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1. INTRODUCTION 
 
The emerald ash borer (EAB), 
Agrilus planipennis Fairmaire, is 
an introduced metallic wood-
boring beetle (Coleoptera: Bu-
prestidae) native to China, Japan, 
Korea, Russia and Taiwan. This 
pest was discovered for the first 
time in North America during the 
summer of 2002 in Detroit, Michi-
gan and Windsor, Ontario. In 
North America, the emerald ash 
borer has been observed attack-
ing and killing species of ash trees 
(Fraxinus spp.). It is likely that all 
North American species of ash, as 
well as exotic species, are sus-
ceptible to emerald ash borer at-
tack. 
 
The purpose of this publication is 
to provide guidelines and proto-
cols for conducting surveys for the 
detection of EAB. All techniques 
required to conduct such a survey 
are described herein. This guide 
should provide staff of the Cana-
dian Food Inspection Agency 
(CFIA) and other interested agen-
cies with the knowledge to under-
take these surveys. 
 
The manual begins with a descrip-
tion of the initial preparation for 
conducting surveys. A list of the 
tools and materials an inspector 
needs to undertake the surveys is 
provided. Inspectors  are in-
structed to obtain maps and aerial 
photographs of the area to be sur-
veyed. The next section deals with 
communication between inspec-
tors, landowners and the media. 
The next section introduces the 

EAB and describes its life stages 
and biology. Other insects that 
might be mistaken for EAB are 
also described in this section. This 
is followed by a section on the 
signs and symptoms of EAB at-
tack. Differentiating ash trees from 
other tree species and identifica-
tion of individual ash species is 
the scope of the next section. The 
next two sections deal with exami-
nation methods and how to under-
take surveys for EAB in different 
habitat types. Collection, preser-
vation and shipping of specimens 
for identification and photo docu-
mentation of the suspect tree are 
then described. Data acquisition 
and recording is highlighted in the 
next section. The manual con-
cludes with a glossary of relevant 
terms and a list of pertinent litera-
ture references. 
 
For updated information about 
emerald ash borer and other Ca-
nadian quarantine issues visit the 
C F I A  w e b s i t e  a t  
www.inspection.gc.ca. 
 
2. PREPARATION 
 
Prior to undertaking field surveys, 
inspectors must ensure that they 
are properly equipped and have 
all the required maps and aerial 
photographs.  
 
2.1 SUPPLIES 
 
Inspectors should verify daily that 
they have all the materials and 
supplies that they will require prior 
to departing from headquarters. 
Table 1 lists the essential materi-
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als required for undertaking EAB 
surveys. 
 
2.2 MAPS AND AERIAL PHOTO-
GRAPHS 
 
Sample locations can be pre-
selected using geographic infor-
mation system (GIS)-generated 
maps and aerial photographs. For 
forested area surveys, GIS-
generated maps must have pre-
selected sample locations 
(Section 8.5). 
 
3. COMMUNICATION 
 
While undertaking surveys for 
EAB, inspectors will frequently 
come into contact with the public. 
The following section outlines a 
general code of conduct that in-
spectors must adopt for most 
situations in dealing with landown-
ers and other parties. 
 
3.1 AUTHORITY OF INSPECTORS 
 
While CFIA staff has the authority 
under the Plant Protection Act and 
Regulations to survey on private 
property, the inspector must make 
every effort to talk to property 
owners to explain what they are 
doing. 
 
3.2 PROPERTY OWNER CONTACT 
 
When conducting surveys it is im-

Table 1. List of Survey Supplies 
and Equipment 
 
• hat 
• sunscreen 
• safety glasses 
• insect repellent 
• water 
• coveralls 
• parka and winter pants 
• safety boots 
• safety vest 
• non-slip and puncture-

resistant gloves 
• first aid kit 
• drawknife 
• knife and hatchet 
• knife and hatchet sharpeners 
• pruning shears 
• forms 
• pencil/pens 
• maps  
• compass 
• global positioning system 

(GPS) unit 
• flagging tape 
• binoculars 
• climbing sticks and harness 
• hand lens 
• 70% ethanol 
• vials or collection bottles 
• portable water heater 
• soft forceps 
• labels 
• permanent marker 
• CFIA contact information 
• brochures (facts sheets, pest 

ID cards, etc.) 
• door hangers 
• measuring tapes (50 m) 
• diameter tape 
• clinometer 
• ruler 

• digital camera 
• sweep net 
• tally counter 
• two-way radios 
• cellular phone 
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portant to make contact with the 
property owners and seek permis-
sion to enter and survey the prop-
erties. Although this may not be 
possible in all instances, the fol-
lowing instructions are intended 
as a guide to assist in this activity. 
You are often the first person that 
landowners will encounter con-
cerning the EAB surveys, and it is 
essential that you make a good 
impression. Look and act profes-
sionally at all times. 
 
