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Abstract Pseudasphondylia neolitseae (Diptera: Cecidomyiidae) induces two different types of gall (upper
and lower types) on the leaves of Neolitsea sericea (Lauraceae). In the upper type, the adaxial side of the gall
projects more prominently than the abaxial side, and vice versa in the lower type. The lower type galls were found

mainly in northwestern and northern Kyushu, while the upper type were found mainly in southwestern and southern

Kyushu and their distributional patterns were parapatric with a little overlapping. The coexistence of both types on a

single host tree was relatively rare. Whenever they coexisted on a single tree, they always appeared together on the

same leaf, although the relative abundance of one type to another was biased toward one side. The ploidy level of host

plants was not related to the gall types, because almost all host trees examined were diploid. Therefore, the gall types
are not determined by the differentiation of ploidy level of host plant, and possibly determined by the gall midge. The
parapatric distribution pattern of the two gall types may suggest that P. neolitseae is now entering into the initial stage

of speciation, if gall dimorphism leads to reproductive isolation.

Keywords: Cecidomyiidae, distribution pattern, gall dimorphism, Lauraceae,
Neolitsea sericea, Pseudasphondylia neolitseae.

Introduction

Galls have been defined as all manifestations of growth,
whether positive or negative, and of abnormal differen-
tiation induced on a plant by animal or plant parasites
(Meyer, 1987). Cecidomyiidae (Diptera) includes the
largest number of gall-inducing species among arthropod
taxa containing gall inducers, and many gall-inducing
cecidomyiids are monophagous or oligophagous within
one or a few plant genera (e.g. Yukawa and Rohfritsch,
2005). Cecidomyiid galls are diverse as a whole in shape
and galling position, but the appearance and structure of
each cecidomyiid gall is specific to a gall midge species
in many instances (e.g. Yukawa and Rohfritsch, 2005).
In contrast, a few cecidomyiid species, such as Masa-

kimyia pustulae Yukawa and Sunose (Sunose 1985),
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Hartigiola faggalli (Monzen) (Sato and Yukawa 2004),
and Pseudasphondylia elaeocarpini Tokuda and Yukawa
(Tokuda and Yukawa 2005), have been known to exhibit
gall dimorphism (Yukawa and Masuda, 1996). Pseudas-
phondylia neolitseae Yukawa (Diptera: Cecidomyiidae:
Asphondyliini) (Yukawa, 1974) is also known to induce
two different types of gall (upper and lower types) on the
leaves of Neolitsea sericea (Bl.) Koidz. (Lauraceae) (Yu-
kawa and Masuda, 1996). In the upper type, the adaxial
side of the gall projects more prominently than the abaxi-
al side, and vice versa in the lower type (Fig. 1). Yukawa
and Masuda (1996) briefly mentioned that the upper and
lower types could be seen, respectively, in southern and
northern parts of Kyushu, Japan.

We have been considering that the gall dimorphism is

worth being paid attention as it may be a good model to
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l Dimorphism of leaf galls induced by P. neolitseae

understand the significance of gall shape diversification
in the process of gall midge speciation. As the first step,
we tried to gather further information on distributional
patterns of the two gall types induced by P. neolitseae in
Kyushu and to examine whether or not host plant traits,
such as the ploidy level, are related to the determination

of gall types.

Fig. 1. Two gall types induced by Pseudasphondylia neolitseae.
A: Lower type. B: Upper type.

Table 1. Localities from which P. neolitseae galls were collected, gall type,

Materials and Methods

Insect and plant materials

The host plant, Neolitsea sericea, is an evergreen tree
of Lauraceae and widely distributed in Japan (Honshu,
Shikoku, Kyushu, and the Ryukyus), southern Korea,
and Taiwan (Momiyama, 1989). In Kyushu, N. sericea is
commonly seen everywhere except for higher mountains.
Pseudasphondylia neolitseae is fundamentally univoltine
and distributed in Honshu, Shikoku, Kyushu, and the
Ryukyus, Japan (Yukawa, 1974; Tokuda and Yukawa,
2005). In spring, the females lay their eggs in the host
buds one by one with the aciculate ovipositor. The first
instars hatch several days after oviposition. The first
signs of attack are small reddish spots on the upper sur-
face of the fresh leaves. Later, apically rounded subconi-
cal swellings appear on the surface of the leaves accom-
panied by hemispherical swellings on the lower surface.
The galls mature in early summer and each gall contains
one midge larva (Yukawa, 1974; Yukawa and Akimoto,

2006).

the ploidy level of N. sericea, and the number of host plants surveyed.

