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The Emerald Ash Borer: A New Exotic
Pest in North America
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SInstitute of Ecology and Geobotany, Yunnan University, Kunming, Yunnan,
China. Email: rhaack@fs.fed.us

Yet another new exotic forest pest has been discovered in North America, and this
time the infestation is centered in Michigan and Ontario. In May and June 2002, adults
of an unidentified buprestid beetle were collected from Beix{nug trees in the

Detroit area of southeastern Michigan. Later, in July 2002, after various world experts
examined the beetles, they were positively identified as the Asian specikes
planipennigairmaire. This finding was quickly followed by the discoveniof
planipennign neighboring Ontario, Canada. A flurry of activities soon followed,
including conducting surveys, establishing quarantines, hosting public meetings and
initiating research programs.

Common name. The name “Emerald Ash Borer”
was submitted to the Entomological Society of
America for consideration a&s planipennisofficial
common name by Richard Westcott (Oregon Depart- L
ment of Agriculture) and Natalia Vandenberg (USDA- % 1
ARS Systematic Entomology Laboratory). Discus-
sions on a common name were initiated by several
entomologists even before final confirmation was
made on the beetle’s identity. This was done to
preempt the press from choosing their own common | &8
name once the presence of this new exotic was madgei
public. Several adjectives were suggested to capture ¥
the beetle’s color (emerald, green, metallic green), hog i
range (ash), origin (Asian), feeding habits (borer), ang
taxonomic affiliation Agrilus, buprestid). But when
all the votes were counted, “Emerald Ash Borer” was
the clear winner.

The discovery trail. In May and June 2002,
adults of an unknown buprestid were reared from ash trees from various parts of
southeastern Michigan. In June, David Roberts, Michigan State University (MSU)
Extension, sent some of the adults to the Entomology Department at Michigan State
University, where Gary Parsons identified them to the gégutus. There were no
similar species in the MSU insect collection and so the beetles were suspected to be
exotic. Soon more beetles were collected and either beetles or digital images were sent

Adult Emeral Ash Borer
and D-shaped exit hole
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to five beetle experts in the US: Chuck Bellamy (California
Department of Food & Agriculture), Robert Carlson (USDA-ARS
Systematic Entomology Laboratory), Henry Hespenheide
(University of California at Los Angeles), Natalia Vandenberg an
Richard Westcott. Although all agreed that it was exotic, and
probably Asian in origin, a positive identification could not be
made. On 30 June, Richard Westcott e-mailed a description an
digital images of these unknown beetles to Eduard Jendek in
Slovakia, an expert on Asiagrilus species. Based on this
information, E. Jendek tentatively identified the beetles.as
planipennison 31 June. In the meantime, Robert Carlson maile

some actual specimens to Slovakia, and on 9 July, E. Jendek was

able to positively confirm that the beetles warglanipennis
Fairmaire (1888).

On 10 July 2002, Canadian forest health specialists Ed
Czerwinski (Ontario Ministry of Natural Resources = OMNR),
Doug Lawrence (Natural Resources Canada - Canadian Forest
Service = NRC-CFS), and Dan Rowlinson (OMNR), found similar
looking beetles and dead and dying ash trees in neighboring
Windsor, Ontario. The beetles were then forwarded to the NRC-
CFS lab in Sault Ste. Marie, ON, and then to Bruce Gill, an insect
identifier for the Canadian Food Inspection Agency (CFIA) in
Ottawa, ON. Bruce Gill suspected them todb@lanipennis
and forwarded some adults to Richard Westcott in Oregon for
final confirmation, which came on 7 August 2002.

Taxonomy. Agrilus planipennig-airmaire (1888; type
China) has several synonyms, includfgmarcopoli
Obenberger (1930; type Chin&),marcopoli uimKurosawa
(1956; type Japan), ard feretriusObenberger (1936; type
Taiwan) (Jendek 1994). EAB is referred té\amarcopolin
much of the Chinese literature andfasnarcopoli ulmin
Japan. Based on the morphology of the scutellum, deep
pronotal medial sulcus, and robust bo#lyplanipennisappears
most closely related to the Asian spedesuristermum
ObenbergerA. cyaneonigeBaunders, and. lubopetriJendek.

Native range. EAB is native to northeastern Chirddif,
Liaoning, Heilongjiang, Inner Mongolia, Hebei, and Shandong),
Korea, Mongolia, and Japan (Hokkaido, Honshu, Kyushu,
Shikoku) (Chinese Academy of Science 1986, Ko 1969, Kurosawa
etal. 1985, Sugiura 1999, Yu 1992). Itis also native to the Russian
Far East (Alexeev 1979) and Taiwan (type locality of junior
synonymA. feretriug.