Prior to undertaking a survey,  
inspectors should be provided 
with the contact information for the 
property owners. Property owners 
should receive notification in ad-
vance of the survey to make them 
aware of the survey process and 
its purpose (via mail-out flyers or 
media notices). 
 
When you arrive at the property, 
introduce yourself and show iden-
tification. Identify yourself as work-
ing with the Canadian Food In-
spection Agency or other agency. 
Survey uniforms help provide 
credibility. Inform the property 
owner of the purpose of the sur-
vey, how it will be completed and 
the value of the survey for their 
ash trees. Ask them if there are 
any current hazards (e.g., aggres-
sive dogs, live stock  etc.). Leave 
all property as found and thank 
the owner for his/her co-operation. 
Provide fact sheets for those citi-
zens that are interested in learn-
ing more. Program and policy 
questions should be directed to 
the Program Officer in your local 
office. 

Survey results are confidential. Do 
not discuss the EAB status of any 
properties or areas. All questions 
from the public regarding the sur-
vey or the general status of the 
EAB program can be referred to 
the Regional CFIA-EAB office. 
 
If you are unable to make contact 
with the property owner, do not 
enter any locked part of the prop-
erty or those with potential haz-
ards. Leave an information flyer or 
inform a neighbour that you have 
conducted a survey on the prop-
erty. 
 
If you encounter a difficult individ-
ual or are refused access to a 
property, listen to the individual’s 
concerns and address them, offer 
as much information as possible 
and offer them your supervisor’s 
contact information. If you can not 
gain access to the property inform 
your supervisor. 
 
3.3  NEWS MEDIA CONTACT 
 
Inspectors should never give 
statements to the news media. 
Members of the media should be 
directed to call the CFIA at 1-866-
463-6017 for information regard-
ing EAB programs.  
 
4. INSECT LIFE HISTORY STAGES 
 
The life cycle of EAB generally 
takes one year to complete, but 
some later developing individuals 
or individuals in cooler climates 
may take two years to complete a 
generation. The biology and de-
scription of each life history stage 
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of the EAB is described below. 
When the presence of EAB is con-
firmed for a specific site, stage-
specific data based on these de-
scriptions are entered on the EAB 
Suspect/Positive Tree Form 
(Section 10.2). If life stages of 
EAB are collected, a Pest Identifi-
cation Report (CFIA / ACIA 1303) 
form must be completed (Section 
10.3) and specimens must be pre-
pared and shipped for identifica-
tion (Section 9.1).  
 
All developmental events in the 
life history of EAB are tempera-
ture-dependent. The higher the 
ambient temperature, the shorter 
is the duration of the stage. Con-
versely, in cooler years or at more 
northerly latitudes, development 
progresses more slowly and the 
onset of stages is later. 
 
4.1 ADULT 
 
Biology of Stage: Adults moult 
(eclose) from the pupal skin in the 
pupal chambers in the bark or 
outer portions of the sapwood of 
the host trees. Newly moulted 
(teneral) adults undergo a period, 
within these chambers, where 
they harden (sclerotize) and even-
tually become more active. This 
period may last for several days 
depending on temperature. During 
this teneral-adult period, fully 
formed adults may be found within 
the trees. Adults emerge from the 
pupal chambers through distinct 
D-shaped exit holes (Fig. 1) that 
they chew through the bark. In 
southwestern Ontario adult emer-
gence begins towards the end of 

May and may continue into late 
July. Peak adult emergence is 
from mid- to late-June.  Shortly 
after emergence the adults move 
up into the host foliage where they 
feed on the edges of the leaves. 
Adults can be observed flying on 
warm sunny days, but are inactive 
on cooler cloudy days. Adults may 
be observed on or flying near host 
trees from early June into August.  

 
Description of Stage: Adults are 
7.5 to 15.0 mm in length and 3.1 
to 3.4 mm in width. The body is 
narrow and elongate, with a me-
tallic coppery-green colour. The 
eyes are large, kidney-shaped 
and black- or copper-coloured 
(Fig. 2). 
 