. Number of
Number Locality N.Orth E?St Gall type Ploidy level host plants
latitude longitude of host plant
surveyed
1 Fukuoka Pref.:  Shikano-shima 33°40'00"  130° 18'24" Lower no data 1
2 Tno 1 33°40' 27" 130°31' 12" Lower 2x 1
3 Ino 2 33°40'41" 130° 32' 00" Lower 2X 1
4 Motooka 33° 35' 55" 130°12' 51" Lower no data 1
5 Kurdmaru 33°34'16"  130°40'37" Lower no data 6
6 Nijo 33°32'14"  130°10'01"  Lower no data 1
7 Raizan 33°28'43" 130° 13' 24" Lower no data 1
8  Saga Pref: Niri 33°15'35"  129°50' 22" ? 2x 1
9 Hadatsu 33°23'39"  129°52'57" Lower no data 2
10 Yamauchi 33°11'53"  129°56' 40" ? 2X 1
11 Kashima 33°05' 14" 130°07' 10" Lower 2x 1
12 Kanzaki 33°20'45"  130°22'57" Lower no data 3
13 Taku 1 33°17'23"  130°08'11"  Lower no data 2
14 Taku 2 33°17' 29" 130° 08' 21" Lower no data 1
15 Kagami 33°25'57"  130°00'34"  Lower 2x 1
16 Takekoba 33°25'36" 129° 55' 29" Lower 2x 2
17 Karakawa 33°24' 53" 129° 54" 40" Lower 2x 1
18 Ureshino 33°04' 40" 129° 58' 49" Lower no data 3
19  Oita Pref: Usa 1 33°17'38"  131°27'30" Lower 2X 1
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Table 1. Continued
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. Number of
Number Locality N.Orth Ea.lSt Gall type Ploidy level host plants
latitude longitude of host plant
surveyed
20 Usa 2 33°30'25"  131°19'59"  Lower no data 1
21 Hatake 33°09' 39" 131° 46' 37" Lower 2X 1
22 Usuki 33°05' 09" 131°43"'49" Upper 2xX 2
23 Kokonoe 33°13'42"  131°12'40"  Lower 2x 1
24 Nozuhara 33°10'28"  131°32'39"  Lower no data 1
25 Oita 33°13'16"  131°45'18"  Lower no data 5
26 Mie 32°59' 06" 131° 36' 04" Upper no data 5
27 Ohara 32°56' 40" 131°35' 18" Upper 2x 1
28 Asaii 33°00'33"  131°28'52"  Upper 2x 1
29 Moriya 32°59' 08" 131°25'40" Upper no data 1
30 Oritate 33°00' 40" 131°21'35" Upper no data 1
31 Yonai 32°59" 17" 131°22'35"  Upper no data 2
32 Matsutani 32°56'40"  131°35'28"  Upper 2x 5
33 Nagayu 33°02'17" 131°21' 38" Upper no data 1
34 Nagano 33°03'40" 131°21"42" Upper 2X 1
35 Kuju 33°13'42" 131°12"40" Upper 2x 1
36 Yoake 33°19'20"  130°51'54"  Lower 2x 3
37 Hita 33°19'56"  130°53'38"  Lower no data 1
38 Beppu 33°17' 38" 131° 27" 30" Upper 2xX 2
39  Kumamoto Pref.: Kugino 32°49'25"  131°01'34"  Lower 2x 2
40 Ueshikimi 32°51' 25" 131°09' 50" Upper no data 1
41 Takamori naka 32°49' 00" 131° 07' 24" Upper 2X 1
42 Takamori soto 32°49'00"  131°07'24"  Lower 3x 1
43 Naganohara 32°47'22"  131°13'16" Upper 2x 2
44 Nagano 32°53'32"  131°01' 09" Upper 2x 1
45 Kawayou 32052'25"  131°00'14"  Lower 2x 1
46 Minamioguni 33°05'42" 131° 04' 42" Upper 2x 1
47 Sihrakawa 32°49'29"  131°05' 40" Upper 2x 1
48 Ohgouchi 32°14'48"  130°29'34"  Upper no data 1
49 Tobase 32°35'48"  130°29'32" ? no data 1
50 Misumi 32°36' 57" 130° 30" 22" Lower no data 1
51 Tsubaki 32°35'44"  130°48' 55" Upper no data 1
52 Toyono 1 32°37'58"  130°44'13"  Lower 2x 1
53 Toyono 2 32°37" 37" 130° 44' 14" ? 2X 1
54 Shabagami-toge 32037 21" 130° 44' 06" Upper 2x 2
55 Haizuka 32°51'54"  130°51'34"  Lower 2x 1
56 Takaono 32053 31" 130° 54' 24" Lower 2x 1
57 Hitoyoshi 32°13'52" 130° 46' 04" Upper 2x 2
58 Nankan 33°04' 13" 130°32'46"  Lower 2x 1
59 Togigawa 32°45'33"  130°48'59"  Lower 2X 2
60 Takigawa 32°44' 33" 130°47' 07" Lower no data 1
61 Mifune 32°45' 19" 130° 54' 49" Upper 2x 1
62 Yabe 32°40' 27" 130°58' 53" Upper no data 1
63 Ego 32°33'48" 130° 24' 38" Lower no data 1
64 Fukuro 32°09' 49" 130° 22' 31" Upper no data 2
65 Sushi 32°30'41"  130°19'55"  Lower no data 2
66 Sakamoto 32°24'24"  130°37' 27" Upper 2x 1
67 Miyanjo 32°29'47"  130°38'21" Upper no data 1
68 Y atsushiro 32°31'24" 130° 39' 39" Upper no data 1
69 Kimigafuchi 32°24' 27" 130° 33' 18" Upper 2x 2
70 Shiranui 32°39'04"  130°39'38"  Lower no data 1
71 Hondo 32°27'43"  130°10' 57" Upper no data 1
72  Nagasaki Pref.: Iki 33° 44" 38" 129° 46' 37" Lower no data 1
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l Dimorphism of leaf galls induced by P. neolitseae

