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Abstract

Here, we provide an overview on Reeves’ muntjac (Muntiacus reevesi) in Austria,
a deer species originating from southeastern China and introduced to Europe at the
end of the 19" century. Muntiacus reevesi is currently established in several countries
of the European mainland and the British Isles, and was included in the list of
invasive alien species of Union concern, due to its potential detrimental impacts,
such as feeding damage, competition, and car accidents. In Austria three confirmed
observations of Reeves’ muntjac in the wild were reported, in the federal states
Salzburg, Upper Austria and Styria. All observations were made between 2016 and
2022 and were of single individuals that had likely escaped from captivity. Most
recently, in April 2022 in Upper Austria a male individual has been observed for
several days and was captured thereafter. Although to date there is no evidence of
persistent populations in the wild, we argue that future establishment of the species
in Austria is possible due to several factors. Those include the ongoing spread of
Reeves’ muntjac in several countries of the European mainland, its elusive lifestyle
and low detectability in initial invasion stages, as well as its ability to thrive from
very small founding populations. In the light of the precautionary principle, we
advocate for careful monitoring and rapid reaction while still feasible.
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Introduction

In Europe more than 50 species of alien mammals are currently established
(Biancolini et al. 2021), despite the decline of alien mammals’ introduction
rates in recent decades in many regions of the world due to changes in legal
and social norms (Seebens et al. 2017). Of those, 12 species are listed to
date as invasive alien species of Union concern [i.e., listed in the Union List
(EU Commission 2016, 2017, 2022)], thus associated with the EU
Regulation on invasive alien species (EU Regulation 1143/2014) (EU
Commission 2014). Those are considered to have substantial negative
impacts on the environment or human livelihoods and therefore, their
introduction and spread should be prevented by the EU Member states.
Reeves’ muntjac (Muntiacus reevesi (Ogilby, 1839)) originates from
subtropical southeastern China and early on was of interest for hunting
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and animal parks. Consequently, the main pathways of introduction to the
wild are accidental escape from confinement (e.g. zoos, deer parks, private
holders) and intentional release (e.g., for hunting) (Tsiamis et al. 2017).
While already in 1838 the first individuals were purchased and imported
for British and French zoos, those known to have formed the first wild
populations were brought to the United Kingdom only later, around 1894
(Bottiau 2018; Chapman 2022). Despite its reported sensitivity to low
winter temperatures and snow/frost, since then Reeves’ muntjac was able
to sustain permanent populations in the wild in several European regions
of introduction (Tsiamis et al. 2017, 2019). The species is able to establish
from a limited number of individuals and can reach high local densities,
resulting in negative impacts (Cooke 2019). Consequently, it has been
added to the Union List in 2016, meaning that possession, exchange, trade
and release are prohibited, and action must be taken in case of detection
(EU Commission 2016).

While dense canopy forest is thought to be its original preferred habitat
(Bottiau, 2018), this adaptive species can occupy a wide range of woodland
habitats, from deciduous forests with rich understory to pine forests, arable
landscapes, orchards, but also settlement areas with gardens (Cooke 2021;
Chapman 2022). Consequently, it can impact agriculture (locally arable
crops and horticulture such as soft fruit nurseries) and forestry (saplings
and coppices), and it is responsible for heavy impacts on natural vegetation
in ground and shrub layers of conservation woodlands, also leading to
structural changes (Baiwy et al. 2013; Cooke 2019, 2021; Putman 2009;
White et al. 2004). Reeves’ muntjac can co-occur with several other species
of deer such as roe deer (Capreolus capreolus), fallow deer (Dama dama),
and red deer (Cervus elaphus) (Chapman 2022). It was found that competition
with roe deer, which have similar feeding preferences, leads to reduced roe
deer fertility at high Reeves’ muntjac densities, presumably via interference
(Zini et al. 2023). Furthermore, it can be implicated in the transmission
cycle of pathogens (e.g., bovine tuberculosis; (Ward and Smith 2012)),
indirectly aid population declines of native species (e.g., bird species
associated with understory habitat; (Newson et al. 2012; Palmer et al. 2015))
and collide with vehicles. In 2010, Reeves’ muntjacs were involved in 28%
of all reported deer collisions in England (Langbein 2011).

