Range expansion of the southern green stink bug Nezara viridula (Heteroptera: Pentatomidae)
in response to the rapid climate change in Japan
Dmitry L. Musolin

Climate warming is unequivocal (IPCC 2007). The aver-
age global temperature has increased by about 0.8°C since
the beginning of its instrumental measurements in 1880,
and the 2000-2009 decade was the warmest decade since
then (GISS 2010). The linear warming trend for the last
50 years (0.13°C/decade) is nearly twice that for the last
100 years and a further warming of about 0.2°C/decade is
projected for the next two decades (IPCC 2007). There is
now considerable attention directed to how the global bi-
ota are and will be responding to global warming (Bale et
al. 2002; Parmesan 2006; IPCC 2007; Deutsch et al. 2008).

The southern green stink bug, Nezara viridula (L.)
(Fig. 1), is apparently responding rapidly to climate warm-
ing (Musolin 2007; Yukawa et al. 2007; Tougou et al. 2009).
The species occurs in an ever-widening range through-
out tropical & subtropical regions and Japan is at the
northern margin of its Asian range (Fig. 2). In the north,
N. viridula is replaced by a congeneric species, the ori-
ental green stink bug, Nezara antennata Scott. Both spe-
cies, and especially N. viridula, are major agricultural pests.

In the early 1960s, Kiritani & co-workers conducted a
wide-scale field survey and mapped the northern limit of
the range of N. viridula in central Japan (Fig. 3a; Kiritani et
al. 1963). They showed that the northern limit of the spe-
cies’ distribution in central Japan occurred in Wakayama
Prefecture (latitude approximately 34.1°N). Nezara anten-
nata dominated in northern and central parts of the prefec-
ture, whereas coastal and the southern parts of the prefec-
ture were mostly or completely occupied by N. viridula (Fig.
3a). In general, N. viridula was found to occur sympatrically
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Figure 1 - Nezara viridula, (a) adult in flight; (b) nymphs of
different instars in laboratory culture.
Photographs: (a )P. Weissbach, (b) D. Musolin.
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Figure 2 - Outline of current ranges of Nezara viridula & N.
antennata in Japan, & location of surveys (see Fig. 3).

in the warmer parts of the range of N. antennata. The area
of co-existence of the two species was shown to lie on the
+5°C isothermal line for mean temperature of the cold-
est month (usually January), therefore January tempera-
ture was proposed as the principal factor determining the
northern limit of N. viridula's distribution (Kiritani et al. 1963).

Since the 1960s, several records have been published
documenting a presence of N. viridula at locations in central
Japan further north from the previously established limit
of the species’ distribution (Musolin 2007; Ohno & Naka-
mura 2007; Yukawa et al. 2007, 2009). Isolated records, how-
ever, can neither reveal the current limit of the N. viridula
range in the region nor show its dynamics. The objectives
of this study were to determine the current northern limit
of N. viridula in central Japan, compare it with the unique
45-year-old data available from the survey of the early 1960s
and assess, using historical climate information as well as
recently published ecophysiological data on the overwin-
tering of N. viridula, what factors could have promoted
the change in the ranges of N. viridula and N. antennata in
the region. The results of the study were published else-
where (Tougou et al. 2009) and briefly summarised below.

To determine the current northern limit of N. viridula,
an extensive field survey was conducted in six prefectures
in central Japan in 2006-2007 (Tougou et al. 2009). At the
three northernmost locations in Wakayama Prefecture, only
N. antennata was recorded in the early 1960s (Fig. 3a; Kiritani
et al. 1963). In contrast, N. viridula was not only present but
even dominated there in the 2006-2007 field survey (Fig.
3b). Inspections in Osaka Prefecture (north of Wakayama
Prefecture) showed a wide distribution of N. viridula. It was
found in 11 of 14 locations and dominated in eight of 10 lo-
cations where both species were found. In the three more
northern & inland prefectures, viz., Nara, Kyoto, & Shiga Pre-
fectures, only N. antennata was recorded in spite of an in-
tensive search. Finally, in the easternmost of all visited pre-
fectures, viz., Mie Prefecture, out of nine locations surveyed,
N. viridula was present and dominated only at one, situated
southernmost and approximately 16 km from the Pacific
Ocean (Fig. 3b). Thus, the new survey demonstrated that the
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Figure 3

Distribution & relative
abundance of Nezara
spp. in central Japan.