Table 1. Continued

. North East Ploidy level Number of
Number Locality . . Gall type host plants
latitude longitude of host plant
surveyed
73 Egami 33°06' 14" 129° 46' 10" Upper 2x 2
74 Sasebo 33°11'38"  129°43'"16"  Upper 2x 2
75 Imafuku 33°20'45" 129°47' 10" Lower 2x 1
76 Nagasaki 32°45' 17" 129°52'37" Upper no data 1
77 Mayuyama 32°46' 09" 130°20'14"  Upper no data 1
78 Higashisonogi 33°02'48"  129° 55" 40" ? no data 1
79 Kushiyama 32°39' 53" 130°09' 01" Upper no data 1
80 Hirado 33°22'35" 129°33' 15" Lower 2x 1
81 Tanomotol 33°16'35"  129°41'21" Upper 2x 1
82 Tanomoto2 33°16' 35" 129°41' 21" Lower 2x 2
83 Ikitsuki-shima 33°23'02" 129° 25' 03" Lower 2x 1
84 Fukushima 33°22' 59" 129° 50" 58" Lower no data 1
85 Konpira 32°49'24"  130°05'37"  Upper no data 1
86 Matsuri 32°45'33" 129° 56' 39" Upper no data 1
87 Tsunaba 32°45'33" 129° 56' 39" Upper no data 1
88 Doisaki 32°56'49"  130°12'07" Upper no data 1
89  Miyazaki Pref.: Kainohatake 32°34'08"  131°35'44" Upper no data 5
90 Kobayashi 31°58'52"  130°56'10"  Upper 2x 2
91 Takachiho 32°46' 08" 131° 16' 54" Upper no data 2
92 Shiitani 32°41'32"  131°19'33" Upper no data 3
93  Kagoshima Pref.: Noma-dake 31°24'05"  130°09'31" Upper no data 1
94 Sata 31°01'29" 130° 40' 53" Upper no data 1
95 Miyanjo 32°03' 73" 130° 24' 46" Upper no data 1
96 Ibusuki 31°17'10"  130°36' 04" Upper no data 1
97 Nagashima 1 32°07'20"  130°07'54"  Upper no data 1
98 Nagashima 2 32°08' 34" 130° 07' 05" Upper no data 1
99 Ohkubo 32°08' 30" 130° 07' 28" Upper no data 2
100 Takarabe 31°40' 59" 130°56' 21" Upper 2x 2
101 Ichiki 31°40' 14" 130°19'49" Upper 2x 2
102 Hinokami 31°15'16" 130° 16' 30" Upper no data 1
103 Tanegashima 30° 37" 45" 130° 58' 47" Upper no data 1
104 Yakushima 30°18'53"  130°35'99" Upper no data 1