4.2 EGG 
 
Biology of Stage: Female EAB 
undergo a prolonged period of 
maturation feeding during which 
they do not mate or lay eggs. 
Consequently, eggs are not de-
posited for several weeks after 
adults emerge. Females can de-
posit as many as 275 eggs over 
their lifetime. Eggs are laid singly 

Fig. 1. D-shaped hole resulting 
from emergence of adult of EAB.  
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or in small clusters in bark crev-
ices and under bark scales. Eggs 
are laid in summer, hatching after 
a few weeks. The newly hatched 
larvae chew through the outer 
bark and into the cambial layer 
beneath the bark. 
 
Description of Stage: Eggs are 
extremely small (0.6 by 1.0 mm) 
flattened discs that conform to the 
shape of the surface on which 
they are deposited (Fig. 3). The 
eggs are creamy yellow when de-
posited and become reddish-
brown as they develop. The eggs 
are usually laid in crevices or un-
der bark scales and are very diffi-
cult to detect in the field. Thus, the 
detection of eggs in the field is not 
considered a valid survey tool. 

4.3 LARVA 
 
Biology of Stage: The larva is the 
stage of EAB that feeds in the 
cambial layer under the bark and 
in the inner bark (phloem), which 
results in the decline and eventual 
death of the tree. The cambial 
layer is the actively-growing layer 
of cells between the bark and the 
sapwood from which the bark and 
sapwood develop. Larval feeding 
eventually interrupts the flow of 
nutrients in the inner bark 
(phloem), which girdles the tree. 
The larvae form distinct S-shaped 
galleries which become wider as 
they grow through four instars 
(stages). Larvae are mostly found 
under the bark during the summer 
months although some larvae may 
be present all year around. 
 
Description of Stage: Mature lar-
vae (Fig. 4) are 26 - 32 mm long 
and creamy white in colour. The 
body of the larva is 13-segmented 
(Fig. 5), the first three of which 
make up the thorax (prothorax, 
mesothorax and metathorax). The 
largest segment, which is behind 

Fig. 2. Adult of EAB. 

Fig. 4. Larva of EAB in feeding 
gallery exposed by peeling back 
the bark of the host tree. 

Fig. 3. Egg of EAB in a fissure on 
the bark of the host tree. 
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and conceals most of the head, is 
the prothorax. The abdomen is 
10-segmented; the first eight seg-
ments are bell shaped and each 
has a pair of spiracles. The larval 
head is small, brown and only par-
tially visible as it is mostly re-
tracted into the prothorax. The last 
abdominal segment bears a pair 
of brownish serrated appendages 
(urogomphi). 
 
Although precise determination of 
the larval instars requires meas-
urements of minute structures on 
the head of the larva, the stage of 

the larva can be estimated by 
comparing the larval size with the 
pictures in Fig. 6.  

 
4.4 PREPUPA 
 
Biology of Stage: Prepupae are 
first observed in September and 
by October most of the population 
is in this stage. This is the stage in 
which most of the population of 
the EAB spends the winter, al-
though some individuals overwin-
ter as earlier-instar larvae. Al-
though the larvae change shape 
when they become prepupae, this 
transition does not involve a 
moult. Thus, prepupae are fourth-
instar larvae that have contracted 
in length, become thicker in cross 
section and have formed a kink in 
their bodies. Prepupae are found 
in chambers that the larvae exca-
vate either in the bark or slightly 
into the sapwood. It is within these 
chambers that the insects moult 
into pupae during the spring and 
where they subsequently become 
adults.  
 Fig. 5. Larva of EAB illustrating 

the 13-segmented body. 

Fig. 6. The four larval instars of 
EAB.  
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Description of Stage: Prepupae of 
EAB have characteristic J-shaped 
bodies (Fig. 7). The cream-
coloured prepupae have thicker 
and shorter bodies than do the 
larvae. 

4.5 PUPA 
 
Biology of Stage: Pupae develop 
within the pupal chambers in the 
bark or sapwood in the spring. 
Pupae are present in the host 
trees from late April until mid-
June. Pupae have never been 
observed from late summer 
through the winter. 
 
Description of Stage: The pupa 
(Fig. 8) is initially beige-coloured. 
It darkens as it develops until it 
looks similar in appearance and 
colour to the adult. (Fig. 9). Pupal 
appendages (i.e., legs and wing 
pads) are not attached over their 
length to the body (i.e., exarate 
pupa). 
 
4.6 OTHER WOOD-BORING INSECTS  
 
A number of other insects bore 

into and infest ash trees; these 
may potentially be confused with 
EAB. The following is a descrip-
tion of the more common species. 
Generally these species only in-
fest dead or dying trees, unlike 
EAB, which attacks living trees. 
 
