show that this is indeed the case and rodenticide-
resistant areas could be a particular hazard with regard to non-target exposure.

Materials and methods

Field trials of three ARs (brodifacoum, bromadiolone and difenacoum) were conducted on farms in
North-west Germany and Southern England between 2005 and 2010 where resistance to bromadiolone
and difenacoum in Norway rats (Ratfus norvegicus) was confirmed. Rat population censuses were
carried out pre- and post-baiting. AR baits were applied according to product labels, pulsed-baiting was
used for brodifacoum and surplus baiting for bromadiolone and difenacoum (Buckle, 1994). All baits
contained 0.005% w/w of the respective active substances. A model was created utilizing the data
obtained from these trials to predict the amounts of the AR active substances in different environmental
compartments through the course of the trials.

Results

Across all trials brodifacoum was the most effective compound reducing rat populations to less than 1%
of their original size. Bromadiolone and difenacoum had lower rates of success as would be expected in
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resistant areas (29% reduction to population growth and 13-84% reduction per farm respectively). Our
model showed that bromadiolone and difenacoum use in these trials resulted in much higher levels of AR
entering the food chain via the rats than the use of brodifacoum (Figure 1). It also showed that AR
continued to enter the rat population at a much higher rate throughout the trials where control was less
effective. The model predicted that after the end of baiting live rats carrying residues of AR were present
for more than 10 times as long for bromadiolone and difenacoum trials than for brodifacoum trials.
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Fig. 1 Mean amounts of anticoagulants taken up by rat populations baited with each compound: bromadiolone

(BMD, n=6 trials), difenacoum (DIF, n=4) and brodifacoum (BDF, n=2), over the whole farm. BMD
and DIF trials showed much higher uptakes over the course of the trials than BDF trials.

Discussion

The use of potent AR ‘resistance-breakers’ (including brodifacoum and flocoumafen) is sometimes
avoided due to their higher toxicity and potential to be more hazardous in the environment (Eason et al.,
2002). However in areas where practitioners seek to control resistant rodent infestations, their use may
pose less of a risk than applications of ineffective baits. Compounds to which rodents are resistant to do
not provide effective control and create a long-term source of AR to enter the environment. The higher
quantities of AR used show that using ineffective compounds may extend both the period and severity of
exposure to non-target animals to ARs. Conversely the use effective use of resistance-breakers to control
anticoagulant rodenticide-resistant rat populations results in lower environmental exposure of ARs for
non-targets. Of course, the relative toxicity of the different ARs will also play an important part in
overall risk assessments.
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Coumarin derivatives, e.g. warfarin, are in world-wide use for rodent pest control since they effectively
repress blood coagulation. However, rodent populations developed resistance soon after the introduction
of such compounds. Today, in many countries, effective pest control is hampered by the rapid spread of
coumarin-resistant rodent populations. Chemically related compounds to those using in rodent control
are the main class of drugs used for treatment and prevention of thrombo-embolic events in humans.

VKORCI, the warfarin-sensitive enzyme active in the reduction of vitamin K epoxide has been
identified as the key component of the vitamin K redox cycle and the target of coumarin drugs (Li et al.,
2004; Rost et al., 2004). Mutations in VKORC1 have been shown to confer resistance (in vivo and in
vitro) to anticoagulants in humans as well as in laboratory and wild-caught R. norvegicus and M. m.
domesticus (Pelz et al., 2005; Rost et al., 2009). Mutant animals and populations have been found world-
wide. Apparently, VKORCI] mutations affecting different amino acid positions have arisen
independently in different resistance areas. A single sequence variant in the VKORCI promoter has been
identified as the major genetic determinant of coumarin dosage requirement in humans (Oldenburg et al.,
2007; Rieder et al., 2005).

Recently, X-ray crystallography has allowed delineating the three-dimensional structure of a bacterial
homologue of VKOR. The resulting model can explain the topology of this membrane-bound protein and
the mode of action of most mutations observed so far (Li et al., 2010).

VKORCI-like genes and proteins are present in organisms from all kingdoms of life. Apparently,
vitamin K, and VKOR activity, are not only used for the carboxylation of proteins. Kinetic and
expression studies of VKORCI1-L1, the human paralogue of VKORCI, have shown that ancestral
VKORs may play an important role in neutralizing reactive oxygen species which are generated during
all oxidative reactions (Westhofen et al., 2011).

The presentation will review and update our present understanding of VKOR and anticoagulant
resistance.
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Abstract

Anticoagulant resistance was first discovered in UK Norway rats (Rattus norvegicus Berk.) in 1958 and
has been present ever since. The possible detrimental impact of resistance on effective rodent control was
quickly recognised and, for almost three decades, extensive research was conducted on the geographical
distribution and severity of anticoagulant resistance in UK rats. Various schemes for the eradication of
resistant rats were also implemented. At first, surveys showed resistance only to the first-generation
anticoagulants, such as warfarin, chlorophacinone and coumatetralyl, but later resistance to the more
potent second-generation anticoagulants, such as difenacoum and bromadiolone, was also discovered.
Unlike some European countries, where only one or two resistance mutations occur, virtually all known
rat resistance mutations occur in the UK and five are known to have significant impacts on anticoagulant
efficacy. Little is currently known of the geographical extent of anticoagulant resistance among Norway
rats in the UK because no comprehensive survey has been conducted recently. At an operational level,
anticoagulants generally retain their utility for Norway rat control but it is virtually impossible to control
resistant rats in some areas because of restrictions on the use of the more potent resistance-breaking
compounds. This paper describes the development of resistance in Norway rats in the UK, outlines the
present situation for resistance management and introduces a new resistance management guideline from
the UK Rodenticide Resistance Action Group (RRAG, 2010).

Keywords: anticoagulant resistance, resistance management, Norway rat, resistance mutations:Y139C,
Y139F, Y139S, L120Q, L128Q

Background

Effective rodent control in the UK relies upon the anticoagulant rodenticides but resistance to them is
widespread. Early surveys of resistance in Norway rats (Rattus norvegicus Berk.) revealed foci scattered
across much of England, as well as parts of Scotland and Wales. One such survey, conducted in the years
to 1972, showed resistance in 14 separate locations (Greaves and Rennison, 1974). The largest of these
was an area on the Anglo-Welsh border, which became one of the most well-known and extensive UK
resistance foci. Another substantial focus was first discovered in 1968 in Kent and East Sussex. It
remained at least until 1974, when field trials of difenacoum were conducted there, but then was lost to
sight. Among the other locations only one, first discovered in Hampshire in 1969, came to be a practical
problem over a significant area (Greaves and Cullen-Ayres, 1988). It was thought that many of the other
resistance foci recorded in 1974 had either died out naturally or had been removed by efforts at
eradication (Greaves, 1995) but subsequent events have shown that neither was likely the case.

Resistance testing and resistance mutations in the UK

Laymen who hear the term ‘resistant’ often think that it is synonymous with the word ‘impervious’. In
other words rats said to be resistant to a particular anticoagulant cannot be killed by it. This is very rarely
so and all resistance testing requires a degree of qualitative interpretation. This was certainly the case
with the feeding test used to distinguish resistant from susceptible rats in the early work of Greaves and
Rennison (1974) and is even more so with the blood-clotting response (BCR) test which came to replace
it (Prescott et al., 2007). A degree of certainty was provided, however, when a new genetical test was
developed for resistance by workers based in Germany (see Pelz et al., 2005). For the first time it became
possible to examine the DNA of individual rats and know for certain if they possessed a genetical
resistance mutation. However, detailed biological work is still required to determine the practical impacts
on operational rat control of a resistance mutation identified by DNA sequencing. Nevertheless, this test
has revolutionised the study of anticoagulant resistance in the UK, and world-wide. A list of DNA
mutations found at UK rat resistance foci, and locations of some of their foci, is given in Table 1.
Knowledge of resistance in UK continues to increase and a new focus, or more likely an old one that had
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remained undetected for many years, was recently identified in Kent with a DNA mutation not
previously found in the UK (Prescott et al., 2011).

Tab. 1 Known anticoagulant resistance mutations in Norway rats in UK (from Pelz et al., 2005; Prescott et al.,
2011)

Resistance mutation Abbreviated mutation name Where present

Leucine] 28Glutamine L128Q Central Southern Scotland, Yorkshire,
Lancashire

Tyrosinel39Serine Y1398 Anglo-Welsh border

Leucine120Glutamine L120Q Hampshire, Berkshire

Tyrosine1 39Cysteine Y139C Gloucegtershlre, Norfolk, Lincolnshire,
Yorkshire,
SW Scotland

Tyrosinel139Phenylalanine Y139F Kent

Phenylalanin63Cysteine F63C Cambridge/Essex

Argenine33Proline N33p Nottinghamshire

UK Rodenticide Resistance Action Group (RRAG) Guidelines

Laboratory and field studies conducted previously in the UK, and elsewhere, provide an understanding of
the effects of some of these mutations on operational rat control. The practical impacts of two (F63C,
N33P) are unknown. Among the remainder, two mutations (L128Q, Y139S) confer resistance to the first-
generation anticoagulants but are largely susceptible to compounds of the second-generation, such as
difenacoum and bromadiolone. These compounds are recommended for use against them and, more
generally, anticoagulants are effective for rat control in the UK. However, three widely-distributed
mutations (L120Q, Y139C, Y139F) confer a degree of resistance to bromadiolone and difenacoum.
Resistance management is compromised at sites with these mutations because UK regulations, unlike
those proposed under the Biocidal Products Directive, restrict potentially effective anticoagulants,
brodifacoum, difethialone and flocoumafen, to use ‘indoors’, making them virtually useless for rat
control. The reason for this restriction is concern about secondary poisoning of wildlife (Carter and Burn,
2000). Consequently, rat control practitioners continue to use bromadiolone and difenacoum at sites
where they are resisted. This situation, in existence for about 25 years in the UK, has probably
exacerbated the severity of anticoagulant resistance and promoted its spread (Greaves, 1995). RRAG
Guidelines (RRAG, 2010) state the obvious, namely that anticoagulant compounds should not be used
where there is resistance to them. Where bromadiolone and difenacoum resistance occurs, and rats
cannot be controlled by other means, a procedure is proposed whereby those wishing to control resistant
rats apply to the UK Health and Safety Executive to use brodifacoum, difethialone or flocoumafen ‘in
and around buildings’. It remains to be seen whether this proposal is acceptable to UK authorities and
whether the applications can be administered in a timely and cost-effective manner.
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Abstract

Anticoagulant rodenticide resistance in Norway rats was first reported in the 1950s in Scotland (Boyle et
al., 1960) and has been recorded in a number of other foci in England and Wales from the 1960s to
present. Up until the mid-1990s resistance was monitored in trapped live rats using lethal feeding period
(LFP) and blood clotting response (BCR) tests (Myllymaki, 1995). However, in 2004 the identification
and sequencing of the vitamin K epoxide reductase (VKORCI1) gene that confers resistance in Norway
rats and House mice (Rost et al., 2004) made it possible to identify resistant animals in the laboratory
using the new molecular DNA sequencing technology. As DNA can be extracted from tissue taken from
the tip of the tail of recently killed animals, there is no longer a requirement for trapping and testing live
animals. Pilot testing of small numbers of UK rats by Pelz and colleagues in 2005 and 2009 (Pelz et al.,
2005; Rost et al., 2009) revealed 5 mutations associated with resistance from samples of frozen tissue
archived from wild rats caught in the 1990s and a further 2 mutations from lab strains generated from
wild founder animals caught in the 1960s and 1990s. Substantially higher numbers of animals have been
genotyped in Belgium, Denmark, France and Germany (Grandemange et al., 2009; Rost et al., 2009). In
contrast to France and Germany where spatial mapping of hundreds of resistant animals has occurred
using this new technique, in the UK we have a very limited current knowledge of the distribution and
prevalence of the different genotypes that cause resistance. Only two areas (Cambridge and Kent) have
had more than 2 animals analyzed (Prescott et al., 2011; Rost et al., 2009). This report describes the
VKORCI genotyping of over 150 wild rats in the UK from 2007 to date, from areas close to known
resistance foci as well as new locales where resistance has not been reported before. The results reveal a
more detailed spatial mapping of resistance mutations in the UK that will contribute to the future
management of rat populations in the UK.
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Abstract

Derivates of 4-hydroxycoumarin have been used worldwide as rodenticides since the 1950s. These
rodenticides inhibit blood clotting by repression of the vitamin K-reductase reaction. Only a few years
after the first application of anticoagulant rodenticides resistant Norway rats were detected. Nucleotide
polymorphisms within the vitamin K-reductase complex subunit 1 (VKORCI1) locus were found to
provide the genetic basis for resistance to anticoagulants within Norway rats and other commensal
rodents throughout the world (Rost et al., 2004, Pelz et al., 2005). The occurrence of rodents resistant to
anticoagulants during the last decades led to increasing difficulties in the control of rodent populations,
with consequent associated hygiene problems and possible increased risk of infection of humans and
livestock by epizootic and zoonotic pathogens. Therefore, different monitoring programs were conducted
in Germany and the consolidated results of these studies are presented here.

Since 2004, samples of Norway rats were screened for the Tyr139Cys polymorphism to define resistance
areas in the German Federal States of Lower Saxony, Saxony-Anhalt, Berlin, Schleswig-Holstein,
Hamburg and North Rhine-Westphalia. A special monitoring program was implemented in Lower
Saxony to obtain more detailed information on the occurrence of resistant rats. Therefore, since 2008,
Norway rats obtained as by catch of muskrat trapping, as well as rats caught purposely for the study from
rural or urban areas, were investigated for sequence changes in the gene VKORCI1. At some sites rat
feces were also examined for resistance polymorphisms.

The Tyr139Cys polymorphism, within the VKORCI1 locus, was detected by a newly-developed real-time
PCR method using minor groove binding probes. In total, about 660 samples from Lower Saxony were
investigated. 3.8% of these samples showed a heterozygous Tyr139Cys mutation within the VKOR gene
and 4.7% showed an equivalent homozygous mutation.

Sequencing of all samples confirmed the prevalence of Tyr139Cys as the most abundant polymorphism
in Germany. However, two further polymorphisms, Ala26Thr (also known from England) and Ser79Phe,
were identified in single populations in Saxony-Anhalt and Berlin. The resistance effects of these
polymorphisms have yet to be investigated. In the present paper we present the geographical distribution
and consequences of the Tyr139Cys polymorphisms in Norway rats in terms of management issues and
the risk of outbreaks of zoonotic diseases.
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Some commensal rodent species can cause significant damage to stored produce and infrastructure and
transmit pathogens to humans, livestock and companion animals. The most common approach to manage
over-abundant populations of commensal rodents is the use of anticoagulant rodenticides. In several
rodent species, including Norway rats (Rattus norvergicus), genetic resistance to anticoagulant
compounds occurs throughout the world. This can hamper the success of control operations. In addition,
predators and scavengers can be at elevated risk because poisoned, resistant prey individuals can carry
considerable amounts of anticoagulant residues.

Some nucleotide polymorphisms in the vitamin K reductase complex subunit 1 (VKORCI1) gene are
associated with rodenticide resistance. They are also related to several pleiotropic effects such as
increased vitamin K requirement in Norway rats. It is possible that the uptake of dietary vitamin K from
food sources that are present on farms mitigate these effects and/or acts as an antidote to anticoagulant
compounds.

In this study the preference for food rich in vitamin K1 was assessed in Norway rats that were either
susceptible or resistant to bromadiolone due to the homozygous nucleotide polymorphism Tyr139Cys
(Y139C). In addition, the effect of vitamin K1 consumption from several food sources on blood clotting
in bromadiolone-resistant and susceptible adult male Norway rats was assessed. In preliminary trials, the
effect of the consumption of corn silage on blood clotting time was tested in bromadiolone-dosed Y139C
rats.

