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1. Introduction

The term “biological invasion” comes with two aspects, on one hand it refers to the
introduction of an exotic species, and/or non-local populations of any species to a given
geographical area, while on the other hand it refers to the ecological and/or the economical
consequences of such activity (Perrings et al.,, 2002). With accelerating socioeconomic
development and globalization, issues of biological invasion are of increasing concern, as
some invasive alien species are capable of causing catastrophe to local environments and the
economies (Xu et al., 2006; Meyerson & Mooney, 2007).

Intentionally or accidentally, human beings constantly introduce organisms to new habitats.
For those cases of intentional introduction, some were for agronomic purposes and have
been proved to be beneficiary, such as potatoes, maize, peanuts, and sunflowers (Pope et al.,
2001; S.M. Wang, 2004). However, others like Eichharnia crassipes (Martius) had caused a
diversity of problems (Harley et al., 1996; Julien, 2001; T.J. Hu et al., 2009). For accidental
introduction, the consequences are often more negative, as these organisms often go
undetected until they have expanded their population considerably. The invasion and
expansion of Eupatorium adenophorum Sprengel in western China is a typical example (R.
Wang & Y.Z. Wang, 2006; R. Wang et al., 2011).

Yunnan Province in southwestern China is situated in the low-latitudinal plateau region
(LLPR) connecting the Indochinese peninsula and the western portion of mainland China,
where the terrain and climate are complex (Z.Y. Chen, 2001; S.Y. Wang & W. Zhang, 2005).
Such distinct geographical position and natural environment entitle Yunnan a wide scope of
ecosystems except desert and ocean in the northern hemisphere (Guo & Long, 1998). Apart
from being the representative of terrestrial biodiversity, such complexity also makes Yunnan
very vulnerable to invasive alien species.

The western portion of Yunnan is generally known as the longitudinal range-gorge region
(LRGR) where great mountains and deep valleys run parallel through Yunnan and connect
the Indochinese peninsula and the inner area of western China, which has been considered
as the terrestrial pathway of biological invasion in Yunnan (He et al., 2005). The eastern
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portion of Yunnan is the western margin of the Yunnan-Guizhou altiplano, where most of
the terrain are plains with low hills with an altitude lower than the central portion of
Yunnan as well as most of the LRGR (S.Y. Wang & W. Zhang, 2005). The subdued slope of
this area also allows non-local organisms to enter Yunnan from the adjacent areas of China.
Meanwhile, Yunnan also plays an important role in preventing invasive alien species from
entering China, as the mountains lie in northern portion are natural barriers to obstruct the
populations of non-local organisms from expanding. Therefore, Yunnan bears a vital
strategic function of regional ecosecurity defined by the combination of terrestrial pathway
and frontier prevention of biological invasion.

To enhance relevant research in detecting exotic species and/or non-local populations in
Yunnan, research on invasive alien species has been conducted to reveal origin, expansion,
and the mechanisms of invasion. For cases of invasive insects, researches on two exotic
tephritid pests, Bactrocera dorsalis (Hendel) and B. correcta (Bezzi) have achieved the goals of
population recognition and route reestablishment via modern molecular techniques (Shi et
al., 2010; Liu, unpublished data). These studies demonstrated that the invasion of the two
fruit flies represented the mode of natural and long-term invasion, inhabitation, and
expansion. Moreover, the merits of these important research also provided ideas for the
research on biological invasion in the new era. We used molecular techniques to detect non-
local populations of a forest pest in southwestern Yunnan which strongly suggested another
possible mode of biological invasion.

2. Background information
2.1 The Japanese pine sawyer

The Japanese pine sawyer, Monochamus alternatus Hope (Coleoptera: Cerambycidae), is a
stem-boring beetle widely distributed in eastern Asia and the northern portion of the
Indochinese peninsula (Davis et al., 2008). This polyphagous beetle feeds on conifers
throughout the life history, including many unrelated species of Pinus, Picea, Abies,
Cedrus, Larix, and Cupressus (Ning et al.,, 2004; Davis et al., 2008). M. alternatus is a
univoltine species, which produces only one generation per year (Togashi, 1989; L.P.
Wang, 2004; Zhao et al.,, 2004). After copulation, the female adults gnaw ovipositing
wounds in the bark of host trees, and lay eggs in the space between the phloem and the
xylem (Anbutsu & Togashi, 2000). The newly hatched larvae ingest wood tissue from both
the phloem and the xylem, and start to excavate “U” shaped tunnels from the third instar.
The final instar larvae build oval pupal chambers at the end of the tunnels to pupate. The
newly eclosed adults feed on shoots, needles, and bark to obtain nutrients for maturation
(Shibata, 1987). Copulation usually takes place five to ten days after emergence, each
adult is able to mate more than once (L.P. Wang, 2004; H. Yang et al., 2006). As a typical
secondary stem-boring species, the female adults tend to select stressed hosts for
oviposition (S.J. Hu et al., 2009), which is induced by the volatile chemicals (i.e., a-pinene,
p-pinene, 3-carnine, and ethanol) emitted from the hosts (Ikeda et al., 1986; Yamasaki et
al., 1989), but often influenced and deterred by bark thickness, branch diameter,
ovipositing scars from other female adults, and larval frass (Nakamura et al., 1995a,
1995b; Anbutsu & Togashi, 2000; Li & Z.N. Zhang, 2006; S.J. Hu et al., 2009; Z.X. Yang et
al., 2010).
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2.2 Association with the pine wood nematodes

The pine wood nematode, Bursaphelenchus xylophilus (Steiner et Buhrer) (Nematoda:
Aphelenchoididae), is a quarantine phytopathogenic organism of conifers indigenous to
northern America but casually spread to Eurasia and southern Japan in last century (CABI &
EPPO, 1997). The nematode, like other species of genus Bursaphelenchus, lives in the vascular
tissue of their coniferous hosts, which decreases the transportation of water and resin, and
subsequently weakens the hosts and causes a syndrome named the pine wilt disease (Mamiya,
1983). The pathogenicity of B. xylophilus varies significantly. In North America, reports on its
damages are rarely seen (Wingfield et al., 1986). However, in the vast majority of Japan and
China, where B. xylophilus is considered as an invasive species, the infestation is often fatal,
and has caused catastrophic timber loss (Mamiya, 1988; X.B. Hu et al., 1997). In nature, the
relocation of Bursaphelenchus nematodes depends on coleopterous vectors, but the association
between nematodes and vectors differs with taxa (Linit, 1988). For B. xylophilus, the long-
horned beetles of genus Monochamus are the major vector (Linit et al., 1983; Evans et al., 1996;
Kulinich & Orlinskii, 1998), and research has confirmed that M. alternatus is the key vector of
B. xylophilus in eastern Asia (Mamiya & Enda, 1972; Kobayashi et al., 1984). In infested hosts,
the immature pine wood nematodes are able to locate the pupae of M. alternatus and board
into the tracheae, and the newly eclosed adults carry the nematodes when seeking food and
new hosts. During the course of feeding and ovipositing, the nematodes detach from the
beetles and enter the new hosts through the feeding and ovipositing wounds to initiate a new
round of infestation (Edwards & Linit, 1992; Naves et al., 2007).