Indeed, Reeves’” muntjac populations in the United Kingdom are the
most numerous and widespread in Europe (see Figure 1). It was introduced
in 1894 north of London in Woburn (Bedfordshire, England) and—assisted
by further releases and translocations—spread not only throughout
England, but also to Wales, while its presence in Scotland is unclear
(Bottiau 2018; Chapman 2022). While it was still perceived as a benign
species in the 1970s, its range expansion peaked in the 2000s, and in 2018
its UK population was estimated over 115,000 individuals (Chapman 2022).
Reeves’ muntjac is found in Ireland as well, with the first records in 2008
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Figure 1. Distribution records of Reeves” Muntjac (Muntiacus reevesi) in Europe derived from
the EASIN Alien Species Geodatabase Search and Mapping Tool (https:/easin.jrc.ec.europa.eu/
spexplorer/map/, downloaded on 23.5.2023). Please note that this map should be interpreted
with caution, as EASIN also contains unvalidated records (e.g. from GBIF).

for the Republic of Ireland and in 2009 for Northern Ireland. Nevertheless,
sightings remain localized and sparse (Chapman 2022; Freeman et al. 2022).

The species is also present on the European mainland; in France, its
persistence and reproduction in three central departments (Indre-et-Loire,
Loir-et-Cher and Indre) was officially declared in 2017 and in the last
decade rare sightings were also made in two other departments in Northern
France (Hurel et al. 2018). The first introductions to private forests and
estates date back to 1891, but were probably not successful. Nevertheless,
escapees from animal parks have formed one localized population already
in the 1950s that persisted at least for several decades (Chapman 2022). In
both countries, Belgium and the Netherlands, multiple Reeves’ muntjac
populations exist, originating from several unrelated sources (Deflem et al.
2022). The first sightings in the Netherlands date back to the late 1990s
(Hollander 2015) and sightings are still regularly made nowadays
(waarneming.nl 2023). In Belgium the first sightings in Flanders date back
to 2004, followed by a notable increase in the 2010s, peaking in 2020
(Deflem et al. 2022; D’hondt et al. 2023; waarnemingen.be 2024). Management
and monitoring are actively conducted (D’hondt et al. 2023) and currently
the Flanders population seems to be the largest in mainland Europe
(Deflem et al. 2022).

Reeves’ muntjac has been rarely recorded so far in other parts of
mainland Europe (see Figure 1). In Denmark, the species was reported
only from two localities, in 2005 and 2020, and Ward et al. (2021) classified
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it as locally established. In the Czech Republic, in 2017 one observation in
Plzen zoo was made - it is questionable whether this can be considered an
escape (Observation.org 2023a). This is the only known record from the
Czech Republic and regular occurrence of the species is unlikely. The same
applies to Poland, where two captive muntjacs (identified only to genus-
level) were reported in the wild in 2012 (Observation.org 2023b). In
Germany, the first reports of Reeves’ muntjac in the wild were made in
2004, followed by regular reports since 2015, mostly from the northern
parts of the country (Schleswig-Holstein), where presumably a larger
number of individuals was intentionally released in 2020 (Schulz and
Borkenhagen 2021). In June 2021, a hunter identified a muntjac roadkill
close to Munich in southern Germany that was originally reported as roe
deer. Further investigation of camera traps in the area revealed several
sightings of a Reeves’ muntjac previous to the road accident, probably
originating from the same individual (merkur.de 2021; naturgucker.de
2021). Importantly, the actual species distribution might be still very much
in flux, due to ongoing spread, failed introductions and active management.
Therefore, overviews on its status across countries of introduction are
likely to be incomplete.

To our knowledge, those are the closest sightings that have hitherto been
made in neighboring countries of Austria. Reeves’ muntjac was introduced
in the 19" century to Austria, when a “... private deer park at Altenfelden in
Oberdsterreich, Austria, received some muntjac from Woburn Park, England,
in the latter part of the nineteenth century (F. Marshall, pers.com.)”
(Chapman 2022). The overview of Ward et al. (2021) mentioned sightings
of Reeves’ muntjac in Austria, but emphasizes a lack of evidence. As several
sightings in the wild were recently made in Austria, but are hidden in
poorly accessible sources, in this work we summarize and update

information on Reeves’ muntjac occurrence in Austria.