Host range. In China, ashRraxinug is the only host
reported for EAB, including;. chinensisvar.chinensis
F. chinensissar. rhynchophylla andF. mandshuricgChinese
Academy of Science 1986, Yu 1992); the above ash taxonomy is
based on Wei and Green (1996). In Japan, wheptanipennis
is considered a subspecies under the nanmmanipennis ulmi
(Kurosawa 1956, Akiyama and Ohmomo 1997), the host range
includesFraxinus mandshuricaar. japonica Juglans
mandshuricavar. sieboldianaand var.sachalinensis
Pterocarya rhoifolia andUImus davidianavar. japonica,

(Akiyama and Ohmomo 1997, Sugiura 1999). Although these
species ofluglans Pterocarya andUImusoccur in China

(Flora of Chinaat http://flora.huh.harvard.edu/china/), they

have not been reported as EAB hosts in China. In Michigan and
Ontario, EAB has so far only been found infesting ash trees,
includingF. americanaF. nigra, andF. pennsylvanica.

Identification. EAB adults are slender, elongate beetles,
7.5-15 mmlong (Yu 1992, Sugiura 1999). Adults are metallic,
coppery-green in color. Mature larvae reach 26-32 mm in length

Yu 1992). Larvae are white, flat, slender, and likéglilus,
ave a pair of brown, pincer-like appendages (urogomphi) on the
last abdominal segment. The larval head is relatively small,

(1brown, and retracted inside the enlarged prothorax. Photos of

arvae and adults are available in McCullough and Roberts
(2002) and on several internet websites.
Biology. Information on EAB biology in Asia is scarce. To

d date, we have only found two short articles on EAB: Chinese

Academy of Science (1986) and Yu (1992). In general, based on
information in these two Chinese references, EAB typically
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completes one generation per year in northeastern China,
although some individuals may require two years. Adults are
active from mid-May to July. Adults lay eggs on the bark
surface, inside bark cracks and crevices, usually from early Juni
to late July. Larvae actively feed in the cambial region of the
trunk from mid-June to mid-October. EAB overwinter as fully

in the bark. These larvae pupate the following spring during lat

April and May. For larvae that are not fully grown by fall, they |

overwinter in the cambial region, initiate feeding again in April, h.."

and complete development later in summer. EAB larval galleries
Field observations in Michigan over the past few months

noted EAB adults on ash trees from late May (David Roberts, {rees that are over 1m in

MSU, pers. comm) to early August (David Cappaert, MSU, pers. giameter. EAB-infested ash showing

comm). Similarly, most larvae wer& thstars by late July, most Signs and Symptoms.  epicormic branches

were 3 instars by early August, and most wefenrbtars by late  Fq; trees that die over a 3-year

August. We first found larvae in pupal cells on 20 August 2002. periog, first-year EAB infestations are difficult to detect because
Most larvae constructed pupal cells in the outer sapwood, but eqqs are laid deep inside bark cracks, larval feeding occurs under
many were also constructed in the thick outer bark (RA Haack etne park, and oviposition usually begins along the upper trunk.
al., unpublished data). Because many oftgilus species have Nt yntil the summer following initial attack are the D-shaped exit

four larval instars (Haack and Benjamin 1982, Loerch and holes first evident on the bark surface. However, in the absence
Cameron 1983), we assume that EAB also has four instars, but st gther signs or symptoms, exit holes can easily escape detec-
this needs to be verified. tion when in low numbers. Typically, little crown dieback occurs

~ Again, based on literature from China (Chinese A(_:ademy %furing the first year of attack. In the second year of attack, (1)
SC|ence_1986, \_(u 1992),_adults walk to the crown of their host treg,gg foliage develops and crowns appear thinner, (2) the sapwood
and begin feeding on foliage soon after emergence. Adults €atforms callus tissue around the larval galleries from the first year,
small amounts of foliage throughout their life, averaging about \ynich can result in longitudinal bark splits 5-10 cm long, and (3)

0.5 cnt per day. Initial flight usually begins within 3to 4 hours  gpicormic branches (“sprouts”) develop along the main trunk and
after the first feeding. EAB adults are often active from 6:00t0 5, some major branches. In the latter year’s of infestation, if