2.3 Economic importance of M. alternatus

There are basically four aspects of economic importance of M. alternatus. As a stem-boring
coleopteran of the conifers, the direct feeding and ovipositing of the adults damages the
tender shoots, needles, and bark of the host, which may weaken the host when a sizable
population occurs in a stand. The tunnels inside the host built by the larvae often cause
more damage which eventually kills the host and substantially reduces the economic value
of the timber (L.P. Wang, 2004). M. alternatus spends the entire immature stage in the host,
which makes it very difficult to be detected from timber and/or wood packaging materials
and can be easily relocated to new habitats via transportation in trading (Haack, 2006). As
timber and/or wood packaging materials with B. xylophilus can also be relocated (Braasch et
al., 2001; Gu et al., 2006), the concealed M. alternatus would subsequently introduce the
nematodes into new habitats via its dispersal. Hence, M. alternatus has been recognized as a
dangerous forest pest by forestry authorities worldwide.

2.4 The pine wilt disease in China

In mainland China, the pine wilt disease was reported for the first time in a small patch of
Pinus thunbergii near the Sun Yat-sen Mausoleum in Nanjing, Jiangsu Province in 1982 (Y.Y.
Wang et al.,, 1991). Afterwards, the infested area expanded quickly throughout eastern
China. From the bulletins released by the SFA (State Forestry Administration) of China, a
clear tendency of westward expansion can be observed (SFA, 2004 ~ 2007). During the past
two years, some counties in Henan, Shaanxi, and Sichuan provinces in northern,
northwestern, and southwestern China also reported infested areas of the pine wilt disease
(SFA, 2011) (Fig. 1).
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Fig. 1. The distribution pattern of the pine wilt disease (red dots) in mainland China based
on the historical data from 2004 ~ 2011, data source: SFA (2004 ~ 2011).

With the expansion of pine wilt disease, an interesting distribution pattern was revealed. In
eastern and southern China, the distribution concentrated near harbors, like the deltas of the
Yangtze River and the Pearl River, while in the central portion of China, the infested areas
are mostly along the Yangtze River. Such a distribution pattern suggested that the dispersal
of B. xylophilus was closely related to transportation.

The occurrence of the pine wilt disease in Yunnan Province, southwestern China was
distinct. Not only because it was one of the latest infested areas after the massive expansion,
but also due to its unique geographical position. Unlike eastern China where many harbors
are distributed, the first, single, and isolated pine stand (Pinus kesiya var. langbianensis) in
Yunnan infested by B. xylophilus was located in the westernmost corner, a remote township
named Wanding near the Sino-Burmese border (SFA, 2007).

3. The hypothesis

Given that there had been no report on the occurrence of B. xylophilus in Burma (CABI &
EPPO, 1997), it was not logical to speculate the pine wood nematode in Wanding came from
any Burmese source. Moreover, Wanding, the only site of infestation, lies in the west portion
of the LRGR, which is regarded as natural barriers obstructing organisms from expanding
by natural means (He et al., 2005). Therefore, it was also not logical to speculate that the
nematodes came from adjacent areas in Yunnan. However, after a careful patrol of the initial
infested pine stand, investigators discovered that the infested trees was centered an under-
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constructing telecommunication facility, which consumed a considerable amount of
electronics manufactured in eastern China (Z.Q. Li, pers. comm.). Hence, a reasonable
hypothesis was conceived that the nematodes in Wanding were casually introduced with
non-local M. alternatus populations hidden in the wood-packaging materials. Providing that
M. alternatus from different localities possess different genetic profiles, the non-local
individuals can then be distinguished by analyzing the genetic differences on population
level, and the source can be traced by comparing the genetic profiles with the samples taken
from the suspected region.

4. Validating the hypothesis — Theory and experiment
4.1 Molecular achievements on Monochamus

Although Monochamus species are important forest pests across the Eurasia, research
employing molecular techniques were quite limited compared to other arthropod pests.
Cesari et al. (2005) started the first molecular taxonomy research on seven Monochamus
species by using the combined mtDNA data of cox1 and 12s genes. Afterward, such research
were quickly developed in Japan, where M. alternatus had become a threat to forestry.
Kawai et al. (2006) published a paper on the genetic structure of 27 populations of M.
alternatus from Japan and China (with 25 populations from Japan and two populations from
China). Shoda-Kagaya (2007) published paper on microsatellite markers. Then, Koutroumpa
et al. (2009) conducted a criticizing research which revealed Numts resembling the coxI and
cox2 genes of M. galloprovincialis and M. sutor, alerting scientists that precautions are
necessary when applying the gene markers from the mitogenome. There was no such
research on M. alternatus in China published by the end of 2009.

4.2 Designing the experiment

Appropriate sampling strategy requires samples to be taken from populations scattered in
the entire research range, and for each population, sufficient individuals should be collected
to represent it (S.Y. Chen & Y.P. Zhang, 2006). Based on this, seven populations representing
M. alternatus from central, southern, southwestern, and northern Yunnan were selected, in
which three populations were chosen from the southwestern Yunnan where the pine wood
nematodes were reported. In an attempt to determine the source of the pine wood
nematode, two reference populations from outside Yunnan were set, with one from Hubei
Province representing central China and the other from Zhejiang Province representing
eastern China (Fu et al., 2010; Fig. 2). Adult M. alternatus were collected by flight traps baited
with barkborer lure (Chinese Academy of Forestry, Zhejiang, China).