Rats did not generally prefer the consumption of food sources rich in vitamin K1. Interestingly, there was
no effect of vitamin K1 uptake on blood clotting times. However, the uptake of four out of five corn
silages prevented a rise in blood clotting times that otherwise occurred in vitamin K-deficient
bromadiolone resistant Y139C rats. This was apparently due to compounds with vitamin K activity
present in silage.

Preliminary trials indicated that the effect on blood clotting of a dose of bromadiolone equivalent to nine
time the EDs, was significantly lower in bromadiolone-resistant rats that consumed silage versus than in
resistant rats that were fed standard rodent pellets. This effect was not evident in bromadiolone-
susceptible individuals.

Possible antidotal effects, and the prevention of vitamin K related pleiotropic effects in Y139C rats, may
contribute to the maintenance and spread of nucleotide polymorphisms related to rodenticide resistance.
Corn silage is becoming increasingly available to rats due to the expansion in bio-energy generation from
corn silage. Therefore, there may be an increase in the occurrence of anticoagulant-resistant Norway rats
and associated problems in agro-ecosystems in the future.
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House mouse tissue samples from 30 populations in Germany, Switzerland and the Azores were
analyzed for sequence changes in the gene VKORCI, which potentially confer resistance to
anticoagulant rodenticides. Except for one population originating from south Germany, sequence variants
were found in individuals from all locations analyzed (29 out of 30 sites surveyed), with less than 10 %
of the individuals matching the wild-type genotype. The most frequent and widespread amino acid
substitutions were Leul28Ser, Tyr139Cys and a group of linked sequence changes
(Argl12Trp/Ala26Ser/Ala48Thr/Arg61Leu). These three genotypes occurred either alone or in
combination with each other or with other less frequent sequence changes. Where they occurred as the
sole variant, the proportion of homozygous animals was 72-83 %, suggesting a high selection pressure
due to permanent pest control in these populations.

An evaluation of published data revealed that the three frequent sequence changes found are associated
with a substantial loss of rodenticide efficacy of first generation anticoagulants (e.g. warfarin,
coumatetralyl) as well as the second generation compound bromadiolone and most probably also
difenacoum. Further studies are required to investigate the effect on compounds of higher potency, in
particular, where combinations of sequence changes occur in one individual.
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Abstract

Adaptive introgressive hybridization refers to the natural transfer of genes after interspecific mating
between species, and subsequent expression of these genes in the recipient species as a new trait that
confers selective advantages. Conceptually, the process harnesses immense potential to explain rapid
evolution of traits. However, the process requires that reproductive isolation be overcome. Here we
present a case of the adaptive introgression of anticoagulant rodenticide resistance from the Algerian
mouse (Mus spretus Lataste, 1883) to the Western European house mouse (M. musculus domesticus
Linnaeus, 1758). These once allopatric species have come into secondary geographic contact and
hybridize occasionally. However, only for an approximately ~20.3 megabase-sized genomic fragment,
carrying the vitamin K 2,3-epoxide reductase subunit 1 gene (vkorcl) of M. spretus (vkorcI™"), has
hybridization resulted in introgression into the M. m. domesticus genome.

This vkorc I allele carries amino-acid substitutions, conferring resistance to anticoagulants, has evolved
under positive selection in M. spretus (Ka/Ks=1.54-1.93) and displays adaptive population genetic
dynamics in M. m. domesticus populations. Since its natural inception <60 years ago, this novel form of
pesticide-resistant mice has spread far into the range of M. m. domesticus. Other vkorcl resistance alleles
now known to occur in European house mice originated either by de novo mutation or from standing
genetic variants. Recombinants between these and introgressed alleles are now emerging, but the role of
such novel alleles in resistance has yet to be established. Our snapshot of the ongoing adaptive
introgression of vkorcI™ illustrates how hybridization, coinciding with strong selection with
anticoagulants, resulted the breakdown of reproductive barriers between M. spretus and house mice. Pest
control should anticipate the possibility of horizontal gene transfer between closely related rodent species
as a mechanisms leading to rodenticide resistance.

Keywords: genetic introgression, hybridization, vitamin K epoxide reductase subcomponent 1, vkorcl

Introduction

Anticoagulant rodenticides inhibit the vitamin K 2,3-epoxide reductase complex and thereby block blood
coagulation, such that susceptible house mice (M. m. domesticus) consuming the bait succumb to
haemorrhage. Anticoagulant rodenticides, notably warfarin, which have been in use since 1950, locally
have lost their effectiveness. Single point mutations in the vitamin K epoxide reductase subcomplex 1
(vkorcl) gene are known to form the basis of this resistance in mice, as well as in Norway rats (Rattus
norvegicus Berkenhout, 1769) (Li et al., 2004; Pelz et al., 2005; Rost et al., 2004, 2009). Warfarin
resistance is a classic mammalian case of microevolution by mutation that can be observed directly in the
field. Newer rodenticides, including bromadiolone, were developed to counteract such resistance. Here
we report on a population level survey in Europe that discovered that, in addition to point mutations in
vkorcl, anticoagulant resistance in European house mice has evolved within the last 60 years by genetic
introgression of vkorcl from M. spretus (vkorcI™") into the genome of house mice. We characterize the
vkorcI"" introgression, show that it can mediate resistance, and we report on its selective advantage
among field populations of house mice.
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Materials and methods

To determine the genetic mutations, we conducted DNA sequencing of the vkorcl gene in >100 mice
from Europe following methods as described in Song et al. (2008). We determined the amount of genetic
material in house mice derived from M. spretus by conducting a scan of chromosome 7 and sequencing
18 genes, including the vkorcl gene and its 5° region. We conducted population genetics tests to infer the
selection history of the introgression. Finally, we conducted molecular evolutionary analyses of the
vkorcl gene in mice. In order to assess the susceptibility of mice to anticoagulants, feeding trials were
conducted with wild-derived strains of house mice from Germany carrying the complete version of
vkorc ™", The testing protocol followed OPP 1.204 (US EPA, 1991) standards and was conducted under
the German equivalent of IACUC (Institutional Animal Care and Use in Research) protocols.

Results

We showed that genetic variants have been introgressed from M. spretus into M. m. domesticus over
~20.3 megabases (Mb) on chromosome 7, including vkorcl. The introgressed vkorcI”" (and
recombinants thereof) has high frequency (>80%) in areas where M. spretus and house mice occur
sympatrically (e.g. Spain), and remains abundant in areas where only house mice occur (e.g. Germany,
~33%). The vkorcI*" was not detected in mice from England, Scotland, Italy and Greece. House mice
carrying the complete vkorcI*" displayed reduced susceptibility to three anticoagulant rodenticides when
compared to house mice carrying the wild-type copy of the gene (mortality rates to coumatetralyl and
bromadiolone were 20% and 9%, respectively). In contrast, M. m. domesticus carrying wild-type vkorc
displayed mortality rates of 84-100% to coumatetraly and 85% to bromadiolone. Finally, 20% of M. m.
domesticus carrying complete vkorcI™" survived difenacoum trials, whereas all M. m. domesticus with
wild-type vkorcl died when fed on difenacoum bait.

The vkorcl is one of the fastest-evolving genes in the M. spretus genome, and we showed that this rapid
evolution took place after M. spretus had split from its congeneric species of Mus. A Ka/Ks ratio >1
indicates that this rapid evolution was due to positive selection on amino acids in the M. spretus lineage.

Discussion

Adaptive protein evolution of vkorcl in the M. spretus lineage was driven by unknown ecological
factors, but the combination of amino-acids in vkorcI”" protect M. spretus against anticoagulants
(Baeumler and Asran, 1987), i.e. is have resistance as a pleiotropic effect. Horizontal transfer of vkorc1""
to house mice transfers this trait. Apparently, low levels of inter-specific gene flow (through fertile
female hybrid offspring) between M. spretus and house mice has been sufficient to enable the transfer of
the anticoagulant rodenticide resistance gene during the past 60 years since the introduction of
anticoagulant rodenticides.

The geographic origin of the introgression likely is in Southwestern Europe or in Northern Africa, where
M. spretus is sympatric and on occasion apparently forms hybrids with M. musculus (Orth et al., 2002).
Two independent evolutionary trajectories, both involving the vkorcl gene, have led to the adaptation to
selection pressure applied by anticoagulant rodenticides in house mice: point mutation and adaptive
introgressive hybridization.
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Abstract

House mice (Mus musculus domesticus) vary considerably in their susceptibility to anticoagulants, and
several non-synonymous sequence variants in the coding region of the vitamin K epoxide reductase
subcomponent 1 gene (vkorcl) were found in Germany (Rost et al., 2009). It was the aim of our study to
characterize the degree of resistance in relation to vkorclgenotypes in local mouse groups, and to test
whether certain genotypes were selected by sequential treatments with the two anticoagulant rodenticides
warfarin and difenacoum.

Two successive treatments were conducted, the first with bait containing warfarin followed by a second
using difenacoum. Their effects were determined on local sub-groups of mouse infestations in different
sub-units on two livestock farms in Westphalia, Germany. The frequency of different vkorc! genotypes,
as determined by Sanger sequencing, was considered relative to the rodenticide treatment results for each
sub-group and sampling period.

Three tolerance types were identified on farm one: A=warfarin-susceptible, B=resistant to warfarin, but
susceptible to difenacoum, C=approx. one half of animals resistant to both anticoagulants. On farm 2,
only type A and B were identified. A high degree of resistance was observed in vkorc! wild-type mice.
In all cases, only the R58G vkorcl variant was found, which appears not to be a resistance marker in
house mice. Hence, in these mouse infestations, practical resistance to anticoagulants was not
accompanied by any identifiable vkorc! resistance marker.

The study was funded by the Rodenticide Resistance Action Committee (RRAC) of CropLife
International.

Keywords: difenacoum, house mouse, Mus musculus domesticus, resistance to anticoagulants, rodent
control, rodenticide treatment, vkorcl, warfarin

Introduction

House mice (Mus musculus domesticus) vary considerably in their susceptibility to anticoagulants. In
contrast to rats (Rattus norvegicus) in Northern Germany, where virtually all anticoagulant resistant rats
carry a Y139C mutation in vitamin K epoxide reductase subcomponent 1 gene (vkorcl), several other
non-synonymous coding sequence variants of the vkorcl appear to segregate in mouse populations from
Germany including the Y139C variant (Rost et al., 2009). However, with the exception of the Y139C
mutation, little information from field studies is available on the susceptibility to anticoagulants in mouse
strains marked by these variants, and on the effect of practical treatments with rodenticides. In the
present study, the effectiveness of two anticoagulant rodenticides was investigated in two populations of
the house mouse suspected to harbor resistant animals. Genetic analysis of vkorcl was used to provide
information about type and frequency of vkorcl sequence variants occurring in sub-units of the
populations before and after the treatments. The aim was to characterize the degree of resistance in
relation to genotypes in local mouse groups, and to test whether certain vkorcl genotypes were selected
by the treatments, i.e. increased or decreased in allele frequency as a result of rodenticide use.

The study was funded by the Rodenticide Resistance Action Committee (RRAC) of CropLife
International and MHK and YS were partially funded by National Institute of Health grant RO1.
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Materials and Methods

Two successive treatments with anticoagulant rodenticides were conducted and monitored for their effect
on local sub-groups of mouse infestations in the different sub-units on two livestock farms in Westphalia,
Germany. Grain baits containing 0.05% warfarin for the first treatment, and 0.005% difenacoum for the
second treatment, were systematically distributed at certain structural elements according to the standard
rodent control program BayTool for 28 days (www.baytool.info). Bait consumption was recorded during
regular visits to the treated sites, and the effect of the treatments was determined by census baiting. Mice
were trapped prior to, between the two treatments, and after the treatments for tissue sampling (tail clips).
Since most non-synonymous mutations of vkorc! in mice were found in the first and third exons (Rost et
al., 2009), the two segments were amplified using the primers and conditions described in Song et al.
(2008). All PCR products were cleaned by ExoSAP-IT (USB, Cleveland, OH) and sequenced with the
Sanger-method for the detection of coding sequence variants in the gene. The frequency of vkorcl
genotypes was put into relation to the rodenticide treatment results for each sub-group and sampling
period.

Results

Mice consumed 3.0 kg of warfarin bait and 1.2 kg of difenacoum bait during the first trial, and 3.7 kg
and 1.6 kg respectively of the two baits during the second trial. The level of resistance differed markedly
between sub-units on both farms (Table 1). Three tolerance types were identified on farm one:
A=warfarin-susceptible, B=resistant to warfarin, but susceptible to difenacoum, C=approx. one half of
animals resistant to both anticoagulants. On farm 2, only type A and B were identified.

Tab. 1 Results of anticoagulant treatments according to sub-units in 2 trial sites.
Site 1 Site 2
Tolerance type Survival rate (%) Tolerance type Survival rate (%)
(sub-unit No.) Warfarin Difenacoum (sub-unit No.) Warfarin Difenacoum
A (1) 7.2 0 A 7.1 0
B(2) 92.9 0 B(2) 104.0 7.2
C@3) 59.3 94.5 B(3) 92.0 5.7

We obtained vkorcl sequences for 41 mice on farm 1 and 54 mice on farm 2. Only one non-synonymous
mutation R58G was found in exon 1 in all the sequenced mice from the two farms. On farm 1 almost all
mice (n=39) were vkorcl wild-type, and only 2 mice carried the heterozygous mutation R58G (i.e. allele
frequency 2.4%). On farm 2, all mice were homozygous for R58G in tolerance type A (n =18, warfarin-
susceptible, sub-unit 1). 12 mice trapped in sub-unit 2+3 were wild-type, 6 were homozygous and 18
were heterozygous for R58G. Thus, we observed a high degree of resistance in vkorcl wild-type mice.
Only the R58G vkorcl variant was found, which appears not to be a resistance marker in house mice.

Discussion

Resistance to warfarin was present in both mouse populations studied. Resistance to difenacoum
occurred only in one sub-unit on one farm. Even there, no vkorcl variant was found that could explain
vkorcl-mediated resistance, at least at the level of protein coding mutations. We therefore conclude that
resistance to anticoagulants can be manifested in field populations of mice without the presence of
vkorcl coding mutations. In addition to the comparatively well-understood vkorcl-mediated resistance
(e.g., Y139C variant), our results suggest the possible involvement of other genes and/or other genetic
mechanisms (e.g., gene regulatory or epigenetic changes) in anticoagulant resistance in mice. It is also
conceivable that food rich in vitamin K mediated a fully or partially non-genetic form of resistance.
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Abstract

Worldwide control of commensal rodents relies on anticoagulant rodenticides (AVKs). As with many
other pesticides used continuously over long periods of time, the target species, in particular Norway rats
(Rattus norvegicus) and House mice (Mus musculus domesticus), are increasingly becoming resistant.
Several allelic forms of the gene involved in the resistance (VKORCI1) have been recently identified in
R. norvegicus (Grandemange et al., 2007, 2009, 2010). The occurrence and frequency of resistance
alleles in rodent populations depends on selection pressures, such as the frequency and intensity of
anticoagulant rodenticide treatments, and rodent population dynamics, including spatial structure,
population size and dispersal. In commensal situations, the spatial distribution of favorable conditions for
the establishment of rat infestations depends on the density and configuration of the human habitat. In an
agricultural landscape rats will occur as a metapopulation, with sub-populations mainly located within
the farmsteads, where resources are most easily available. The mean dispersal distance for commensal
rats across non-commensal habitats is known to be highly restricted, i.e. 300 meters (Le Louarn and
Quéré, 2003). Passive dispersal may however occur over longer distances due to human transportation
(Le Louarn and Quéré, 2003). In such a context, the genetic structure of rat populations will be shaped by
interplay between migration (gene flow), genetic drift and local selection (cost and benefit of the
resistance). To disentangle the relative influence of these three evolutionary forces on the fluctuation and
fixation of resistance alleles, we compared the genetic structure of rat populations at the VKORC1 gene
and microsatellite markers (Bryja et al., 2007). This comparison was firstly done in a metapopulation
context, considering two groups of seven and eleven farms, respectively, located near the city of Lyon in
France. Rats were trapped and genetic material collected within each farm before a rodenticide treatment
was carried out at one of the farms. A second sampling was then conducted to follow the
restoration/recolonisation of the rat population that had undergone the rodenticide treatment. In a further
experiment, the same comparisons will be carried out for an isolated population, using samples collected
from an island in Brittany, before and after the population was treated with rodenticides.