17:00 hours, especially when the weather is warm and sunny.  £AB |arval populations remain high, foliage on the epicormic
Adults typically fly in 8 to 12 meter bursts (Yu 1992), butlong  pranches often turns brown prematurely in late summer. The
distance flight of more than one kilometer is possible (Minemitsucharacteristic frass-filled, S-shaped larval galleries can be seen
Kaneko, Japan Wildlife Research Center, Tokyo, Japan, personaly after removing the bark, although some galleries can be
commuqlcatlon). Adults often rest in bark cracks oron foI_|age glimpsed through cracks in the bark. The galleries are most
when rainy or very cloudy, and they usually remain on foliage atcommon along the upper trunk in the first year of attack, but can
night. Adult males typically live 2 weeks and females 3 weeks. e found throughout the trunk in succeeding years. Typically,
Females lay 68-90 eggs in their lifetime. Eggs are usually depos+y the third year of attack, many branches have died, little foliage
ited individually on the bark along the trunk and lower portions s present, bark splits are common, exit holes are present through-
of major branches. Eggs hatch in about one week. The new ot the trunk, and epicormic branches are common, especially
larvae tunnel through the bark to the cambial region and feed ORylong the lower trunk and at groundline.

the inner bark (phloem) anq outer sapwood during the summer Resource at risk. There are about 60 species of ash

and early fall. Larval galleries are typically S-shaped (serpentine),origwide, including 16 species in North America and 22 in China
packed with frass, and increase in width as the larvae grow. Aftgfjitie 1979, Wei and Green 1996). Ash occurs naturally through-
pupae transform to adults, it takes 1 to 2 weeks before the new ot much of eastern North America and along the west coast.

adults chew their way out of the tree. Adult emergence holes are\gp, js an important timber species, landscape tree, and wildlife
D-shaped and about 3-4 mm in width. food. Based

Attack pattern. In China, EAB most often attacks ash treesg, the 1993
that are growing in the open or along the forest edge (Chinese \ygpa Forest e 1 ’
Academy of Science 1986), but entire stands can be killed duringepice S8 TE 5%

outbreaks (Yu 1992). Attack densities are highest along the lowgs et 25 |l

trunk in China. In Michigan and Ontario, EAB has infested and inventory _ Fy _ P15y
killed ash trees in both open settings and inside woodlots. data for Map 1. Estimated number of live g ait
Likewise, in Michigan and Ontario, EAB appears to initiate attackyjichigan, ash trees (in millions of trees) JiTsfea
along the upper trunk and lower portions of the main branches, yhere are ~ 97€2t€r than 1-inch dbh 2 :: :g}g}'; :
with succeeding years of attack being concentrated along the gpo,tg92  9rOWING ON timberland in 1L 9]3
lower trunk. Tree death usually occurs in 3 years, but trees couldijion ash  Vichigan by county. Data za'm 3
die in 1 to 2 years when EAB populations are at outbreak levelsyeas based on the 1993 USDA Fore“z 5[] 13

In Michigan and Ontario, EAB has infested apparently healthy growing on Service inventory of Michiga §

ash trees from as small as 4-5 cm in diameter to mature forest  imperland
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in Michigan, of which about 31 million occur in the six counties ~ entomologists now believe that EAB first arrived more than 5

that are now infested with EAB (Map 1; http://fia.fs.fed.us/ years ago (McCullough and Roberts 2002). Early evidence of
dbrs_setup.htm). These estimatesidbinclude urban trees EAB infestation was likely masked by general ash decline

growing in yards and along streets. Ash is a common street treéhroughout the East and the presence of a disease known as ash
often representing 5-20% of all street trees in many midwestern Yellows, both of which cause crown dieback in ash trees. Itis

and Canadian cities. The potential loss of ash as an urban stre@@t known how EAB arrived in North America, but infested

tree greatly reduces the selection of suitable species available t¢rating, dunnage, or pallets from Asia are suspected.

home owners and municipalities and will likely contribute to Actions taken and future needs Many activities have
urban heating. taken place since the discovery of EAB. At the time of announc-

ing the quarantine, MDA sponsored press releases and hosted
meetings with several impacted industries. A 1-800 hotline was
established by MDA to handle questions from the public.
Several EAB websites have been constructed. The two most
complete are hosted by MDA (www.michigan.gov/mda using the
key words “ash borer”), and the USDA Forest Service (http://
www.ha.fs.fed.us/spfo/eab/index.html). USDAAPHIS organized
a New Pest Advisory Group to discuss the EAB situation, and so

+ Mo EAB found as of
11 September 2002

e far two conference calls have taken place. USDAAPHIS is now
_? :‘-ﬂii‘i'i;‘hw planning to organize an EAB Science Panel to address questions
;:::ﬂ'r;"._- N B o s regarding EAB biology and management. In addition, in August

and September, field trips were organized for state and federal

] ] plant health specialists to visit the EAB-infested sites in the US
Map 2. Quarantined counties where Emerald Ash Borer  3ng canada. An EAB management plan is now being formulated
has been detected in Michigan (1-6) and Ontario (A) by various state and federal employees in Michigan.