Choosing the correct genetic marker can minimize problems in data analysis (Simon et al.,
1994) and maximize the future potential of cross references with data published by other
researchers. Population phylogeny requires gene markers with moderate evolutionary rate,
free of recombination, which means that mtDNA, a maternal heritage genome without
recombination, is the ideal choice. Considering that there has been no report on Numts in
M. alternatus, which can also be detected and excluded by strict data examination when
encountered. The prefunding research by Kawai et al. (2006) resolved a clear population
phylogeny using a gene fragment of cox2; the research discussed here chose the same cox2
marker.

www.intechopen.com



74 Zoology

The same PCR primers developed by Roehrdanz (1993) and Kawai et al. (2006) were
applied, and the PCR reaction was performed by the protocols described by Kawai et al.
(2006). Bioinformatic and statistic software like DAMBE 5.0.7 (Xia & Xie, 2001), MEGA 4.0
(Tamura et al., 2007), SAMOVA 1.0 (Dupanloup et al., 2002), AMOVA 3.1 (Excoffier et al.,
2005), and SSPS 13.0 (SPSS Inc., Illinois, US) were applied to analyze haplotype assemblage,
Kimura two-parameter (K2P) distance (Kimura, 1980), NJ phylogenetic reconstruction
(Saitou & Nei, 1987), population grouping, and multidimensional scaling (MDS) (Lessa,
1990). The mapping of haplotype distribution was performed in AcrView 3.3 (ESRI, USA).
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Fig. 2. The sampling sites of M. alternatus in Yunnan, Hubei, and Zhejiang. Dots on the map
of China represent the capital cities of the three provinces. After Fu et al. (2010).

5. Validating the hypothesis — Molecular evidences
5.1 Haplotype assemblage

Eighteen haplotypes were defined by 22 polymorphic sites in the 565 bp cox2 sequence, with
haplotypes 1, 2, and 5 showing much higher frequencies. The distribution pattern of these 18
haplotypes was locality related: haplotypes 1 to 4 were widely distributed, dominating most
of the central, northern, and southern Yunnan; haplotypes 6 to 18 were found within single
localities. Haplotype 5 was shared by populations from southwestern Yunnan and Zhejiang;
however, haplotypes 1 to 4 were neither shared by population from Hubei nor population
from Zhejiang; and haplotypes 12 to 15 were only found in Hubei population. Further
analysis of the haplotypes derived from the three populations in southwestern Yunnan
discovered a high ratio of haplotype 5: with 69.2%, 70.0%, and 71.4% in Ruili, Wanding, and
Lianghe populations, respectively. The matrix of shared haplotypes showed a boundary
between the three populations from southwestern Yunnan and the remaining populations,
with the shared haplotypes being confined within each population group and the unique
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haplotypes being presented only in two of the populations from southwestern Yunnan
(Table 1). When mapping haplotype frequencies into pie charts, a more obvious population
boundary as well as the existence of non-local individuals in three populations from
southwestern Yunnan can be observed (Fig. 3).

Population PE RL WD HN SF LH YS Z] HB
Pu’er

Ruili 0

Wanding 0 1

Huaning 1 0 0

Stone Forest 2 0 0 2

Lianghe 2 1 1 1 2

Yongsheng 1 0 0 1 1 1

Zhejiang 0 1 1 0 0 1 0

Hubei 0 0 0 0 0 0 0 0
Unique haplotypes 0 3 3 0 0 0 0 3 4

Table 1. Matrix of shared haplotypes of the nine M. alternatus populations (below diagonal) and
the numbers of unique haplotypes (last row). Population codes correspond to those in Fig. 2.
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Fig. 3. Mapping of haplotype frequencies of all nine populations of M. alternatus.

5.2 Genetic distance

The Kimura two-parameter (K2P) distance varied from 0.0014 to 0.0132, with the distance
between Pu’er (southern Yunnan) and Yongsheng (northern Yunnan) being the minimum
and that between Stone Forest (central Yunnan) and Hubei being the maximum (Table 2).
The K2P distances among populations from Pu’er, Huaning, Stone Forest, and Yongsheng
and among populations from Ruili, Wanding, and Lianghe showed close genetic connection;
but the K2P distances between any given population from Pu’er, Huanian, Stone Forest, or
Yongsheng and that from Ruili, Wanding, or Lianghe suggested otherwise (Table 2). Hence,
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the seven populations sampled from Yunnan could be divided into two groups, hereafter
designated as the SPG, the southwestern population group containing populations from
Ruili, Wanding, and Lianghe, and the RPG, the remaining population group containing
populations from Pu’er, Huaning, Stone Forest, and Yongsheng. The grouping result was
then supported by the multidimensional scaling (MDS) analysis (Fig. 4). Notably, both the
K2P distances and the MDS analysis showed a close relationship between the population
from Zhejiang and all populations from the SPG, however, the relationship between the
population from Hubei and any population from both the SPG and the RPG was much
greater (Table 2; Fig. 4).

Site PE RL WD HN SF LH YS Z] HB
PE 0.0037 0.0035 0.0012 0.0015 0.0028 0.0013 0.0037 0.0040
RL 0.0084 0.0007 0.0036 0.0040 0.0012 0.0034 0.0008 0.0024
WD 0.0084 0.0018 0.0035 0.0038 0.0012 0.0032 0.0009 0.0024
HN 0.0020  0.0090 0.0090 0.0013  0.0029 0.0012 0.0037  0.0040
SF 0.0022 0.0101 0.0101 0.0022 0.0032 0.0020 0.0040 0.0042
LH 0.0064 0.0027 0.0031 0.0071 0.0081 0.0026 0.0013 0.0025
YS 0.0014 0.0070 0.0070  0.0020 0.0031  0.0053 0.0034 0.0038
7] 0.0093 0.0021 0.0026 0.0098 0.0109 0.0035 0.0079 0.0027
HB 0.0122 0.0070 0.0077 0.0123 0.0132 0.0084 0.0107 0.0086

Table 2. Matrix of the Kimura two-parameter (K2P) distance (below diagonal) and standard
errors (above diagonal) of between populations of M. alternatus. Population codes
correspond to those in Fig. 2. Data source: Fu et al. (2010).
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Fig. 4. The multidimensional scaling (MDS) plots of M. alternatus populations at different
locations based on Kimura two-parameter (K2P) distances. SPG, the southwestern

population group; RPG, the remaining population group. Population codes correspond to
those in Fig. 2. After Fu et al. (2010).
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5.3 Phylogenetic cladistics

The neighbor-joining (NJ) phylogenetic tree based on the K2P distance of the 18 haplotypes
resolved three major clades designated from A to C (Fig. 5). Clade A contained six
populations from Yunnan, with four from northern, central, and southern portion, and only
one sample from Wanding, southwestern portion was included. Clade B contained the three
populations from southwestern Yunnan and the population from Zhejiang, eastern China.
However, no sample from other portions of Yunnan grouped in clade B. Clade C only
contained the population from Hubei, central China. The topological structure of the NJ
phylogenetic tree suggests that the seven populations consisted of two groups, the RPG and
the SPG, regardless of the connection between them by a few samples from Wanding and
Lianghe. It also suggested that the genetic profile of the population from Hubei is different
from the remaining ones involved in the research.

