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Simple Summary: In the early sixties, free ranging red deer (Cervus elaphus, L.) were absent in
Piedmont. Human-driven translocations and spontaneous migration of red deer from Switzerland
and France resulted in the successful redistribution of this wild ungulate. In parallel, host-specific
parasites harbored by red deer populations disappeared in the same area until the restoration of red
deer in north-western Italy. The parasitic community has been enriched with at least two species-
specific taxa, Onchocerca jakutensis and Pharyngomyia picta, suggesting that the recovery of parasitic
biodiversity could be included amongst future conservation goals of this intensively managed game.

Abstract: Red deer (Cervus elaphus) populations in north-western Italy have been remodeled in
recent decades. Multiple translocations and the spontaneous migration from Switzerland and France
resulted in the successful redistribution of the red deer after human-driven extirpation during the 18th
century. The scarcely diverse parasitic community harbored by these cervids has been enriched with
two species-specific taxa, Onchocerca jakutensis and Phayigomyia picta, suggesting that the recovery
of parasitic biodiversity could be included amongst future conservation goals of this intensively
managed game. Nodular onchocercosis was reported in three red deer populations since 2011, while
nasal bots were reported since 2018. Hypoderma spp. larvae were identified for the first time in
1989, then a second record was made in 2014 in the province of Biella, where a yearling male in
poor condition infested with Hypoderma diana was observed. In the perspective that the restoration
of species-specific parasite communities of native mammals in Europe is increasingly perceived as
a conservation target, with similar dignity as the conservation of their hosts, baseline data presented
in this communication may give new insights for future parasite conservation efforts.

Keywords: red deer; wildlife; translocations; nasal bot; warble fly; nodular onchocercosis;
parasitic biodiversity
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1. Introduction

Translocations have been and are still extensively implemented as a tool for the
management and restoration of biodiversity [1,2]. Such interventions have often made a dif-
ference, by permitting and/or accelerating the recovery of native species on a geographical
scale, making them extirpated or critically rarified. The red deer (Cervus elaphus) is amongst
the large mammalian species which greatly benefitted from translocation policies in Europe
and Italy [3,4].

In Conservation Medicine, a lively debate exists on the priority to assign to parasitic
biodiversity as a conservation target aside their hosts [5]. Awareness has undoubtedly
grown over recent decades on the role of wildlife–parasite relationships as fundamental
drivers of ecological structure and function, and the eco-systemic services that parasites
are able to provide in the long term [6]. Nevertheless, despite the cultural evolution
in progress, evidence from the field shows that parasitic biodiversity is still far from
receiving the positive attention it deserves from the conservation community, resulting
in the unintentional or sometimes deliberate loss of wildlife parasites at several steps of
conservation programs [7]. This short communication aims to illustrate the unintentional
recovery of parasitic biodiversity in a large mammal model. In north-western (NW) Italy,
multiple translocations over 50 years and the spontaneous migration from neighboring
countries (Switzerland and France, where multiple translocations have been also carried
out) resulted in the successful redistribution of the red deer (hereafter RD) after human-
driven extirpation during the 18th century [3]. In parallel, the scarcely diverse parasitic
community initially harbored by these deer was enriched with (at least) two species-
specific taxa, Onchocerca jakutensis and Pharygomyia picta, suggesting that the recovery
of parasitic biodiversity could be included amongst future conservation goals of this
intensively managed game.