Metallic Wood-boring Beetles 
(Buprestidae) - This is the family 
to which EAB belongs. There are 
a number of other species in this 
family that are native to North 
America and use ash trees as 
hosts. Although some of these 

Fig. 9. Colour change of pupa of 
EAB as it develops from (A) 
beige to (B) dark-eyed to (C) 
adult shades. 

Fig. 7. Prepupae of EAB in what 
will become pupal chambers. 

Fig. 8. Pupa of EAB in pupal 
chamber within the bark. 
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have a greenish tinge to their 
body colouration, none of them is 
as green and brightly-coloured as 
EAB. Adults of these other beetles 
may be found under the bark prior 
to emergence in early summer or 
flying around host trees. Larvae 
may be found under the bark. 
 
Chrysobothris sexsignata and C. 
femorata have both been reported 
attacking ash. The adults of the 
former species are 6.5 to 12.5 mm 
long, blackish in colour with 
bronzy green and purplish tinges, 
while adults of the latter are 7 to 
16 mm long, greenish to purplish-
black with a distinct red tinge. The 
cambium/phloem-boring larvae of 
these species differ in shape from 
EAB (Fig. 10). Another species, 
Dicerca divaricata, is a larger bee-
tle (i.e., adult length 15-22 mm) 
with brassy/coppery colouration. 
The larva of this species also bur-
rows in the cambium/phloem of 
the host trees and has a similar 
body shape to the Chrysobothris 
spp. (Fig. 10). The body shapes of 
the adults of these species are 
quite different from the body 
shapes of Agrilus spp. (Fig. 11). 
 
Only one native species in the 
same genus as EAB (i.e., Agrilus) 
attacks ash trees. This species, A. 
subcinctus, is a much smaller spe-
cies (i.e., adult length 3.5 to 4.5 
mm). Consequently, it has much 
smaller galleries and exit holes 
(D-shaped exit holes not exceed-
ing 2 mm) than EAB and mostly 
infests smaller twigs and 
branches. The back of thorax 
(pronotum) and wing covers 

(elytra) of A. subcinctus are black 
with strong brassy or coppery re-

Fig. 10. Body shape of larva of 
Chrysobothris spp.  

Fig. 11. Body shapes and rela-
tive sizes of ash-feeding Bupres-
tidae A) Agrilus planipennis, B) 
Chrysobothris spp. and C) 
Dicerca divaricata. 
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flections. Other species of this 
large cosmopolitan genus attack 
other species of trees and shrubs 
and may be encountered in the 
same woodlots as EAB. Well-
known members of this genus 
include the bronze birch borer 
(Agrilus anxius) and the two-lined 
chestnut borer (Agrilus bilineatus) 
(Fig. 12A). All species of Agrilus 
have a similar body shape (Fig. 

11A). Other insects like the six-
spotted tiger beetle, Cicindela 
sexguttata (Fig. 12B) have metal-
lic green bodies, but do not have 
the same body shape as EAB.  
 
Redheaded Ash Borer (Neoclytus 
acuminatus) - This is the most 

common species of wood-boring 
insect encountered during surveys 
for EAB in southwestern Ontario. 
This cerambycid (Fig. 13) (long-
horned beetle), whose cream-
coloured larva is a round-headed 
borer, has galleries that look quite 
similar to EAB in that they are also 
mainly in the cambial/phloem 
layer and are packed with fine 
frass. Generally these galleries 
are only found in dead or dying 
ash trees and don’t show the ser-
pentine or S-shaped form of EAB. 
The larva of this species also tun-
nels extensively in the sapwood. 
The exit holes are larger than 
those of EAB (about 5 to 8 mm) 
and are round. The larvae of this 
species lack the urogomphi (Fig. 

Fig. 13. A) Larva and B) adults of 
the redheaded ash borer, Neocly-
tus acuminatus. 

Fig. 12. Adult beetles that might 
be mistaken for EAB: A) two-
lined chestnut borer, Agrilus bi-
lineatus and B) six-spotted tiger 
beetle, Cicindela sexguttata.   
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5) found on the larvae of EAB. 
Another cerambycid that attacks 
ash, the banded ash borer (N. 
caprea), has a similar appearance 
and biology. 
 
Ash Borer [or Lilac Borer] 
(Podosesia syringae) - This spe-
cies is a day-flying clearwing moth 
(Sesiidae), which superficially re-
sembles a wasp. The larvae usu-
ally bore into the heartwood of the 
tree (not just in the sapwood) and 
have a round exit hole about 5 
mm in diameter. The pupal exo-
skeleton is often found still stick-
ing out of the emergence hole. 
These are most commonly found 
on landscaped trees. 
  