4: StoneForest Huaning

3: StoneForest Huaning A

2: StoneForest Huaning Puer Lianghe RPG

1: StoneForest Huaning Puer Lianghe Y ongsheng Yunnan
8: Wanding

16: Zhejiang

18: Zhejiang

5: Wanding Ruili Lianghe Zhejiang
6: Wanding B

7: Ruili SPG

17: Zhejiang Yunnan

|| 10 Ruil Zhejiang
~|: 9: Wanding
10: Ruili

15: Hubei
7[%1 2: Hubei C
14: Hubei Hubei

L— 13: Hubei

Monochamus galloprovincialis

——
0.005

Fig. 5. The neighbor-joining (NJ]) phylogenetic tree of the 18 haplotypes of M. alternatus,
numbers above the branches represent the bootstrap values (> 50). After Fu et al. (2010).

5.4 Population genetic structure

SAMOVA and AMOVA analyses were applied to verify the genetic structure of the seven
populations from Yunnan. When the number of groups (K) grows and the Fcr value reaches
the plateau, the SAMOVA analysis yields the optimal result. In this research, the Fcr value
reached the maximum (Fcr = 0.73) when K = 2, with populations from Pu’er, Huaning, Stone
Forest, and Yongsheng being one group and populations from Ruili, Wanding, and Lianghe
being the other (Fig. 6), supporting the grouping result mentioned previously. The grouping
was then tested by the AMOVA analysis, which indicated that 72.54% of the variation
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occurred between the two groups, 21.86% occurred within populations, and only 5.60%
occurred among populations within groups (Table 3). The relatively high variation within
populations was also mirrored by the haplotype assemblage that most of the populations

possessed multiple haplotypes, especially the three populations from southwestern Yunnan
rich in unique haplotypes (Table 1; Fig. 3).

f Variance Percentage

Source of variation . F P
components of variation

Between groups 1 1.725 72.54 Fcr=0.73 0.025

Among populations within groups 5 0.133 5.60 Fsc=0.21 0.001

Within populations 54 0.520 21.86 Fsr=0.78 0.000

Total 60 2.378 100 -- --
Table 3. AMOVA analysis results. Data source: Fu et al. (2010).

N
Yunnan A

Fig. 6. The terrain of Yunnan and the grouping result of seven populations of M. alternatus
determined by SAMOVA and AMOVA analyses with major geographical barriers marked
(Ailao Mountains, Wuliang Mountains, and Nushan Mountains). SPG, the southwestern

population group; RPG, the remaining population group. Population codes correspond to
those in Fig. 2.
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6. Determination of non-local M. alternatus

The experiment provided molecular evidence strongly supporting the following two
hypotheses: 1) the genetic structure divides the seven M. alternatus populations from
Yunnan into two groups, the southwestern population group (SPG) and the remaining
population group (RPG), and 2) it is most likely that there were non-local individuals of M.
alternatus in the three populations sampled from southwestern Yunnan, as these populations
shared one of the dominant haplotypes of the reference population from Zhejiang.
However, in an attempt to finally determine the identity of non-local M. alternatus, the
relationship between such genetic divergence and the natural geographical characteristics of
Yunnan should be considered thoroughly.

Genetic divergence has been frequently discussed in terms of natural geographical barriers
(Yagi et al., 2001; Shoda-Kagaya, 2007; Shi et al., 2010). Yunnan is a typical LLPR with
complex terrain, where numerous population phylogenetic studies on different insects have
revealed the role that geographical barriers play in obstructing the gene flow among
populations from various localities (Shi & Ye, 2004; Liu et al., 2007; P. Chen & Ye, 2008; Shi
et al., 2010). Basically, the mountain ranges in the LRGR portion of Yunnan are considered
effective geographical barriers, which restrict gene flow in the latitudinal direction.

Since the natural environment of Yunnan is able to cause genetic divergence, the separation
of two population groups could be either the result of natural geographical barriers or the
consequence of introduced non-local sources. The seven sampling sites in Yunnan were
separated by great mountain ranges. Ruili, Wanding, and Lianghe were separated from
other populations by Nushan Mountains, Pu’er was separated from Stone Forest, Huaning,
and Yongsheng by Wuliang and Ailao Mountains (Fig. 6). But it is interesting to note that
the genetic distances among populations from the RPG were limited to 0.0014 to 0.0031
(Table 2), the while genetic variation among them comprised only 5.6% of the total
divergence (Table 3), and they shared all of the haplotypes defined by the samples taken
from them (Table 1; Fig. 3). Hence, the geographical barriers such as Wuliang and Ailao
Mountains had not caused sufficient genetic divergence among these populations. Judging
from the phylogenetic tree (Fig. 5), these four populations were latest diverged, which may
represent a short inhabitation history of M. alternatus in Yunnan under natural condition. To
the contrast, the genetic distances between populations from the SPG and the RPG were
much higher than that within each group, varied from 0.0064 to 0.0101 (Table 2), the genetic
variation reached 72.54% (Table 3), and most of the unique haplotypes were defined (Table
1). Given the discussion above, the geographical barriers can not explain such divergence.

Assuming that the SPG and the RPG were two genetically independent sources, there must
be gene flows among these populations in the course of evolution, which will be detected by
shared haplotypes. It is noticeable that population from Lianghe shared two haplotypes
with populations from the RPG; however, no haplotype from the SPG was shared by any
other populations. Given that the individuals from the RPG were able to “migrate” into the
SPG, the same phenomenon should have happened the other way around. Another
assumption was that the genetic divergence between the SGP and the RPG was caused by
introduction of non-local M. alternatus. The haplotype distribution demonstrated that about
90% individuals of the southwestern populations shared haplotype 5 with population from
Zhejiang (Table 1; Fig. 3), and the phylogenetic tree indicated a close genetic connection
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between haplotype 5 and those unique haplotypes (Fig. 5), which had been regarded as a
symbol of establishment of non-local populations (Slatkin & Hudson, 1991; J. Hu et al., 2008).