2. Materials and Methods

Since 1978, the Parasitology research unit at the Department of Veterinary Sciences of
Turin, Italy, was involved in the passive surveillance of RD mortality causes in Northwest-
ern Italy (Piedmont and Aosta Valley regions) and the inspection of RD carcasses in three
areas (hereafter named RD1, RD2, RD3), where hunting had become legal practice from
the mid-eighties onward (Figure 1). Within this frame, particular attention was devoted to
recording the presence of macroscopically detectable metazoan parasites affecting the skin
and the upper respiratory tract, including warbles (Hypoderma spp.), nasal bots (Oestridae),
and the nematode agents of subcutaneous onchocercosis (Onchocerca spp.). Accordingly,
data and images presented in this short communication are to be understood as taken
from the archives of the forementioned Parasitology Research Unit. The index records
at the local level prompted further investigation aimed to finetune the identification at
the species level and deepen the knowledge on the distribution of the new parasites, by
interview of game professionals and consultation of the culling cards in their databases.
Local records were finally cross-matched with the movements of the affected and neighbor-
ing populations of RD and other sympatric cervid hosts (roe deer Capreolus capreolus, and
fallow deer Cervus dama) to identify possible sources of the investigated parasites. Data
on RD populations in this study (Table 1 and Figure 1) were obtained from unpublished
reports and the RD management data archive of one of the authors (PGM). Complementary
surveys included the key-guided morphological identification of new parasites [8–10],
the molecular identification of warbles and Onchocerca specimens by means of mitochon-
drial markers [9,11], a serosurvey for anti-Hypoderma antibodies [12], and the drafting
of thematic maps of the distribution of infected RD. Maps were developed using QGIS
software 3.2.0 “Bonn”.



Animals 2022, 12, 1433 3 of 9

Animals 2022, 12, x FOR PEER REVIEW 3 of 10 
 

serosurvey for anti-Hypoderma antibodies [12], and the drafting of thematic maps of the 
distribution of infected RD. Maps were developed using QGIS software 3.2.0 “Bonn”. 

 
Figure 1. Map of NW Italy showing the hunting management units where RD were translocated 
between 1962 and 2005. The red circles highlight the areas under passive surveillance for 
macroscopic external parasites (RD1 = Ossola Valleys; RD2 = Gran S. Bernardo and Valpelline 
Valleys; RD3 = Susa and Chisone-Germanasca Valleys). Arrows indicate the zones that were initially 
recolonized by RD migrated from Switzerland (CH) and France (FR). The yellow dot corresponds 
to the Natural Park of La Mandria. Names of the country in the colored areas represent the origin 
country of the RD population. Borders of provinces adapted from: Regione Piemonte—A1613B—
Sistema informativo territoriale e ambientale 
(https://www.geoportale.piemonte.it/geonetwork/srv/eng/catalog.search#/metadata/r_piemon:94c
85f56-4755-470a-8587-f4644b19ccbd, accessed on 10 March 2022). Borders of hunting management 
units adapted from: Regione Piemonte—A1709C—Infrastrutture, territorio rurale, calamità naturali 
in agricoltura, caccia e pesca 
(https://www.geoportale.piemonte.it/geonetwork/srv/eng/catalog.search#/metadata/r_piemon:d4e
3df50-bc23-4be5-8825-b9b2c4b218fc, accessed on 10 March 2022). Hill shades adapted from: 
OpenMapTiles.org © MapTiler © OpenStreetMap contributors. 

  

Figure 1. Map of NW Italy showing the hunting management units where RD were translocated
between 1962 and 2005. The red circles highlight the areas under passive surveillance for macroscopic
external parasites (RD1 = Ossola Valleys; RD2 = Gran S. Bernardo and Valpelline Valleys; RD3 = Susa
and Chisone-Germanasca Valleys). Arrows indicate the zones that were initially recolonized by RD mi-
grated from Switzerland (CH) and France (FR). The yellow dot corresponds to the Natural Park of La
Mandria. Names of the country in the colored areas represent the origin country of the RD population.
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srv/eng/catalog.search#/metadata/r_piemon:d4e3df50-bc23-4be5-8825-b9b2c4b218fc, accessed on
10 March 2022). Hill shades adapted from: OpenMapTiles.org © MapTiler © OpenStreetMap contributors.
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Table 1. Origin and number of red deer translocated to Piedmont between 1962 and 2005.

