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Abstract Several studies have indicated that the green lacewing, Chrysoperla nipponensis
(Neuroptera: Chrysopidae) may include more than one valid species. We investigated the
phylogenetic status of Chrysoperla nipponensis s.l. in China and Japan using mitochondrial
sequences and AFLP data. The molecular phylogenetic analyses based on mitochondrial
genes showed that the C. nipponensis species-complex comprises four clades, each having
high support values. In addition, the phylogenetic tree based on AFLP data indicates that
the species-complex comprises three groups. These results confirm that C. nipponensis
s.l. comprises at least three genetically distinct clades and suggests that two of these clades
may be closely related to populations of C. nipponensis in Japan. However, these clades
cannot be recognized as species until analysis of their courtship songs has been completed.
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Introduction

The genus Chrysoperla Steinmann, 1964 (Neuroptera:
Chrysopidae) includes several species that are important
natural enemies of agricultural pests and have been used
for biological control. Within the Chrysoperla carnea
(Stephens) group of species (Brooks, 1994), there has
been shown to be many species that are morphologically
similar but that can only reliably be distinguished by anal-
ysis of their substrate-borne courtship songs (Henry, 1980,
2006). Species of the C. carnea-group are distributed
throughout the Holarctic and the Afrotropics (Henry et al.,
2006). Several species are sympatric, but each species is
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reproductively isolated by using a different courtship song
(Wells & Henry, 1998).

In China, there are some species that are morpho-
logically similar to C. carnea s.l. One was described
as Chrysopa kolthoffi (Navás, 1927) and another as
Chrysopa sinica (Tjeder, 1936), but following Brooks
(1994) they are currently treated as synonyms of Chrysop-
erla nipponensis (Okamoto), which was described by
Okamoto (1914) (as Chrysopa nipponensis) based on
Japanese specimens. Henry and Wells (2004) analyzed
courtship songs of specimens of C. nipponensis collected
near Beijing in China, and later the song was confirmed
as the same as C. nipponensis type A in Japan (Henry
et al., 2009).

Recent research has indicated that C. nipponensis in
Japan includes more than one distinct species. Tsukaguchi
(1995) reported two morphotypes of C. nipponensis in
Japan (informally named C. carnea type A and C. carnea
type B), which can be distinguished morphologically only
by larval head markings. Taki et al. (2005) found the
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courtship songs of type A and B were different from each
other. Haruyama et al. (2008) discriminated between the
Japanese cryptic species C. nipponensis (types A and B)
and the commercially introduced C. carnea s.str. from
Germany based on COI sequence data. Their phylogenetic
analyses showed that C. nipponensis comprised three mi-
tochondrial haplotypes, type A1 and type A2 within type
A, and type B. Detailed courtship song analyses demon-
strated that type A1 and type A2 have the same song
phenotype and that type B has a song phenotype distinct
from type A and any other known song species (Henry
et al., 2009).

The uncertain status of Chinese C. nipponensis popu-
lations affects our understanding of its ecology and distri-
bution and its application in pest control. Here we present
a phylogenetic analysis of the C. nipponensis populations
in China, based on both mitochondrial DNA sequences
of COI and COII, and the AFLP markers, to explore the
genetic diversity of Chinese C. nipponensis s.l. and their
genetic relatedness to the two song types of Japanese
C. nipponensis.

Materials and methods

Taxon sampling

Samples of C. nipponensis s.l., based on morphologi-
cal identification, from ten Chinese provinces (Liaoning,
Shandong, Henan, Yunnan, Xinjiang, Gansu, Sichuan,
Guizhou, Hubei, Jiangsu) and Beijing (Table 1) were
analyzed. Five samples from Japan were offspring of
song confirmed C. nipponensis (type A and B) used in
Haruyama et al. (2008) and Henry et al. (2009). Mallada
clavatus C.-k. Yang & X.-k. Yang and Chrysopa pallens
(Rambur) collected in China were used as outgroups. In
addition, samples of a taxon Chrysoperla savioi (Navás)
collected from Guizhou and a taxon collected from
Xinjiang, named informally as C. carnea-x were included
in the analysis. C. carnea-x has some morphological char-
acters in common with C. carnea (Stephens), such as
green gradate crossveins which distinguish it from C. nip-
ponensis whose gradate crossveins are black (Brooks,
1994). However, the true identity of this taxon cannot
be confirmed until its courtship songs have been analyzed
and compared with other species in the genus known from
Eurasia and North America. All samples were kept in
100% ethanol and stored at –20 ◦C. DNA extraction was
from the head and thorax of each specimen. The remaining
parts were preserved in the Department of Entomology,
China Agricultural University as voucher specimens.