Field survey and specimen acquisition

We searched for V. sericea trees that bore galled leaves
at various localities in Kyushu in 2003, 2004, and 2005,
and collected fully developed galls from a total of 104
localities during the season from October to April (Table
1). Each collection site is shown in Fig. 2 as a circle with
a numeral that indicates the name of each locality in
Table 1. We distinguished the two gall types from each
other by their appearance. In some cases, galls exhibited
an intermediate shape between the upper and lower type
galls. We treated such galls as the intermediate type. The
galls collected were fixed in FAA (5% formaldehyde, 5%

acetic acid, and 60% ethanol) solution as voucher speci-

mens. Plant voucher specimens were collected from the
same plant individuals that bore the galls. All voucher
specimens will be deposited to the Kyushu University

Museum.

Geographical information and map description

All localities were georeferenced by a handy GPS or map
reading service provided by the Geographical Survey
Institute of Japan (http://watchizu.gsi.go.jp/). Geographi-
cal Information System (GIS) was applied for all map
description using ArcGIS (ESRI, Japan).
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Flow cytometry

The ploidy level of individual host plants was determined
with a flow cytometer as follows. Each fresh ungalled
leaf of N. sericea removed from the respective plants was
wiped with a sheet of wet paper. Then, leaf tip area with
about 10mmx=5mm was chopped up into small pieces
with a razor blade in a 200pul solution A (Pertec) that was
kept cool in a petri dish on ice. The solution, including
extracted intact nuclei, was filtered through 30um nylon
mesh (Pertec) and then mixed with 1.5 ml of solution B
(Pertec) including DAPI. The mixture was analyzed with
PA (Pertec) and the ploidy level was determined by read-
ing the peak position.
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Fig. 2. Localities from which material was collected. Each locality is
numbered for convenience of finding locations referred to in this paper
(see also Table 1).
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Results and Discussions

Distributional pattern of the two gall types

The lower type galls (Fig. 1-A) were found mainly in
northwestern and northern Kyushu, while the upper type
galls (Fig. 1-B) were found in southwestern and southern
Kyushu (Fig. 3), as mentioned in Yukawa and Masuda
(1996). In addition to the two gall types, we found the in-
termediate type of gall in three localities in northwestern
Kyushu, and some inverted type of galls (Fig. 4-B) on
a few occasions. As a whole, our data indicated that the
two gall types were parapatrically distributed in Kyushu

with a little overlapping.

0

Fig. 3. Distribution map of two gall types induced by Pseudasphon-
dylia neolitseae on the leaves of Neolitsea sericea in Kyushu. Yellow
circle: upper type; Blue circle: lower type; White circle: intermediate
type. Dotted lines show the rough borders of two gall types.
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l Dimorphism of leaf galls induced by P. neolitseae

The two dividing lines could be drawn on the map to
show the parapatric distribution pattern of the two gall
types (Fig. 3). One line runs in northwestern Kyushu
from the vicinity of Tanomoto (81, 82), Nagasaki Pref.,
through Ureshino (18), to Kashima (11), Saga Pref. An-
other line runs in central Kyushu from the Usuki (22),
Oita Pref., through the southern foot of Mt. Aso (39-42,
47), to Toyono (52-54), Kumamoto Pref. At the western
end of the latter line, the upper type galls replaced the
lower type galls between Ue Island (65) and Shimo Is-
land (71) of the Amakusa Islands.

Coexistence of the two gall types on a single tree

. Fig. 4. Coexistence of two dif-
. ferent gall types induced by
- Pseudasphondylia neolitseae
‘| on a leaf of Neolitsea sericea.
At Upper surface of the host
leaf. White arrow points toward
the upper part of a lower type
gall that coexists with upper
type galls. B: Under surface
of the host leaf. White arrow
points toward the lower part of
a lower type gall that coexists

< inverted galls are projected to
- the under side of the leaf.