(a) early 1960s (Kiritani et
al. 1963)
(b) 2007 (Tougou et al. 2009)
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northern limit of N. viridula’s distribution range had shifted
northward by about 85 km from the early 1960s (Fig. 3).

Overwintering is a critical phase of the seasonal cycle of
N. viridula. Data on mean monthly temperature during the
overwintering period (October-March) at six meteorologi-
cal stations over the range of the field survey show that at
five locations, mean January and February temperature
was 1.03-1.9°C higher during the last decade (1998-2007)
than it was during the decade of the previous field survey
(1960-1969; Fig. 4). The mean temperature increased much
less (0.1°C in January and 0.4°C in February) only in Otsu
City, though for this location the data set for 1978-1987
was used instead, thus shortening the period for compari-
son to only 20 years. In the 1960s, the lowest month's tem-
perature exceeded the critical for N. viridula +5°C level only
in Wakayama City. Due to warming during the last 45 years,
the mean January temperature has exceeded the +5°C level
in Osaka and Tsu, and Kyoto is also very close (4.8°C; Fig. 4).

The mean number of cold days (i.e. days with daily mean
temperature below +5°C) in January-February significantly
decreased at five locations from 1960-1969 to 1998-2007
(Fig. 5a). This parameter tended to decrease in Otsu as well,
though the difference was not statistically significant. The
mean annual lowest temperature significantly increased at
fivelocationsfrom 1960-1969to 1998-2007 (Fig.5b), with the
mean temperature increase ranging between 1.4 and 3.0°C.

A comparison of the recent climatic and distribution
data revealed that the incidence of N. viridula tended to
be low or the species was absent north of the latitude
34.6°N, at the locations where the mean January tem-
perature was below +5.0°C, annual lowest temperature
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was below -3.0°C, and the number of cold days exceeded
26. The constructed general linear model (incorporating
three climatic parameters and their interactions) revealed
that the mean January temperature and the number
of cold days significantly control the northern limit of
distribution of N. viridula. The effect of the annual low-
est temperature is not significant (Tougou et al. 2009).

Thus, the survey demonstrated that the northern limit
of N. viridula's distribution had shifted northward by 85 km
from the early 1960s to 2006-2007, at a mean rate of
19.0 km/decade (Fig. 3). Analysis of climatic data shows that
the mean January-February temperature in the region was
1.03-1.9°C higher in 1998-2007 than in 1960-1969. Alto-
gether, the climatic data suggest that over the last 45 years
environmental conditions have become more favourable for
overwintering of N. viridula at many locations in central Ja-
pan. This has likely promoted the northward spread of the
species, representing a direct response to climate warming.
A sympatrically distributed congeneric N. antennata seems
to respond to the warming by a retreat from the ocean coast
towards cooler elevated habitats, which might be a com-
plex response to elevated temperature and interspecific
mating with N. viridula (Musolin 2007; Tougou et al. 2009).

It has been repeatedly suggested that insects as well as
other biota would respond to climate warming both di-
rectly and indirectly (e.g., Harrington & Stork 1995; Bale et
al. 2002; Musolin 2007). Nezara viridula is clearly expand-
ing its range northwards and, as this study shows, pro-
vides an example of a direct response to increased tem-
perature. It remains unknown whether the overall range
of the congeneric species, N. antennata, is changing or
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not, but within its range N. antennata retreats from ocean
coastal areas towards cooler hills and bottoms of moun-
tains and, thus, might represent a more complex response
including, but probably not limited to, reaction to elevat-
ed temperature and interspecific mating with N. viridula.

In the near future, as global warming continues, N. viridula
willmost probably continueits northward expansion starting
along the coast (where winters are milder) and in the urban

Figure 5 - Winter conditions

areas (due to the ‘heat island’ effect). Establishing new per-
manent populations will greatly depend on winter climatic
conditions and the ability of the species to adjust its physi-
ological mechanisms of diapause induction (Musolin 2007).