DNA extraction, amplification and sequencing

DNA was extracted from most of the specimens in this
study using a modified cetyltrimethylammonium bromide
(CTAB) method (Reineke et al., 1998), while some of
them were extracted using a tissue genome DNA extrac-
tion kit (Tiangen Biotech Co. Ltd., Beijing), and stored
as 100 µL TE (pH 8.0) solution at –20 ◦C until use.
Partial mitochondrial COI and COII genes were ampli-
fied using the polymerase chain reaction (PCR) with the
following primers: TL2-N-3014: 5′ - TCCATTGCAC-
TAATCTGCCATATTA - 3′; C1-J-2183: 5′ - CAACATT-
TATTTTGATTTTTTGG - 3′; TL2-J-3037 (modified):
5′- AATATGGCAGATTAGTGCA - 3′, TK-N-3785: 5′ -
GTTTAAGAGACCAGTACTTG - 3′ (Simon et al., 1994).
PCR was performed under the following conditions: ini-
tial denaturation at 94 ◦C for 5 min, 30 cycles of denatu-
ration at 94 ◦C for 1 min, annealing at 50 ◦C for 45 sec,
and extension at 72 ◦C for 1 min, and a final extension
step of 6 min at 72 ◦C. The volume of the PCR reac-
tion was 40 µL including: 26.72 ddH2O, 4 µL 10× NH4

buffer, 1.6 µL 2.5 mmol/L dNTP, 1.6 µL 50 mmol/L
MgCl2, 0.08 µL biotaq DNA polymerase (Beijing Lab
Scientific Company), 2 µL of 10 µmol/L of each primer,
and 2 µL DNA template. The PCR products were sent to
Beijing Sunbiotech Co. Ltd. to sequence directly in both
directions. The sequences were assembled using Contig
Express software, and they were aligned using ClustalX
1.83 (Thompson et al., 1997).

Phylogenetic analysis of COI and COII gene sequences

The number of variable and parsimony informative sites
was assessed using MEGA V4.0 (Tamura et al., 2007).
We used PAUP∗ 4.0b (Swofford, 2002) to conduct the
maximum parsimony (MP) and neighbor-joining (NJ)
analyses. For the parsimony analysis, a heuristic search
was conducted with 100 random taxon-addition repli-
cates, tree bisection reconnection (TBR) branch swap-
ping. Gaps were treated as missing data. Nodal support
was assessed by performing 1000 bootstrap searches with
100 replicates of random addition. Neighbor-joining anal-
yses were performed using the heuristic search option
based on the model of uncorrected “P”. The phyloge-
netic tree was reconstructed based on MP and NJ anal-
yses and nodal support was assessed by 1000 bootstrap
searches with 100 replicates of random addition. Bayesian
inference analysis was performed using MrBayes 3.1.2
(Ronquist & Huelsenbeck, 2003). The most appro-
priate nucleotide substitution model (TVM+I) was
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Table 1 The list of specimens investigated in this study.