Usually the host trees bearing different gall types were
growing several km apart from each other, but in a few
cases they stood near by in Tanomoto (81 and 82) or
within a distance of 20 m in Takamori (41 and 42). It
might be possible for the females to fly for at least 20 m,
but every host tree had either upper or lower type galls.
The coexistence of both types on a single host tree was
relatively rare. Whenever they coexisted on a single tree,
the two types of gall always appeared together on the
same leaf, although the relative abundance of one type
to another was extremely biased toward one side (Fig.
4). Therefore, we have never seen any segregate utiliza-
tion of leaves or shoots by the two different gall types.

These observations may suggest that the coexistence of

the two gall types on a single leaf would be derived from
oviposition by a single female, as has been observed by
Yukawa et al. (1976) and Yukawa and Akimoto (2005).
The minor gall type might be caused by some kinds of
behavioral mistake by the gall midge or by generic varia-

tion during the process of gall induction.

Ploidy of host plants

All host plants examined were diploid, except one trip-
loid individual. This result indicates that the ploidy level
of host plants was not related to the types of gall. The
triploid individual (Fig. 5) was found in Takamori (42),
Kumamoto Pref. and seems to be a natural polyploid. It
bore lower type galls, but we cannot conclude that trip-
loid individuals always have lower type galls, because
triploid individuals are very rare among wild N. sericea
trees. We will report elsewhere more about the cecido-

myiid galls induced on the triploid individual.
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Fig. 5. Histograms showing DNA contents of diploid and triploid indi-
viduals of Neolitsea sericea that were analyzed with a flow cytometer.
The numeral 1 indicates a peak of diploid and 2 indicates that of trip-
loid.

Because the shape of galls is often specific to a gall-
inducing species, the galls have been regarded as an ex-
tended phenotype of the gall inducers (e.g. Fukatsu et al.,
1994; Stone & Schonrogge, 2003; Yukawa & Rohfritsch,
2005). Therefore, the parapatric distribution pattern of
the two gall types may suggest that P. neolitseae is now

entering into the initial stage of speciation, if gall dimor-
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phism leads to reproductive isolation. In order to confirm
such a hypothesis, we need to clarify the mechanism of
gall shape differentiation. The mechanism is possibly
related to behavioral traits of the gall midge, such as the
position of egg-laying (upper or under surface of leaves
that are folded in a host bud), the direction of the larval
head to feed on upper or under surface of the leaves, and
so on. In addition, intraspecific mating tests and com-
parison of DNA sequencing data are required between
the two different populations. Then, we have to gather
phenological data of gall midge emergence from differ-
ent gall types to examine whether or not a chronological
isolation mechanism is operating on the different popula-

tions.

Acknowledgements

We thank Dr. K. M. Harris (former Director of IIE, UK)
for his critical reading of an early draft. Dr. T. Fujita, Dr.
M. Nakazawa, Mr. S. Tagane, Mr. H. Tohyama, Mr. S.
Watanabe, and Ms. Y. Watanabe helped us in collecting
materials, to whom we are indebted. This research was
partially supported by a Grant-in-Aid for Young Scien-
tists (B) from the Japan Ministry of Education, Science,
Sports, and Culture to MM (No. 15770059).

References

Fukatsu, T., Aoki, S., Kurosu, U. and Ishikawa, H. 1994.
Phylogeny of Cerataphidini aphids revealed their
symbiotic microorganisms and basic structure
of their galls: implications for host-symbiont co-
evolution and evolution of sterile soldier castes.
Zoological Science, 11: 613-623.

Meyer, J. 1987. Plant galls and gall inducers. Gebruder
Borntraeger, Berlin, Stuttgart.

Momiyama, Y. 1989. Lauraceae. In: Satake et al. (eds)
Wild flowers of Japan, Woodyplants I. Heibon-
sha, Tokyo, pp. 113-125.

Sato, S and Yukawa, J. 2004. Redescription of Harti-

Misako MISHIMA and Junichi YUKAWA .

giola faggalli (Monzen) comb. n. (Diptera: Ceci-
domyiidae) inducing leaf galls on Fagus crenata
(Fagaceae) in Japan. Esakia 44: 13-26.

