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Abstract The goldspotted oak borer, Agrilus auro-

guttatus Schaeffer, is an invasive woodborer in

California USA that is native to oak woodlands across

southern Arizona USA. Developing a classical bio-

logical control program for this pest in southern

California is a high priority due to the continuing

ecological and economic damage caused by this insect

since its recent introduction into the area. In an attempt

to determine the area of origin for this invasive beetle,

analyses of the mitochondrial cytochrome oxidase and

ribosomal nuclear D2 domain of the 28S gene regions

were undertaken and provided insight into the phy-

logeographic relationship between and within popu-

lations of A. auroguttatus in Arizona and California.

The area of origin for the invasive population of

goldspotted oak borer in California was not deter-

mined conclusively, although our molecular data

suggests the Dragoon Mountains in Cochise Co.,

Arizona as a possible source for the California

population of A. auroguttatus. Results also confirmed

that individuals collected from populations across

southern Arizona and California are all A. aurogutt-

atus, and are not part of a cryptic species complex

comprised of the morphologically similar A. coxalis.

Future surveys for natural enemies of A. auroguttatus

will focus on the Dragoon Mountains as a potential

source for co-evolved enemies for use in a classical

biological control program against this invasive

woodborer in southern California.
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Introduction

The goldspotted oak borer, Agrilus auroguttatus

Schaeffer, (Coleoptera: Buprestidae) is an invasive

wood-boring beetle that aggressively attacks native

oak trees in southern California, USA. Native to

Arizona, this beetle was initially detected in the

Descanso Ranger District, Cleveland National Forest

(DRD-CNF), San Diego County, California, in 2004,

but was likely introduced accidentally several years

earlier through movement of infested oak firewood

(Coleman and Seybold 2008a; Coleman et al. 2012a).

Infestation of A. auroguttatus in southern California

currently covers approximately 213,000 ha across San

Diego, and Riverside Counties (Jones et al. 2013), and
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mortality to native coast live oak, (Quercus agrifolia

Nee), California black oak (Q. kelloggii Newb.), and

canyon live oak (Q. chrysolepis Liebm) from A.

auroguttatus, caused by extensive larval feeding

damage to the phloem/xylem interface, is estimated

at 25,000 trees (Coleman et al. 2012b; USDA Forest

Health Monitoring [FHM] 2013). The documentation

of oak mortality since 2002 indicates that the distri-

bution of this beetle is radially expanding within San

Diego Co. (USDA FHM 2013), which can mostly be

attributed to natural dispersal. However, satellite

infestations in Marion Bear Memorial Park, San Diego

Co. (approximately 32 km from the closest known

infestation) in 2009, and in Idyllwild, Riverside Co.

(approximately 70 km from the closest known infes-

tation) in 2012 are hypothesized to have resulted from

further movement of infested oak firewood (Jones

et al. 2013), indicating that this is a viable long-

distance dispersal mechanism for A. auroguttatus in

California (Lopez et al. 2014).

The introduction and establishment of invasive

wood-boring and bark beetles has become increas-

ingly problematic in recent decades (Liebhold et al.

1995; Perrings et al. 2005; Brockerhoff et al. 2006;

Hulme et al. 2008; Tobin et al. 2010). Invasive pests

such as the emerald ash borer, Agrilus planipennis

Fairmaire, Asian longhorn beetle, Anoplophora glab-

ripennis (Motschulsky), red bay ambrosia beetle,

Xyleborus glabratus Eichhoff, and the red turpentine

beetle, Dendroctonus valens LeConte, have caused a

tremendous amount of ecological and economical

damage after being introduced in non-native habitats

through the transportation of infested wood material

(Yan et al. 2005; Poland and McCullough 2006; Haack

et al. 2010; Hulcr and Dunn 2011). Managing these

invasive species in natural ecosystems is challenging

because at the landscape level, the majority of tools

available (i.e., chemical or physical/mechanical con-

trol) work only if the infested area is small or

sufficiently isolated to prevent re-infestation (Van

Driesche et al. 2010). Eradication of newly introduced,

isolated populations of invasive wood-boring and bark

beetles in a forest environment is typically not

successful because of the difficulty in detecting these

invaders at an early stage. Concealed inside trees or

other wood material, these insects are often over-

looked until extensive decline and mortality occurs

within tree hosts (Coleman and Seybold 2008a;

Kovacs et al. 2010). Classical biological control can

be an efficient management strategy for controlling

invasive species in natural ecosystems since biological

control agents have the ability to become established

and remain in the environment indefinitely, providing

long-term widespread management of the target pest

without continuous human intervention (Van Driesche

et al. 2010).