Genbank accession number
Sample reference Location Taxon

COI COII

RE1� Shandong Chrysoperla nipponensis s.l. JN242002 JN242036
RE2 Guizhou C. nipponensis s.l. JN242003 –
RE3� Xinjiang C. nipponensis s.l. JN242004 JN242037
RE4� Gansu C. nipponensis s.l. JN242005 JN242038
RE5� Liaoning C. nipponensis s.l. JN242006 JN242039
RE6� Hubei C. nipponensis s.l. JN242007 JN242040
RE8� Sichuan C. nipponensis s.l. JN242008 JN242041
RE9 Yunnan C. nipponensis s.l. JN242009 JN242042
RE10� Shandong C. nipponensis s.l. JN242010 JN242043
RE11� Henan C. nipponensis s.l. JN242011 JN242044
RE12� Tsukuba, Ibaraki (Japan) C. nipponensis A1 JN242012 JN242045
RE13� Ono, Fukushima (Japan) C. nipponensis B JN242013 JN242046
RE14� Dangchang city, Gansu C. nipponensis s.l. JN242014 JN242047
RE15� Ono, Fukushima (Japan) C. nipponensis B JN242015 JN242048
RE16� Dangchang city, Gansu C. nipponensis s.l. JN242016 JN242049
RE17� Hufu city, Jiangsu C. nipponensis s.l. JN242017 JN242050
RE18� Tsukuba, Ibaraki (Japan) C. nipponensis A1 JN242018 JN242051
RE19 Ono Fukushima (Japan) C. nipponensis B JN242019 JN242052
RE20 Dangchang city, Gansu C. nipponensis s.l. JN242020 JN242053
RE21 Dangchang city, Gansu C. nipponensis s.l. JN242021 JN242054
RE22 Dangchang city, Gansu C. nipponensis s.l. JN242022 JN242055
RE23 Yixing city, Jiangsu C. nipponensis s.l. JN242023 JN242056
RE24� Beijing C. nipponensis s.l. JN242024 JN242057
RE25 Yixing city, Jiangsu C. nipponensis s.l. JN242025 JN242058
RE26� Xinjiang Chrysoperla carnea-x JN242026 JN242059
RE27� Xinjiang C. carnea-x JN242027 JN242060
RE28 Xinjiang C. carnea-x JN242028 –
RE29� Xinjiang C. carnea-x JN242029 JN242061
RE30� Xinjiang C. carnea-x JN242030 JN242062
RE31 Guizhou C. savioi JN242031 JN242063
B-shizukuishi† Shizukuishi, Iwate (Japan) C. nipponensis B AB282918 –
B-ina† Ina, Nagano (Japan) C. nipponensis B AB282922 –
A-ina† Ina, Nagano (Japan) C. nipponensis A2 AB282913 –
A-joetsu† Joetsu, Niigata (Japan) C. nipponensis A2 AB282905 –
A-tsukuba1† Tsukuba, Ibaraki (Japan) C. nipponensis A1 AB282901 –
A-myoko† Myoko, Niigata (Japan) C. nipponensis A1 AB282898 –
A-morioka1† Morioka, Iwate (Japan) C. nipponensis A1 AB282912 –
A-kai† Kai, Yamanashi (Japan) C. nipponensis A1 AB282893 –
CE490† Brazil C. externa DQ414490 –
RE32 Plant park, Beijing Chrysopa pallens JN242032 JN242064
RE33 Hebi city, Henan Chrysopa pallens JN242033 JN242065
RE34� Hubei Mallada clavatus JN242034 JN242066
RE35� Guizhou Mallada clavatus JN242035 JN242067

†represent samples whose mitochondrial sequences were downloaded from Genbank; “�” is the specimens used for AFLP;
“–” represents no sequences available.
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Table 2 Adaptor and primers of AFLP of specimens in this
study.