Materials and methods

For compiling records of Muntiacus reveesi in Austria, we screened the
relevant literature and biodiversity databases (GBIF, www.gbif.org; iNaturalist,
www.inaturalist.org, and www.observation.org), and consulted colleagues
with expertise on alien mammals in Austria as well as the nine federal
hunting associations. Relevant literature was identified by searches on
scientific (Google Scholar, SCOPUS) and general (Google) search engines
using the scientific and vernacular name together with “Austria”. This was
done in English and German. Please note, that we did not perform a fully
systematic review. Literature was considered relevant when mentioning
occurrences or the history of Reeves’ muntjac in Austria. Information on
the recent sightings was retrieved from observers by approaching them
personally or via email. All known sightings until June 2023 were mapped,
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Figure 2. Distribution of sightings
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Schertler et al. (2024), Biolnvasions

using either coordinates provided or, if missing, coordinates derived from
locality descriptions. Maps were created using R V.4.3.0 (R Core Team 2023)
and RStudio (RStudio Team 2020). All records were classified according to
their evidence category [C1 Verified direct record (carcasses, kills, photos);
C2 Not verifiable direct or indirect records from experts or skilled personnel
(judged as plausible); C3 Not verifiable indirect or direct records from other
sources (judged as plausible); adapted from Molinari-Jobin et al. (2012)].

Results

In total, there are currently six observations of Reeves’ muntjac in the wild
in Austria, of which three are confirmed (see Figure 2, Table 1). Most
records are likely derived from escaped captive animals, indicated by the
lack of shyness, the association with human settlements and gardens, and
the lack of long-term sightings of more than one individual. There are to
date no reports of successful reproduction events or long-term persistent
populations.

The first sighting of Reeves’'muntjac in the wild has been made on 5™ July
2016 south of the city of Salzburg in Elsbethen (Haus der Natur Salzburg
2023), where one individual was observed in grassland (see Figure 3A). It
was reported by farmers in the next few days, but disappeared after some
time (F. Bergmann pers. comm.; R. Linder pers. comm.). This was one of
three females originating from a private keeper near Mondsee, about 15 km
linear distance from Elsbethen. Apparently, the female was also seen
occasionally in gardens in the village Thalgau. The second individual was
recaptured in the same area around Thalgau and the third one killed by a
car (Anonym. pers. comm.).
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Table 1. Overview of records of Reeves’ Muntjac (Muntiacus reevesi) in Austria. Given are the date of observation, location,
federal state, latitude and longitude (EPSG:4326), category of certainty, sex and fate of the individual, additional comments and source.

# date location federal state lat lon cat  sex fate comment  source
1 5.7.2016  Elsbethen 47.7708 13.1012 Cl1 F  unknown Haus der Natur
2 2272016 Around Thalgau - - C3 F  roadkill threeescaped Salzburg (2023);

females from F. Bergmann (Haus
aprivate  der Natur Salzburg;
Salzburg ownerin  pers. comm.);
3 9272016 Around Thalgau - - C3 F captured Mondsee  R.Lindner (Haus der
(Upper Natur Salzburg; pers.
Austria) comm.); Anonym.
(pers. comm.)

Feldbach, on B66, ca. 100 m origin

99 . . . .
4 72.6.2017 after “Kornberger Tor” Styria 46.9640 15.8811 Cl1 M roadkill Kknown Kleine Zeitung (2017)
around Upper unconfirmed
5 Near Mondsee ppe - - C3 ?  unknown recordsin  Chapman (2022)
2018 Austria .
literature
Eberschwang,
14.4.2022 Grieskirchen 48.1746  13.6018 D. Pacher
15.4.2022 Haag am Hausruck, 48.1850 13.6274 wildlife  (Crieskirchen district
Grieskirchen U authority; pers.
. Lo pper camera, - .
6 1642022 Weibern, Grieskirchen Austria 481868 137001 €1 M captured origin comm.); C. Bock
18.4.2022 Hofkirchen, Grieskirchen 482284 137510 unknown,  (UPper Austrian
llern, Grieskirch 482207 13.9377 hunting association;
22.4.2022 Wallern, Grieskirchen . . pers. comm.).
2?2.4.2022 Buchkirchen, Grieskirchen 48.2326 13.8297

Figure 3. Pictures of Reeves’ muntjac (Muntiacus reevesi) sightings in Austria. A) A female observed in Elsbethen, Salzburg in 2016
(© F. Bergmann). B) A male roadkill, found near Feldbach, Styria in 2017 (© KK, taken from www.kleinezeitung.at). C) A male
observed by wildlife cameras in 2022 in Upper Austria visiting a feeding place during day and night (O Anonym.).

Chapman (2022) mentions reports of Reeves’ muntjac sightings around
2018 in the same area, close to Mondsee (Upper Austria), and points out
that a private holder close by owned Reeves’ muntjac. Although this could
most likely refer to individuals from the same owner or perhaps even the
same sightings, this mention could not be further confirmed.