Molecular markers have the potential to supply

valuable information for making management deci-

sions about invasive species by characterizing popu-

lation level genetic variation, which in turn can aid

reconstruction of the history of an invasion, and

identify the geographic origin of the invading popu-

lation (Cognato et al. 2005; Rugman-Jones et al. 2007;

Simonsen et al. 2008; Bray et al. 2011; Rugman-Jones

et al. 2012). This information can be especially useful

when developing a classical biological control pro-

gram because, in some instances, little is known about

a species prior to its establishment and subsequent

spread in a non-native habitat. Insight into the invasion

history and source of an invasive pest can help to

identify transport vectors and direct the search for co-

evolved biological control agents (Rugman-Jones

et al. 2007). Understanding genetic variation within

and among populations of an invasive species (in both

the native and introduced range) can also help clarify

taxonomic identity of a pest. For example, molecular

analyses reported in Coleman et al. (2012a) helped

resolve long-running taxonomic confusion between A.

auroguttatus and its morphologically similar congener

A. coxalis Waterhouse (Hespenheide et al. 2011), and

narrowed the native distribution of A. auroguttatus to

southern Arizona, and perhaps northern Mexico

(based on a single specimen collected from Baja

California Sur in 1977) (Hespenheide et al. 2011),

though this suspected Baja population has yet to be

confirmed (Coleman et al. 2012b).

Within southern Arizona, records indicate that A.

auroguttatus has been collected from several moun-

tain ranges including the Chiricahua, Huachuca, Santa

Catalina, and Santa Rita mountains since the early

1900s (Coleman and Seybold 2011). These mountain

ranges can be considered ‘‘sky islands’’, isolated by

the surrounding Sonoran Desert, which likely presents

a dispersal barrier for A. auroguttatus and its natural

enemies. The first collection of A. auroguttatus from

the Dragoon mountains in 2011 suggested there are

additional mountain ranges within the greater home

range that may be suitable for A. auroguttatus
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inhabitation, and some of these (e.g., the Whetstone

and Patagonia Mountains) have not been systemati-

cally surveyed for this beetle. Narrowing the geo-

graphic source of the invasive California population to

a specific mountain range in Arizona would, in theory,

allow the collection of natural enemies which have

formed a co-evolutionary relationship with the geno-

type of the invasive population (Stouthamer 2008).

The mitochondrial cytochrome oxidase (COI) gene

has been useful in studies investigating the origin of an

invasive population (Havill et al. 2006; Rugman-Jones

et al. 2007; Cognato et al. 2005). With corroborative

support from other independently evolving gene regions

(e.g., the highly conserved nuclear ribosomal 28S gene),

COI has also been used to separate species which are

morphologically indistinguishable (Rugman-Jones

et al. 2010; Coleman et al. 2012a). In the present study,

we utilized sequences of COI and the D2 domain of the

28S gene (28SD2) to investigate connectivity among A.

auroguttatus populations from the San Jacinto Moun-

tains and Cleveland National Forest in southern Cali-

fornia, and the Chiricahua, Dragoon, Huachuca, Santa

Catalina, and Santa Rita Mountains in southern Arizona.

Our goal was to better understand genetic variation

within and between populations in the native and

introduced ranges, with the hope of identifying the

geographic origin of the invasive California population.

Determining the area of origin for A. auroguttatus is a

fundamental step in the search for co-evolved natural

enemies of this invasive pest that may be considered for

use in a classical biological control program in southern

California.

Materials and methods

Specimen collections

Specimens of A. auroguttatus were collected between

May 2009 and November 2012 from infested oak trees

in San Diego and Riverside Counties, California, and

across several mountain ranges in southern Arizona,

USA. (Table 1; Fig. 1). In California, adult specimens

were either recovered from purple and green prism

sticky traps placed throughout the DRD-CNF, San

Diego Co., or reared from infested Q. agrifolia and Q.

kelloggii material collected from this area (Coleman

and Seybold 2011). In addition, all life stages of A.

auroguttatus were collected by destructively sampling

infested Q. agrifolia and Q. kelloggii trees found in

DRD-CNF, and in the town of Idyllwild, in the San

Jacinto Mountains, Riverside Co. Arizona specimens

were also collected by destructive sampling or reared

from infested Q. emoryi and Q. hypoleucoides (Cole-

man et al. 2012a). All collected specimens (live and

dead) were placed into 95 % ethanol and stored at

-20 �C to preserve DNA for analysis. Voucher

specimens were deposited in the University of

California, Riverside Entomology Museum (UCRC

ENT 407267–UCRC ENT 407284).