Reintroduction Area
(Province) Year Origin Number of RD

Susa Valley
(Torino) 1962–1964

Kocevje (Slovenia) 12
Zoo park, Cuneo (Italy) 3

Spinti Valley
(Alessandria) 1989 Deer farm (Hungary) 10

Pesio Valley
(Cuneo)

1990 Wild park, Paneveggio (Italy) 3
1991–1993 Tarvisio State Forest (Italy) 7

1995 Wild park, Tyrol (Austria) 3

Stura Valley
(Cuneo)

1989 Zoo park, Novara (Italy) 4
1990–1998 Chambord (France) 116

Sesia Valley
(Vercelli) 1995 Susa Valley (Italy) 4

Sesia/SesseraValleys
(Vercelli/Biella) 1997 Chambord (France) 108

Po Valley
(Cuneo) 1998–2000 Chambord (France) 59

Strona/ Cannobina
Valleys

(Verbania)

2001 Zoo park, Poppi (Italy) 4

2002 Carinthia (Austria) 80

Chisone Valley
(Torino) 2002 Carinthia (Austria) 25

Maira Valley
(Cuneo) 2002 Carinthia (Austria) 41

Varaita Valley
(Cuneo) 2002 Carinthia (Austria) 40

Lanzo Valley
(Torino) 2004–2005 Chambord (France) 104

Orco/SoanaValleys
(Torino) 2002–2005 Chambord (France) 149

3. Results

The origin, translocation year, and number of translocated RD are shown in Figure 1
and Table 1.

Hypoderma spp. larvae were identified for the first time in 1989, in the hinds of two RD
(of a group of ten) that did not survive the transport stress from Hungary (Figure 2).

Ever since, no warbles were found in 82 descendant RD (culled since 2010) and the
abundant sympatric fallow deer (on average, 171 individuals culled per hunting season
between 1997 and 2021). A second record concerned a yearling male in poor condition,
culled in the Biella province in 2014. Several tens of third stage larvae were observed and
a sample of them was morphologically and molecularly attributed to Hypoderma diana
(Figure 2A). No warbles were recorded in 170 RD inspected in the province of Biella
between 2013 and 2019. However, 7 out of 35 (20%) serum samples obtained from these
RD in 2013-2015 tested positive for Hypoderma spp. antibodies. Interestingly, in those
years (starting from 2011 with the first positive roe deer found in Ivrea, province of Turin),
warbles by H. diana were frequent finding in sympatric roe deer.

Nodular onchocercosis was reported in three RD populations, since 2011 in RD1, 2012
in RD 3, and 2013 in RD2, respectively (Figure 2B). Shortly before, in 2010, one of the
authors (LV) reported Onchocerca nodules in RD culled in the nearby province of Varese,
located in the Lombardy region at the border with Canton Ticino, Switzerland. Nematodes
of both sexes, isolated by dissecting the nodules on the thighs of affected RD originating
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from all areas, were morphologically identified as Onchocerca jakutensis (syn. O. tubingensis).
The diagnosis was molecularly confirmed in six specimens collected on culled individuals.
After the local index case, other cases were recorded in the subsequent years (Figure 3) The
apparent yearly prevalence in hunted RD ranged from 0.5 to 25%, with the highest values
observed in RD1, where passive surveillance data were complemented with information
provided by professional slaughterers responsible for the skinning of RD in the frame of a
study on a local venison supply chain [13]. Cases were signaled in individuals of all ages,
with the remarkable exception of calves.
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Nasal bots were reported since 2018 in a limited number of RD culled in RD3 (Figure 3b).
Second- and third-stage larvae collected from four of ten infected individuals were mor-
phologically attributed to Pharyngomyia picta. The kidney-shaped appearance of posterior
spiracles and the clearly separated fleshy cones of the pseudocephalon were particu-
larly considered for the differential diagnosis with Cephenemyia spp., according to de La
Fuente [14] and Colwell [15]. In the nineties, a high prevalence of P. picta and C. auribarbis
infection was recorded in a closed population of RD in the Natural Park of La Mandria,
on the outskirts of Turin city (196 infected individuals out of 401 sampled; 49%), whereas
nasal bots were not found at those times in the heads of 27 RD from RD3 [16].

