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Simple Summary: Invasive species can have serious economic and ecological effects. Biological
controls are a way to reduce damage from invasive species. We collected 22 fecal samples from yellow-
throated martens, which often prey on wasps in late autumn, from Mt. Onggangsan in Cheongdo,
South Korea, to confirm the predation of the invasive alien hornet, Vespa velutina nigrithorax. Hornet
debris was found in three samples, along with two native wasp species. The hornets were identified
as one queen, four males, one female, and one individual whose caste was unclear. Therefore, because
reproductive individuals were preyed upon, it is likely that yellow-throated marten predation could
potentially be used for the biological control of invasive alien hornets.

Abstract: Yellow-throated martens (YTMs) are omnivores that often prey on wasps in late autumn in
Korea. However, to the best of our knowledge, predation of the invasive alien species Vespa velutina
nigrithorax (VVN) has not previously been investigated. In this study, YTM feces were collected and
analyzed from Mt. Onggangsan, Sinwon-ri, Cheongdo, South Korea, where VVN density was high
and YTMs were active. Surveys were conducted three times between October and December 2019,
during which a total of 22 samples were collected. Debris from VVN was found in three samples,
along with evidence of two indigenous wasps, Vespa crabro and Vespula koreensis. The VVN remains
were identified as one queen, four males, one female, and one individual whose caste was unclear.
Martens prey on wasps, owing to a sudden decrease in plant food sources from late autumn to early
winter, mostly eating males and new queens attempting to mate. If VVN reproduction is prevented
or disturbed by YTM predation, there may be potential biological control effects in areas with high
VVN density. Further studies should be conducted to verify whether there is a practical biological
control effect.

Keywords: invasive alien species; feeding behavior; hornet; mammal; Martes flavigula; predator; wasp

1. Introduction

Invasive alien species (IAS) reduce biodiversity and have economic and ecological
impacts as they can spread widely because of climate change and global trade [1,2]. Bio-
logical controls are widely used to prevent damage from IAS [3]. Biological control using
natural enemies is highly efficient and is widely used in crop systems and forest ecosystems
to replace the existing chemical controls in an eco-friendly manner [4–7]. In particular,
biological controls show a better effect through a customized approach depending on the
characteristics of each IAS [8]. Social insects such as wasps, ants, and bees are among the
most serious IASs; large colonies may cause serious ecological disturbances, such as species
displacement, and dominate competing indigenous species in invaded areas [9–11]. Social
wasps are the top predators in insect communities. However, social wasps have various
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parasitic and predatory natural enemies that control their abundance and density within
an ecosystem [12].

The common parasitoid, Xenos spp. (Stylopidae: Strepsiptera [13–15], along with
Conops spp. (Conopidae: Diptera) [16], Pheromermis spp. (Mermithidae: Nematoda), and
Sphaerularia spp. (Sphaerulariidae: Nematoda) [17,18] are endoparasites in adult wasps.
Parasitoids living in wasp colonies include Ichneumonidae (Latibulus spp. and Sphecophaga
spp.) [19,20], Trigonalyidae (Bareogonalos spp. and Metoecus spp.) [21–23], and Eulophidae
(Elasmus spp.) [14,24] are known in Hymenoptera. Volucella spp. of Syrphidae [25] are
known in Diptera, and Pyralis spp. and Hypsopygia spp. of Pyralidae [26] are known
in Lepidoptera.

The majority of wasp predators are birds and mammals. Predatory birds, including
honey buzzards (Pernis apivorus), European bee-eaters (Merops apiaster), Eurasian magpies
(Pica pica), great tits (Parus major), and Eurasian nuthatches (Sitta europaea) [27,28] and
mammals, including badgers (Meles meles), bears (Ursus americanus), racoons (Procyon
lotor), skunks (Mephitis sp.), and martens (Martes flavigula, Martes americana and Martes
martes) [29–35], are known to attack small and medium-sized wasp nests in order to prey
on individuals.

The IAS Vespa velutina nigrithorax (VVN) first invaded the Korean Peninsula in 2003
from China and has since spread nationwide [10,36–39]. In 2014, it spread to Japan [40].
In Europe, after the first invasion into France in 2004 [41], VVN spread to approximately
10 European countries at a rapid rate [42,43]. VVN is a harmful invasive species that has
more complex impacts than many other invasive species, including economic and public
health impacts, as well as ecological disturbances [44–47].