DNA extractions

Whole genomic DNA was extracted from individual

specimens using a standard Chelex method (Walsh et al.

1991). Individual A. auroguttatus were removed from

ethanol and allowed to air-dry on filter paper. A tissue

sample was then taken from each specimen and

transferred to a 0.5 ll microcentrifuge tube containing

4 ll of proteinase-K. Tissue samples comprised either a

single hind tibia for adult specimens, or a small slice

(approx. 1–3 mm3) from the head capsule of larval

specimens. Tissue samples were homogenized in the

proteinase-K using a micropestle, after which, 100 ll of a

5 % Chelex� 100 (Bio-Rad Laboratories, Hercules, CA)

suspension (in water) was added and the tubes were

incubated at 55 �C for 1 h, then at 99 �C for an additional

10 min to inactivate the proteinase-K. The chelex resin

and insect debris were pelleted in a microcentrifuge at

14,000 rpm for 4 min, and the supernatant (containing

the extracted DNA) was transferred to a new 0.5 ll

microcentrifuge tube and stored at -20 �C.

Amplification of extracted A. auroguttatus DNA

Genetic variation across California and Arizona

populations of A. auroguttatus was examined by

amplifying a section of the mitochondrial gene

(mtDNA) COI c subunit 1 using the polymerase chain

reaction (PCR). Reactions were performed in 25 ll

volumes containing 2 ll of DNA template (concen-

tration not determined), 1 ThermoPol PCR Buffer

(New England BioLabs, Ipswich, MA, USA), an

additional 1 mM MgCl2, 200 lM each of dATP,

dCTP, and dGTP, and 400 lM dUTPl, 4 % (v/v) BSA

(NEB), 1 U Taq polymerase (NEB), and 0.2 lM each

of the primers LCO1490 (50-GGTCAACAAATCA

TAAAGATATTGG-30) and HCO2198 (50-TAAACT
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TCAGGGTGACCAAAAAATCA-30) (Folmer et al.

1994). PCR was performed in a Mastercycler� ep

gradient S thermocycler (Eppendorf North America

Inc., New York, NY, USA) with the following

settings: 2 min at 94 �C; followed by five cycles of

30 s at 94 �C, 1 min 30 s at 45 �C, and 1 min at

72 �C; followed by a further 35 cycles of 30 s at

94 �C, 1 min 30 s at 51 �C, and 1 min at 72 �C; and a

final extension of 5 min at 72 �C. A section of the

28SD2 nuclear ribosomal DNA was also amplified

from a subsample of specimens collected from each

locality and representing a broad diversity of COI

haplotypes (see Results), using the 28sF3663 and

28sR4076 primers and protocol described in Rugman-

Jones et al. (2010).

Cleaning and sequencing

Successful amplification was confirmed by electro-

phoresis on 1 % agarose gels stained with ethidium

bromide. PCR products were subsequently cleaned

using the Wizard� PCR Preps DNA purification

system (Promega, Madison, WI, USA) and sequenced

in both directions at the Institute for Integrative

Genome Biology, University of California Riverside.

Sequences were aligned manually in BioEdit 7.0.5.3

(Hall 1999) and primer sequences were removed prior

to analysis. This resulted in an aligned COI matrix of

286 sequences, each 658 bp long, and an aligned 28S

matrix of 23 sequences, each 536 bp long. Represen-

tative COI and 28S sequences were deposited in

Table 1 Collection information for populations of A. auroguttatus

Locality County State GPS coordinates Collection dates (mo/yr) Map referencea

Chiricahua Cochise AZ 31�500N 109�17 W 1/10 G

Dragoons Cochise AZ 31�530N 109�590W 5/11 F

Huachuca Cochise AZ 31�240N 110�180W 1/10 E

Santa Catalina Pima AZ 32�260N 110�470W 1/10 C

Santa Rita Santa Cruz AZ 31�430N 110�520W 5/09–2/12 D

Cleveland National Forest San Diego CA 33�180N 116�480W 5/09–8/11 A

San Jacinto Riverside CA 33�440N 116�420W 10/12–11/12 B

a See Fig. 1 for a map showing sampling locations

Fig. 1 Map of collection sites for A. auroguttatus in southern California and Arizona. See Table 1 for map legend with corresponding

collection information
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GenBank (Benson et al. 2008) (accession numbers:

JF719839–JF719885 and KF705201–KF705204).

