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Summary. Hornets belong to the genus of Vespa, and are potentially effective predators
of insect pests in forests and other environments. To assess the potential impact of prey
foraging by the Vespa species, studies have attempted to understand species composition of
hornets caught with bait traps in several regions in Japan. These studies showed that the
species composition of hornets was different among the different regions in Japan, possibly
due to the differences in the geographical distribution and climates. Additionally, the species
composition of hornets has only been examined in the inland regions of Japan. In this study,
we studied species composition of hornets caught with bait traps in Niigata city on the coast
of the Sea of Japan, for a period of four years. The species composition observed in Niigata
city was very similar to the composition seen in other temperate, warmer regions, but diffe-
rent from that in subarctic and heavy snowfall regions. There was a single peak in the trap catch
due to seasonal changes in the two major species, V. analis and V. ducalis. There were also
yearly changes in the species composition of hornets in Niigata city. The possible causes of the
differences among the hornet populations in the seasons and years are discussed in this study.
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Honshu Island, Japan.

K. Kyno, B. Osiia3y, P. Kycama, K. SImaryuu, 5. fAmaryum, C. Koasu.
I'onoBble U ce30HHBIE H3MEHeHUsI B BHI0BOM cocTaBe mepineii (Hymenoptera:
Vespidae), coGpaHHbIX TPUMAHOYHBIMH JIOBYIIKAMH Ha nodepe:kbe SIMmoHcKoro
Mops // [lanbHeBocTOYHBI 3HTOMOJIOT. 2021. N 426. C. 10-18.

Pe3tome. [lepuinu pona Vespa SBISIOTCS MOTEHIHANEHO d()(EKTUBHBIMU XUIHUKAMA
BPEIHBIX HACEKOMBIX JIECOB U Ipyrux OmMoTonoB. VcciemoBaHue BHIOBOTO COCTaBa coOpaH-
HBIX IPIMAHOYHBIMU JIOBYIITIKAMH HICPIIHEH TIO3BOJISICT CPABHUTH BIHSHHE HX (YpPaKHPOBKH B
paznnuHbIX paiionax fnonun. IlokazaHo, YTO BUJOBOM COCTaB ILEPLIHEN pa3IMiyeH B Pa3HbIX
pErHOHAX CTPAHbI U, BEPOSITHO, OMPECISICTCS 0OCOOCHHOCTSIMH reorpa@uyeckux U KIMMaTH-
YECKHUX YCJIOBUH Ha MOOEpekbe U B IEHTPAIBHBIX pailoHaxX SIMOHCKMX OCTpOBOB. OCHOBOMH
HACTOSIIIETO MCCIIEIOBAHMUS MOCITYKIIA COOPBI B OKPECTHOCTSX T. Humrara B TeueHne 4eTrIpex
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ner. Bunosoii coctaB mepuineil B Hunrate okasasics O4eHb CXOIHBIM C TaKOBBIM B JIPYTHX
YMEPEHHO TEIUIbIX paifoHaX, HO OTJIMYAJICS OT CEeBEPHBIX PAHOHOB C OOMJIBHBIMH 3UMHUMH
ocaJKaMH B Buze cHera. [l qByx Haubosiee 0ObIYHBIX B OKpecTHOCTsX Hunrats! Bunos (V.
analis u V. ducalis) oTMe4eH OIUH MUK YHCICHHOCTH B T€UECHHE BETCTAMOHHOTO MEPHOAA.
OOCyKIArOTCS BEPOSITHBIC IPUYKHBI CE30HHBIX M F'OZOBBIX M3MEHEHHHA B MOIMYJISLMSX LICPIIHEH.

INTRODUCTION

Hornets belong to the world-wide genus of Vespa, which consists of 22 species found
mainly in the Palaearctic region and tropical southern Asia (Archer, 2012; Smith-Pardo et al.,
2020). They are potentially effective predators of insect pests in forests and other envi-
ronments (Matsuura & Yamane, 1990). According to Matsuura (1984), all species of hornets
are solitary predators except for Vespa mandarinia, which also attacks its prey in groups.

Seven species of hornets are found in Japan, excluding the recent invasive species, V.
velutina (Ueno, 2014) occurmrrn in Japan. Hornets can be distinguished as generalists, semi-
generalists, and specialists (Matsuura, 1984) because each species displays characteristic prey
preferences. Generalists like V. analis and V. simillima prey on a wide variety of insects and
spiders. V. crabro, a semi-specialists, forages for a wide variety of insects but prefers a specific
group of insects; more than 95% of the observed prey of V. crabro are various cicada species
(Matsuura, 1984). Similarly, V. mandarinia preys mainly on coleopterans, including scarabs
and longhorn beetles (Matsuura, 1991). Further, V. ducalis is a specialist predator and depend
solely on the larvae and pupae of paper wasp (Polistinae).