4. Discussion

The history of RD restoration in NW Italy, and the long-term surveillance of selected
parasitic infections (namely those with an obvious macroscopic presentation) in a sample
of the RD populations established in the study area, offered us a unique perspective on
co-restoration of RD-specific metazoans following the translocation and/or spontaneous
migration of the host from neighboring zones via faunal corridors. The unintentional
and (less frequently) intentional restoration of parasitic biodiversity in the frame of con-
servation projects has been reported in other mammalian models throughout the last
few decades [17–20], while the recovery of generalist parasites in spontaneous wildlife
reintroduction is more common [21,22].

In the present study, none of the investigated RD-specific parasites were present in
RD3 at 25 to 30 years after reintroduction (Table 1). This may be attributed to one or
a combination of the following events [23]: (i) the few founders translocated from Slovenia
did not harbor the parasites; and/or (ii) the parasites became extinct in the reintroduction
site, eventually due to failure by adult Oestrid flies or O. jakutensis vectors (simuliids and
ceratopogonids), in encountering suitable hosts at a low host population size. Both P. picta
and O. jakutensis are known to be endemically present in Slovenia [24], but no parasite check
was conducted at release. However, only eight individuals safely survived to transport
and release stress. To the best of our knowledge, limited information is available on the
persistence and spread of specific Oestrid flies or Onchocercinae following the translocation
of infected founder deer. Interestingly, however, nasal bots did not become established
in RD in New Zealand, despite the introduction (between 1861 and 1926) of more than
250 founder individuals mostly originating from Scotland, UK, where C. auribarbis was
traditionally endemic [25]. Based on the above, it is reasonable to assume that the mere
translocation of RD founders infested by Oestrid larvae does not guarantee that these
parasites will become established in the host population that will stem, especially when
few individuals are liberated.

Onchocerca jakutensis (syn. O. tubingensis) is one of the four Onchocerca representatives
that may develop in the RD, and one of the two (the other is O. flexuosa) that result in
macroscopic subcutaneous nodules, typically developing on the thighs and gluteus region
of affected individuals [26]. This filariid nematode has been endemically reported in
Eastern and Central Europe, including Germany, Austria, the former Yugoslavia, Czech
Republic, Slovak Republic, Poland, and Romania [11]. In Italy, there is a single report of O.
jakutensis in RD in Tuscany, Central Italy [11]. It is noteworthy that these deer originated
from only seven founders translocated in the early sixties from the Tarvisio State Forest, a
conservation hotspot previously re-colonized by migrated deer from neighboring Austria
and Slovenia. In 2013, O. jakutensis was reported in Switzerland for the first time [24].
Just like in Italy, the RD was extirpated from the country during the 19th century, then
returned following spontaneous migration from Austria and a few translocations (e.g., from
Carinthia, Austria, to Canton Valais). The recent spread of O. jakutensis in Switzerland can
likely explain the records in RD2 and possibly RD3, since both populations are historically
connected with the ones in southern Switzerland and actually derived from them. As an
alternative hypothesis, O. jakutensis was introduced in RD3 in 2002, with 80 RD translocated
from a farm in Carinthia, Austria. In both RD2 and RD3, the parasite detection was unlikely
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until relatively recently, when RD hunting became legal practice and trained staff were
enrolled to inspect all carcasses (in 2012 in RD2 and 2005 in RD3). Regarding RD1, where
RD is hunted and professionally inspected since 1986, evidence shows that O. jakutensis
was not introduced by the few founder RD translocated in the early sixties. However,
Figure 1 and Table 1 show that a restocking intervention was carried out in 2002 at the
south-easternmost corner of RD1 involving 25 individuals originating from Carinthia;
moreover, 104 RD originating from Chambord, France, were reintroduced north of RD1
in 2004–2005. Given the distribution of O. jakutensis (endemic in Austria and apparently
absent in France) and the location of the first records of nodular onchocercosis observed
in RD1, it is reasonable to assume that this filariid nematode was introduced for the
former restocking intervention. The time interval from the reintroduction of these RD in
2002 and the first report of O. jakutensis in RD1 in 2013 is consistent with the dispersal
pattern of a marked sample of translocated individuals [27] and the limited flight range of
Onchocerca vectors [28,29].