No. of
Name Gene sequence

primer

Linkers EA1 5
′
-CTCGTAGACTGCGTACC-3

′

EA2 5
′
-AATTGGTACGCAGTC-3

′

MA1 5
′
-GACGATGAGTCCTGAG-3

′

MA2 5
′
-TACTCAGGACTCAT-3

Primers of E00 5
′
-GACTGCGTACCAATTC-3

′

preamplification M00 5
′
-GATGAGTCCTGAGTAA-3

′

EcoRI selective E32 5
′
-GACTGCGTACCAATTC AAC-3

′

primers E35 5
′
-GACTGCGTACCAATTC ACA-3

′

E38 5
′
-GACTGCGTACCAATTC ACT-3

′

E41 5
′
-GACTGCGTACCAATTC AGG-3

′

MseI selective M47 5
′
-GATGAGTCCTGAGTAA CAA-3

′

primers M61 5
′
-GATGAGTCCTGAGTAA CTG-3

′

M62 5
′
-GATGAGTCCTGAGTAA CTT-3

′

M79 5
′
-GATGAGTCCTGAGTAA TAA-3

′

selected using the Akaike Information Criterion (AIC) in
MrModeltest 2.2 (Nylander, 2004). The MCMC search
was conducted for 1 000 000 generations, and sampling
was done every 100 generations until the average standard
deviation of split frequencies was below 0.01. The first
25% of trees were discarded as “burn-in” and posterior
probabilities were estimated for each node.

AFLP protocol

AFLP analysis was conducted using 22 samples
(12 samples of C. nipponensis s.l. from China, 4 samples
of C. nipponensis [2 of type A and 2 of type B] from Japan,
4 samples of C. carnea-x, and 2 samples of M. clavatus)
from ten regions of China and two regions of Japan
(Table 1). With reference to previous AFLP research (Vos
et al., 1995; Reineke et al., 1998; Corsini et al., 1999;
Chen et al., 2003; Zhang et al., 2004a; McMichael &
Prowell, 1999; Zhang et al., 2004b; Katiyar et al., 2000),
we used a modified protocol as follows.

First of all, genomic DNA was digested by EcoRI and
MseI restriction endonuclease (New England Biolabs)
with EcoRI buffer attached. 2 µL DNA, 2 µL EcoRI
Buffer, 0.2 µL 100× BSA, 0.3 µL EcoRI (20 U/µL),
0.6 µL MseI (10 U/µL), and 14.9 µL ddH2O were mixed,
in a total volume of 20 µL. The mixture was incubated at
37 ◦C overnight. Then, restriction enzymes were inacti-
vated at 65 ◦C for 20 min.

For linker ligation, 2 µL of the restriction diges-
tion product, 2 µL T4-buffer, 1 µL MA1, MA2, EA1,
EA2 linkers (Table 2, 50 pmol each), 0.2 µL T4 ligase
(400 U/µL, New England Biolabs) and 8.8 µL ddH2O

Table 3 AFLP amplified polymorphic of specimens in this
study (4 pairs of primers).

Polymorphic bands
Primer Number

Percentage
combinations of bands Number

(%)

E32+M61 536 217 40.49
E35+M62 295 129 43.73
E38+M62 568 264 46.48
E41+M79 927 493 53.18
Total 2 326 1 103 47.42

were mixed, in a total volume of 20 µL. The ligation reac-
tion was performed by incubating the mixture at 16 ◦C
for 9 h. Then T4 ligase was inactivated at 65 ◦C for
20 min.

For preamplification, in a total volume of 20 µL : 1 µL
of the products of linker ligation, 1 µL E00 and M00
primers (Table 2, 10 pmol/µL each), 12.5 µL 2× taq
PCR superMix (Tiangen Biotech Co. Ltd., Beijing), and
6.5 µL ddH2O were mixed. PCR was performed in the
following conditions: an initial denaturation at 94 ◦C for
5 min, 33 cycles of a denaturation at 94 ◦C for 30 sec,
annealing at 56 ◦C for 45 sec, and extension at 72 ◦C for
1 min, and a final extension at 72 ◦C for 6 min.