In Canada, CFIA and OMNR are developing EAB websites;
the CFIA website is at www.inspection.gc.ca. CFIAis now in the
process of establishing consultative committees to provide

Quarantine, survey, and infestation history.On 16 July 2002,  science-based guidance on how best to deal with EAB. CFIA
the Michigan Department of Agriculture (MDA) enacted an interior expects to impose a ministerial order on the infested area in the
guarantine on five Michigan counties where BA&s initially very near future that will prohibit the movement of suspect
found tooccur: Livingston, Macomb, Oakland, Washtenaw, and infested materials including ash trees, nursery stock, and
Wayne (Map 2) Monroe County was added in September 2002. firewood. Given that Essex County is one of the least forested
The aim of the quarantine is to stop human-assisted movement of counties in southern Canada (with less than 4% forest cover)
ash products that could harbor EAB. The quarantine regulates  quarantine action to preclude the movement of possibly infested
movement of live ash trees, limbs, firewood, logs, and untreated ashaterials is expected to be effective in slowing the spread of
lumber to areas outside of the six infested counties. EAB. Few nurseries are located in Essex County and very little

Leading up to the quarantine were a series of surveys  nursery stock traditionally moves from this area to either the US
conducted primarily by MDA staff . In general, a minimum of 25 or other parts of Canada.
sites in each of 13 counties were surveyed for EAB, which A few research projects have already been initiated by
resulted at first in 5 positive counties and 8 negative counties USDA Forest Service and Michigan State University entomolo-
(Map 2). Surveys are continuing in Michigan, including eventu- gists. They include aspects of seasonal development, within-tree
ally all nurseries and sawmills that deal with ash. Aerial surveys distribution, evaluation of systemic insecticides, survival in cut
for ash suspected to be infested with EAB began in southeastelogs, and natural enemies. Many more scientists, both in the US
Michigan in late August 2002. These surveys, along with aerial and Canada, are planning a wide array of studies in both North
photography, photo interpretation, and ground-truthing are America and Asia.
being coordinated by MDA, the Michigan Department of Natural Other exotic Agrilus in the US. Beside#Agrilus
Resources, and USDA Forest Service and APHIS (Animal and planipennis at least six othekgrilus species are established in
Plant Health Inspection Service). the United States. These #@ecuprescené= aurichalceu3 on

Ground surveys have also occurred in Ontario. In August RosaandRubus;A. cyanescensgn Alnus, Betula, Fagus,

2002, delimitation surveys were conducted by CFIA in the Quercusand othersA. derasofasciatusn PistaciaandVitis, A.
vicinity of the city of Windsor in the western portion of Essex  hypericion St. Johnswortlypericum perforatuma.

County, Ontario (Map 2). Also, information packages were sent pilosovittatuson Wisterig andA. sinuatuson Pyrusand other

to all major municipalities in Ontario with a request to survey for Rosaceae (Campbell and McCaffrey 1991, Hespenheide 1968,
EAB. At this time, EAB has not been found elsewhere in Canadaloebeke 1980, Mattson et al. 1994, Solomon 1995).

and the current infestation appears limited to the greater Windsor ~ RecentAgrilus interceptions in the US.USDAAPHIS

area of Ontario. reported 245 interceptions of buprestids at US ports of entry

Given the current extent of EAB’s distribution in Michigan during the period 1985-2000 (Haack 2002). Of these 245 intercep-
and Ontario, and the presence of both dead and dying trees, lotians, there were 38grilusinterceptions as well as 41 records

4 Il September 2002NEWSLETTER of theMICHIGAN ENTOMOLOGICAL SOCIETY  V47(3&4) s
Il MES Homepage on the WWW: http://insects.ummz.Isa.umich.edu/mes/mes.html




Chinese Academy of Science, Institute of Zoology. 188@ilus
marcopoliObenberger. Agriculture Insects of China (part I), p. 445.
China Agriculture Press, Beijing, China.

Dobesberger EJ. 2002. Emerald ash bagrilus planipennispest risk
assessment. Canadian Food Inspection Agency, Plant Health Risk
Assessment Unit, Nepean, Ontario, Canada

Fairmaire LMH. 1888. Notes sur les Coléopteres des environs de Pékin
(2e Partie). Revue d’Entomologie 7: 111-160.

Haack RA. 2002. Intercepted bark- and wood-boring insects in the
United States: 1985-2000. Newsletter of the Michigan Entomologi-
cal Society. 47(3&4): 14-15.