Genetic analysis

Cytochrome oxidase sequences were translated using

the EMBOSS-Transeq website (http://www.ebi.ac.uk/

Tools/emboss/transeq/index.html) to confirm the

absence of nuclear pseudogenes (Song et al. 2008). A

haplotype (H) network was constructed using TCS

version 1.21 with default run settings (Clement 2000).

Genetic diversity of the entire sequence set, and within

and between each population was examined by cal-

culating the average number of nucleotide substitu-

tions per site using Dnasp v. 5.10.1 (Librado and

Rozas 2009). Population pairwise estimates of UST,

based on a matrix of uncorrected pairwise distances,

were also calculated in ARLEQUIN v. 3.11. The sig-

nificance of UST was evaluated using the permutation

method (10,000 permutations) invoked in the ARLE-

QUIN program (Bonferrroni adjusted a = 0.0024).

ARLEQUIN was also used to perform an analysis of

molecular variation (AMOVA) (Excoffier et al. 1992),

partitioning total genetic variation into three hierar-

chical component levels: within populations, among

populations, and among native and introduced popu-

lation groups. Again, significance of the AMOVA was

evaluated using 10,000 permutations.

Results

A section of the COI gene of 286 A. auroguttatus

individuals (adults and larvae), 147 from Arizona and

139 from California, was sequenced. Among these

sequences, a total of 39 haplotypes were identified.

Haplotype distribution, abundance, and diversity across

sample locations in Arizona and California is shown in

Fig. 2 and Table 2. The majority of haplotypes grouped

into three distinct genetic clusters (Fig. 2). The first

cluster comprised 17 haplotypes centered on the most

common haplotype (H1), with all haplotypes no more

than 2 bp distant. The second cluster again comprised

17 haplotypes, this time centered around H8, with 12 of

the 16 ‘‘satellite’’ haplotypes being no more than 2 bp

distant, and the most distant (H14) being 5 bp distant.

Haplotypes from clusters one and two were separated by

at least six nucleotide substitutions. The third cluster,

comprised of three haplotypes (H31, H21 and H19), was

detected only in the Chiricahua Mountains, AZ; the

easternmost part of the sampled range. Of the remaining

two haplotypes, H29 fell between clusters one and two,

while H25 was relatively distant from all other haplo-

types, at 9 bp from its closest genetic neighbor (H31).

Genetic variation across the entire sequence set (average

number of nucleotide substitutions per site = 0.0094)

was well within the expectations of a single species.

Furthermore, all sequences of 28SD2 obtained in this

study were identical. This constituted 23 individuals

sampled from the Chiricahua (n = 1), Huachuca

(n = 1), Santa Catalina (n = 1), and Santa Rita

(n = 6) Mountains in Arizona, and from the Cleveland

National Forest (n = 9), and San Jacinto (n = 5)

Mountains in California. Together, this strongly sug-

gests that individuals collected from these populations

were all A. auroguttatus.

Despite this apparent genetic structure, there was

little evidence of any geographic signal in the major

clustering of the haplotypes (Fig. 2). Consequently,

there was little overlap in the genetic and geographic

distributions of individual haplotypes. This was evident

in our estimates of UST (Table 3) with 18 of 21 pairwise

comparisons exceeding 0.18, suggesting very low levels

of gene flow between native populations. Indeed, only

two haplotypes were shared between CA and AZ, one

from each cluster. The most common haplotype (H1)

was shared by eighty-two specimens and found in every

sample location except the Santa Catalina Mountains,

AZ. However, the second overlapping California and

Arizona haplotype (H34) was shared only between

individuals collected from the Dragoon Mountains in

Arizona (n = 1) and the Cleveland National Forest in

California (n = 4). The remaining haplotypes were

either from specimens collected only in Arizona

(n = 23) or only in California (n = 14).