We constructed four EcoRI selective primers and four
MseI selective primers, referencing the primers used for
other insects (Table 2) and screened all 16 primer pair
combinations using a C. nipponensis DNA template. We
chose 4 primer pairs, which could show many polymor-
phisms and produce high quality distinct bands for our
samples (Table 3). The procedure of selective amplifica-
tion was as follows; in a total volume of 20 µL, 4 µL
of 1 : 20 diluted preamplification products (diluted with
10 mmol/L Tris-HCl, pH 8.0), 1 µL of the MseI selective
primer and EcoRI selective primer (10 pmol/µL each),
12.5 µL of 2× taq PCR superMix, and 6.5 µL ddH2O
were mixed. PCR were performed with an initial denat-
uration at 94 ◦C for 5 min, 13 cycles of a denaturation
for 30 sec at 94 ◦C, annealing for 30 sec at 65 ◦C for
the first cycle, reducing by 0.7 ◦C per cycle for 12 sub-
sequent cycles, and extension at 72 ◦C for 1 min. Then
the reaction was followed by 25 cycles of a denaturation
at 94 ◦C for 30 sec, annealing at 56 ◦C for 30 sec, and
extension at 72 ◦C for 1 min, and a final extension at
72 ◦C for 6 min. 5 µL of selective amplification products
were mixed with 5 µL Loading buffer, and then they were
separated in a 6% denaturing polyacrylamide gel using
a 50 bp ladder as a marker (Tiangen Biotech Co. Ltd.,
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Beijing). The gels were silver-stained and were pho-
tographed on a Fuji BAS-2000 phosphoimage facility to
count the polymorphic bands from 150 bp to 500 bp.

Clustering analysis using AFLP data

Fingerprinting patterns were converted into matrices;
“1” for presence of a band, “0” for absence of a band and
“9” for an indistinct band. They were used to construct a
dendrogram based on the UPGMA clustering procedure
implemented in the Tree plot program of NTSYSpc2.2
software (Exeter Software, Setauket, NY, USA).

Results

Phylogenetics analysis based on COI and COII genes

In this study, the final dataset consisted of 43 COI
sequences (including 9 sequences downloaded from
GenBank) and 32 COII sequences. The combined dataset
of COI (700 bp) and COII (624 bp) genes comprised
1324 bp, with 237 (17.9%) parsimony informative sites
and 200 (15.1%) variable sites.

Based on the combined dataset of COI and COII genes,
the MP, NJ and Baysian phylogenetic trees of C. nippo-
nensis s.l. and its related populations, together with the
outgroups Chrysopa pallens and Mallada clavatus, had
very similar topology to each other, with the exception of
a few different bootstrap values and posterior probabilities
(Fig. 1). The phylogenetic trees showed that our Chrysop-
erla samples consisted of one clade in the MP, NJ and
Bayesian analyses at 100% bootstrap support and 100%
posterior probability, and were divided into five haplo-
type groups: C. nipponensis-I, C. nipponensis-II, C. nip-
ponensis-III, C. nipponensis-IV, and C. carnea-X. Haplo-
type group C. nipponensis-I consisted of samples RE13,
RE19, RE15, RE16, RE17, RE23, and RE25, C. nippo-
nensis-II consisted of samples RE3, RE22, RE21, RE20,
RE4 and RE14, C. nipponensis-III consisted of samples
RE12 and RE18, C. nipponensis-IV consisted of samples
RE5, RE6, RE1, RE10, RE9, RE11, RE8 and RE24, and
C. carnea-X consisted of RE26, RE27, RE29 and RE30,
which were all C. carnea-x taxon. Each group was sup-
ported by high bootstrap values above 90% in the MP
and NJ trees and by posterior probabilities above 95%
in the Bayesian tree, except for the posterior probabil-
ity of the node for C. nipponensis-IV which was 80%
(Fig. 1). C. nipponensis-I included three Japanese type B
samples (RE13, RE15 and RE19) and C. nipponensis-III
consisted of only two Japanese samples (type A1). C. nip-
ponensis-I, -II and -III formed a well-supported group

having a 95% bootstrap value in the NJ tree and by a 98%
posterior probability in the Bayesian tree, but weakly sup-
ported by a 72% bootstrap value in the MP tree. There
were polytomous relationships among these three groups.
C. nipponensis-IV and C. carnea-X clustered as sister
groups, supported by a 84% bootstrap value in the MP
tree and by a 66% posterior probability in the Bayesian
tree, but not supported in the NJ tree. Clade C. nippo-
nensis-I + -II + -III was recovered as a sister group with
C. nipponensis-IV + C. carnea-X, supported by a 100%
bootstrap value in the MP/NJ tree and by a 100% posterior
probability in the Bayesian tree.