As mentioned previously, the pine wilt disease in Wanding was reported four years after
the arrival of electronics with wood packaging materials from eastern China where the pine
wood disease was most severe. Considering the characteristics of the immature stages of M.
alternatus and its association with B. xylophilus, it was possible that the un-treated, infested
wood packaging materials disposed casually near the construction site became the source of
infestation. This is not only would help to explain the significant genetic divergence
between the SPG and the RPG in Yunnan, but also can explain the genetic connection
between the SPG and the population from Zhejiang instead of Hubei.

7. Conclusion

The research proved the existence of non-local M. alternatus in southwestern Yunnan by
utilizing the modern molecular techniques. It is the first, yet not only an isolated study on
the population phylogeny of the Monochamus longhorn beetles in China, but also another
exemplar of applying the molecular techniques to the research of biological invasion. Apart
from demonstrating the feasibility of detecting non-local populations, it also provided an
insight that, unlike the dispersal of other invasive alien species, such as fruit flies, the spread
of pine wood nematodes in mainland China was mostly due to human-aided relocation of
infested, un-treated wood packaging materials. Therefore, preventing the infested wood
materials from circulating or being transported may become the most important checkpoint
of preventing the pine wilt disease from expanding.

8. Future research and objectives

In the research discussed here, the modern molecular techniques provided strong evidence
which proved the dispersal of the pine wood nematodes in southwestern Yunnan was
caused by the casual introduction of non-local Japanese pine sawyer, Monochamus alternatus,
and even helped to identify the possible origin of those non-local M. alternatus by combining
both of the molecular data and the historical facts of telecommunication construction in the
infested area. The most advanced technology nowadays allows the scientists to identify the
pine wood nematodes directly from either the wood sample or the beetles (X.R. Wang et al.,
2010; X.R. Wang et al., 2010; Y.Q. Hu et al., 2011). By utilizing such innovative methods, the
foresters and plant quarantine staff are able to turn the identification of invasive organisms
from sheer speculation to solid evidence. By promoting such concept along with the modern
molecular techniques, not only will future law enforcement benefit, but also the regional
and international trading embargos surrounding quarantine and/or invasive organisms
shall be solved in a proper manner.

Apart from identifying non-local populations, population phylogeny can also be used to
study the historical dispersal (including both natural dispersal and human-aided relocation)
of insects, as suggested by research mentioned earlier (Kawai et al., 2006; Shoda-Kagaya,
2007; Shi et al., 2010). Since China has a 28-year dispersal history of the pine wilt disease, the
dispersal pattern of the pine wood nematode as well as its key vector, M. alternatus, should
be an interesting field to research. However, to date, there is only one paper on the dispersal
pattern of the nematodes in China (Sun et al., 2008). Currently, the senior author and his
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colleagues are conducting a panoramic research on the population phylogeny of M.
alternatus sampled from multiple localities in mainland China. The result of this research is
to partially answer the long-asked question regarding the dispersal pattern of M. alternatus
during the spread of the pine wilt disease in China. And as it is now possible to test the
genetic profiles of B. xylophilus and M. alternatus together, future studies on the dispersal
pattern and original sources of the pine wood nematodes in China can be revealed more
thoroughly.

9. Acknowledgements

The related researches were conducted under a joint cooperation of the following persons
and faculties: Z. Zhang (Chinese Academy of Forestry), Y.Z. Pan (Southwest Forestry
University), H.P. Liu (Forest Disease and Pest Control and Quarantine Bureau of Yunnan
Province), P.Y. Zhou (FDPCQB of Dehong Prefecture), R.J. Rui and W.C. Cai (Forest Disease
and Pest Control and Quarantine Station of Yongsheng), Z.Q. Li and B.C. Liu (FDPCQS of
Wanding), Z. Nong (FDPCQS of Ruili), H. Zhou (Forestry Bureau of Pu’er), D.D. Chen, X.Y.
Ma, S.N. Ge, and C. Wu (Yunnan University), and X. Zhang (Kunming Institute of Zoology).
The related research programs were conducted with the financial supports of the Key
Program of State Forestry Administration (2006BAD08A19105), the International S&T
Cooperation Program of China (2006DFA31790), the Key Scientific Project Fund of the
Science and Technology Bureau of Yunnan Province (2006NG03), and the “211” Key Project
of Yunnan University (21134025).

10. References

Anbutsu, H. & Togashi, K. (2000). Deterred ovipostion response of Monochamus alternatus
(Coleoptera: Cerambycidae) to oviposition scars occupied by eggs. Agricultural and
Forest Entomology, 2 (3): 217-223.

Braasch, H., Tomiczek, C., Metge, K., Hoyer, U., Burgermeister, W., Wulfert, 1., & Schonfeld,
U. (2001). Records of Bursaphelenchus spp. (Nematoda, Parasitaphelenchidae) in
coniferous timber imported from the Asian part of Russia. Forest Pathology, 31 (3):

129-140.
CABI & EPPO. (1997). Quarantine Pests for Europe (2n edition). Wallingford: CAB
International.

Cesari, M., Marescalchi, O., Francardi, V., & Mantovani, B. (2005). Taxonomy and phylogeny
of European Monochamus species: first molecular and karyological data. Journal of
Zoological Systematics and Evolutionary Research, 43 (1): 1-7.

Chen, P. & Ye, H. (2008). Relationship among five populations of Bactrocera dorsalis based on
mitochondrial DNA sequences in western Yunnan, China. Journal of Applied
Entomology, 132 (7): 530-537.

Chen, S.Y. & Zhang, Y.P. (2006). The genetic approaches and applications in the research of
the origin of domesticated animals. Chinese Science Bulletin, 51 (21): 2469-2475. [in
Chinese]

Chen, Z.Y. (2001). The Pandect of Yunnan Climate. Beijing: China Meteorological Press. [in
Chinese]

Davis, E.E., Albercht, EM., & Venette, R.C. (2008). Monochamus alternatus. In: Venette, R.C.
Exotic Pine Pests: Survey Reference, USDA Forest Service.

www.intechopen.com



82 Zoology

Dupanloup, I., Schneider, S., & Excoffier, L. (2002). A simulated annealing approach to
define the genetic structure of populations. Molecular Ecology, 11 (12): 2571-2581.