In Europe, VVN is being removed, controlled, and managed by attractant traps [48],
harmonic radars [49], radio telemetry [50], and other methods [51]. Various methods
such as trapping attractants, netting, and capturing queens have been implemented in
Korea; however, to date, these methods have been inefficient [52]. However, to the best
of our knowledge, no studies have been conducted on the biological control of VVN. A
parasitoid and parasite have recently been discovered in Europe: initially, the conopid
fly, Conops vesicularis (Conopidae, Diptera), whose larvae are endoparasitoids of bees and
wasps [16], followed by Pheromermis vesparum (Mermithidae, Nematoda), which was found
as endoparasite of arthropods [18]. The honey buzzard, Pernis apivorus, was recorded as
the first predator to attack VVN nests [28].

In Korea, Xenos sp. (Strepsiptera: Stylopidae) is the only reported ectoparasitoid of
Vespa species [13]. Asiatic black bears [53] and yellow-throated martens (YTM; Martes
flavigula [34]), which are not only designated as endangered species (Class I and II, re-
spectively) in South Korea [54], but are also on the Red List of the International Union for
Conservation of Nature (IUCN) [55], are known as the only predators of the Vespa species.
However, there is no known predation of VVN.

Therefore, the purpose of this study was to confirm whether YTMs inhabiting the
forest area of South Korea preyed on VVN. An area with high VVN density and frequent
appearance of YTMs was selected [38,56], and YTM feces were investigated in and around
the location where they were observed in the area, to confirm the predation of VVN
by YTM.

2. Materials and Methods

This survey was conducted on Mt. Onggangsan, Sinwon-ri, Cheongdo-gun, Korea,
where VVN density was relatively high (Figure 1B, Table 1) and YTM activity has been
recorded in South Korea (Figure 1A). According to Choi et al. [34], YTMs prey on wasps,
mainly between late autumn and early winter. Therefore, this survey was conducted
three times (i.e., once a month) between October and December 2019. YTM feces are
approximately 6–12 cm long and 2–2.5 cm thick and are characteristically excreted on
small rocks or fallen trees about 1 m from trails [56]. Siberian weasel (Mustela sibirica:
Mustelidae) feces of similar shape are clearly distinguished because they are less than 6 cm
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long and 1 cm thick. Nevertheless, feces were confirmed as YTM by two mammologists
(Dr. DG Woo of National Institute of Ecology and Mr. SG Lee of Korea Wildlife Ecology
Institute). Therefore, using these characteristics, YTM feces were collected by searching for
approximately 2.1 km, starting from the entrance of the trail to the top of Mt. Onggangsan,
approximately 10 m to the left and right of the trail (Table 1, Figure 1B). The collected
feces were placed in a vinyl pack and sealed, and the collection date and coordinates were
recorded. The samples were then transported to the laboratory of Kyungpook National
University and stored in the refrigerator to prevent unpleasant odors and deterioration.
The samples were immersed in water according to the standard method [57] to dissolve the
contents. They were then filtered with a mesh sheet (5 mm, 1 mm) and dried for 5 h at 50 ◦C
in a dry oven. The dried samples were separated from wasp debris using a microscope
(Model: Leica Microsystems SG/S9D) and the wasp debris was identified as follows, based
on the methods of Archer [58] and Kim et al. [36].
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Vespula koreensis (three queens and five males) (Table 1, Figure 1B). On November 13 (the 

Figure 1. Distribution area of the yellow-throated marten (YTM) in South Korea and the survey area. (A) YTM habitat area
distributed along the southeastern mountainous area of South Korea (red area) (modified from [59]). (B) The location of
YTM feces where wasp debris was detected in the area of Mt. Onggangsan, Sinwon-ri, Cheongdo-gun. Yellow area: survey
area (see Table 1 for collection points).

The distinction between female and male wasps was based on the shape of the clypeus
on the head and the shape of the last segment of the abdomen. The lateral angles of the
female clypeus are more developed than that of the male. The tip of the last segment of the
abdomen of the female is sharp, where the last segment of the male is blunt. In addition,
there is a difference in size between the queen and the worker VVN, and the caste was
estimated by the width of the head (the average head width of queens (n = 5): 5.98 ± 0.03
mm, collected in May 2019; the average head width of workers (n = 5): 4.88 ± 0.11 mm,
collected in October 2019; all samples were collected in Daegu, close to Cheongdo-gun). In
Vespula koreensis, the queen and worker are markedly different in respect to the abdominal
pattern [58], and the abdominal pattern was identified in the debris that remained intact.
However, when the distinction between a worker and queen was ambiguous, the specimen
was designated as female, and when sex and caste were both unclear, the specimen was
specified as a wasp. The number of individuals was calculated based on the number of
heads, thoraxes, and abdomens.
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Table 1. Location information for the yellow-throated marten (YTM) fecal samples containing wasp debris and the identified
species, caste, and number of individuals between October and December 2019.