Keywords: microsatellites, population dynamics, Rattus norvegicus, resistance, rodenticides, selection
pressure
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Abstract

The Westphalian resistant Norway rat strain is characterised by the possession of the Y139C variant of
the vkorcl gene, and practical resistance occurs in rat infestations at different frequencies to the
anticoagulants warfarin, coumatetralyl, bromadiolone and difenacoum. Within the present study we
investigated whether there was an obvious pattern in the distribution of resistance in relation to the
distance to an identified hot spot of resistance from the site of sampling and whether the frequency of the
resistance gene was connected with local conditions, such as rodent control history.

Rats were trapped at a single infested site in each of 12 1km x lkm squares in a line including a
resistance hot spot. Tissue samples were taken from all trapped rats, and genotyped for the Y139C
variant of the vkorcl gene. The frequency of the resistance gene was determined for each site sampled.
Data were also collected about rodent control measures applied in the past and other relevant local
conditions.

The frequency of the resistance gene varied considerably between < 20% and > 80%. There was no
obvious correlation of the frequency of the resistance gene and the distance to the hot spot, and there was
no increase or decrease of the gene frequency in west-east direction. Permanent baiting and poor rodent
control practice seemed to increase the incidence of resistance in the respective site. The implementation
of good rodent control practice is recommended to prevent an increase in the frequency of resistance.

The study was funded by the Rodenticide Resistance Action Committee (RRAC) of CropLife
International.
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Introduction

The Muensterland/Westphalia focus of anticoagulant resistance has been well investigated in terms of the
extent of the area, where resistant Norway rats may appear, the genetics of the resistance gene, and the
impact of resistance on the practical outcome of treatments using bromadiolone and difenacoum (Pelz et
al., 1995; Rost et al., 2004; Endepols et al., 2011). The Westphalian resistant rat strain is marked by the
Y139C variant of the vkorcl gene, and practical resistance occurs at different frequencies to the
anticoagulants warfarin, coumatetralyl, bromadiolone and difenacoum. Studies investigating the nature
of resistance were performed only on farms, which were peculiar for their rat control problems,
obviously being hot spots of resistance. Such hot spots might be centers from where resistant rats
disperse. In the present study, it was investigated whether there was an obvious pattern of the distribution
of resistance correlating with the distance to such a hot spot. Further, it was investigated whether the
frequency of the resistance gene was connected with local conditions such as geography and rodent
control history in the respective site. The study was funded by the Rodenticide Resistance Action
Committee (RRAC) of CropLife International.

Materials and Methods

A livestock farm known to be a hot spot of resistance was selected and situated at the centre of 12
squares, each measuring 1km x 1km, distributed in a west-east line near a small town in the eastern part
of the Muensterland resistance area. In every square, a site was located with a rat infestation which
permitted the trapping of at least 10 rats. We tried to avoid the selection of sites with extensive rat
problems, but to find sites with less conspicuous rat infestations.
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Tissue samples were taken from all trapped rats, and genotyped for the Y139C variant of the vkorcl gene
by the amplification refractory mutation system (ARMS)-PCR test. The frequency of the resistance gene
was determined for each site. Data were collected about rodent control measures applied in the past, local
geographical conditions, characteristics of livestock keeping and other relevant criteria.

Results

The Y139C vkorcl gene was found at all of the sites investigated. The frequency of the resistance gene
varied considerably between < 20% and > 80%. There was no obvious correlation between the frequency
of the resistance gene and the distance from the site of sampling to the central hot spot, and there was no
increase or decrease of the gene frequency in either a westward or eastward direction from the hot spot.

Of all parameters noted for each site, those of rat control practice appeared to be most connected with the
frequency of resistance. On one livestock farm, permanent baiting was performed, and all rats there
carried the resistance gene. Those sites with good rodent control practice employed showed the lowest
frequency of resistance.

Conclusions

The frequency of Y139C anticoagulant resistance varies much within short distances between infested
sites within the Muensterland/Westphalia focus of anticoagulant resistance, e.g. less than one kilometer,
which is less than the distance a rat may move in one night (Taylor and Quy, 1978). It is therefore
difficult to make any conclusion about the incidence of resistance at one site based on resistance tests
conducted on a site nearby. Most of the sites sampled in this study were livestock farms. Permanent
baiting and poor rodent control practice seemed to increase the incidence of resistance at the respective
site. The implementation of good rodent control practice is recommended to prevent an increase in the
frequency of resistance. It is recommended that, if an anticoagulant is applied and found to be not fully
effective due to resistance, surviving rats at treated sites should be removed entirely using one of the
more potent and effective anticoagulants.
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Abstract

Little is known about general composition of small mammal communities in agricultural land in
Germany. Most published data represent only a few months’ data in a specific habitat type focussing on a
small region. This presentation will review data from several studies performed in the last decade of
almost every year in agricultural land across different regions in Germany. Data on the distribution of
small mammal species in landscapes dominated by agricultural land including cropped fields, meadows
and adjacent field structures like hedgerows, woodland and field margins are presented. The data were
collected during different investigations regarding diverse topics studied and are summarized for this
presentation for the first time. The presented data may help to interpret the spatial and temporal
composition and distribution of small mammal communities in agricultural landscapes.

Keywords: agricultural landscape, Germany, small mammals, species composition, species distribution,

Introduction

Published information about small mammal communities in agricultural landscapes in Germany is
mostly restricted to a short time and a small spatial scale. Therefore, a large data set collected during
different investigations spread over Germany is summarized. The presented data will show spatio-
temporal patterns and distribution of small mammal communities in agricultural landscapes in Germany.

Materials and methods

The data set consists of 111 independent trapping grids distributed over 7 federal states in the years
2001-2010 (excluding the years 2004 and 2009). 11 of these trapping grids were especially designed for
trapping of shrews and did not provide data of small rodent species. Trapping was mainly conducted with
multi-capture live traps (Ugglan traps, Grahnab), which were partially adapted to the specific topics of
some studies. The data set covers the months January-November. To get comparable values across all
studies conducted, trapping efficiency (TE; captured ind./100 trap checks), was calculated. Trapping
during all studies was performed in agricultural fields and adjacent off-crop habitats. For the presentation
these data were assigned to the following habitat types: (1) agricultural field, (2) skirt of wood, (3)
shrubbery (including hedge structures) and (4) grassland (including meadows, pastures and the ground
plant cover in orchards).

More than a quarter of a million trap checks were conducted, >150,000 in agricultural fields, >60,000 in
grassland and >40,000 in shrubbery and skirts of wood. The temporal scale of the data will be presented
according to meteorological seasons.

Results

The trapping data revealed 18 different species found in agricultural landscapes. The habitat which
contains most species was the skirt of wood (14 species), followed by agricultural fields (13 species) and
shrubbery and grassland (9 species each). Thirteen species belonged to the order Rodentia, 4 to
Insectivora and 1 to Carnivora. Considering mean TE, the four most abundant species were bank vole
(Myodes glareolus, TE 14.2), yellow-necked mouse (Adpodemus flavicollis, TE 10.6), common vole
(Microtus arvalis, TE 6.7) and wood mouse (4. sylvaticus, TE 4.6). For further considerations and
analysis only these species were evaluated, providing a sufficient data base.

In the skirt of woods, bank vole and yellow-necked mouse were the key species. At spring, bank voles,
yellow-necked mice and also the wood mouse showed similar trapping efficiencies (6.7, 7.3 and 7.7
respectively). But in summer and autumn, bank vole (TE 38.2) and yellow-necked mouse (TE 25.8) were
dominating in ‘skirt of woods’.
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The habitat category shrubbery with diverse microhabitats showed high numbers of bank voles (TE 15.5)
and wood mice (TE 17.1) in spring, which changed in summer and autumn when bank vole (TE 27.1 and
21.9, respectively) yellow-necked mouse (TE 15.3 and 19.0, respectively) showed highest abundance.

Grassland habitats were dominated by the common vole. In autumn, also the other species were trapped
but TEs were much lower.

In agricultural fields the trapping efficiency was about a tenth compared with the other habitats. The
common vole and the wood mouse showed the highest trapping efficiency here. In agricultural field in
spring the wood mouse had the highest TE and in summer, TE of the common vole (TE 3.0) was twice as
high compared to the wood mouse (TE 1.3). In autumn, the numbers of common vole (TE 2.1) and wood
mouse (TE 2.0) were nearly equal. The yellow-necked mouse and the bank vole showed their highest TE
in summer in agricultural fields (TE 1.0 and 0.8, respectively).

The wood mouse population showed a decline in TE in summer in the habitats shrubbery and skirt of
woods but an increase in agricultural fields. In grassland, the wood mouse was trapped in spring and
summer only occasionally.

Considering the population dynamics (i.e. yearly maximum TE) common vole, bank vole, yellow-necked
mouse and wood mouse followed the same general pattern. Furthermore, for the year 2005 TEs of the
common vole of 3 distant regions were available, which show strong regional differences within the
same season.

Discussion

Based on the data set, the small mammal community in agricultural landscapes in Germany was
dominated by four rodent species. As expected, grassland habitats are dominated by common voles, and
in agricultural field in spring the wood mouse had the highest TE and the second highest following the
common vole in summer and autumn. The small mammal communities described are in concordance
with data from the Czech Republic (Heroldova et al., 2007), where the dominating species in forest were
the yellow-necked mouse and the bank vole. Also for ‘windbreaks’ Heroldova et al. (2007) showed the
same species (yellow-necked mouse, wood mouse and bank vole) as in the similar habitat ‘shrubbery’ in
our data set. The dominance of common voles and wood mice in agricultural habitats is confirmed by
results of Heroldva et al. (2007) and Boye (2003), and our findings about small mammal communities
reflect the species habitat preferences given e.g. in Braun and Dieterlen (2005). Interestingly, the
populations of the wood mouse (i.e. TEs in ‘shrubbery’ and ‘skirt of woods’) declined in summer,
whereas TE in agricultural habitats increased. This finding supports the hypothesis of Ouin et al. (2000)
that dispersal towards crops could be the main factor explaining population drops in hedge like habitats.
The yearly population development had the same tendency for the herbivorous common vole and the
pronounced granivorous bank vole, wood mouse and yellow-necked mouse, as known from Flowerdew
et al. (2004), Giraudoux et al. (1994), Flowerdew (1985), which have different habitat and food
preferences. This might be an indication for species unspecific factors influencing the whole small rodent
community. However, on the regional scale difference in yearly common vole abundance can be strong.
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Abstract

Outbreaks of common voles (Microtus arvalis) can cause significant losses in agriculture and forestry.
To minimise damage it is useful to prevent voles from dispersing from refuges to arable land (Lidicker,
1975; Singleton et al., 2003). To apply timely and spatially targeted management methods, sound
knowledge about the distribution patterns of voles at field-refuge-boundaries is required. Field sites for
this study, funded 2009-2012 by the German Federal Environmental Foundation (DBU) are located in
Saxony-Anhalt, Germany. Circular grassland areas below wind energy plants are used as replicated
experimental refuges. Barrier fences were installed in 10 of 16 refuges that allow immigration but
prevent emigration. Capture-mark-release revealed a population expansion August 2010. Individual
number rose higher in refuges without barrier fences. Mowing in June and September 2010 had a
negative effect on vole abundance. Aerial pictures and telemetry studies are used to detect vole
distribution onto the field. The analysis of dispersal dynamics will be continued and appropriate
management methods will be tested in the last year of the study.

Keywords: capture-mark-release, common vole, dispersal pressure, distribution patterns, management
methods, Microtus arvalis

Introduction

At high abundances, common voles (Microtus arvalis) can cause significant losses in agriculture and
forestry, because they can disperse from refuges (e.g. field edges) to arable land. This study, funded
2009-2012 by the German Federal Environmental Foundation (DBU), aims to investigate population
dynamics and distribution patterns of common voles at field-refuge-boundaries as a basis to develop
methods for sustainable vole management. Field sites are located in Saxony-Anhalt, Germany. Grassland
areas (320 m?®) below wind energy plants, from which common voles invade fields, are used as
experimental refuges (n=16). To measure dispersal pressure, barrier fences were installed at 10 refuges
that allow immigration but prevent emigration. Since October 2009, population dynamics and dispersal
rate from refuges to fields are surveyed monthly.

Materials and methods

Capture-mark-release was used to measure population size; body weight, sex and reproductive status of
each individual were assessed. Additionally, weather parameters, vegetation height and cover were
measured. Radio-telemetry was applied to reveal individual dispersal dynamics to the field. With the
help of aerial pictures, possible vole activity on adjacent fields was surveyed to analyze distribution
patterns on the population level.

Results

More than 800 individuals have been marked so far. Recapture probability within a trapping session was
>50%. Extrapolated vole density in refuges with barrier fence averaged 150-300 ind./ha (October 2009
to July 2010). In May, reproductive activity started and resulted in up to 850 ind./ha in August 2010
(extrapolated). As predicted by the Chitty-effect (Krebs, 1978), average body weight was highest in the
phase of high population density (Burthe, 2010). Population size in refuges without barrier fence was
slightly lower in spring, but higher in autumn compared to the fenced areas. Mowing in June and
September 2010 reduced vole abundance both in refuges with and without barrier fence remarkably,
whereas effects were more distinctive for the latter. In 2010, 20 adult voles were equipped with a radio-
collar and released outside the refuge. However, all returned to the refuge within two days.
Consequently, no vole activity could be noticed in the field so far by means of aerial pictures. Over-
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wintered voles in spring 2011 were on average 5 g heavier compared to voles in the previous year, while
the proportion of juveniles increased to 20%.

Discussion

A reasonable population increase could be detected in August 2010, but did not lead to a dispersal of
voles onto the field so far. It can be assumed that the maximum population density in the refuges is not
yet reached. The observed negative influence of shortening vegetation on the number of individuals has
been shown in other studies before (Jacob and Hempel, 2003). Higher population sizes in refuges without
barriers compared to refuges with barrier fence in autumn 2010 could be a result of higher immigration
rates. Subsequent DNA-analyses (microsatellites, parentage exclusion) will reveal new individuals in
refuge populations. Influence of field cultivation (ploughing, fallow) could be one reason for the lack of
established vole populations on the field so far (Jacob and Halle, 2001). The analysis of dispersal
dynamics will be continued and appropriate management methods (barrier fences and -furrows, pit fall
traps) will be tested in the last year of the study.
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Abstract

Rodents are common pests in various agricultural cultivations. Utilization of barn owls for rodent pest
control has long been used. In Israel, the indirect effect of barn owl predation pressure on alfalfa crop
yield has been examined. Using radio-telemetry, barn owls were tracked to form a density-distance
function, which was later used to estimate predation pressure on whole fields. This function was utilized
on all barn owls nesting in the vicinity to assess accumulated predation pressure on fields, which was
compared to crop yield in contemporary alfalfa harvests. Results show that barn owl presence has a
positive effect on alfalfa crop yield, enhancing crops by 3.24% and allowing a net profit of 30
US$/hectare-year. These results are important since they encourage farmers to use this environmentally
friendly, healthy method owing to agricultural-economical considerations, thereby evading the
environmental-financial conflict.