Edwards, O.R. & Linit, M.J. (1992). Transmission of Bursaphelenchus xylophilus through
oviposition wounds of Monochamus carolinensis (Coleoptera: Cerambycidae). Journal
of Nematology, 24 (1): 133-139.

Evans, H.F., McNamara, D.G., Braasch, H., Chadoeuf, ]., & Magnusson, C. (1996). Pest risk
analysis for the territories of the European Union (as the PRA area) on
Bursaphelenchus xylophilus and its vectors in the genus Monochamus. EPPO Bulletin,
26: 199-2409.

Excoffier, L., Lava, G., & Schneider, S. (2005). Arlequin ver. 3.0: an integrated software
package for population genetics data analysis. Evolutionary Bioinformatics Online, 1:
47-50.

Fu, DY, Hu, SJ.,, Ye, H., Haack, R.A., & Zhou, P.Y. (2010). Pine wilt disease in Yunnan,
China: evidence of non-local pine sawyer Monochamus alternatus (Coleoptera:
Cerambycidae) population revealed by mitochondrial DNA. Insect Science, 17 (5):
439-447.

Gu, J., Braasch, H., Burgermeister, W., & Zhang, J. (2006). Records of Bursaphelenchus spp.
intercepted in imported packaging wood at Ningbo, China. Forest Pathology, 36 (5):
323-333.

Guo, HJ. and Long, C.L. (1998). The Biodiversity of Yunnan. Kunming: Yunnan Science &
Technology Press: 1-10. [in Chinese]

Haack, R.A. (2006). Exotic bark- and wood-boring Coleoptera in the United States: recent
establishments and interceptions. Canadian Journal of Forest Research, 36 (2): 269-288.

Harley, K.L.S., Julien, M.H., & Wright, A.D. (1996). Water hyacinth: a tropical worldwide
problem and methods for its control. In: Cussans, B.H., Devine, G.W., Duke, M.D.,
Fernandez-Quintanilla, S.O., Helweg, C., Labrada, A., Landes, R.E., Kudsk, M., &
Streibig, P. (eds.) Proceedings of the 2nd International Weed Control Congress.
Copenhagen: Slagelse: 630-644.

He, D.M., Wu, S.H., Peng, H., Yang, Z.F., Ou, XK, and Cui, B.S. (2005). A study of
ecosystem changes in Longitudinal Range-Gorge Region and transboundary eco-
security in Southwest China. Advances in Earth Science, 20 (3): 932-943. [in Chinese
with English abstract]

Hu, J., Zhang, J.L., Nardi, F., & Zhang, R.J. (2008). Population genetic structure of the melon
fly, Bactrocera cucurbitae (Diptera: Tephritidae), from China and Southeast Asia.
Genetica, 134 (3): 319-324.

Hu, SJ., Fu, D.Y, Li, Z.Q. & Ye, H. (2009). Factors effecting the distribution of the
oviposition scars of Monochamus alternatus in Pinus kesiya var. langbianensis. Forest
Pest and Disease, 6 (4): 1-2, 11. [in Chinese with English abstract]

Hu, T.J., Wang, Y.C,, & Lian, Q.P. (2009). Advances on hazards and controls of common
water hyacinth, Eichhornia crassipes. Fisheries Science and Technology, 25 (6): 27-30. [in
Chinese with English abstract]

Hu, X.B., Qu, T., & Zheng, H. (1997). On the control strategies of pine wilt disease in China.
Forest Pest and Disease, 16 (3): 30-32. [in Chinese]

Hu, Y.Q., Kong, X.C., Wang, X.R., Zhong, T.K., Zhu, X.W., Mota, M.M., Ren, L.L,, Liu, S., &
Cai, M. (2011) Direct PCR-based method for detecting Bursaphelenchus xylophilus,
the pine wood nematode in wood tissue of Pinus massoniana. Forest Pathology, 41 (2):
165-168.

www.intechopen.com



Detecting Non-Local Japanese Pine Sawyers
in Yunnan, Southwestern China via Modern Molecular Techniques 83

Ikeda, T., Yamane, A., Enda, N., Oda, K., Makihara, H., Tto, K., & Okochi, L. (1986).
Attractiveness of volatile components of felled pine trees for Monochamus alternatus
(Coleoptera: Cerambycidae). Journal of the Japanese Forestry Society, 68 (1): 15-19.

Julien, M.H. (2001). Biological control of water hyacinth with arthropods: a review to 2000.
In: Julien, M.H., Hill, M.P., Center, T.D., and Ding, J.P. (eds). ACIAR Proceedings,
102: 8-20.

Kawai, M., Shoda-Kagaya, E., Maehara, T., Zhou, Z.L., Lian, C.L., Iwata, R., Yamane, A., &
Hogetsu, T. (2006). Genetic structure of pine sawyer Monochamus alternatus
(Coleoptera: Cerambycidae) populations in Northeast Asia: consequences of the
spread of pine wilt disease. Environmental Entomology, 35 (2): 569-579.

Kimura, M. (1980). A simple method for estimating evolutionary rates of base substitutions
through comparative studies of nucleotide sequences. Journal of Molecular Evolution,
16 (2): 111-120.

Kobayashi, F., Yamane, A., & Ikeda, T. (1984). The Japanese pine sawyer beetle as the vector
of pine wilt disease. Annual Review of Entomology, 29: 115-135.

Koutroumpa, F.A., Lieutier, F., & Roux-Morabito, G. (2009). Incorporation of mitochondrial
fragments in the nuclear genome (Numts) of the longhorned beetle Monochamus
galloprovincialis (Coleoptera, Cerambycidae). Journal of Zoological Systematics and
Evolution Research, 47 (2): 141-148.

Kulinich, O.A. & Orlinskii, P.D. (1998). Distribution of conifer beetles (Scolytidae,
Curculionidae, Cerambycidae) and wood nematodes (Bursaphelenchus spp.) in
European and Asian Russia. EPPO Bulletin, 28: 39-52.

Lessa, E.P. (1990). Multidimensional analysis of geographical genetic structure. Systematic
Zoology, 39 (3): 242-252.

Li, S.Q. & Zhang, Z.N. (2006). Influence of larval frass extracts on the oviposition behaviour
of Monochamus alternatus (Col., Cerambycidae). Journal of Applied Entomology, 130
(3): 177-182.