Fecal
Collection Area Coordinates Altitude

(m)
Date of

Collection Identification Sex and
Caste

Number of
Individuals

* Number of
Fecal Samples

1 N35◦40′52.06′′

E129◦00′03.62′′
501 11/13 Vespa velutina

Female 1
1

Male 2

2 N35◦40′56.22′′

E129◦00′03.76′′ 593 10/23 Vespa crabro Female 2 1

3 N35◦41′07.06′′

E129◦00′05.52′′
583 11/13 Vespula

koreensis

Queen 4
1

Male 2

4 N35◦41′21.13′′

E129◦00′11.73′′ 716 11/13 Vespa velutina Male 2 1

5 N35◦41′24.50′′

E129◦00′14.40′′
728 12/4 Vespa velutina

Queen 1
1

Wasp 1

6 N35◦41′41.87′′

E129◦00′20.81′′
722 10/23 Vespula

koreensis

Queen 3
1

Male 5

* No wasp debris were found in the remaining 16 fecal samples.

3. Results

A total of 22 YTM fecal samples were collected from the survey areas, of which wasp
debris was found in six samples (Table 1, Figure 1). In the first survey (October 23), wasp
debris was found in two (No. 2 and 6 collection areas) out of the eight fecal samples
collected, and they were identified as the indigenous wasps, Vespa crabro (two females) and
Vespula koreensis (three queens and five males) (Table 1, Figure 1B). On November 13 (the
second survey), wasp debris was found in three (No. 1, 3, and 4 collection areas) out of a
total of nine fecal samples (Table 1, Figure 1B). One female and four male VVN debris were
first detected in two fecal samples (Figure 2A), and the remaining debris was identified as
that of Vespula koreensis (four queens and two males) (Table 1, Figure 2B). In the final survey
on December 4, wasp debris was found in two (No. 5 collection area) out of a total of five
samples, in which one queen VVN (measured head width: 5.96 mm) and one unidentified
VVN wasp were detected (Table 1, Figure 1B). Therefore, it was confirmed that YTMs prey
on the VVN queen (females) or males between late autumn and early winter, as a VVN
queen (female) and males were found in a total of three fecal samples.

Insects 2021, 12, x FOR PEER REVIEW 5 of 9 
 

 

second survey), wasp debris was found in three (No. 1, 3, and 4 collection areas) out of a 
total of nine fecal samples (Table 1, Figure 1B). One female and four male VVN debris 
were first detected in two fecal samples (Figure 2A), and the remaining debris was iden-
tified as that of Vespula koreensis (four queens and two males) (Table 1, Figure 2B). In the 
final survey on December 4, wasp debris was found in two (No. 5 collection area) out of a 
total of five samples, in which one queen VVN (measured head width: 5.96 mm) and one 
unidentified VVN wasp were detected (Table 1, Figure 1B). Therefore, it was confirmed 
that YTMs prey on the VVN queen (females) or males between late autumn and early 
winter, as a VVN queen (female) and males were found in a total of three fecal samples. 

 
Figure 2. Wasp debris detected in yellow-throated marten (YTM) feces at Mt. Onggangsan. (A) Detection of debris of the 
male head and abdomen of the invasive alien hornet, Vespa velutina nigrithorax (VVN), in YTM feces (feces collection area 
1). (B) Queen and male debris of Vespula koreensis detected in YTM feces (feces collection area 3). 

4. Discussion 
Approximately 3000 YTMs are currently estimated to inhabit South Korea [60]. YTMs 

are omnivorous and highly fluid, depending on the available food resources and the sea-
son [61]. In general, the diet of YTMs is composed of approximately 60% plants (such as 
fruit), followed by approximately 35% mammals (e.g., wild boar, elk, and rats), and ap-
proximately 5% insects [56]. In particular, >80% of the insects that they eat are social 
wasps, mostly found between late autumn and early winter [34]. This is because the de-
fense behavior of numerous wasp workers in the mature nest is strong in the summer, 
and, therefore, it is difficult for YTMs to directly access the nest; additionally, other foods 
are sufficient so YTMs rarely feed on wasps during summer [34]. However, wasps are a 
useful food resource that can provide a protein source for YTMs because males without 
poison and new queens with very low aggression appear in late autumn when the other 
food sources rapidly reduce [34]. Some martens in Europe and North America show sim-
ilar habits, such as consuming yellowjackets in autumn [35,62,63]. Therefore, this preda-
tory habit of YTMs appears to have a potential to contribute to the biological control of 
VVN. Of course, YTMs may accidentally eat aged workers and queens that die in late 
autumn, or ingest dead individuals left in extinct nests, but YTMs are known to mainly 
hunt living organisms due to their very aggressive hunting habits [56]. According to Woo 
[56], in the predation test following the marten's attack on the beehive, the dead bees were 
not eaten at all, so the possibility is not great that dead wasps are eaten.  