In June 2017, a roadkill was found, in Feldbach, southeastern Styria
(Kleine Zeitung 2017) (see Figure 3B). The origin of the individual could
not be clarified.
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In spring 2022, a male Reeves’ muntjac was observed six times in Upper
Austria between 14™ April and 22" April 2022 (see Figure 2). The individual
probably originated from an unauthorized private holding, showing no signs
of shyness towards humans and staying close to settlements (G. Camperdell,
Department of Nature conservation Upper Austria, pers. comm.). Most
observations were made by wildlife cameras (see Figure 3C), and one
observation was made by residents in a private garden. On May 17" it was
sedated and captured and brought to an animal park close by, where it
resides to date (Tiergarten Wels pers. comm.). This is one of eight zoos or
animal parks in Austria that currently list Reeves’ muntjac (https://www.
zootierliste.de, accessed 10 November 2023); one in Carinthia, Lower
Austria and Salzburg, two in Upper Austria and three in Styria.

Discussion

In this overview, we provide evidence for several sightings of Reeves’
muntjac in the wild in Austria. While those are all recently made, currently
there is no sign of establishment of populations in the country, as all
Austrian records so far were derived from single most likely captive animals
and there are no reports of successful reproduction events in the wild.

The most plausible pathway of introduction into the wild is from zoos,
animal parks or private holders (Tsiamis et al. 2017). Currently, eight such
institutions in five eastern or central Austrian provinces list Reeves’ muntjac,
but precise estimates on the total population of captive individuals in
Austria is lacking. In those settings, measures such as ear tagging and
sterilization, as well as the requirement of registering individuals and reporting
any escapes, can significantly contribute to risk reduction after escape
events already happened (Baiwy et al. 2013; Cooke 2019). Nevertheless,
captive animals held without administrative permission still pose a
problem, especially if confinement measures are not met. On the other
hand, introduction to the wild may happen intentionally (Chapman 2021):
for example, in Schleswig-Holstein there are hints that a group of Reeve’s
muntjac were deliberately released in 2020 (Schulz and Borkenhagen 2021).
This may happen in order to establish a new game species for hunting, but
also to get rid of a species that is listed on the Union List.

If sightings in the wild are made, a zero-tolerance policy should be
followed to conform with the EU Regulation on invasive alien species and
to take advantage of the possibility to react early on. Restrictive measures,
the involvement of hunting associations and rapid detection are thought to
contribute towards the containment of the species (D’hondt et al. 2023). In
Flanders (Belgium), following a zero-tolerance policy, more than 50 successful
removals were reported between 2019 and mid-2023 and results of a two-
year management campaign provide recommendations (e.g. an extended
time window for shooting past sunset or stalking in addition to high seat
hunting) (D’hondt et al. 2023). For Austria, so far, no entry was made to
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NOTSYS, the official tool for EU Member States for reporting new
detections of species of the Union List and associated rapid reactions - a
step that should be undertaken in the case of future sightings to aid
maintaining a complete picture at European level.

As already experienced in other countries of introduction, Reeves’
muntjac can impact biodiversity and socio-economy when reaching high
densities (Cooke 2019) that may develop within a few decades from
initially very small founding populations (Freeman et al. 2016). Indeed,
Freeman et al. (2016) used population genetics to show that the successful
invasion of the British Isles goes back to a single invasion event that
included only a small number of founding females. Considering that
Reeves’ muntjacs are relatively small-sized ungulates with a hidden lifestyle,
initial colonization phases and population increase may go unnoticed
(Putman and Stewart 2021).

As the origin of two of the reported individuals in Austria remains
unknown, other eventually escaped individuals from the same source may
have gone undetected and therefore the existence of breeding populations
cannot be ruled out. It was found that Reeves’ muntjac stayed undetected
for more than a decade during initial colonization in Cambridgeshire
(England) (Cooke 2021). Nevertheless, once successfully established,
M. reevesi populations are able to rapidly increase and expand their range,
such as happened in the UK where the British population has tripled in
size in 25 years (Chapman 2021). The difficulty of dealing with established,
resilient populations is also illustrated by the Belgian culling campaign in
2020-2022 (D’hondt et al. 2023), which led to a decline in detections but
was followed by a rapid recovery.

Lastly, especially with regard to a warmer climate in the future (IPCC
2023), several regions of Europe might show increased suitability for
sustaining populations. So far, all sightings in Austria were made in mild
lowland regions that overlap with land cover types likely to be suitable
(Ward et al. 2021). We therefore highlight the need to carefully monitor
the presence of Reeves’ muntjac, in order to—in compliance with the EU
Regulation on invasive alien species—early detect and rapidly eradicate
even small escapes, and to prevent the potentially rapid establishment of
permanent populations in suitable areas of Central Europe.
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