Linit, M.J. (1988). Nematode-vector relationships in the pine wilt disease system. Journal of
Nematology, 20 (2): 227-235.

Linit, M.J., Kondo, E., & Smith, M.T. (1983). Insects associated with the pinewood nematode,
Bursaphelenchus — xylophilus ~ (Nematoda: = Aphelenchoididae), in Missouri.
Environmental Entomology, 12 (2): 467-470.

Liu, J.H., Shi, W., and Ye, H. (2007). Population genetics analysis of the origin of the oriental
fruit fly, Bactrocera dorsalis Hendel (Diptera: Tephritidae), in northern Yunnan
Province, China. Entomological Science, 10 (1): 11-19.

Mamiya, Y. (1983). Pathology of pine wilt disease caused by Bursaphelenchus xylophilus.
Annual Review of Phytopathology, 21: 201-220.

Mamiya, Y. (1988). History of pine wilt disease in Japan. Journal of Nematology, 20 (2): 219-
226.

Mamiya, Y. & Enda, N. (1972). Transmission of Bursaphelenchus lignicolus (Nematoda:
Aphelenchoididae) by Monochamus alternatus (Coleoptera: Cerambycidae).
Nematologica, 18 (2): 159-162.

Meyerson, L.A. & Mooney, H.A. (2007). Invasive alien species in an era of globalization.
Frontiers in Ecology and the Environment, 5 (4): 199-208.

www.intechopen.com



84 Zoology

Nakamura, H., Tsutsui, N., & Okamoto, H. (1995a). Oviposition habit of the Japanese pine
sawyer, Monochamus alternatus Hope (Coleoptera, Cerambycidae) I. Factors
affecting the vertical distribution of oviposition scars in a pine tree. Japanese Journal
of Entomology, 63 (3): 633-640.

Nakamura, H., Tsutsui, N., & Okamoto, H. (1995b). Oviposition habit of the Japanese pine
sawyer, Monochamus alternatus Hope (Coleoptera, Cerambycidae) II. Effect of bark
thickness on making oviposition scars. Japanese Journal of Entomology, 63 (4): 739-
745.

Naves, P.M., Camacho, S., de Sousa, E.M., & Quartau, J.A. (2007). Transmission of the pine
wood nematode Bursaphelenchus xylophilus through feeding activity of Monochamus
galloprovincialis (Col., Cerambycidae). Journal of Applied Entomology, 131 (1): 21-25.

Ning, T., Fang, L.Y., Tang, J., & Sun, ]J.H. (2004). Advances in research on Bursaphelenchus
xylophilus and its key vector Monochamus spp. Entomological Knowledge, 41 (2): 97-
104. [in Chinese with English abstract]

Perrings, C., Williamson, M., Barbier, E.B., Delfino, D., Dalmazzone, S., Shogren, ],
Simmons, P., & Watkinson, A. (2002). Biological invasion risks and the public good:
an economic perspective. Conservation Ecology, 6 (1): 1-7.

Pope, K.O., Pohl, M.E.D,, Jones, ].G., Lentz, D.L., von Nagy, C., Vega, F.J., & Quitmyer, L.R.
(2001). Origin and environmental setting of ancient agriculture in the lowlands of
Mesoamerica. Science, 292 (5520): 1370-1373.

Roehrdanz, R.L. (1993). An improved primer for PCR amplification of mitochondrial DNA
in a variety of insect species. Insect Molecular Biology, 2 (2): 89-91.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new method for reconstructing
phylogenetic trees. Molecular Biology and Evolution, 4 (4): 406-425.

SFA (State Forestry Administration). (2004). The Bulletin of State Forestry Administration of P.
R. China, (2004-2). http://www forestry.gov.cn/distribution/2004/04/15/zwgk-
2004-04-15-5965.html. [in Chinese]

SFA (State Forestry Administration). (2005). The Bulletin of State Forestry Administration of P.
R. China, (2005-2). http://www.forestry.gov.cn/distribution/2005/01/31/zwgk-
2005-01-31-5962.html. [in Chinese]

SFA (State Forestry Administration). (2006). The Bulletin of State Forestry Administration of P.
R. China, (2006-1). http://www forestry.gov.cn/distribution/2006/02/22/zwgk-
2006-02-22-5960.html. [in Chinese]

SFA (State Forestry Administration). (2007). The Bulletin of State Forestry Administration of P.
R. China, (2007-4). http://www forestry.gov.cn/distribution/2007/07/11/zwgk-
2007-07-11-5949.html. [in Chinese]

SFA (State Forestry Administration). (2009). The Bulletin of State Forestry Administration of P.
R. China, (2009-3). http:/ /www forestry.gov.cn/portal/main/govfile/13/govfile_
1635.html [in Chinese]

SFA (State Forestry Administration). (2011). The Bulletin of State Forestry Administration of P.
R. China. (2011-2). http:/ /www .forestry.gov.cn/portal/ main/ govfile/13/ govfile_
1792.htm. [in Chinese]

Shi, W., Kerdelhué, C., & Ye, H. (2010). Population genetic structure of the oriental fruit fly,
Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) from Yunnan province (China)
and nearby sites across the border. Genetica, 138: 377-385.

www.intechopen.com



Detecting Non-Local Japanese Pine Sawyers
in Yunnan, Southwestern China via Modern Molecular Techniques 85

Shi, W. & Ye, H. (2004). Genetic differentiation in five geographic populations of oriental
fruit fly, Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) in Yunnan province.
Acta Entomologica Sinica, 47 (3): 384-388. [in Chinese with English abstract]

Shibata, E. (1987). Oviposition schedules, survivorship curves, and mortality factors within
trees of two cerambycid beetles (Coleoptera: Cerambycidae), the Japanese pine
sawyer, Monochamus alternatus Hope, and sugi bark borer, Semanotus japonicus
Lacordaire. Researches on Population Ecology, 29 (2): 347-367.

Shoda-Kagaya, E. (2007). Genetic differentiation of the pine wilt disease vector Monochamus
alternatus (Coloeptera: Cerambycidae) over a mountain range --- revealed from
microsatellite DNA markers. Bulletin of Entomological Research, 97 (2): 167-174.

Simon, C., Francesco, F., Beckenbach, A., Crespi, B., Liu, H., & Flook, P. (1994). Evolution,
weighting, and phylogenetic utility of mitochondrial gene sequences and a
compilation of conserved polymerase chain reaction primers. Annals of the
Entomological Society of America, 87 (6): 651-701.