To assess the potential impact of prey foraging by these Vespa species, previous studies
had attempted to understand species composition of hornets caught with bait traps in several
regions of Japan. For example, Makino & Sayama (2005) collected hornets and other vespine
wasps during two seasons in two forest parks in Sapporo and Ushiku cities. They showed
that V. simillima was the dominant hornet species in Sapporo, while V. mandarinia and V.
analis were the most frequently found species in Ushiku. They also examined seasonal changes
in the number of hornets, and found that there were two peaks per year in the trap catch of
most species in Ushiku, while there was only one peak per year in the trap catch of all species
in Sapporo. Oyaizu and Kudé (2013) also examined yearly and seasonal changes in the
number of hornets in Tokamachi city. Another aim of studies that obtain information on
species composition of hornets is to analyze the level of parasitism in hornets by
strepsipterans (Makino & Yamashita, 1998; Makino, 2001). Makino (2001) collected hornets
including stylopized individuals with the use of bait traps during three flight seasons, and
examined the impact of the Stylops parasites on the hornet colonies.

Previous studies on species composition of hornets in Japan have provided some interesting
information, apart from the different geographical distribution of the species. Makino &
Sayama (2005) compared the species composition of hornets between Ushiku and Sapporo,
with temperate and subarctic climates, respectively. They showed that the high number of
total catches of V. simillima and V. dybowskii in Sapporo contributed to a strong difference in
the species composition. Similarly, in Tokamachi, with a temperate climate and heavy
snowfall during winter, a high number of hornetss of V. simillima and V. dybowskii species
were collected (Oyaizu & Kudo, 2013). The two common species collected in Sapporo and
Tokamachi suggest that environmental conditions may affect hornet communities. However,
the number of studies addressing the topic of hornet communities is scarce. In previous studies,
the species composition has been examined only in the inland regions of Japan. There were
great differences in the richness and composition of ant species between inland and coastal
regions in the Niigata prefecture (Yamaguchi, 2009, 2015); thus hornet communities in the
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coastal region may also have characteristic features that differ from those of communities in
the inland regions. We studied species composition of hornets caught with bait traps in Niigata
city, located on the coast of the Sea of Japan. Additionally, we provided information on yearly
and seasonal changes in the species composition of hornets.

MATERIALS AND METHODS

We monitored hornets in two locations, i.e., Sakata Park (hereafter, SP) (37° 49' N, 138°
52' E) and Campus of Niigata University (hereafter, CNU) (37° 52' N, 138° 56' E) in Niigata
city, central Japan, between 2009 and 2012. These locations were separated from each other
by approximately 8 km. Salix babylonia and Celtis sinensis were the dominant tree species in
SP, while Pinus thunbergii (Japanese black pines) trees were planted near CNU as a
windbreak. Hornets were collected using bait traps which comprised 100 ml of water and an
equal amount of grape juice. As bait containers, we used bottles of clear plastic (2,000 ml in
capacity) with a small square hole (3 x 3 cm in capacity) in the upper part of the bottle.

We set 30 and 22 traps at SP and CNU, respectively, at intervals of 40 to 50 m, mainly
along the walking trails. The traps were tied to trees at a height of 1.5 m above the ground.
The traps were visited weekly from May to November each year, to collect the trapped
insects and to replenish the bait. The trapped hornets were preserved in 70% ethanol for
identification.

We compared the species composition of hornets in Niigata (i.e. SP and CNU) with that
in Sapporo, Ushiku (Makino & Sayama 2005), Tokamachi (Oyaizu & Kudo, 2013), and
Takaoka city (Makino & Yamashita, 1998). The analysis was performed using non-metric
multidimensional scaling (NMDS), based on Bray-Curtis dissimilarity metrics. The NMDS
was conducted using R software ver. 4.0.2 (R Development Core Team, 2020) and vegan
package ver. 2.5-6 (Oksanen et al., 2015).

RESULTS

During the field census for four years, we collected a total of 8,069 and 3,434 wasps of
six hornet species in SP and CNU, respectively (Fig. 1). Throughout the four years, V. ducalis
was the most dominant species in SP, except for 2009, while V. analis was the most dominant
species in CNU except for 2012. In each year, more than 70% of the total collection in each
location was occupied by the dominant species, except for 2009 in CNU (56%). The third
and fourth largest hornet species collected were V. mandarinia and V. crabro, respectively.
V. mandarinia formed 13.09% of the total collection for SP and 10.54% of the total collection
for CNU, while V. crabro formed 5.21% of the total collection for SP and 7.89% of the total
collection for CNU. In both locations, the number of hornets collected wasps decreased from
2009 to 2010, increased again in 2011, but finally decreased in 2012. Also, species composition
differed significantly across the years in both locations (y” tests, SP: x*5=1473.705, P<0.001,
CNU: x*1,=490.950, P<0.001).