Analysis of molecular variance (Table 4) revealed

that the greatest amount of total nucleotide variation

(67.49 %) was accounted for by differences among

individuals within populations. A smaller but signif-

icant amount of variation (24.68 %) was found among

populations within groups, but variation between

native and introduced groups was not significant.

Discussion

The recent introduction of A. auroguttatus has resulted

in the mortality of tens of thousands of mature red oaks

Population genetics of goldspotted oak borer 2397
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(section Lobatae) in southern California, which is

drastically changing the composition of these impor-

tant and unique oak woodland communities (Allen-

Diaz et al. 2007; Coleman et al. 2012b). The difficulty

in managing this wood-boring pest in a natural

ecosystem has underscored the importance of

Fig. 2 Mitochondrial haplotype network for A. Auroguttatus

individuals collected in California and Arizona, USA. Each

haplotype is represented by a rectangle or oval. Haplotype size

is proportional to the number of specimens sharing a haplotype,

and the rectangular haplotype is that assigned to the highest

outgroup probability. Small circles unobserved inferred haplo-

types and lines between haplotypes represent a single nucleotide

mutational change. Alpha-numeric codes and their correspond-

ing localities are shown in Table 1

2398 V. M. Lopez et al.
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developing a classical biological control program for

A. auroguttatus in southern California. Analysis of

DNA sequences from the COI and 28SD2 gene

regions allowed the comparison of A. auroguttatus

populations in California and across several mountain

ranges in Arizona in an attempt to identify the source

of this invasive beetle. The identical nature of 28SD2

sequences from specimens across the sampled geo-

graphic range indicated that individuals collected in

California and Arizona were all one species, and not

the congener A. coxalis or perhaps another ‘unknown’

cryptic species morphologically indistinguishable

from A. auroguttatus or A. coxalis (Coleman et al.

2012a). The identification of 39 haplotypes from 286

individuals across all sample locations showed there

was high variability in the COI gene region of this

species, but, except for the most abundant haplotype

(H1), the distribution of the haplotypes revealed little

Table 2 Number of haplotypes and haplotype diversity sampled from individual A. auroguttatus collected in each locality within

Arizona and California

Locality County State No. of

individuals

No. of

haplotypes

Haplotype

diversity

Map

reference

Chiricahua Cochise AZ 20 6 0.763 G

Dragoons Cochise AZ 23 6 0.684 F

Huachuca Cochise AZ 25 12 0.917 E

Santa Catalina Pima AZ 10 3 0.733 C

Santa Rita Santa Cruz AZ 69 9 0.712 D

Cleveland National Forest San Diego CA 115 15 0.859 A

San Jacinto Riverside CA 24 3 0.359 B

Table 3 Variation in the DNA sequence of a 658 bp stretch of the mitochondrial COI gene of A. auroguttatus

Chiricahua Dragoons Huachuca Santa Catalina Santa Rita Cleveland

National Forest

San Jacinto

Chiricahua 0.006 0.329 0.186 0.400 0.476 0.238 0.616

Dragoons 0.011 0.009 0.078 0.380 0.504 0.059 0.329

Huachuca 0.009 0.009 0.009 0.183 0.237 0.042 0.442

Santa Catalina 0.009 0.011 0.008 0.004 0.273 0.279 0.705

Santa Rita 0.007 0.009 0.007 0.004 0.002 0.309 0.780

CNFa 0.011 0.010 0.010 0.011 0.009 0.010 0.256

San Jacinto 0.014 0.010 0.012 0.016 0.015 0.011 0.005

Average number of nucleotide substitutions within (diagonal element) and between geographic regions (below the diagonal).

Pairwise estimates of UST (Bonferroni adjusted a = 0.0024) are shown above the diagonal
a CNF Cleveland National Forest. See Table 2 for the sample size and locality information of each population

Table 4 Analysis of molecular variance for seven populations of A. auroguttatus from its native range (Arizona) and introduced

(California) range

U-statistics Percentage of variation df P

Among groups UCT = 0.07833 7.83 1 0.2385

Among populations within groups USC = 0.26773 24.68 5 \0.0001

Within populations UST = 0.32510 67.49 279 \0.0001

Total diversity is partitioned among the three levels being compared. UCT is the fixation index of the native and introduced population

groups relative to the total combined population. USC is the fixation index of individual populations relative to the population groups
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genetic overlap between the native and introduced

regions. Therefore, of the native populations sampled,

the Dragoon Mountains in the Coronado National

Forest, Arizona, was the only one to share additional

haplotypes with the invasive Californian populations,

highlighting this population as a likely source of A.

auroguttatus in southern California.