Slatkin, M. & Hudson, R.R. (1991). Pairwise comparisons of mitochondrial DNA sequences
in stable and exponentially growing populations. Genetics, 129 (2): 555-562.

Sun, J., Yang, S.Y., Cui, C.L., Zhang, CX. Lin, M.S,, & Zhang, K.Y. (2008). Possible
transmission routes of Bursaphelenchus xylophilus in China based on molecular data.
Journal of Nanjing Agricultural University, 31 (2): 55-60. [in Chinese with English
abstract]

Tamura, K., Dudley, J., Nei, M., & Kumar, S. (2007). MEGA 4: Molecular Evolutionary
Genetics Analysis (MEGA) Software Version 4.0. Molecular Biology and Evolution, 24
(8): 1596-1599.

Togashi, K. (1989). Development of Monochamus alternatus Hope (Coleoptera:
Cerambycidae) in relation to oviposition time. Japanese Journal of Applied Entomology
and Zoology, 33 (1): 1-8.

Wang, L.P. (2004). Study on the biological characteristic of Monochamus alternatus Hope.
Journal of Fujian Forestry Science and Technology, 31 (3): 23-26. [in Chinese with
English abstract]

Wang, R, Wang, J.F.,, Qiu, Z]., Meng, B, Wan, F.H.,, & Wang, Y.Z. (2011). Multiple
mechanisms underlie rapid expansion of an invasive alien plant. New Phytologist,
191 (3): 828-839.

Wang, R. & Wang, Y.Z. (2006). Invasion dynamics and potential spread of the invasive alien
plant species Ageratina adenophora (Asteraceae) in China. Diversities and
Distributions 12: 397-408.

Wang, S.M. (2004). Introduction of the American-originated crops and its influence on the
Chinese agricultural production structure. Agricultural History of China, 24 (2): 16-
27. [in Chinese with English abstract]

Wang, S.Y. & Zhang, W. (2005). Yunnan Geography. Kunming: The Nationalities Publishing
House of Yunnan. [in Chinese]

Wang, X.R., Kong, X.C., Jia, W.H., Zhu, XW., Ren, L.L., & Mota, M.M. (2010). A rapid
staining-assisted wood sampling method for PCR-based detection of pine wood
nematode Bursaphelenchus xylophilus in Pinus massoniana wood tissue. Forest
Pathology, 40 (6): 510-520.

www.intechopen.com



86 Zoology

Wang, X.R., Zhu, X.W., Kong, X.C., & Mota, M.M. (2010). A rapid detection of the pinewood
nematode, Bursaphelenchus xylophilus in stored Monochamus alternatus by rDNA
amplification. Journal of Applied Entomology, 135 (1/2): 156-159.

Wang, Y.Y., Song, Y.S., Zang, X.Q., & Liu, Y. (1991). The ten-year review and future control
measures of the pine wilt disease in China. Forest Pest and Disease, 10 (3): 39-42. [in
Chinese]

Wingfield, M.]J., Bedker, P.J., & Blanchette, R.A. (1986). Pathogenicity of Bursaphelenchus
xylophilus on pines in Minnesota, Wisconsin. Journal of Nematology, 18 (1): 44-49.

Xia, X.H. & Xie, Z. (2001). DAMBE: Data analysis in molecular biology and evolution.
Journal of Heredity, 92 (4): 371-373.

Xu, H.G,, Ding, H., Li, M.Y,, Qiang, S., Guo, J.Y., Han, ZM., Huang, Z.G., Sun, H.Y., He,
S.P., Wu, HR., & Wan, F.H. (2006). The distribution and economic losses of alien
species invasion to China. Biological Invasions, 8: 1495-1500.

Yagi, K., Katoh, T., Chichvarkhin, A., Shinkawa, T., & Omoto, T. (2001). Molecular
phylogeny of butterflies Parnassius glacialis and P. stubbendorfii at various localities
in East Asia. Genes & Genetic Systems, 76 (4): 229-234.

Yamasaki, T., Sakai, M., & Miyawaki, S. (1989). Oviposition stimulants for the beetle,
Monochamus alternatus Hope, in inner bark of pine. Journal of Chemical Ecology, 15
(2): 507-516.

Yang, H., Wang, ].J., Zhao, Z.M., Yang, D.M., & Zhang, H. (2006). Effects of multiple mating
on quantitative depletion of spermatozoa, fecundity, and hatchability in
Monochamus alternatus. Zoological Research, 27 (3): 286-290. [in Chinese with English
abstract]

Yang, Z.X., Wang, ].M., Chen, X.M., Duan, Z.Y., & Ye, S.D. (2010). The vertical distribution
characteristics of Monochamus alternatus on Pinus yunnanensis trunks. Forest
Research, 23 (4): 607-611. [in Chinese with English abstract]

Zhao, Y.X., Dong, Y., & Xu, Z.H. (2004). Bionomics and geographical distribution of
Monochamus alternatus Hope (Coleoptera: Cerambycidae) in Yunnan Province.
Forest Pest and Disease, 23 (5): 13-16. [in Chinese with English abstract]

www.intechopen.com



Zoology

ZOOLOGY

Edited by Dr. Maria-Dolores Garcia

is- Doliores Garciy

ISBN 978-953-51-0360-8

Hard cover, 206 pages

Publisher InTech

Published online 23, March, 2012
Published in print edition March, 2012

The present book is not a classical manual on Zoology and the reader should not expect to find the usual
treatment of animal groups. As a consequence, some people may feel disappointed when consulting the
index, mainly if searching for something that is considered standard. But the reader, if interested in Zoology,
should not be disappointed when trying to find novelties on different topics that will help to improve the
knowledge on animals. This book is a compendium of contributions to some of the many different topics
related to the knowledge of animals. Individual chapters represent recent contributions to Zoology illustrating
the diversity of research conducted in this discipline and providing new data to be considered in future overall
publications.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Shao-ji Hu, Da-ying Fu and Hui Ye (2012). Detecting Non-Local Japanese Pine Sawyers in Yunnan,
Southwestern China via Modern Molecular Techniques, Zoology, Dr. Maria-Dolores Garcia (Ed.), ISBN: 978-
953-51-0360-8, InTech, Available from: http://www.intechopen.com/books/zoology/detecting-non-local-
japanese-pine-sawyers-in-yunnan-southwestern-china-via-modern-molecular-techniqu

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