Recently, biological control methods that effectively reduce the population density 
through reproductive blocking and disturbance of invasive species and pests have been 
widely applied [64‒66]. There is a gradual increase in VVN density in South Korea; there-
fore, if the predation by YTMs is concentrated in the late autumn when VVN males and 
new queens mate, then there is a possibility that it will have some effect on the density 
reduction of VVN. While YTMs can prey on native wasps, which are non-target species 
as biocontrol agents. However, some native wasps and YTMs have established natural 

Figure 2. Wasp debris detected in yellow-throated marten (YTM) feces at Mt. Onggangsan. (A) Detection of debris of the
male head and abdomen of the invasive alien hornet, Vespa velutina nigrithorax (VVN), in YTM feces (feces collection area 1).
(B) Queen and male debris of Vespula koreensis detected in YTM feces (feces collection area 3).
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4. Discussion

Approximately 3000 YTMs are currently estimated to inhabit South Korea [60]. YTMs
are omnivorous and highly fluid, depending on the available food resources and the
season [61]. In general, the diet of YTMs is composed of approximately 60% plants (such
as fruit), followed by approximately 35% mammals (e.g., wild boar, elk, and rats), and
approximately 5% insects [56]. In particular, >80% of the insects that they eat are social
wasps, mostly found between late autumn and early winter [34]. This is because the
defense behavior of numerous wasp workers in the mature nest is strong in the summer,
and, therefore, it is difficult for YTMs to directly access the nest; additionally, other foods
are sufficient so YTMs rarely feed on wasps during summer [34]. However, wasps are a
useful food resource that can provide a protein source for YTMs because males without
poison and new queens with very low aggression appear in late autumn when the other
food sources rapidly reduce [34]. Some martens in Europe and North America show similar
habits, such as consuming yellowjackets in autumn [35,62,63]. Therefore, this predatory
habit of YTMs appears to have a potential to contribute to the biological control of VVN.
Of course, YTMs may accidentally eat aged workers and queens that die in late autumn, or
ingest dead individuals left in extinct nests, but YTMs are known to mainly hunt living
organisms due to their very aggressive hunting habits [56]. According to Woo [56], in the
predation test following the marten’s attack on the beehive, the dead bees were not eaten
at all, so the possibility is not great that dead wasps are eaten.

Recently, biological control methods that effectively reduce the population density
through reproductive blocking and disturbance of invasive species and pests have been
widely applied [64–66]. There is a gradual increase in VVN density in South Korea;
therefore, if the predation by YTMs is concentrated in the late autumn when VVN males
and new queens mate, then there is a possibility that it will have some effect on the density
reduction of VVN. While YTMs can prey on native wasps, which are non-target species
as biocontrol agents. However, some native wasps and YTMs have established natural
enemy-prey relationships for a long time [34], so the impact on the density of native wasps
should be negligible.

In addition, in the mountainous regions of north-central South Korea, the YTM density
is high [56], while the VVN density is low [38], and therefore, VVN spread can be expected
to be minimized or entirely prevented, thus leading to a reduction of ecological disturbances
and biodiversity conservation.

Wasp debris was also found in the feces of the Asiatic black bear (Ursus thibetanus
ussuricus) in the area of Jirisan National Park in South Korea [67]. In South Korea, this
bear used to be extinct; however, a restoration project was started in Jirisan National Park
in 2004, and approximately 60 black bears now inhabit the area [59,68]. According to
Jung et al. [53], 12.8–14.2% of the excrement of these bears was composed of insects such as
bees, wasps, ants, and beetles, and most of these insect food sources appeared between
October and November. Therefore, Asiatic black bears have similar feeding habits to those
of YTM. As their distribution area gradually expands [68], their biological control of VVN
is likely to be effective, although follow-up studies are needed to confirm this. Despite the
YTM predation activity and the existing parasites, the possibility of dramatically reducing
VVN density is very low. However, it is expected that an ecological balance will gradually
be attained if the action of natural enemies continues along with the control activities by
humans. In addition, in the present study, the presence or absence of YTM predation in a
small local area was confirmed. Therefore, in the future, the effect of YTM predation on the
reduction of VVN density can be verified. Detailed investigations should be conducted
in areas with large YTM habitats (such as Jirisan National Park, Sobaeksan National Park,
and mountainous areas in Gangwon-do).

5. Conclusions

As a result of analyzing the feces of YTMs, known as a predator of wasps in South
Korea, debris of VVN and the indigenous wasps Vespa crabro and Vespula koreensis were
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found. YTMs appeared to prey on wasps mainly in late autumn to early winter as a protein
source. In particular, YTMs preyed on new queens and males of VVN, providing clues for
the biological control of this IAS. In the future, a more detailed investigation is needed on
the control effect of VVN caused by marten predation.
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