We did a phylogenetic analysis using 700 bp COI se-
quences with 8 additional C. nipponensis from Japan and
one Chrysoperla externa in Brazil downloaded from Gen-
Bank to investigate the phylogenetic relationship between
C. nipponensis populations in China and C. nipponensis
type A and B in Japan. In the COI phylogenetic tree, four
haplotype groups, C. nipponensis-I, -II, -III, and -IV, each
clustered as a monophyletic group. Haplotype C. nippo-
nensis-I included an additional two Japanese C. nipponen-
sis type B samples, haplotype C. nipponensis-II, consisted
only of Chinese C. nipponensis s.l. samples, haplotype
C. nipponensis-III consisted only of Japanese C. nippo-
nensis type A1 samples, and haplotype C. nipponensis-
IV included Japanese C. nipponensis type A2 samples
(Table 1, Fig. 2).

AFLP analysis

A total of 2 326 bands were amplified by four se-
lective primer sets (E32+M61; E35+M62; E38+M62;
E41+M79) and each four primer combinations produced
between 129 and 493 polymorphic bands, resulting in a
total of 1 103 polymorphic bands (Table 3). A combined
primer set (E41 and M79) generated the most polymor-
phic bands, 493 polymorphic bands in 927 bands (the
polymorphism ratio was 53.18%).

Based on AFLP data, the UPGMA tree was recon-
structed (Fig. 3). The similarity coefficient within the
22 Chrysoperla samples was 0.0930–0.5349. Chrysop-
erla samples were divided into four clusters. Cluster I
consisted of samples included into C. nipponensis-I mi-
tochondrial haplotype group, cluster II of samples in-
clude into C. nipponensis-II haplotype group, cluster III
of samples included into both C. nipponensis-III haplo-
type group and C. nipponensis-IV haplotype group, and
cluster IV of C. carnea-X. Cluster I and II were the most
closely related (similarity coefficient = 0.68). Cluster III
was sister to cluster I + II by 0.6 similarity coefficient,
and cluster IV, constituting C. carnea-X, was recovered as
sister to cluster I + II + III by 0.48 similarity coefficient.
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RE13 (Japan)-typeB

RE12 (Japan)-typeA1

RE18 (Japan)-typeA1

RE19 (Japan)-typeB

RE15 (Japan)-typeB

RE17 (Jiangsu)

RE23 (Jiangsu)

RE25 (Jiangsu)

RE3 (Xinjiang)

RE30 (Xinjiang)

RE29 (Xinjiang)

RE26 (Xinjiang)

RE27 (Xinjiang)

Outgroups

C. carnea-X

C. nipponensis-IV

C. nipponensis-III

C. nipponensis-II

C. nipponensis-I

RE31-C. savioi (Guizhou)

RE32-Chrysopa pallens (Beijing)

RE33-Chrysopa pallens (Henan)

RE35-Mallada clavatus (Guizhou)

RE34-Mallada clavatus (Hubei)

RE16 (Gansu)

RE22 (Gansu)

RE21 (Gansu)

RE20 (Gansu)

RE4 (Gansu)

RE5 (Liaoning)

RE6 (Hubei)

RE1 (Shandong)

RE10 (Shandong)

RE9 (Yunnan)
RE11 (Henan)90/90/80

90/90/80

∗/72/∗

∗/95/∗

84/∗/66

87/88/98

100/100/100

100/100/100

98/98/100

∗/67/∗

100/100/100

57/64/86

61/62/95

72/95/98

99/100/100

100/100/100

100/100/100

RE8 (Sichuan)

RE24 (Beijing)

RE14 (Gansu)

Fig. 1 Bootstrap 50% strict consensus tree (tree length = 345; CI = 0.873; RI = 0.886; RC = 0.693) obtained from combined data of
COI and COII mitochondrial genes (1 324 bp). Numbers above each node are bootstrap values (MP/NJ)/posterior probabilities (Bayesian
analysis), from left to right. An asterisk shows less than 50% posterior probability and 50% bootstrap value.

Discussion

Based on COI, COII and AFLP molecular mark-
ers, the phylogenetic trees of cryptic species of the
C. carnea-group, including C. nipponensis s.l. from China
and Japan, were reconstructed using various statistical
methods.