Keywords: alfalfa, barn owl, biological control, economy, Israel, predation pressure, rodent,

Background

Rodents are major pests to a variety of agricultural crops (Stenseth et al., 2003). Of the rodent pests in
Israel, levant voles (Microtus guentheri) are major pests in field crops, with alfalfa (Medicago sativa)
being, perhaps the main victim due to a number of reasons: Year-round fresh vegetation, nutritiousness,
perenniality, summer irrigation and lack of soil cultivation during crop growth period (Moran, 2003).
Vole populations can accumulate in alfalfa to thousands of burrow openings per hectare and harm crops
severely (Motro et al., 2010). Chemical poisoning is dangerous and quite inefficient due to the
palatability of the crop itself. The use of wild barn owls (Tyfo alba) in artificial nesting boxes for the
control of rodents has been suggested a few decades ago and is implemented in many regions of the
world (Charter et al. 2010; Meyrom et al., 2009; Motro et al., 2010; Taylor, 1994). Alas, it has never
been shown before that this environmentally friendly control regime is cost effective.

Methods

The study site was in Kibbutz Sde-Eliyahu, Israel (32°30N, 35°30E). 58 nesting boxes for barn owls were
erected in 1983-1996, and their annual occupation and success have been monitored since. A total of 429
alfalfa harvests were examined in 21 fields over 10 years (1999-2008). The predation pressure was
calculated by fitting 16 of the owls with radio-telemetry and tracking their movements (White and
Garrott, 1990) to form a function of their occurrence probability by distance from the nest (Venables and
Ripley, 2002). The predation pressure was integrated on all the fields' area and accumulated for all active
nesting boxes during the specific harvest period. This gave a total predation pressure estimate for a
certain field in a certain point in time. The total predation pressure was then compared to the crop yield
of the harvest of the same field at the same time.

Results

In this study, the effect of predation pressure on rodents by barn owls was shown to have significant
positive effect on alfalfa crop yield and on the financial income for the farmer. Among other factors
analyzed, predation pressure was found to have a statistically significant positive effect on alfalfa crop
yield, enhancing crops by 440 kg/hectare-year which consists of 3.24% of the annual production. The
associated revenue increase amounted to 100 US$/hectare-year. Attributing the costs associated with
installation and maintenance of all the 58 nesting boxes to the 41.8 hectares assigned in an average year
to alfalfa production at Sde-Eliyahu, one obtains a net benefit of 30 US$/hectare-year. Further modeling
studies have shown that alfalfa outputs would convexly increase with predation pressures, meaning that
better nest box layout may have an even greater effect on rodents and crops.
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Discussion

These results show that despite the apparently low contribution in terms of alfalfa yields, and the fact that
the potential contribution of the nesting boxes to the yields of other crops is completely ignored, rodent
control by barn owls is found to be profitable. The use of rodenticides was not calculated as a substitute,
since their ineffectiveness discourages farmers from using them. Two other important elements that have
not been considered here are the environmental and health issues. The reason for this is that the aim of
this research is to verify whether this control method is profitable for the farmer, not for the environment
or the society. These results are important because they encourage farmers to utilize this method and gain
profit even without the intervention of the authorities (by subsidies, laws or fines) and avoiding the
environmental-financial conflict from their aspect: they use an environmentally friendly control method
— and save money.
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Voles of the genera Microtus and Myodes have become increasingly severe pests in Finnish silviculture
during recent decades. During this time, the level of damage caused by voles has clearly surpassed that
caused by ungulates, the previously most notorious of vertebrate forestry pests. It was estimated that
during the most recent population density peak in the winter of 2008/09 voles destroyed ca. 36 million
tree seedlings in the southern half of Finland. The collective area of total damage encompassed 20,000
hectares, and that of minor damage, such as eating the apical buds of conifer seedlings, roughly three
times more. Financial losses due to replanting were estimated to near 20 million euros. The degree of
damage caused by voles is first and foremost influenced by vole density. In Finland, vole populations
fluctuate cyclically in three-year periods, albeit not synchronously over the whole country. Damage to
seedlings occurs almost exclusively during winters immediately succeeding peak vole densities. The
functional explanation for this appears to be that high density vole populations deplete their preferred
winter food resources, grasses and herbs, and thereafter resort to consuming tree seedlings despite their
poorer dietary quality. Silvicultural practices also affect the relative susceptibility of seedling stands to
vole damage. For example, different tree species are differentially preferred by voles, small seedlings are
more prone to damage than larger seedlings, and heavily fertilized seedlings are of higher nutritive value
to voles, thus predisposing them to consumption. Intensive mechanical practices such as soil preparation,
removal of slash and ground vegetation control all tend to reduce the quality of seedlings stands as
habitat for voles, thus reducing the likelihood of population densities reaching destructive levels. Despite
the severity of damage caused by voles, few management actions are currently widely employed by
forest owners. The currently most often recommended modes of management are 1) timing of planting to
years when a vole population peak is not imminent, 2) adequate soil preparation prior to planting, 3)
mechanical or chemical control of grasses in seedling stands, 4) protection of seedlings by shelters and/or
repellents, and 5) reduction of vole numbers in late autumn by trapping or poisoning. The Finnish Forest
Research Institute is carrying out extensive laboratory and field experimentation on the applicability of
each of these management actions, as well as on a suite of other topics with potential to contribute to the
reduction of vole-induced damage in boreal managed forests.

Keywords: population cycle, seedling, silviculture, vegetation control, vole damage
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Trap-tubs are unbaited plastic buckets with one-way doors that allow voles to enter the tub and predators
to consume the voles. Trap-tubs have been suggested as a means of vole control by Niemeyer et al.
(1996; 1999).They reported a considerable amount of voles caught throughout the year. However, there
was no proof that constant trapping positively affected the survival rates of trees in the forest-plantation.

At different sites in Lower Saxony, in 2003 three newly planted and fenced afforestation areas were
chosen as trial plots. Each plot was divided into two halves, each >1 ha. In each pair, one of these halves
was equipped with trap-tubs on a 30 x 30 m grid, resulting in a promedium of 11 tubs per ha and the
other halves were untreated controls.

Trap-tubs were installed adjacent to a resting-perch for birds of prey, thus fixing the tubs to the ground
and to facilitate removal of caught voles by those birds as well as inspection and maintainance by the
investigators.

Twice a year the tubs were cleaned from debris and the entrances were checked for functionality. In
autumn, fresh cuttings of apple twigs were placed in the plots to estimate the abundance of epigacous
voles according to bite marks (Kriiger 1996). In spring, a sample of 100 forest plants was checked for
vole damage. In the last inspection (2011) all remaining trees were counted to establish survival rates.

The trap-tubs had a measurable effect on trees’ survival rates in general. Yet more importantly: the
disappearance of those tree-species considered highly preferred by voles, and generally present only as
rare admixtures, was reduced a great deal in the treated areas (survival rate treatments: 55-90%; survival
rate untreated control: 17-61%). Economically, the investment paid off at 5% interest rate or just with a
small positive result at 3% interest rate already after a period of 8 years. In the case of a necessary
replanting of the damaged trees the investment in this management system is even more justified.

Keywords: afforestation, Microtinae, Microtus, Myodes, permanent trapping, trap-tub, vole damage
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Abstract

Data on perceived pests to farmers were collected annually since 1998, during predominantly face-to-
face interviews with the farmer as an adjunct to routine pesticide usage surveys. During each year of the
survey, particular farm types were selected for surveying, and data are presented for arable and grassland
and fodder crop farms. A case study examines the impact of the withdrawal of strychnine, previously
used as a method of mole (Talpa europea) control, on the pest status of the mole in Scotland. The paper
also discusses the advantages and disadvantages of this long-running data set.

Keywords: agriculture, moles, pests, strychnine, surveys

Introduction

Since 1998, as an adjunct to pesticide usage surveys, SASA has been interviewing farmers in Scotland to
ask them about their vertebrate pest problems. This has yielded a long-term data set of the perceptions of
farmers regarding those species they consider pests, the areas where problems most often occur, and their
approach to control. While there are several limitations to this data set, there are some advantages, not
least being the consistent approach to questioning and the time scale over which surveys have been
conducted. This can allow an assessment of the changing pest status of a species over time, and has
particular importance when a key method of control is lost.

Strychnine was once the main method of mole control in the UK. However, in September 2006 approval
for the use of this pesticide was lost. This data set was used to assess changes in the perception of
farmers to moles, both regionally and nationally, and also examines changes to the methods used to
control moles as a consequence of the loss of strychnine.

Materials and methods

Due to differences in the use of pesticides according to the farm type, biennial surveys of arable farmers
were conducted since 1998, but only three surveys of grassland and fodder crop farmers conducted in
2002, 2005 and 2009. Farms were selected on a randomised-stratified design based on land-use region
and size group. Farmers were presented with a list of mammalian and avian species and asked “which of
these are a pest on your farm and why; which of these identified pests do you attempt to control, and
what methods do you use?” Finally, farmers were asked to rank their top three worst pests. Regions were
amalgamated into three super-regions to allow for small sample sizes. Logistic regression analysis for
binomial data was applied to the number of farmers who reported a particular feature (e.g. those that
applied mole control); the model has allowed for over-dispersion in the data.

Results

There was no evidence of a widescale increase in the distribution of mole problems across the two
farming sectors, either since the surveys began, or since the withdrawal of strychnine in 2006. There was
weak evidence of an increase in the seriousness of mole problems within both farming sectors, although
the role of strychnine withdrawal in this effect was equivocal. With respect to management methods, the
use of fumigation and trapping increased substantially over recent years, although trapping was more
popular than fumigation, especially among fodder crop farmers. There was also an increase in the
proportion of farmers (in both sectors) with a mole problem, who chose not to control moles subsequent
to the withdrawal of strychnine.

On average, more farmers in Central and Southern regions (East Fife, Lothian, Central Lowlands, Tweed
Valley, Southern Uplands and Solway) reported mole problems than farmers from the other two regions.
In Northern areas of Scotland (Highlands and Islands, Orkney and Caithness and Moray Firth) the
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perception of mole problems by farmers was most variable, while in Eastern areas of Scotland
(Aberdeenshire and Angus), fewer farmers on average reported mole problems in the period up to 2006.
However, the number of farmers reporting mole problems increased dramatically in Eastern areas
subsequent to the loss of strychnine.

Discussion

The results from these surveys indicate the pest status of the mole based on the perception and
experience of the farmer being interviewed. This opinion can reflect the economic importance of the
mole, which along with the cost, availability and simplicity of control methods, will influence the
farmers’ decision to undertake control. However, the data should be interpreted with caution, since other
factors can also play a role in forming opinions and the need to control a species.

It has been speculated that the withdrawal of strychnine would lead to an increase in mole problems,
particularly since the alternative methods are either more expensive or more difficult to apply (Quy and
Poole, 2004). However, there was no overwhelming evidence to support this in the current analysis, and
farmers were recorded as increasing their use of traps, and to a lesser extent fumigation, as methods of
control. Nonetheless, the greater number of farmers choosing not to control moles may indicate a
reluctance or inability of farmers to make use of alternative, but more costly, management methods. In
the long-term, the effects of reduced management may result in palpable evidence of an increase in the
distribution and seriousness with which moles are perceived within key agricultural sectors.

There are several reasons that may explain the regional differences in reported mole problems across
Scotland. Future surveys will allow an assessment of the long-term impacts of the loss of strychnine on
mole management and on any changes to the importance of the mole as an agricultural pest, regionally
and nationally.
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Based on data from the National Beaver Census, carried out in Poland in 2000-2001, and using data from
Polish State Forestry and National Parks we analysed the distribution and abundance of the beavers in
Poland and damages caused by this species in Polish forests. The beaver has been recorded in 252 Forest
Districts (out of 413) and 13 National Parks (out of 19). Based on collected data we estimate the
approximate size of beaver population to be 14,500 individuals. Tree damage caused by cutting and
debarking by beavers show clear seasonal pattern, they were recorded in the autumn-winter period.
Intensity of such damage was correlated with the number of recorded beavers. Tree damage caused by
cutting and debarking occured in 25% of forest districs settled by beavers, while flooding was observed
in 29%. Tree species that beavers preferred the most were: oak (Quercus sp.), willow (Salix sp.) and
birch (Betula sp.), whereas black alder (Alnus glutinosa), Scotch pine (Pinus sylvestris) and lime (7ilia
sp.) were the least preferred. Based on low intensity and spatial distribution of damages we concluded
that this species does not generate a strong negative impact on Polish riparian forests.

Keywords: beaver abundance, beaver distribution, Castor fiber, forest ecosystem, tree damage
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Abstract

In a two year field experiment in Switzerland we tested if vole barriers combined with traps was a
suitable tool to protect meadows and orchards from vole damage. We used a special kind of vole live trap
that could be opened by terrestrial predators to feed on the captured animals. The experiment was
designed to compare fences with traps, fences without traps and control lines without fences or traps.
Predators preferred to move along fences with traps, which has been presented elsewhere. Voles on the
other hand showed a preference for control lines as a general pattern but clear effects were masked by
other factors. In practice, however, self service traps will attract natural predators and can therefore
enhance the effect of simple fences to stop invading voles.

Keywords: Arvicola, damage, Microtus, orchards, plant protection, predation, rodents

Introduction

In European landscapes voles (Microtus ssp. Arvicola ssp.) are abundant and highly reproductive
mammals. They can cause severe damage in agricultural areas (Walther et al., 2008) and are therefore
often regarded as pests. Vole control measures, biological as well as conventional ones, can be locally
effective but voles re-colonise the attractive habitats within a short time. Barriers to stop invading voles
have been tested with different results (Witmer, 2007; Walther and Pelz, 2006). These rodents, however,
are not only a pest to farmers but also an important resource for numerous predators (Halle, 1993).
Consequently the question arises whether the combined effects of physical vole barriers and the threat by
natural predators are able to protect high value crops (Malevez and Schwitzer, 2005). To test this
hypothesis a two year field trial in Switzerland was done.

Materials and methods

The experiment was carried out from November 2006 until December 2008 at three sites in central and
western Switzerland. Eschenbach (E) and Oensingen (O) are located in the Swiss Midland whereas
Saignelégier (S) is in the Jura Mountains. All three sites had grassland mainly used for pasture, as well as
grass and hay production. At each site three lines of 150 m length were defined. The first and the second
lines’ fences were made of 12x12 mm wire mesh, reaching 40 cm above and 20 cm below ground. The
third line was a control with no major obstacle for moving voles. The difference between the first and the
second line was a set of custom made live traps. The traps had two entrance doors for voles and a top
which could be opened by terrestrial predators to take the captured voles as easy prey. 20 of these self
service traps were set on both sides of the fences at each trial site. To measure the vole activity above
ground, 10 cm high obstacles were placed right angled to the fences and control lines. 22 obstacles were
set along each line. An obstacle had two tubes to count vole passages (according to Halle and Lehmann,
1987). Below ground activity of the voles was measured by heat sensors carefully placed in the vole
tunnels.

The above and below ground activity counts were pooled to 15-day intervals for all three sites and
analysed by the programme Permanova (Anderson, 2001), a non-parametric ANOVA method based on
permutations of the data. Analyses were performed to determine the effect of the factors site (three
levels: E, O, S; fixed), fence type (three levels: fencettraps, fence alone, control; fixed), year (two levels:
year 1, year 2; fixed) and time of day (two levels: day, night; fixed) on aboveground activity of voles and
activity of predators.