Acknowledgements

This work was supported by the 21st Century COE Pro-
gram at Kyoto University and Leading Scientific Schools
grant 3332.2010.4.

i [l

Nara Tsu Osaka Wakayama

Nara Osaka Wakayama

e ele a
(meanz std. dev.) at six cities (@ n
in central Japan. 60 S
White:1960-1969
(Otsu 1978-1987) » 50 N
Grey:1998-2007 :
) . T 40
Differences significant, except Otsu. -
t-test, P<0.001 ;’'n.s/=not significant =]
w» 30 F
(Tougou et al..,2009) g
E 2 t
=
a) ‘Cold days’ (Jan-Feb). Z 10 f
Mean temperature <5.0 °C. 0
Kyoto Otsu
(b)
Kyoto Otsu
—~ 0
o
< 3
b) Mean annual minimum. ‘5’ 2 r
E L
o 4r
o. o
E
g 6} n.s.
@ L
@
= 8t
o
-l

References

Bale, J.S., Masters, G.J., Hodkinson, I.D. et al. 2002. Herbivory in global
climate change research: direct effects of rising temperature on insect
herbivores. Global Change Biology, 8, 1-16.

Deutsch, C.A,, Tewksbury, J.J., Huey, R.B., Sheldon, K.S., Ghalambor, CK.,
Haak, D.C. & Martin, P.R. 2008. Impacts of climate warming on terrestrial
ectotherms across latitude. Proc. Nat. Acad.of Sciences, USA, 105, 6668—
6672.

GISS (Goddard Institute of Space Studies). 2010. 2009: Second warmest
year on record; end of warmest decade. URL http.//www.ndsa.gov/topics/
earth/features/temp-analysis-2009.html

Harrington, R. & Stork, N.E. (eds). 1995. Insects in a Changing Environment.
Academic Press, London, U.K.

IPCC (Intergovernmental Panel on Climate Change). 2007. Climate
Change 2007: The Physical Science Basis. Contribution of Working Group |
to the Fourth Assessment. Report of the Intergovernmental Panel on Climate
Change (ed. by S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K.B.
Averyt, M. Tignor & H.L. Miller). Cambridge University Press, Cambridge,
UK.

Kiritani, K., Hokyo, N., & Yukawa, J. 1963. Co-existence of the two related
stink bugs Nezara viridula and N. antennata under natural conditions. Re-
searches on Population Ecology, 5, 11-22.

Musolin, D.L. 2007. Insects in a warmer world: ecological, physiological and
life-history responses of true bugs (Heteroptera) to climate change. Glo-
bal Change Biology, 13, 1565-1585.

LA

Ohno, H. & Nakamura, K. 2007. Distribution of Nezara viridula and N. an-
tennata in Okayama Prefecture and Shikoku Island, Japan. Naturalistae
(Okayama University of Science, Okayama, Japan), 11, 1-8 (in Japanese
with English abstract).

Parmesan, C. 2006. Ecological and evolutionary responses to recent cli-
mate change. Annual Review of Ecology, Evolution, and Systematics, 37,
637-6609.

Tougou, D., Musolin, D.L. & Fujisaki, K. 2009. Some like it hot! Rapid cli-
mate change promotes shifts in distribution ranges of Nezara viridula
and N. antennata in Japan. Entomologia Experimentalis et Applicata, 30,
249-258.

Yukawa, J,, Kiritani, K., Gyoutoku, N., Uechi, N., Yamaguchi, D. & Kamitani,
S. 2007. Distribution range shift of two allied species, Nezara viridula and
N. antennata (Hemiptera: Pentatomidae), in Japan, possibly due to global
warming. Applied Entomology & Zoology, 42, 205-215.

Yukawa, J., Kiritani, K., Kawasawa, T. et al. 2009. Northward range ex-
pansion by Nezara viridula (Hemiptera: Pentatomidae) in Shikoku and
Chugoku Districts, Japan, possibly due to global warming. Applied Ento-
mology & Zoology, 44, 429-437.

Address:

Dr. Dmitry L. Musolin,

Dept. of Entomology, Faculty of Biology & Soil Sciences,
St. Petersburg State University, Universitetskaya nab., 7/9,
St. Petersburg, 199034, RUSSIA.

musolin@gmail.com

CORISA, A HET IDENTIFICATION TOOL

This is a CD with photos of ca.1600 spp, mainly European, taken under laboratory conditions.
Most species have genitalia shown & most families have an overview of genera. The superb quality
of the images & a list of species illustrated can be seen at:

Corisa is not yet on the market but a single user license for a working version can be purchased
for € 85 directly from Gerhard Strauss at: ge.strauss@t-online.de

WWW. corisa.de

Het News 15, Spring 2010