Stone, G.N. and Schoénrogge, K. 2003. The adaptive sig-
nificance of insect gall morphology. Trends in
Ecology and Evolution, 18: 512-522.

Sunose, T. 1985. Geographical distribution of two gall
types of Masakimyia pustulae Yukawa & Su-
nose (Diptera, Cecidomyiidae) and reproductive
isolation between them by a parasitoid. Kontyii
53: 677-689.

Tokuda, M. and Yukawa, J. 2005. Two new and three
known Japanese species of genus Pseudasphon-
dylia Monzen (Diptera: Cecidomyiidae: Asphon-
dyliini) and their life history strategies. Annals
of the Entomological Society America, 98: 259-
272.

Yukawa, J. 1974. Descriptions of new Japanese gall
midges (Diptera, Cecidomyiidae, Asphondyliidi)
causing leaf galls on Lauraceae. Kontyii 42: 293-
304.

Yukawa, J. and Akimoto, K. 2006. Influence of synchro-
nization between adult emergence and host plant
phenology on the population density of Pseudas-
phondylia neolitseae (Diptera: Cecidomyiidae)
inducing leaf galls on Neolitseae sericea (Laura-
ceae). Population Ecology 48: 13-21.

Yukawa, J. and Masuda, H. 1996. Insect and mite galls
of Japan in colors. Zenkoku Néson Kybiku
Kyokai, Tokyo.

Yukawa, J. and Rohfritsch, O. 2005. Biology and ecolo-
gy of gall-inducing Cecidomyiidae (Diptera). In:
Biology, ecology, and evolution of gall-inducing
arthropods. Eds. A. Raman, C.W. Schaefer, and
T.M. Withers. Science publishers, Inc. Enfield
(NH), USA. pp. 273-304.

Yukawa, J., Takahashi, K. and Ohsaki. N. 1976. Popula-
tion behaviour of the neolitsea leaf gall midge,
Pseudasphondylia neolitseae Yukawa (Diptera,
Cecidomyiidae). Kontyd, 44: 358-365.

2007 The Kyush\@!niwrsit,\ Museum



l Dimorphism of leaf galls induced by P. neolitseae

MXEE
YOFESYNI (R TNIR) Lo TYOFE (IR /FR) DEICFERE NS T—)L2BETUMICEH
32ZNSOMIBIS RN

=BEET BT

NNKZRES R EYER
TTUMNAKE
(T812-858 1 EEMRX#AIF6-10-1)

FINIRDOVOFESVINIF. JXA/FROBRE THDHYOFEDEICT—IVZERKT D, I—IVICIE
28Ih GO, —ARFEDRERINKIDRHULTHED (FRE) MAREDOEEAHLDIEALTVD (ER) . BL
(F FUMNICBIFDZENZNDOI—ILEDELWLS /Y — U EFAR T, ZNZEND J—)LELE PR E LS EIFTHY
BomigzERES . AMNIEFEEERREBIC2 DDA HIEFRZR > CLC. BE. 1EFDFEEY LICIE. EB5D
—ADI—)LEIUNMHIRLIEWLD, 2RI HFLTVDIEE B H oI, ZDBHF. B—FE LIC—H DENH D
BFETDENCTAMBEDRDDFNCHESNDEWNSIEDTH ol AUEFFIEY LT . BIEDY1— OER. &
B5HN—ADEDI—)LHEHTVDIRETHEFUCWVWDRIET —RUE, Fole<Ehole. AELEYOFE
[FFEAEMEBET. 1EEDHIBETHofc. AUBHLANILOYOFEIC, BEDT—IVEIHHIRLTWVS
CEDSEYDEBEEE. NSO T—LEIDREICIFESLTOEWEER DT 5N, SEBESHICFo e
d— L2BIDEIFTE D IR, X/ \TOTEIEN. £EZHGERFHIEENVD. 2BLDFEIRCASH DR
TRESUERTHDIEMREIND, DT EEF. YOFEYTINIHDTESMEDETHH THIHIDERREICTBITLT
WBHEWSTEEMZRIEL TLDDHITNEL,

2007 The Kyush\m!niwrsit) Museum