Results

Signs and trapping results revealed that Arvicola amphibius was dominant in Eschenbach, Microtus
arvalis in Oensingen, and in Saignelégier both species were abundant. The Permanova analyses showed
that the recorded above ground activity was significantly different between all sites and line types, with
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p=0.001 in an a posteriori test for sites and p=0.004 for line types, respectively. The highest activity was
measured in Oensingen, followed by Saignelégier and Eschenbach. Significantly more activity was
measured at controls compared to fences with traps and fences alone. In addition, the interaction term of
site X line type was also significant (p=0.001). For below ground activity the same procedure was
applied. There were no significant differences between sites or fence types for below ground activity.

In general the above ground vole activity increased from the first to the second year. This pattern was
most pronounced at the control lines. In Saignelégier the activity along fences with traps and fences
alone slightly decreased from the first to the second year and increased along control lines during the
same period. The a posteriori test revealed that the decrease of activity at fences alone was statistically
significant (p=0.001).

Discussion

During this field experiment in Switzerland the behaviour of predators and prey was manipulated by
traps and fences set in a grassland habitat. Vole activity was highest along control lines, whereas
predators, in the same experimental trial, moved significantly more often along fences with traps than
along fences without traps or control lines (Fuelling et al., 2011). This pattern can be explained by
assuming that the predators were attracted along fences because of a better hunting success and
especially along fences with self service traps. Voles react to this increased predation risk with a
decreased above ground activity. Below ground the fences had no effect on the predation risk and
therefore no differences in below ground activity of voles could be observed. For voles the interaction
between site and line type, however, was significant too but when each location was analysed separately,
the pattern was not clear any longer. This might be explained by local differences, e.g. the occurrence of
Arvicola and/or Microtus voles. Furthermore, vole behaviour is driven by more than just predator
avoidance. According to Halle (1993), timing of vole activity is probably primarily driven by other
factors than predators. His main argument was that in natural conditions no predator free time seems to
exist during a day. Additionally, the above ground activity increased from 2007 to 2008. As vole
populations are known to show multiannual fluctuations (Krebs, 1996), a population increase might
explain this pattern. Nevertheless, the general pattern of increase was not consistent as in Saignelégier
vole activity along the two fences decreased while it increased along the control line.

Local species composition, changing population densities in two consecutive years and other natural and
anthropogenic factors may have masked the behavioural response of voles. Nevertheless, we conclude
that for practical issues fences and especially fences equipped with self service traps are beneficial to
protect valued crops like orchards. The physical fence barrier combined with the increased predation risk
is a serious obstacle for voles to enter such a protected orchard (Walther and Pelz, 2006; Fuelling et al.,
2011) even if the effects on vole behaviour are minor.
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Over the last decade, several reports on arvicolid rodent populations have presented evidence of a change
in lemming and vole dynamics, from regular high-amplitude density oscillations to acyclic fluctuations at
relatively low level. Most studies have focused on the arctic region of Europe (above 60° N), and they
indicate that the fading of multiannual cycles has been caused by climate warming, which is most
pronounced in the winter season. Less persistent snow cover might be responsible for dramatic declines
in the numbers of wintering voles. In this report we present data indicating similar changes in open
habitats of Poland (49°-54°N). The population dynamics of two vole species, Microtus oeconomus and
M. arvalis, examined over the last 25 years, exhibit marked changes in the pattern of density fluctuation:
the fairly regular population fluctuations observed until the late 1980s or early 1990s have subsequently
become more erratic, reaching significantly lower levels, on average. When searching for the most
probable causes of these changes, we examined which winter climate factors had the greatest influence
on the successful overwintering of a population of the root vole M. oeconomus in the open marshland of
eastern Poland. Using long-term weather data from a local meteorological station, and precise data on
root vole dynamics collected over a 12-year period, we found that the duration of snow cover, combined
with winter severity and the duration of the thermal winter were the best predictors of the number of
winter survivors. According to 48-year weather records, all of these variables indicate a gradual decrease
in the severity of winters, with the most apparent change in the duration of snow cover at the end of
1980s. This indicates that climate warming could be responsible for changes in vole dynamics also in
more temperate regions of Europe. The main positive effect of the change to lower-level, erratic
fluctuations in vole density would be a reduction in the damage they cause to field crops, while the main
negative effect may be a decrease in animal species diversity in farmland and in more natural open
habitats. We present indirect evidence suggesting that decreasing availability of voles - the main prey
species of many predators - has increased predator pressure on alternative prey, mostly small and mid-
sized birds and mammals.

Keywords: alternative prey, climate warming, fading cycles, Microtus arvalis, M. oeconomus, species
diversity, winter

88 Julius-Kiithn-Archiv, 432, 2011



gth European Vertebrate Pest Management Conference

Long-term population dynamics of the field vole from the Czech Republic

Tkadlec, E.'?, Bejcek, V.3, Flousek, J.%, Stastny, K2, Zima, J.2, Sedlagek, F.?

'Department Ecol Envir Sci, Fac Sci, Palacky University Olomouc, Czech Republic, emil.tkadlec@upol.cz
’Inst Vertebrate Biology, Ac Sci Czech Rep, Brno, Czech Republic

3Fac Env. Sci, Czech Agric Univ, Prague, Czech Republic

* Administration of Krkonose National Park, Vrchlabi, Czech Republic

DOLI: 10.5073/jka.2011.432.047

Cyclic population dynamics of voles from central Europe have traditionally been documented using data
collected in the common vole (Microtus arvalis) which is a more relevant vole to farming in this region.
However, because this species does not occur in northern Europe, direct comparison of central European
dynamic patterns with those in Fennoscandia has never been possible. However, this does not apply to
the field vole (Microtus agrestis) whose distribution range covers much of Europe from central to
northern regions, including Great Britain and Fennoscandia. Here we present long-term data on field vole
dynamics from two mountain locations collected regularly twice a year by snap trapping over a period of
25 years from 1986 to 2010. The first time series data come from a study plot in the Ore Mountains
(Erzgebirge) situated at the altitude of about 800 m a.s.1., the other one from that in the Giant Mountains
(Riesengebirge) situated at the altitude of almost 1,100 m. There were two important features in their
dynamic behaviour. First, both populations exhibit second-order dynamics with peaks about at intervals
of 4 to 5 years. Second, in both of them there is a declining trend in mean density and cycle amplitude
suggesting that cyclic behaviour in central European field voles is fading out in a way similar to voles in
Fennoscandia. We tested for the effects of several climatic variables but the results are not consistent.
These findings emphasize that population dynamics of central and northern European voles are
influenced by the same mechanism which is able to operate on a large geographic scale.

Keywords: climate effects, Microtus agrestis, population cycles, time series analysis
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Abstract

Analyses of time series of population dynamics and reproduction of small rodent species in Germany
show that 1) first order effects prevail and higher order effects occur, 2) that within and across species
abundance can fluctuate synchronously and 3) that part of the density dependence may be explained by
intra-specific mechanisms related to reproduction.

Keywords: Microtus arvalis, Microtus agrestis, Myodes glareolus, population dynamics, reproduction

Introduction

The size of populations of small rodents such as common voles (Microtus arvalis), field voles (M.
agrestis) and bank voles (Myodes glareolus) fluctuates with a period of about 2-5 years in Germany and
in other parts of Europe (e.g., Jedrzejewski and Jedrzejewska, 1996; Luque-Larena et al., this volume;
Tkadlec and Stenseth, 2001). During population peaks, these species can cause considerable damage to
agricultural crops and forest trees. Crop losses can exceed several 100 million € in Europe per year
(Jacob and Tkadlec, 2011). In addition, they can carry and transmit disease to humans and livestock. One
recent example is an outbreak of human hantavirus infections in Germany in 2010, when more than
2,000 people were infected (Faber et al., 2010). A thorough understanding of biological and ecological
features of fluctuating small rodent populations is vital to improve early warning systems be it for the
protection of crops or for the protection of human health. Timely forecasts of rodent outbreaks can raise
awareness by stakeholders and aid farmers, foresters as well as health care staff to engage in early
management actions.

Methods

The multi-annual nature of the population dynamics of the rodents involved makes it necessary to use
time-series to study patterns and mechanisms of abundance fluctuations and associated phenomena
including damage to plants and transmission of zoonotic diseases. Therefore, the hard work of the States’
plant protection staff and of the forest workers in obtaining abundance estimates during many decades is
highly relevant and highly appreciated.

Data were collected in several locations and pooled by Federal State. For common voles, counts of
reopened tunnel entrances were available that were collected by State Plant Protection Institutions in the
Federal States of Mecklenburg-Western Pomerania (1990-2008), Saxony-Anhalt (1956-1995) and
Thuringia (1971-1998). For bank voles and field voles, data were available from snap-trapping in
Bavaria (1980-1989; data kindly provided by W. Béumler) and trapping conducted by forestry
administration in Lower Saxony (1971-2010). In addition, a data set was used that combined snap trap
data of common voles and field voles from forestry administration in North-Rhine Westphalia (1972-
2005). Information about reproductive performance in spring and autumn (%pregnant, %lactating,
number of embryos) was limited to common voles in Saxony-Anhalt (1977-1994). Partial
autocorrelations (time series), pair-wise correlations (synchrony of fluctuations) and REML multiple
correlations were calculated using JMP 8.0 (SAS Institute 2008).

Results

In all areas and species concerned, small rodent populations fluctuated considerably. The s-index was
0.41 +£0.05 for common voles, 0.34 £0.01 for bank voles and 0.29 +0.02 for field voles. Auto-correlation
patterns for common voles suggested 3-4 year outbreak periods in Saxony-Anhalt and in combined
common vole/field vole abundance from North-Rhine Westphalia but not in Mecklenburg-Western
Pomerania. There was also a tendency for bank voles and field voles in Lower Saxony for outbreaks with
a 3-4 year period. Time series from Bavaria were too short to extract reliable information.
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The rate of increase of vole populations of the same species fluctuated synchronously in adjacent states
but there was also synchrony in field vole and bank vole populations that were several hundred km apart.
Also, the rate of increase of bank vole and field vole populations fluctuated synchronously within and
between states and there was also clear correlation of the rate of increase of field vole and common vole
populations across states. The only negative correlation found was between growth rates of Microtus
voles (no separation of species) in the northwest of Germany and common vole populations in the
northeast and in central Germany.

Reproductive parameters within autumn or spring were positively correlated in common voles in the
central German state of Saxony-Anhalt where high pregnancy rate was related to high lactation rate and
high numbers of embryos. High reproductive activity in spring was negatively correlated to abundance
and reproductive performance in the following autumn and the same was true for the relation of
reproductive activity in the previous autumn and abundance in the current autumn. The negative relation
of reproductive activity and future breeding and dynamics seemed to be more pronounced between
previous and current autumn than between spring and autumn and there was a negative correlation
between abundance in the previous autumn and population growth to the following autumn.

Discussion

In the time-series analyzed, examples for first order effects in the population dynamics of common voles,
field voles and bank voles in Germany are common. In addition, in some time-series, higher order effects
occurred such as in common voles in Saxony-Anhalt and Microtus voles in Lower Saxony. This is in
concord with other studies of the population dynamics of small rodents in Europe (Luque-Larena et al.,
this volume; Tkadlec and Stenseth, 2001). Delayed effects did not occur in all time-series of bank vole or
field vole abundance. Despite the differences in the cycle pattern, there was generally synchronous
fluctuation within and among some species indicating that similar ecological processes govern changes
in abundance. These may include several extrinsic and extrinsic factors.

The analyses of breeding and abundance in common voles in Saxony-Anhalt suggest that high breeding
performance is negatively correlated to future breeding and abundance. This indicates that at least part of
the density dependence may be explained by intra-specific mechanisms related to reproduction.
Interestingly, delayed density dependence in fluctuating bank vole populations is related to reproductive
phenomena including senescence (Tkadlec and Zejda, 1998) that might also explain the pattern found for
common voles in this study.

The results may aid the development of predictive models for forecasting the outbreak risk of small
mammal species based on climate (Imholt et al., in press) and weather (Blank et al., in press) by
including biological predictors. Such models are relevant for crop protection and/or the protection of
human and livestock health.
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Abstract

By the end of last century the distribution range of Microtus arvalis in NW Spain greatly expanded and
outbreaks began to be reported in recently-colonised agricultural habitats. Ever since, novel impacts to
regional farming, biodiversity conservation and public health have recurrently been associated to vole
outbreaks. Here we present the first attempt to reconstruct recent changes of common vole dynamics and
distribution in the NW of the Iberian Peninsula. We compile published information for the last 50 years
and describe a new methodological approach based on semi-quantitative data obtained from
complementary sources. Our results show how, from late-1970s, the entire lowland plains of Castilla y
Leodn region were rapidly (< 20 years) filled in by expanding populations. Analyses of outbreaks also
suggest a S-year cyclic pattern from late-1970s onwards, contrasting with the typical 3-year cycle
described in most populations of this species. Our results contribute to improve the current knowledge of
rodent dynamics in Europe and may serve as a baseline to local pest management programmes.

Keywords: agriculture, Castilla y Leon, cycles, Microtus arvalis, outbreaks, range expansion, Spain

Introduction

In Europe, Microtus arvalis is a major vertebrate pest for plant production that can cause important
economical losses to farming during population outbreaks (Jacob and Tkadlec, 2010). Recently, hitherto
unseen dynamics of common vole populations have erupted in agricultural areas of NW Spain (Castilla y
Leon region, CyL hereafter). By the end of 20™ century, periodic vole outbreaks in agricultural plains
followed a massive regional-scale colonisation event in CyL (Gonzalez-Esteban and Villate, 2007).
Unprecedented socio-economical impacts are now endemic in recently colonised habitats, including
significant crop damage episodes and zoonotic outbreaks. Time series of vole fluctuations are essential
for assessing the mechanisms behind outbreaks and planning management practice that could mitigate
outbreaks. Unfortunately, the absence of any long-term vole monitoring data impedes quantitative
analyses of vole outbreaks in NW Spain. In this study, we build a spatial-temporal model for both range
expansion (regional colonisation process) and population fluctuations (outbreak dynamics) of common
voles in Spain. In addition, we evaluate patterns of zoonotic outbreaks and environmental (chemical
control campaigns) impacts in the region and their relation to rodent dynamics. We describe a new
methodological approach to tackle the historical reconstruction of recent vole dynamics.

Methods

Reconstruction of vole dynamics from 1960 onwards was based on both quantitative and semi-
quantitative data from scientific and other sources, provided they reported explicit, spatial (province,
sub-province (i.e., comarca)) and/or temporal (year, month), information on common vole presence
and/or occurrence of outbreaks (unusually high vole densities). Data were compiled from three different
sources: (a) scientific papers published in local (Spanish) peer-reviewed journals (Spanish Scientific
Journals: SSJ); (b) national technical reports from annual series on plant protection and pest control (i.e.,
Reuniones Anuales de los Grupos de Trabajo Fitosanitarios) published by the Ministry of Agriculture
(Ministry of Agriculture Reports: MAR); and (c) digital archives of daily issues of the main regional
newspaper, El Norte de Castilla, which is one of the oldest (>150 years) in the country (Norte de Castilla
News: NCN).
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Results

Regional colonisation process: Maps from SSJ allowed recreating vole expansion dynamics in sub-
provinces. Up to early-1970s, M. arvalis was limited to mountainous peripheral landscapes in CyL.
However, between late-1970s and mid-1990s the entire region was rapidly filled in by expanding
populations (>85% of sub-regions with voles during first large-scale outbreak in 1988) (Figure 1).
Outbreak dynamics: Outbreak data from SSJ, MAR and NCN were highly correlated. Eruption of
periodic outbreaks in CyL correlated in time with the range expansion process (Figure 1).
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Fig. 1 Reconstruction of colonisation process and outbreak dynamics in CyL based on SSJ. MAR and NCN

Major outbreaks affected 6 to 9 of the 9 CyL provinces since 1988, although the extent of reported
damage varied between provinces. Wavelet analysis based on semi-quantitative data suggests a 5-year
cyclic pattern from late-1970s onwards. Spectral and autocorrelation analyses confirmed 5-year outbreak
cycles. Impacts related to rodent dynamics: Data from NCN show a strong association between
outbreaks and rodenticide campaigns, whose effects (e.g., secondary poisoning of non-target fauna) seem
to expand for 1-2 years post-outbreak. NCN data also show that the two tularaemia outbreaks in humans
officially declared in Spain (1997 and 2007) were both immediately preceded by large vole outbreaks in
the region.