The mixture of California and Arizona haplotypes

among the three clusters in Fig. 2 provides little

evidence of any geographic signal in the major

grouping of haplotypes in this network. Surprisingly,

37 of 39 haplotypes sampled across California (n = 14)

and Arizona (n = 23) populations were distinct to

either region. Out of the 23 distinct haplotypes

identified from the Arizona collections, 17 were unique

to either the Chiricahua (n = 4), Dragoon (n = 1),

Huachuca (n = 7), Santa Catalina (n = 3), or Santa

Rita (n = 2) Mountains, supporting the idea that

populations of A. auroguttatus from these ‘‘sky islands’’

in southern Arizona are genetically isolated from one

another. The lack of gene flow between native popu-

lations of A. auroguttatus revealed by our data justifies

the use of population genetics to focus the search for co-

evolved natural enemies of this woodborer.

In California, 13 unique haplotypes were identified

from collections in the Cleveland National Forest in

San Diego Co., and a single unique haplotype was

collected in the San Jacinto Mountains, Riverside Co.,

California. The relatively high genetic variation

observed in the introduced population of A. aurogutt-

atus is an unexpected result since a substantial

decrease in genetic diversity is often the result of

founder events (Slade and Moritz 1998; Gwiazdowski

et al. 2006; Havill et al. 2006). However, high genetic

variation was also observed in the introduced range of

the invasive red turpentine beetle, Dendroctonus

valens, in China (Cognato et al. 2005). These results

suggest that a single, large introduction, and/or

multiple small introductions from different regions

in southern Arizona could account for the high genetic

variation observed in introduced A. auroguttatus

populations. Furthermore, within our sample, 31

specimens collected from the bark and phloem of a

single tree in Arizona yielded six haplotypes (data not

shown). Given this high level of diversity in a single

tree in Arizona, it is possible that the California

population may have arisen from a single geographic

source point, perhaps even from just a single infested

tree in Arizona.

Two haplotypes were shared between populations

in California and Arizona indicating the presence of

some genetic similarity between the native and

introduced range. The most common haplotype (H1)

was shared between eighty-two specimens, and was

detected in every population sampled, except the

Santa Catalina Mountains in Arizona. The prevalence

of this haplotype throughout the native and introduced

range does not help delineate the origin of the invasive

California population, since it is likely to occur in most

regions within the native range. However, the second

overlapping California and Arizona haplotype (H34)

was shared only between individuals collected from

the Dragoon Mountains in Arizona (n = 1) and the

Cleveland National Forest in California (n = 4). Due

to minimal overlap between haplotypes identified

from California and Arizona, the shared H34 haplo-

type may indicate that the Dragoon Mountains in

Arizona is the most likely source of the invasive

California population, and consequently should be an

area of focus when surveying for natural enemies of A.

auroguttatus. However, it seems likely that we have

not yet sampled the full range of variation in this

species (see Table 2), and larger samples including

collections across additional unsampled mountain

ranges could help to further pinpoint the geographic

source of the California population of A. auroguttatus.

Additionally, we cannot rule out the possibility that

the ‘true’ source of the invasive population currently

remains unsampled. One possibility is that A. auro-

guttatus originated from a population in northern

Mexico near the Arizona border. Little is known of the

distribution of A. auroguttatus in this region, but it is

possible that A. auroguttatus may occupy similar ‘‘sky

islands’’ in the Sonoran Desert as it stretches south

across the border (see Fig. 1). To resolve uncertainty

over the area of origin, additional collections from the

Chiricahua, Dragoon, Huachuca, Santa Catalina, Pat-

agonia, and Whetstone Mountain ranges in Arizona

and from the Sierra San Luis, Sierra El Tigre, and

Sierra Madre mountains in northeastern Sonora,

Mexico are recommended. It is also feasible that a

single variable marker, in this case the maternally

inherited COI (analyses using this gene region assume

that dispersal of males and females is the same), does

not contain enough information to accurately predict

the source of the invasive A. auroguttatus populations

in California, and analysis of additional markers may

be required. The development and use of
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microsatellites, or the newly developing field of RAD

sequencing may offer a better understanding of the

genetic variation (Puritz et al. 2012) among A.

auroguttatus populations, and help to more conclu-

sively determine the area of origin for this invasive

pest.
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