Figs 2-3 shows seasonal changes in the number of hornets collected for the two major
hornet species, i.e., V. analis and V. ducalis. In May, overwintered queens were collected for
V. analis, while the number of overwintered queens was very low for V. ducalis. This
suggests that the emergence of overwintered queens was later in V. ducalis than in V. analis.
Throughout the four years, the first day that overwintered queens were collected was later for
V. ducalis than for V. analis (Table 1). For V. analis, the number of hornets collected was
higher in September and October than other months. For V. ducalis, the number of hornets
collected was the highest in September. In these months, a higher number of males were
collected for both species. For V. analis, the number of males was higher in October than in
September.
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Table 1. First day of collection of overwintered queens for Vespa analis and V. ducalis in the
west coast of the Sea of Japan

Year Vespa analis Vespa ducalis

SP CNU SP CNU
2009 May 1 May 8 May 29 May 29
2010 May 13 May 8 May 27 May 27
2011 May 18 May 13 June 8 May 27
2012 May 9 May 9 May 30 May 23

Abbreviations. SP — Sakata Park; CNU — Campus of Niigata University.
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Fig. 1. Yearly changes in the species composition of hornets in Sakata Park (A) and
campus of Niigata University (B).

DISCUSSION

In this study, we characterized species composition of hornets caught with bait traps on
the coast of the Sea of Japan. Six hornet species were collected in every year from 2009 to
2012, and three of these species (V. analis, V. ducalis, and V. mandarinia) were dominant.
Seven hornet species have been described in Japan, excluding the recently invasive species,
V. velutina (Ueno, 2014). V. affinis is only distributed in the south of the Sakishima Islands
(Matsuura & Yamane, 1990); hence, the remaining six hornet species were collected for this
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Fig. 2. Seasonal abundance of Vespa analis collected by bait traps at Sakata Park and
campus of Niigata University. Clear and shaded bars indicate male and female hornets,

respectively.
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V. ducalis Sakata Park Campus of Niigata University
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Fig. 3. Seasonal abundance of Vespa ducalis collected by bait traps at Sakata Park and
campus of Niigata University. Clear and shaded bars indicate male and female hornets,
respectively.
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study. Previous studies did not collect all hornet species with bait traps. For example, four
species excluding V. crabro and V. dybowskii were collected in Takaoka, Miyazaki prefecture
(Makino & Yamashita, 1998) (but note to the non-distribution of V. dybowskii in Miyazaki
prefecture). Also, Makino (2001) did not collect any individuals of V. dybowskii in Ushiku
city and Kukizaki town, Ibaraki prefecture, during his study of three years.

Table 2. Dominant hornet species caught with bait traps in Japan

Top three dominant species Locations References
1 2 3
. . .. Makino &
V. ducalis V. analis V. mandarinia Takaoka Yamashita (1998)
V. analis V. mandarinia V. ducalis UShl.ku apd Makino (2001)
Kukizaki
V. simillima V. dybowskii V. analis Sapporo 1(\;[8181;;0 & Sayama
V. mandarinia V. analis V. ducalis Ushiku Makino & Sayama
(2005)

V. simillima V. dvbowskii V. mandarinia Tokamachi 8}(7)21132;1 & Kudo
V. analis V. ducalis V. mandarinia Niigata This study
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Fig. 4. Nonmetric multidimensional scaling (NMDS) plot comparing hornet species
composition among five regions in Japan. The symbols indicate samples of yearly bait-
trapped collection from study locations in each region. Species scores are shown as texts.
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When comparing the dominant hornet species in coastal Niigata city with those of inland
regions (Table 2), the dominant species observed in Niigata city were very similar to other
temperate, warmer regions, such as Kanto (Makino, 2001; Makino & Sayama, 2005) and
Kyushu (Makino & Yamashita, 1998) distinctions. However, the dominant species in these
warmer regions were different from those of subarctic (Sapporo) and heavy snowfall regions
(Tokamachi). In the latter regions, high number of individuals of V. dybowskii and V.
simillima species was observed (Makino & Sayama, 2005; Oyaizu & Kudd, 2013). These
interpretations were strongly supported by the NMDS results (Fig. 4), in which a notable
difference was observed in the species composition among the different climatic regions.

With seasonal changes, there was only a single peak in trap catch for V. analis and V.
ducalis. In the peak, male and female hornets were collected together, suggesting that these
hornets were composed of workers as well as reproductive hornets (males and new queens).
Makino & Sayama (2005) also showed a single peak in the trap catch of vespine wasps in
Sapporo and explained that far fewer overwintered queens were caught, than workers. A
notable difference in seasonal changes between the two species was the late emergence of
hibernated queens and earlier emergence of reproductive hornets (males) in V. ducalis. This
means that V. ducalis has shorter colony cycles, when compared to V. analis. Hornets from
V. ducalis are specialists that forage for pupae and larvae of paper wasps, and hence their life
history is known to synchronize with the predated wasps (Matsuura & Yamane, 1990). Mat-
suura and Yamane (1990) observed that in the genus Vespa, emergence of hibernated queens
is the latest, and the mature colony size is the smallest in V. ducalis.

In conclusion, all six described species of hornets were collected with bait traps in a coastal
city, Niigata. This suggests that the richness and abundance of insect preys associated with
hornets is high even in the coastal area. However, factors affecting population dynamics of
these hornet species are unknown in this study. Dynamics of individual hornets and colonies
should be analyzed by long-term studies on Vespa species.
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