Discussion

Analyses of semi-quantitative data including newspaper archives yielded the following new findings: (1)
the first description of long-term time series (> 40 years) of vole fluctuation dynamics in the Iberian
peninsula; that represents a new southern limit for outbreaks within the latitudinal range (40°-60°N)
where heaviest rodent damage to plant production are most often described in temperate Europe (Jacob
and Tkadlec, 2010); (2) evidence that Iberian vole outbreaks are a recent phenomenon that have
paralleled a rapid (<20 years) and large-scale (ca. 5 x 10° ha) range expansion, and are almost exclusive
to recently-colonised agricultural plains with a climate characterized by aestival droughts. We
hypothesise that causes for the massive expansion of voles from (humid) mountains to (dry) plains
include the increase of irrigated crops in the region; and (3) Iberian outbreaks apparently fit a 5-year
cyclic pattern, which contrasts with the typical 3-year cycles described elsewhere (Lambin et al., 2006);
common vole populations from CyL offer thus new opportunities to address global mechanisms and
causation of rodent cycles (Lambin et al., 2002). We also suggest that common vole outbreaks in NW
Spain are a further example of the common link between pest rodent and disease outbreaks in highly
altered ecosystems (Ostfeld and Mills, 2007). Finally, we showed a repeated pattern of rodenticide use
and environmental impact after each outbreak since 1988. Both science and common sense urges Spain
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to upgrade from traditional control strategies towards more scientifically-oriented management
paradigms (i.e., ecologically-based rodent management).
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Intensely fluctuating abundances are a profound part of the population dynamics of common voles
(Microtus arvalis). Though peak numbers can vary widely, during gradation events the population
density can simultaneously rise up to several thousand individuals per hectare at a national or even
continental scale and cause massive crop losses in agriculture and forestry. Consequently, common voles
are of great concern for crop protection and so far no reliable method is established to predict such
population outbreaks. Measures to combat vole outbreaks are usually taken when the damage is already
clearly visible.

The aim of this project is to identify potential predictors and to develop a predictive model for the
population dynamics of common voles based on weather parameters as well as landscape factors. Such a
model would enable farmers to take spatially and temporally targeted preventive measures that could
minimise the effects of vole outbreaks. Additionally, such an approach would lead to an overall reduction
in the use of rodenticides and eventually reduce the contamination risk for non-target species.

To achieve this aim, long-term historic datasets on population dynamics in common voles were located
and digitalized from the archives of various institutions. A total of nearly 4,500 single abundance
measures spanning more than 25 years were used for subsequent analyses. Potential predictors were
readily available extrinsic factors such as weather (monthly mean of temperature, snow cover,
precipitation and sunshine duration) as well as landscape factors (elevation, soil type, groundwater
fluctuations, etc.). Both analyses were done separately to identify potential predictors of both parameter
types. Non-parametric methods such as boosted regression tree- (BRT) and classification and regression
tree- (CART) analyses were used to quantify the influence of single predictors (BRT) as well as identity
predictor constellations and their thresholds leading to differences in vole densities (CART).

For landscape factors site elevation and soil type played a key role in shaping the distribution of common
vole outbreak risks. Additionally, this study demonstrated that weather parameters were closely related to
the variation in regional outbreak risk of common voles. Mostly weather parameters in winter and early
spring were identified to be highly important. For perennial grassland in autumn for example the snow
days in January as well as the sunshine duration in March and the temperature of the previous October
seemed to be decisive factors. Validation of the deduced set of rules showed that the predictive model
based on weather parameters can successfully predict around 70% of the historic population fluctuation.
Validation on external data to assess potential extrapolation of the model to other areas is currently
ongoing. Through a combination of both approaches (landscape and weather parameters) but also
through increasing the forecast resolution through interpolated weather data such a forecast model might
be as reliable as more complex but often impractical biological models.
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Behaviour is shaped by evolution to maximise fitness by balancing gains and risks. Decision making
models in biology, psychology or economy have investigated choices among options which differ in
gain/risk. A foraging animal has to trade off food and safety, according to its biological state.

In some landscape these compromises are difficult, because predation risk is uniformly distributed in
space. Agricultural landscapes, especially in large scale monocropping, are homogeneous in structure.
Depending on the movement scale of species using landscapes, fields or parts of fields, individuals may
perceive such structures as uniform in risk and gain. Adequate predictions for the emerging foraging
patterns in risk-uniformity, especially under an overall, high risk, are missing.

Based on the existing models on local decision making in risk-heterogeneity we test predictions
extrapolated to a landscape level with uniform risk distribution, comparing among independent high-risk
landscapes and low-risk landscapes (Figure 1A) We provide experimental support for our hypotheses,
investigating the foraging behaviour of voles in artificial landscapes (Figure 1B). In high risk uniform
landscapes animals invested their foraging time in fewer options and accepted lower total returns, i.e.
reduced foraging efficiency (Figure 1C), compared to their behaviour in low risk-uniform landscapes
(Eccard and Liesenjohann, 2008; Eccard et al., 2008, Liesenjohann and Eccard, 2008)

; 1A: Predicted distribution of total investment. The same total
- RN | ° ° ° B% °ltime (sum of cell values) into a resource landscape with
T BN ! . 0 . 0 0 (leftr) uniformly low risk where investment is evenly spread
1 Bl 1 B2 1 o o o o Wl among options or (right) uniformly high risk with distinct
> W - B s . B o 5 | investment peaks. Higher number and darker colour indicate

p— a higher local investment.
o) 1 1 2 2 4 0 0 . 0
low risk high risk

1B: Spatial distribution of time investment of an experimental
forager (male bank vole) in two different, artificial
landscapes. Proportional time investment is displayed as
Kernel contour cores 50% (darkest), 75% (lighter) and 95%
(lightest shade). Modified from

1C: Food return differed between two risk-uniform
landscapes with different risk levels. Data from 12
experimental foragers, each in both landscapes (repeated
measures design). Since total time invested per landscape
did NOT differ, this result indicates a lower efficiency

low risk high risk

Fig. 1 Hypotheses and results for a foraging experiment in experimental, risk-homogeneous landscapes
(Eccard and Liesenjohann, 2008)

Agricultural landscapes differ in field size and farming practice and some provide animals with risk-
uniformity on a large scale. We suggest, that risk-uniformity affects the species distribution in such
landscapes and also the distribution of damage by foraging animals in agricultural landscapes.
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Abstract

High population densities of field and forest voles cause economic losses by consuming crop or slowing
down forest regeneration by damaging the bark of young trees. Consequently, programs to monitor
abundances are often implemented as part of population management. Whereas abundances of the
common vole (Microtus arvalis) in the Czech Republic has regularly been checked by the State
Phytosanitary Administration for decades, no monitoring program has so far been invented to monitor
forest voles. Because population numbers of different vole taxa are often observed to fluctuate in phase,
we explored the possibility whether the monitoring data for the common vole can be used to forecast
numbers of forest voles. Since 2002, we have monitored by snap-trapping bank vole (Myodes glareolus)
populations in three forests situated in southern Moravia, Czech Republic. Correlation analysis of time
series of yearly population changes for the common and bank vole revealed that populations of field and
forest voles in southern Moravia fluctuate in a close synchrony, the correlations being consistently higher
than 0.8. This result provides the reasonable possibility of exploiting the data from the extensive
common vole population monitoring program for prediction in population management of forest voles.

Keywords: bank vole, common vole, Microtus, Myodes, correlation of population fluctuations

Introduction

In forestry, small rodents cause damage by chewing of the young tree bark and consuming seeds (Gill,
1992). The voles, primarily of the genera Myodes and Microtus are known for their temporal regular
fluctuations in population numbers called population cycles (Hansson, 2002; Tkadlec and Zejda, 1998).
The impact of vole populations on forest ecosystems should vary accordingly, with the highest damage at
peak density and the lowest one at population lows. Long-term regular monitoring program is a
prerequisite for a well-informed population management capable of forecasting vole numbers in the next
year. However, collection of these data on a larger spatial scale is not simple because the methods of vole
trapping are fairly laborious. On the other hand, there is already an extensive program in the Czech
Republic for monitoring common vole populations in farmland organized by the State Phytosanitary
Administration. It is based on a burrow index which is very easy to be estimated by pure inspection with
no need of trapping. There is suggestive evidence that populations of different rodent taxa largely
fluctuate in a close synchrony (e.g., Hansson, 2002). This phenomenon thus offers the possibility for
rodent pest population management of exploiting data on abundances of one species for predicting
population numbers of the others. In this study, we measure the degree of spatial synchrony between
population dynamics of the common vole from open farmland and those of the bank vole from forest
areas in southern Moravia between 2002 and 2010 to explore whether monitoring data for the common
vole can be used for prediction in population management of forest voles.

Materials and methods

To assess the degree of synchrony between the bank and common vole, we monitored regularly in spring
and autumn the abundances of the bank vole by snap-trapping in three forest complexes in southern
Moravia: Rumunska bazantnice, Hajek and Horni les. The first forest, Rumunska bazantnice, was the
most variable forest with mixed broad-leaved and coniferous trees. The second was a typical production
forest dominated oak and hornbeam, with rich herb stratum. The third was a semi-natural lowland oak
forest. Five lines of 20 traps were laid 5 m apart for three days. Relative abundance rA was calculated as
the number of voles per 100 trap nights. For the common vole, we used a burrow index collected twice a
year within a monitoring program organized by the State Phytosanitary Administration for a district
Bieclav, southern Moravia. The index is estimated as the number of active burrow entrances per hectare.
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In brief, the active burrow entrances are counted by walking across the field along four 100-m strips each
2.5 m wide. Hence, the entrances were counted for a total area of 1,000 m>. Each year, 20 to 60 fields
with different crop (mostly lucerne, winter wheat and rape) were sampled and the mean index then
calculated for the district. Prior to analysis, the data on autumn abundances of both species were log-
transformed and then converted by differencing to series of yearly population growth rates per capita r,
obtained as r=In N-N,,. This is because we are interested in synchrony of processes rather than
population numbers. Then the Pearson coefficients of correlation were calculated between 3 series of
bank vole populations and one series of the common vole population.

Results

Population dynamics of 3 bank vole populations were highly synchronous with the growth rate of the
common vole population from the district Bieclav (Figure 1, population rate), with correlations being all
>0.8 (p<0.05). The correlations for Rumunska bazantnice, Hajek and Horni les were 0.88, 0.86 and 0.82,
respectively. The mean correlation was 0.85 which is a reasonably high value suggesting that the data on
population change in the common vole have a high predictive value for management of forest voles.

= Ma: Bfeclav
4 — Mg: Rum. baz.
=== Mg: Hajek
""" Mg: Horni Les
g 2
©
£
2
2 0
0]
2
T T T T T T T T
2003 2005 2007 2009
Year
Fig. 1 Population growth rate of the bank vole (Mg) and the common vole (Ma) in southern Moravia.

Discussion

We confirmed that populations of forest and field voles fluctuate in a close synchrony and that the data
collected for the common vole can be of great predictive value for forest vole management. Similar
correlations were observed for the bank vole and the field vole (Microtus agrestis) in Sweden (Hansson,
2002). The underlying mechanisms behind the observed synchrony remain unclear. In bank voles, it is
generally accepted that the multiannual changes in numbers can well be driven by variability in food
resource availability (e.g. Pucek et al., 1993). It is known that seed masting can stimulate population
growth in several forest rodents, such as voles and mice. However, there is no information at all what
kind of resource could affect population growths in common vole populations during the same period of
time. This remains the important task for future studies.
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Abstract

In the last ten years a strong intention was observed to replace spruce monocultures with mixed
coniferous-broadleaved stands close to natural composition. This was accompanied by much higher
rodent impact on the broad-leaved plantations than previously. To protect planted trees on forest
clearings, we conducted the research in Drahany Highland (350-550 m a.s.l.) and monitored the bark
damage in young beech trees, rodent density dynamics, broad-leaved trees seed harvest and a snow cover
in four years period. Intensity of bark damage was not related to the rodent abundance but was influenced
by high seed crop and above the average snow cover. Primary production dynamic might be a good
predictive factor of broad-leaved bark damage by voles. Applicability of this method should be proved
for long periods and in various natural conditions.

Keywords: density, seed crop, snow cover, voles

Introduction

In forestry practice, prediction of rodent impact would be most helpful tool to protect young trees in
reforestation against bark damage. The main pre-requisite for a correct forecasting is the long-term
monitoring of rodent dynamic, of their impact, their food supply and other related data. However, there is
paucity of such informations. The main cause of bark damage is insufficient food supply, especially in
winter.

Forecasting of damage by rodents in agriculture is realized by monitoring of common vole density
(Zapletal et al., 2001). In forestry, monitoring of rodent population dynamic is complicated and not
sufficiently effective (Gill, 1992). Moreover intensity of bark damage might be very variable and area
specific (Suchomel et al., 2009). In general, bark damage on plots were influenced above all by quality of
food supply and shelter conditions (Kamler et al., 2011).

The key problem would be then to predict deficient food supply on which bark damage arise. In this
study, we analyzed the factors, which may influence the winter bark damage and its extent on the broad-
leaved forest young trees.

Materials and methods

In Drahany Highland (Central Moravia, Czech Republic) monitoring was realized in mixed coniferous-
broad-leaved stands environment in altitude 350-550 m a.s.l. From autumn 2007 to spring 2011 on 11
clearings with planted beech plots research was concentrated on autumn rodent density (Myodes
glareolus, Microtus arvalis and M. agrestis; 610 individuals), the broad-leaved trees seed harvest in the
surrounding environment, and spring bark damage extent on beech (1,300 controlled individuals).

Results

The highest extent of bark damage was in winter with the lowest previous autumn vole number. Just an
opposite situation was in winter with highest vole density (Figure 1). The intensity of bark damage was
related to snow cover. After winter with low snow cover damage was rare, after winter with high and
long lasting snow cover bark damage was about ten times higher. The winter with high bark damage was
preceded by rich autumn seed harvest.
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Discussion

Our results from highland indicate that here are two main factors influencing the beech bark damage:
good seed harvest and high and long lasting snow cover. Good years reflect favorable conditions leading
to high primary production (Hilton and Packham, 1997) on which voles are dependent (Tast and Kalela,
1971). Snow cover restricted the vole spatial activity and their access to good quality food. After a good
primary production year rodents over wintered in good condition with a low mortality to the end of
winter. In early spring, with still some snow cover, vole populations turned to bark consumption. In the
year after good overwintering vole population gradated. Generalization of these conclusions should be
verified by further research in various environments.

Acknowledgements
This study was supported by financial means of the NAZV QH72075.