Together with C. auribarbis, P. picta is one of the two host-specific nasal bots infecting
RD [15]. A third species, Cephenemyia stimulator, is sporadically recorded in RD living
in sympatry with infected roe deer (Capreolus capreolus L.) [30]. Due to spatial proximity
and temporal coherence, the origin of P. picta in RD3 (Figure 1) may be reasonably traced
back to the relatively recent translocation of deer from Carinthia, Austria, for restocking
purposes (Table 1). P. picta has been retrieved in approximately half the RD sampled in
Vorarlberg and Tyrol, Western Austria, at the borders with Carinthia, whereas the co-
infecting C. auribarbis showed a lower prevalence of 8% [31]. This may justify why the
latter nasal bot did not become established in RD3. Based on the literature, RD-specific
nasal bots are absent in France and southern Switzerland, thus justifying the absence of
records from other surveilled locations in northwestern Italy. Interestingly, the endemic
occurrence of C. auribarbis ad P. picta in the closed deer population on the outskirts of
Turin city did not result in the infection of other free-ranging RD within the study area,
despite the remarkable flight range (in the order of several tens of kms) that characterizes
some Oestrids [15]. Regrettably, no published information seems to be available on the
dispersal of adult C. auribarbis and P. picta. Finally, neither O. jakutensis nor nasal bots were
recorded amongst descendants of the numerous RD (>500) translocated from Chambord,
France, suggesting that founders with that origin did not contribute to the restoration
of RD-specific parasitic diversity in the study area. Accordingly, future surveillance for
RD-specific nasal bots in NW Italy will be preferably enforced in zones whose RD derived
(or partially derived) from Austria (Table 1).

Results of this study show the merits and also the limits of passive surveillance for
the tracking of “new entries” in the parasite communities in wildlife. In particular, we
experienced that, even in a professionally and regularly monitored game species, several
years may elapse from the introduction of putatively infected hosts to the first signaling
of easy-to-diagnose macro-parasites, such as O. jakutensis and P. picta. The delay may be
attributed to a mix of factors, including randomness, their low initial prevalence, the time
taken by new parasites to become established in “core” zones where the majority of deer
seasonally congregate (e.g., during fall/early winter), the abundance of vectors in RD
habitat, the vectors’ flight performance, the awareness of hunters, etc.

Typical bottlenecks of parasitic biodiversity are those reintroductions in which founders,
whether raised in captivity or obtained from wild stocks, are translocated in limited num-
ber and eventually subjected to treatments with broad-spectrum antiparasitic agents to
improve individual fitness and thus favor intervention success [32]. Under these circum-
stances, species-specific parasites may either not be translocated with the host or become
locally extinct due to post-release transmission constraints, eventually related to the low
abundance of translocated founders and their unpredictable social/spatial behavior [23].

In the perspective that the restoration of species-specific parasite communities of native
mammals in Europe is increasingly perceived as a conservation target, with similar dignity
as the conservation of their hosts [7,33], cues may be drawn from this study to improve
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future parasite conservation efforts as follows: (i) the species-specific parasite community of
any mammal species to reintroduce or reinforce should be known in advance; (ii) all other
guarantees being equal (e.g., lineage, genetic variability, freedom from pathogens of major
significance for human and livestock health, etc.), whereby founders should preferably
originate from populations/zones enjoying a high diversity of specific parasites; (iii) should
any species-specific parasitic group be missing in the restored host population, restocking
can be carried out with individuals originating from populations endemically harboring
the missing parasites; and iv) to check if the restoration of parasitic biodiversity has
met the expectations, passive surveillance by trained staff should be complemented with
active surveillance, including a realistic sampling design and the application of diagnostic
techniques suitable for the target parasites and host conservation status.
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