Mitochondrial COI and COII gene analyses show that
C. nipponensis s.l. in China and Japan is separated into

four well-supported haplotype groups. Haplotype group
C. nipponensis-I seems to be closely related to the COI
haplotype group, C. nipponensis type B of Japan. C. nip-
ponensis-II consists only of Chinese samples and has not
been found in Japan, while haplotype group C. nipponen-
sis-III consists only of samples within the COI haplotype
group C. nipponensis type A1 of Japan. Since C. nippo-
nensis-IV contains Japanese C. nipponensis type A2 in
a 700 bp COI sequence analysis, this may be a closely
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B-ina (Japan)-typeB
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RE5 (Liaoning)

RE6 (Hubei)

RE1 (Shandong)

RE10 (Shandong)

RE9 (Yunnan)

RE11 (Henan)

66/58/∗

∗55/53/∗

55/53/∗

72/56/∗

89/90/98

72/74/98

84/81/98

93/97/98

58/59/100

89/93/100

100/100/100

100/100/100

100/100/100

RE8 (Sichuan)

RE24 (Beijing)

A-myoko (Japan)-typeA1

A-morioka1 (Japan)-typeA1

A-tsukuba1 (Japan)-typeA1

A-ina (Japan)-typeA2

A-joetsu (Japan)-typeA2

Fig. 2 Bootstrap 50% strict consensus tree (tree length = 227; CI = 0.705; RI = 0.848; RC = 0.598) obtained from COI mitochondrial
gene (700 bp). Numbers above each node are bootstrap values (MP/NJ)/posterior probabilities (Bayesian analysis), from left to right.
An asterisk shows less than 50% posterior probability and 50% bootstrap value.
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RE13 (Japan)-typeB
Cluster Mitochondrial haplotype

RE12 (Japan)-typeA1

RE18 (Japan)-typeA1

RE15 (Japan)-typeB

RE17 (Jiangsu)

RE30 (Xinjiang)

RE29 (Xinjiang)

RE26 (Xinjiang)

RE27 (Xinjiang)

Outgroups

C. carnea-X

C. nipponensis-IV

C. nipponensis-III

C. nipponensis-I

C. nipponensis-II

RE35-Mallada clavatus (Guizhou)

RE34-Mallada clavatus (Hubei)

RE16 (Gansu)

RE5 (Liaoning)

RE6 (Hubei)

RE10 (Shandong)
RE1 (Shandong)

RE11 (Henan)

RE8 (Sichuan)

RE24 (Beijing)

RE14 (Gansu)

RE4 (Gansu)

RE3 (Xinjiang)

I

II

III

IV

0.930.78
Coefficient

0.630.480.33

Fig. 3 UPGMA tree based on AFLP.

related haplotype to COI haplotype group C. nipponensis
type A2 of Japan.

While C. nipponensis-III and C. nipponensis-IV are
distinct haplotype groups in the COI+COII tree, sam-
ples within C. nipponensis-III and those within C. nip-
ponensis-IV are part of a single cluster in the AFLP
analysis. Since AFLP markers are distributed across a
whole genome, and it is considered they reflect nuclear
genetic features, two mitochondrial haplotypes, C. nip-
ponensis-III and -IV within an AFLP cluster, may reflect
the effects of maternal inheritance of mitochondria. Sim-
ilarly, Haruyama et al. (2008) and Henry et al. (2009)
found that there are two distinct mitochondrial haplotype
groups, A1 and A2, within the Japanese song species,
C. nipponensis type A, and that the adults of the hap-
lotypes freely hybridize and their courtship songs are
indistinguishable.

Clusters based on molecular data do not always corre-
spond to biological species. However, we have established
that C. nipponensis s.l. in China is genetically diverse, and

that within this taxon there are populations that are genet-
ically related to the two song types of Japanese C. nip-
ponensis. Further progress on evolutionary studies of the
Chinese C. nipponensis species-complex will be made by
studying the morphological and courtship song pheno-
types of these populations.
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