References

Gill RMA 1992 A review of damage by mammals in north temperate forests. 2. Small mammals. Forestry 65: 281-
308

Hilton GM, Packham JR 1997 A sixteen-year record of regional and temporal variation in the fruiting of beech
(Fagus sylvatica L.) in England (1980-1995) Forestry 70: 7-16

Kamler J, Turek K, Homolka M, Banat P, Baran¢ekova M, Heroldova M, Krojerova J, Suchomel J, Purchart L
2011 Inventory of rodent damage to forests. Journal of Forest Science 57: 219-225

Suchomel J, Krojerova-Prokesova J, Heroldova M, Purchart L, Baranéekova M, Homolka M 2009 Habitat
preferences of small terrestrial mammals in the mountain forest clearings. Beskydy 2: 195-200

Tast J, Kalela O 1971 Comparisons between rodent cycles and plant production in Finnish Lapland. Annales
Academiae Scientiarum Fennicae Biologica 186: 1-14

Zapletal M, Obdrzalkova D, Pikula J, Zejda J, Pikula J, Beklova M, Heroldova M. 2001 Common vole, Microtus
arvalis (Pallas, 1779) in the Czech Republic. Brno, Akademické nakladatelstvi CERM 128

100 Julius-Kiithn-Archiv, 432, 2011



gth European Vertebrate Pest Management Conference

Vole impact on tree regeneration: insights into forest management

Heroldové, M.!, Homolka, M.!, Tkadlec, E.!, Kamler, J.!, Suchomel, J.2, Purchart, L.%, Krojerova, J .l Barancekova,
M.!, Turek, K.%, Bafiaf, M.’

"nstitute of Vertebrate Biology, AS CR, 60365 Brno, Czech Republic, heroldova@ivb.cz

*Mendel University of Agriculture and Forestry, 61300 Brno, Czech Republic

*Forestry and Game Management RI, Jilovits, Czech Republic

DOLI: 10.5073/jka.2011.432.054

Abstract

In Europe, much of the damage to tree seedlings in plantations is caused by rodents, such as common
vole (Microtus arvalis), field vole (M. agrestis) and bank vole (Myodes glareolus). To understand the
relationships between the environmental variability which may influence the rodent impact in forest
plantations we conducted a study in 12 forest regions of the Czech Republic. In total, we recorded
cumulative damage in 19,650 young trees of 8 species at 393 plots. Broadleaves were far more affected
by gnawing than conifers (mean 10% and 3%, respectively). Of the monitored species, beech was
damaged most often (24% of individuals). The intensity of browsing differed between the regions (6-
60% of browsed individuals) with the lowest damage at altitudes below 400 m a.s.l. The proportion of
the trees damaged increased with age of the plantation up to 6 years. The factors which principally
influenced the impact on trees were herb layer plant cover, its height, its species composition, litter size
and presence of weedy species.

Keywords: environmental variables, forest regeneration, vole impact

Introduction

Rodents represent an important natural component in forest ecosystems. The typical feature of rodents is
high reproduction rate and related fluctuation in their abundance within seasons of the year and within
several-year periods (Hansson, 2002a; Stenseth et al., 2002; Tkadlec and Zejda, 1998). This ability is,
from the forestry point of view, the most significant problem. Rodents at high population densities at
localities with favourable conditions (open areas) cause damage to vegetation especially in artificial
regeneration of forest stands (Hansson, 2002b). The biggest problems are caused by species that
consume mainly the vegetative parts of plants; i.e. the field vole and the common vole. Bank voles as a
forest rodent having a broader feeding niche are less damaging in forest plantations (Hansson, 2002b). At
the times of food shortage, these species feed on bark and under certain conditions they are able to
destroy young trees at whole planted areas (Gill, 1992). In spite of the damage small mammals cause to
woody species, little attention is paid to research of their ecology in relation to the forest environment in
central Europe. This is because in the former forestry practice coniferous trees were favored over other
broadleaved tree species and forest damage was low and neglected. In the last ten years there was a
strong intention to replace spruce monocultures by mixed coniferous-broadleaved stands. These are close
to natural composition and suffer much higher impact on the broad leaved plantations (Gill, 1992).

The aim of our study was a survey on the extent of damage caused by rodents to artificial forest
plantations within the Czech Republic and to demonstrate possible factors which may influence the
intensity of damage. Our results may route to practical applications as to predict and prevent rodent
damage and help in tree planting and planting plots management.

Materials and methods

Within the Czech Republic, we selected 12 regions representing forests in various altitudes. In each of
these regions, we assessed the extent of rodent-caused bark browsing at 15 to 40 plots. The monitored
plantations were 3 to 15 years old and of various tree species. The plots were chosen with respect to the
prevailing group of forest types in the region. At each plantation plot we examined 50 individuals of the
selected tree species. In each tree, we took record of its height, stem diameter at soil surface and extent of
bark damage over the last 4 to 5 years. Damage was estimated on the basis of the debarked area size,
distance of the lower margin of the browsed area from soil surface and share of the damaged
circumference of the stem. At each tree the microhabitat was checked as to percentage of herb layer,
dicotyledonous herbs, grasses and weedy species cover. Special attention was given to the presence of
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the litter and its thickness categorized increasingly as 1 to 3 levels. The same factors as in microhabitats
were checked in plantation plot surroundings. All considered factors were analysed by fitting a
generalized linear model.

Results

In total 19.650 trees of the 8 species at 393 plots were checked for cumulative damage by rodents.
Broadleaves were more affected by gnawing than conifers (mean 10% and 3%, respectively). Of the
monitored species, beech was damaged most often (24% of individuals). The intensity of browsing
differed between the regions (6-60% of browsed individuals) with the lowest damage at altitudes below
400 m as.l. The proportion of the trees damaged increased with age of the plantation (y’=44.55,
p<0.001) (up to 6 years). Regarding tree microhabitat quality the most important factors were herb layer
plant cover (3’=272.38, p<0.001) and its height (3’=380.10, p<0.001). Also important was its species
composition. Impact is high if grasses prevail (x*=14.28, p<0.001) and lower if dicotyledonous species
prevail (x’=76.55, p<0.001). Very important was the presence of the litter and its thickness (which is
mostly connected with grass invasion) (x*=116.16, p<0.001) and invasion of weedy species (x*=116.21,
p<0.001). Also the surrounding plots parameters were important and correspond to the particular plot
parameters. The rate of damage was higher if surrounding plots were invaded by grasses (x’=96.41,
p<0.001) with thick litter size (x*=10.93, p<0.001). Fencing of the plots also increased rodent damage
(x*=9.27, p<0.01).

Discussion

Our results show the importance of habitat structure on the level of tree damage. Succession of
vegetation at forest clearings changes the living conditions (amount of food, shelter) of rodents and their
species composition. The share of damaged trees (of the attractive species) increased with age of the
felled area and may be due to accumulation of browsing in the first five years after planting. As an
example Ferguson et al. (2003) reported nine years old planting of pines with low ground vegetation to
be not suitable for herbivorous voles. In our study, local conditions of the trees were of great importance
for the degree of the tree bark damage and tree survival. Thick grass litter, higher herb layer cover and its
height were clearly related to increased damage of the trees on clearings. Grassy clearings and meadows
are suitable biotopes for vole species (Birney et al., 1976). Vegetation removal with herbicides, grazing
or cutting are widely recognized control techniques for many rodent species (Gill, 1992). Also the weed
control in tree microhabitats is known to decrease vole damage (Davies and Pepper, 1989). All of these
negative factors can be considered and directly managed.

References

Birney ECW, Grant W, Baird DD 1976 Importance of vegetative cover to cycles of Microtus populations. Ecology
57:1043-1053

Davies RJ, Pepper HW 1989 The influence of small plastic guards, tree shelters and weed control on damage to
young broadleaved trees by field voles (Microtus agrestis). Journal of Environmental Management 28:
117-125

Ferguson JWH, Van Jaarsveld AS, Johnson R, Bredenkamp GJ, Foord SH, Britz M 2003 Rodent-induced damage
to pine plantations: a South African case study. Agriculture Ecosystems and Environment 95: 379-386

Gill RMA 1992 A review of damage by mammals in north temperate forests. 2. Small mammals. Forestry 65: 281—
308

Hansson L 2002a Cycles and traveling waves in rodent dynamics: a comparison. Acta Theriologica 47: 9-22

Hansson L 2002b Consumption of bark and seeds by voles in relation to habitat and landscape structure.
Scandinavian Journal of Forest Research 17: 28-34

Stenseth NC, Viljugrein H, Jedrzejewski W, Mysterud A, Pucek Z 2002 Population dynamic of Clethrionomys
glareolus and Apodemus flavicollis: seasonal components of density dependence and density
independence. Acta Theriologica 47: 39-67

Tkadlec E, Zejda J 1998 Small rodent population fluctuations: the effect of age structure and seasonality.
Evolutionary Ecology 12: 191-210

102 Julius-Kiithn-Archiv, 432, 2011



gth European Vertebrate Pest Management Conference

Is the Italian strategy to face the problem of stray dogs sustainable? A case study of two
small municipalities in central Italy

Adriani, S.", Bonanni, M.%, Amici, A.!

'Universita della Tuscia, Dipartimento di Produzioni Animali, Via C. De Lellis, snc, 07100 Viterbo, Italy,

adrianisettimio@libero.it
*Via F. Martinelli 34, Roma, Italy

DOI: 10.5073/jka.2011.432.055
Abstract

The Italian law for pet animal protection and prevention of stray dogs (L. 281/91) requires municipalities
to solve the problem of stray dogs. According to this regulation the municipalities are obliged to capture
free dogs which have to be put in adequate kennels. As a priority, the animals should be housed in public
kennels, if they do not exist, also private kennels are acceptable. If the legitimate owner is not identified,
the municipalities are obliged to maintain the animal lifelong. Large part of small Italian municipalities
are not able to build and manage public kennels. In compliance with the law they are forced to enter into
agreements with private facilities and to cover the costs. Currently the average cost for maintaining a dog
in a kennel is approximately € 3.50/head/day, for an annual cost of € 1,250.00/head. In the present study
we evaluated the economic sustainability of the law in two small municipalities of central Italy. Under
the hypothesis that all stray dogs would be housed in the kennel the total expense would be €
19,493.00/year. It is interesting to note that this amount corresponds to the sum of the costs arising from
the annual fees for human welfare (indigents support € 5,532, school meals € 6,780, support for elderly €
7,497).

Keywords: kennel, municipality budget, Rieti, small municipalities, stray dog

Introduction

The problem of stray dogs is present worldwide (Butcher, 1999). In Italy it is very important and well
known since ancient times (Cassina and Fico, 1990; Virga, 1991). It is difficult to define and update
quantitative data of the phenomenon because of its peculiar characteristics (Beck, 1973) and different
ways of manifestation (Coman and Robinson, 1989) in different areas of the country. Studies performed
in Italy in the last three decades show that of a total of 2,762,862 dogs present, about 220,140 were stray
dogs (7.96% of total) and 79,112 feral dogs (2.86% of total) (Boitani and Fabbri, 1984; Boitani, 1992). In
the same studies stray dogs were divided into four different categories, depending on the relationships
with humans, from which directly or indirectly they depend. In this study, the term includes all the stray
dogs that wander in uncontrolled human settlements, with or without a master. The existing law provides
that if the Government fails or neglects to adopt measures and/ or precautions that tend to remove and
eliminate the potential danger posed by stray dogs, it is liable for damages caused by stray dogs (Beck,
1975; Vucini¢ et al., 2008). This implements the general principle of “neminem laedere” art. 2043 of the
Civil Code. Therefore, the municipalities should be an active part in the actions of identifying, capturing
and housing stray dogs in suitable kennels (Blanchard, 2009; Butcher, 2009) by the burden of
maintenance lifetime. In this regard the Italian law for pet animals protection and prevention of stray
dogs (L. 281/91), also enacted to prevent, control and eradicate the phenomenon of stray dog; in
paragraph 1 of Art. 4 it imposes that “municipalities, individually or associated, ensure the rehabilitation
of existing municipal kennels and build kennels for dogs in accordance with the criteria established by
regional law and using the contributions for that purpose from the region”. Nowadays 1,650 Italian
municipalities (of 8,094 in 2010) are not equipped with their own kennels and must draw agreements
with private ones. In the present study we evaluated the economic viability of the law 281/91 in small
towns. We investigated the budget of two municipalities in the province of Rieti (central Italy) in order to
compare public expense for human welfare and stray dog housing.

Materials and methods

During the period between March 1 and December 31 2010, a survey was conducted to count stray dogs
present in those municipalities (Boscagli et al., 2010). We counted only the dogs present inside the town
(Santamaria et al., 1990; Natoli et al., 2009). These animals should not exist on the basis of the Italian
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law 281/91. The municipalities’ budget, including the expenses for stray dog housing, and the daily cost
per dogs was recorded in the administrative offices of the municipalities on the basis of the agreement
with kennels. Human welfare expenditures were also recorded (support for indigents, sea stays for
elderly peoples).

Results

Both municipalities were not equipped with a kennel, public or private. In the municipality A (20
villages with less than a total of 2,000 residents) were counted 17 stray/wandering dogs. In town B (69
villages with a total of about 4,000 residents) 43 stray/wandering dogs were counted. In January 1999,
the municipality A subscribed to an agreement with a private kennel, updated several times for the
economic aspects. Nowadays the municipality pay a fix fee € 8,000/year to house up to a maximum of 8
dogs. For any unit in excess a daily rate of € 3.50 (VAT included) is applied, for an annual fee of €
1,277/head. If the 17 stray dogs were caught and housed in conformity with the law the municipality
should pay an annual cost of € 11,493 and a total expense of € 19,493 /year. It is interesting to note that
this amount corresponds to the sum of the costs arising from the annual fees for human welfare such as
indigents support (€ 5,532), meat for school meals (€ 6,780) and sea stays for elderly and two assistants
(€ 7,497). The municipality B subscribed an agreement with a private kennel. Nowadays the municipality
pays a price of € 3.50/head/day (VAT included), for an annual fee of € 1,277/head. If the 43 stray dogs
were caught and housed in conformity with the law the municipality should pay an annual cost of €
54,932.50/year. This amount is twice the costs arising from the annual fees for human welfare (€ 7,581
for indigents support, € 9,567 for meat for school meals, € 11,532 for sea stays for elderly and two
assistants).

Discussion

The presence of stray dogs shows the failure of municipalities in the application of law 280/91. The
analysis of the overall economic status of these institutions indicates, however, the real impossibility to
fulfil the constraints of the law. The scarcity of economic resources induces the institutions to omit the
application of the law not to overcharge their budget. So the law cannot achieve the aim to solve the
problem of stray dogs because small municipalities are unable to finance facilities and dog support.
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Abstract

A novel strategy for pest control is described in the present study. Together with the implementation of
the normal control program of antagonists of hunting species a “reward strategy” aimed at involvement
of hunters was implemented to enhance the containing effects on red fox (Vulpes vulpes L.). Exploiting
the concept “more foxes killed - more game for restocking”, the territorial hunting areas of Rieti
Province (Central Italy), developed two methods to stimulate the killing of foxes by hunters during the
hunting season. Five years of application showed good results in terms of foxes killed, with an increased
number of foxes killed in the first year of the application of one of the methods implemented.