Haack RA, Benjamin DM. 1982. The biology and ecology of the
twolined chestnut boreAgrilus bilineatugColeoptera:

Map 3. Interceptions oAgrilus in the U.S.: 1985-2000 Buprestidae), on oakQuercusspp., in Wisconsin. The Canadian
Entomologist 114: 385-396.
. . . . Hespenheide HA. 1968. An immigraigrilus (Coleoptera:

where the insects were n(_)t |d_ent|f|ed below the faml_ly Iev_e_l Buprestidae). Entomological News 79(3):77-80.

Buprestidae. Gthe 38Agrilusinterceptions, 37 were identified to  Hoebeke ER. 1980. A buprestid beefigrilus derasofasciatysletected

the genus level only and 1 to the species levedulcicollis in New York. USDA Cooperative Plant Pest Report 5(33): 627.

which was intercepted in dunnage on a shipment from Belgium. Jendek E. 1994. Studies in the East Palaearctic species of the genus

The 38Agrilusinterceptions were made at US ports in 11 different Agrilus Dahl, 1823 (Coleoptera: Buprestidae). Part I. Entomologi-

states (Map 3). Itis interesting to note that\gailus were cal Problems 25(1): 9-25. .

intercepted in Michigan, although at the nearby port of Toledo, Ko, JH 1969. A list of forest insect pests in Korea. Forest Research

Ohio, Agrilus specimens were intercepted on at least 8 occasions Institute, Seoul, Korea.

P . urosawa Y. 1956. Buprestid-fauna of Eastern Asia (3). Bulletin of the
Of the 38Agrilusinterceptions, 28 were recovered from dunnage, AF National Science Museum (Tokyo) 3(1): 33-41.

from crating, 4 from grape leaves, 1 from a cutting, and 1was at krosawa v, Hisamatsu S, Sasaji H. (eds.) 1985. The Coleoptera of

large in the ship hold. Japan in color Vol. 3. Hoikusha Publishing, Osaka, Japan.

The 38Agrilusinterceptions originated from at least 11 Little EL. 1979. Checklist of United States trees (native and natural-
countries, including Belgium (16 interceptions), Germany (5), Israel ized). USDA Forest Service, Agriculture Handbook AH-541.
(8), France (2), India (2), Finland (1), Italy (1), Jordan (1), Korea (1), Loerch CR, Cameron EA. 1983. Determination of larval instars of the
Mexico (1), Russia (1), Europe (1), and unknown (3). Of these bronze birch borergrilus anxiugColeoptera: Buprestidae).

countries, EAB is native to only Korea and Russia. Similarly, of the " Anns\I/sJoLt.he E?togs/ll.cilgica: Slociety of megrig;:j TG: 948-952.
41 buprestids that were not identified beyond the family level, 6 attson WJ, Niemela P, Millers I, Inguanzo ¥. - Immigrant
originated in China and 2 in Japan, which are two additional phytophagous insects on woody plants in the United States and

. ) . . . . Canada: an annotated list. USDA Forest Service, North Central
countries where EAB is native. Given that ®grilusare inter- Forest Experiment Station, General Technical Report NC-169.

cepted and of those very few are identified beyond the genus levejccullough DG, Roberts DL. 2002. Emerald ash borer USDA Forest
theAgrilusinterception data provide few clues as to the likely origin Service, Northeastern Area, State and Private Forestry, Pest Alert

of the EAB population now established in North America. NA-PR-07-02.

Outlook. The North American ash resource is at risk from Sugiura N. 1999. The family Buprestidae in Fukushima Prefecture: the
EAB. So far, all species of North American ash growing in the genusAgrilus. On-line at: http://www1.linkclub.or.jp/~sugirin/
infested area have been successfully attacked. A Pest Risk fukusima/nagatama/nagatama2.html (viewed August 2002).

Obenberger J. 1930. Buprestidarum supplementa palaearctica VI. Acta
Assessment recently completed by CFIA (Dobesberger 2002) Socigtatis EntomoloZicae Cechoslo%?aniae 27: 502—115.

concluded th‘fit EAB could _potenﬂally spread throughout the Obenberger J. 1936. De novis regionis orientalis Agrili generis speciebus
range of ash in North America and cause considerable economic (Col. Bupr.) II. Nové druhy orientalnih krascd rofigrilus. Acta

and environmental damage. AVi_QOVOUS resegrch an_d manage- Societatis Entomologicae Cechosloveniae 33: 33-44.

ment program along with harmonized quarantine actions are ~ Solomon JD. 1995. Guide to insect borers in North American broadleaf
urgently needed to contain this new exotic tree pest. trees and shrubs. USDA Forest Service, Agriculture Handbook AH-
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