Keywords: carnivore, pest control, Rieti province, Vulpes vulpes, wildlife management

Introduction

The European red fox (Vulpes vulpes Linnaeus, 1758) is a wild carnivore which diet includes a wide
variety of food resources (Hartova-Nentvichova et al., 2010) depending on its broad geographic range
and covering any point along the specialist — generalist continuum (Panzacchi, 2008). Several studies
point out the evidence that foxes have negative impacts on a very broad range of wild vertebrates, but
also poultry and livestock, and that these impacts are mediated directly by predation and by other direct
and indirect processes (competition, transmission of diseases, etc.) (Saunders et al., 2010). In vulnerable
ecosystems the predator-prey imbalance can lead to excessive loss of biodiversity and to the local
extinction of species of particular conservation concern (Wallach et al., 2009). The common perception
of hunters that the red fox excessively preys on hunting species has meant that this carnivore was always
considered a pest (Boitani and Vinditti, 1987). It is well known, in fact, that predation by foxes affect
partridge (Perdix perdix), hare (Lepus spp.), rabbit (Oryctolagus cuniculus) (Knauer et al., 2010) and
pheasant (Phasianus colchicus) populations (Draycott et al., 2008). In order to reduce predation on game
species, hunters put in place a strong pressure to achieve control programs of fox population (Toso and
Giovannini, 1991; Toso and Genovese, 2003). However, the results of studies on the effects of fox
control on population dynamics of prey species, were ambiguous (Salek et al., 2010; Reynolds et al.,
2010; Knauer et al. 2010; Panek, 2009). In Italy the red fox is a hunting species, but since it is not a
coveted prey, the normal practice of hunting does not contribute to its containment. As a result many
institutions have begun autonomous control activity. To encourage the removal of this predator, control
plans include a “reward strategy” to compensate hunters with “valuable” wild game (hare, pheasant, grey
partridge) in proportion to the number of foxes removed. This study was designed to ascertain the
quantitative aspects of containment regularly conducted by the Territorial Hunting Areas (ATCs) in the
province of Rieti (Central Italy) in the period 2005-2010.

Materials and methods

The province of Rieti is divided into two ATCs, identified as ATCRI1 and ATCRI2. Each has developed
a plan to control the fox, with different rewarding strategies. To stimulate the killing of foxes by hunters
the ATCRII1 plan provides the reward of one hare for every three foxes culled. The ATCRI2 plan,
instead, provides a scoring system (1 fox = 25 points), with two distinct reward combinations: 1) per
hunter resident in the province of Rieti, 2) re-stocking. The first included: 100 bonus points = 1 year
insurance policy for hunting (value € 85.00), 75 points = 1 card access to ATCRI2 in the next hunting
season, 75 points = 1 free permit for the use of training dog areas. The second provides: 1 hare = 50
points, 1 pheasant = 10 points, 1 grey partridge = 5 points. Although differently articulated both projects
are based on the concept of the exchange of killed fox in wild game animals for restocking. Furthermore,
since the aim of the ATCs was only to test the procedures in terms of acceptance by hunters and other
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stakeholders (farmers, common citizens, etc.), in this paper parameters of fox population and prey
species were not investigated.

Results

The following table (Table 1) shows, in detail, the data of containment activities conducted in the
ATCRII1 and ATCRI2 in the 2005-2010 period.

Tab. 1 Foxes killed in each ATC in the period 2005-2010

ATC 2005/06 2006/07 2007/08 2008/09 2009/10 Total
RI1 262 245 346 421 652 1,926
RI2 282 348 298 180 510 1,618

Total 544 593 644 601 1,162 3,544

During the five years examined 3,544 foxes were killed (1,926 and 1,618 in the ATCRII and ATCRI2
respectively). The province of Rieti covers about 2,750 km?, the average culling intensity was 1.3
foxes/km’.

Discussion

The sustainable management of natural resources together with the guarantee for their preservation relies
on the continued participation of the people living in the area (Swanson and Barbier, 1992). Reward
strategies that consider many aspects of the workplace in order to both attract and keep high quality
people doing the right things may be expected for conservation and protection aims. In this case the local
administrators responsible for wildlife management suggested the application of a rewarding system to
the control of a carnivore pest, with good results in terms of foxes killed. It is not known whether the
increase of the annual levy from 544 foxes in 2005/2006 to 1,162 in 2009 /2010, is due to an
optimization strategies, a broader commitment of operators to capture or, more simply, the increasing
attractiveness of the reward. This was independent of criteria of proper wildlife management. It is hoped
that the recent activation of a monitoring plan for the species throughout the province and the
simultaneous indication of the target density can help to control activities of the fox, and, simultaneously,
to assess the results.
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Abstract

In the summer of 2008, the fat dormouse (Glis glis Linnaeus 1766), pest animal in the Langhe
agricultural territory (Province of Cuneo, Italy), was studied with the aim of understanding its night
invasion and feeding exploitation capacity on hazel orchards, in order to assess the resulting loss of
marketable hazelnuts. Using 9 hazel orchards as study samples, dormice density, damage in cultivations
and exploitation time were calculated and the results obtained were correlated. Damages happened
mainly between July (when fruits start to grow) and late August (when fruits are harvested). Density
(estimated by 18 nocturnal survey sessions) reached values between 4.13 and 247 vocalizing
animals/hectare in the central hours of the night. The fruits loss, evaluated taking into consideration 33
plots placed inside the cultivations, accounted for 61% of the total of collected hazelnuts. Density and
damage values were connected with the physical features of hazel orchards, their position in relation to
wooded areas and the study period.

Keywords: Glis glis, hazel orchards, hazelnuts, damage, nocturnal survey, density, fruits loss

Introduction

In the Langhe territory (Province of Cuneo, Italy), over the past few years, the fat or edible dormouse
(Glis glis Linnaeus 1766), normally present in wooded areas, has become a pest species for agriculture. It
is responsible for enormous damages on hazelnuts crops which are typical cultivations of Piedmont. The
decreased productivity of faulty hazel orchards required a specific study aimed at understanding dormice
feeding behavior in agricultural areas.

Materials and methods

The research was carried out in the summer of 2008 (from late June to late September) in 9 hazel
orchards (with different sizes and distances from wooded areas, located in five typical Langhe villages).
The following cultivation parameters were analyzed: age and rows of hazel trees, spacing among these
plants, number of cultivation sides bordering on wooded areas, closure of the leaf canopy of hazel
groves, number of contacts between hazel trees and other trees of the wooded area. These cultivations
were used as study samples for the assessment of dormice density inside the cultivations and neighboring
wooded areas (Burgess et al., 2003).

The same hazel orchards were also studied in order to evaluate the loss of hazelnuts, due to feeding and
fruit handling by rodents.

The dormice density was estimated by means of 18 sessions of nocturnal survey, based on detection of
vocalizing animals along 2 to 4 transects, inside both the hazel orchards and the ecotonal orchard-wood
zone (total transects: 210), in three standard times per night (22.30-24.00; 1.30-3.00; 4.30-6.00)
(Hoodless and Morris, 1993; Jurczyszyn, 1995).

The damage was evaluated using 33 plots on the ground (plots mean area: 19.8 m?). The plots varied in
number in every hazel orchard and they were arranged gradually away from the ecotonal zone. From July
to September 2008, 44,847 hazelnuts were collected in the plots and divided into the following
categories: “gnawed”, “untouched” (but fallen prematurely due to dormice handling), “decayed/not
grown” and “ripe” (ready for harvesting). The first three categories described the loss of marketable
fruits.
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Results

On average, the density values (D = number of dormice/hectare) were 1.5 to 36 times higher in hazel
orchards than in wooded margins. The peak dormice activity was reached in central hours (mean value of
D: 106) and between the end of July and the first half of August (D minimum value: 4.13, on July 23™; D
maximum value: 247, on August 15"). These values, recorded in specific areas for a limited period of
time, are not comparable with those recorded in nature (0.6 to 36 dormice/ha) (Krystufek et al., 2003).

The fruits loss accounted for 61% of collected hazelnuts (27,523 damaged fruits out of 44,847 total
fruits). Gnawed hazelnuts represented about a quarter of this percentage. The ripe fruits yield was <40%.
The mean number of gnawed fruits was high in the plots close to the ecotonal zones and it diminished as
distance from the wooded areas increased (correlation coefficient r=-0.62; p<0.01).

Several features of hazel orchards (i.e. distance from wooded areas, number of sides bordering on
wooded areas, closure of the leaf canopy of hazel trees) and the study period (more or less the advanced
growth phase) were statistically correlated with density (multiple correlation coefficient R=0.93; p<0.05)
and damage values (multiple correlation coefficient R=0.80; p<0.05).

Damage values were also correlated with dormice density values (correlation coefficient r varying from
0.66 to 0.81), although data were insufficient for a correct statistical correlation.

Discussion

The data analysis emphasized the relevance of ecotonal orchard-wood zones: in these zones, branches
providing contact between hazels and wooded areas trees represent preferential transition points for
dormice during the night invasions of cultivations (Capizzi et al., 2007). Information on these contact
points and other orchard features are important for mapping possible environmentally benign strategies
for the reduction of fruits loss: buffer zone around hazel orchards (“no-tree zone”), physical barriers,
chemical deterrents, live trapping and translocation of dormice in minor-risk areas. These strategies
differ in cost, arrangement time and maintenance; therefore, their effectiveness should be tested.
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Abstract

We tested the effectiveness of capture traps to control red deer populations in golf courses. We found that
capture traps are useful to reduce populations of red deer and, therefore, to manage its presence and
damage in urban areas. Nevertheless, we used capture traps with manual closing but this system is time
consuming and ineffective. It is advisable to change this method to an automatic locking system.

Keywords: Cervus elaphus, golf course, red deer, urban environment, wildlife management

Introduction

The land use changes happening in Spain in the second half of last century have had a substantial impact
on landscape and as consequence have involved important modifications in species distribution. In
Andalusia (southern Spain) the land abandonment and the agricultural intensification have given rise to
the disappearance of mosaics of pastures or agricultural lands with a high proportion of natural
vegetation that existed several decades ago. This resulted in a homogenization of the landscape since the
most productive areas were devoted to the intensive agriculture and the less fertile were abandoned
followed by the regeneration of scrubland and woodland (Fernandez-Alés et al., 1992; de Andrés et al.,
2002). The effect of changes and transformations of landscape caused by human activity for the
distribution of wild species is in some cases detrimental for some species (Smith et al., 2005; Delibes-
Mateos et al., 2010) but positive for others (Acevedo et al., 2006; Falcucci et al., 2007; Acevedo et al.,
2011). In the case of red deer, the distribution range has increased considerably in Andalusia affecting
urban areas as golf courses where they are causing damage.

Materials and methods

We installed a capture trap in a golf course located in the Costa del Sol (Andalusia-southern Spain), with
10x10x2.10m dimensions. The door was closed manually with a pulleys and ropes system. The person in
charge of this task was hidden 25 m from the capture trap. During three consecutives months we visited
the capture trap every three days, baited the capture trap with broad beans periodically and used an
attractive substance for red deer. We controlled the visits of red deer to the capture trap using two camera
traps. After three months we started with captures in the morning and at night during six consecutives
days.

Results

Red deer groups visited the capture trap on 15 different occasions. The first visit occurred two months
after finishing the installation of capture trap. All visits were by adult females and juveniles and occurred
mainly at night and early morning. There were no visits by deer to the trap after a person was placed
close to the trap to operate the closing mechanism.

Discussion

The results have shown that a capture trap can be a useful method to control populations of red deer in
urban areas. This is in accordance with the results obtained by others authors in different regions. In fact,
red deer groups have not feared the presence of a capture trap and they entered the trap to forage.
However, manual closing of the capture trap is not effective because it needs many waiting hours and the
presence of people around capture trap can scare away red deer. Therefore, it is advisable to change this
method to an automatic locking system.
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Abstract

We monitored over one annual cycle the abundance of vertebrate species in three landfills, one of them
still in use and the other two abandoned since 2004. We found that the presence of vertebrate pest species
or their abundance was lower in the abandoned landfills than in the one in use. Restoration actions and
habitat management in sealed up landfills can reduce pest incidence and related damage or health risks in
the surrounding habitats or urban areas.

Introduction

Pest species can be abundant in landfills (Camina and Montelio, 2005). In the context of a landfill we
considered a species as a pest if it uses the landfill as a habitual habitat or takes temporal advantage of
their resources and can therefore produce damage to landfill facilities, surrounding crops, livestock or
game harvesting; or if it can carry germs or act as a vector for diseases or be harmful for humans. We
have monitored during one year the presence, use and abundance of vertebrate species in three landfills,
one of them still in use and the other two abandoned and sealed up.

Material and methods

The study area was located in the south of Spain (Malaga province, Andalucia). The landfill in use was
the Complejo Medioambiental de la Costa del Sol (Casares). The two abandoned were Ronda landfill
and Vifiuela landfill, partnerships of the Sulfanet4EU project (European Community) for the sustainable
use of abandoned landfills. These two landfills have been sealed up and restoration actions carried out.
We tried to compare the incidence of vertebrate pest species between landfills.

Results

We found seven species that fulfil the criterion of pest: the yellow-legged gull (Larus cachinnans), the
black kite (Milvus milvus), the cattle egret (Bubulcus ibis), the wild boar (Sus scrofa), the red fox (Vulpes
vulpes), the feral cat (Felis catus) and the feral dog (Canis familiaris). Presence of gulls and egrets
follow an annual pattern in the landfill in use. Gulls are frequent in the landfill all year round except in
summer when they disappear. The gull population size using the landfill is estimated at 1,614 to 2,646
birds (95% confidence interval). Egrets are also frequent every season except in spring. Their population
size is estimated between 250 and 466 birds (95% confidence interval). Gulls are completely absent from
the abandoned landfills (even when they are present in a surrounding water reservoir) while egrets on
some occasions use the abandoned landfills. Black Kites are present in the landfill in use in spring and
early summer while they use the abandoned landfills only in autumn. Kites use the landfill in use as
settling places during their prenuptial migration, staying for 15-30 days and looking for food. The
abandoned landfills are used only to settle for one or two nights during the postnuptial migration.

The use of the landfills by carnivorous mammals and wild boars is high. Boars, feral dogs and cats and
red foxes are frequent in both types of landfills. However, we find significant differences in the
abundance of these species between in-use and abandoned landfills, as they are more abundant in the first
type of landfill.

Discussion

The abandonment and sealing up of a landfill accompanied by habitat restoration actions can reduce the
incidence of some vertebrate pest species. Restoration actions and habitat management can help to
reduce investments on pest species management (Alvarez and Chico, 2003) even in active landfills. Wild
boars cause damage to crops and golf courses while carnivores can limit some game species. In the case
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of gulls it is important to consider habitat restoration in landfills. Gulls are in direct contact with rubbish
and they tend to nest in buildings. Gull populations are increasing in coastal areas causing health risk and
attacks to humans during their breeding season. Indirect management of pests through habitat
manipulation can also help to improve the habitat quality for other endangered species (Orueta, 2007).
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Current trends in human and wildlife population growth and landscape development indicate that human-
wildlife conflicts are likely to increase worldwide in the near future. This is particularly important for
Europe where the density of the human population is relatively high. For instance, although Europe and
the US have a similar land mass, twice as many people live in Europe compared to the US. Lethal control
to mitigate human-wildlife conflicts can be ineffective in the long term, unfeasible, or may be
unacceptable for its impact on the environment and on animal welfare. Among the non-lethal methods to
manage overabundant wildlife, fertility control offers a humane, publicly acceptable method to reduce
the size of a population. In parallel, public interest in alternatives to surgical sterilization for companion
animals and livestock has fostered investment into the development of fertility control agents. Recent
advances in research and development have lead to the registration of novel fertility control agents for
wildlife. Species-specific systems to deliver baits containing oral contraceptives to target species are now
available. In addition, the development of new software and mathematical models has allowed
researchers to make predictions of the effects of fertility control on population size. We present
experimental data on the effectiveness of fertility control agents on model wildlife species and we
illustrate examples of species-specific bait delivery systems. We discuss applications of fertility control
to feral dogs and cats and zoo animals; we provide examples of how fertility control could be used for
disease management.
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Fertility control is being investigated as an alternative, non-lethal method of managing overabundant
wildlife where conventional lethal techniques are no longer considered acceptable based most often on
concerns for animal welfare. Gonadotrophin releasing hormone (GnRH) targeted immunocontraception
has been shown to di