Carpenterworm (Prionoxystus 
robiniae) - This is a native moth in 
the family Cossidae that uses ash 
and other hardwood species as its 
host. The young pinkish larvae 
initially feed in the cambium and 
phloem. As they develop, they 
become greenish-white in colour 
and bore into the sapwood where 
they form galleries. In the northern 
part of its distribution, this insect 
takes 2-4 years to complete devel-
opment. Initial signs of attack in-
clude sap and frass at the larval 
entrance holes, with additional 
frass accumulation on the bark as 
the larvae develop. The exit holes 
are large (up to 18 mm) and 
round. The empty pupal skin may 
protrude from the emergence 
holes. Green ash is the favoured 
host for this insect in the prairies. 
 
Ash Cambium Miner (Phytobia 
sp.) - These insects are flies  of 

the family Agromyzidae whose 
larvae mine through the cambium 
and inner bark towards the roots. 
The meandering and sometimes 
serpentine galleries of these min-
ers are often seen under the bark 
on smaller branches and twigs. 
The threadlike galleries are most 
common in the lower bole and the 
upper roots. The larvae are long 
thin maggots and can be up to 25 
mm in length.  The adults emerge 
from the roots and do not produce 
an exit hole in the trunk or 
branches like EAB. This species is 
frequently encountered during 
EAB surveys in southwestern On-
tario. 
 
Bark Beetles (Scolytidae) - These 
beetles are members of the scoly-
tid or bark beetle family. Five spe-
cies, Hylesinus aculeatus (eastern 
ash bark beetle), H. fasciatus, H. 
criddlei, H. californicus (western 
ash bark beetle) and Hylurgopinus 
rufipes (native elm bark beetle) 
attack Fraxinus spp. in Canada. 
The galleries of these species 
have two horizontal arms con-
nected by a short central tunnel or 
nuptial chamber associated with 
the adults’ entrance holes. Larvae 
tunnel away from these egg gal-
leries upward or downward with 
the grain of the wood. The exit 
holes are very small and round (1-
2 mm). Galleries can be found in 
living or dead trees. 
 
These are the most common spe-
cies of wood-boring insects that 
may cause ash trees to show 
signs and symptoms similar to 
those caused by EAB. Other spe-
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cies may also be encountered. 
The intent of this section was to 
highlight the need for positive 
identification of EAB life stages by 
CFIA entomologists before a tree 
or site is declared positive. 
 
5. SIGNS AND SYMPTOMS OF INFES-
TATION 
 
Infestations of EAB in newly at-
tacked trees are very difficult to 
detect. Once signs and symptoms 
become apparent, trees are often 
severely infested. There are a 
number of signs and symptoms 
that may or may not be present 
but which should alert the inspec-
tor to take a closer look at the ash 
trees. Signs are physical damage 
produced directly by the insect’s 
attack, while symptoms are the 
result of the tree’s physiological 
response to the attack. If an in-
spector suspects that a tree is 
infested based on the following 
signs and symptoms, an Emerald 
Ash Borer - Suspect/Positive Tree 
Form must be completed (Section 
10.2). 
 
5.1 CROWN DIEBACK/CHLOROSIS  
 
Biology of Symptom: Feeding by 
larvae of the EAB under the bark 
of the host tree results in damage 
to the vascular system (phloem 
tissue) disrupting the movement of 
nutrients from the leaves to the 
rest of the tree. This damage ini-
tially results in discolouration of 
the foliage (chlorosis) and death 
of portions of the crown (dieback) 
(Fig. 14).  Once larval populations 
of EAB are sufficiently high, the 

feeding damage results in girdling 
of the tree and its subsequent 
mortality. 
 
Description of Symptom: Thinning 
and discolouration of the ash tree 
crown are symptoms used to lo-
cate EAB-infested trees. These 
symptoms can often be seen from 
a considerable distance. Crowns 
can display wilting foliage, 
branches with reduced foliage, 
yellowing foliage, dead foliage-
free branches, or all of the above. 
 
Confounding Symptoms: Other 
conditions unrelated to EAB attack 
cause crown dieback and discol-
ouration including the following: 
 
Ash Yellows - This is an insect-
vectored (leafhoppers) disease 
that is  caused by a mycoplasma-
like organism that invades the 
phloem tissue in ash trees. Most 
ash species are susceptible and 
trees in all types of habitats are 
affected. The presence of ash yel-
lows can only be confirmed by 
microscopic examination of the 
affected tissue. The disease may 
also causes epicormic shoot for-
mation (Section 5.2). 
 
The main difference between ash 
yellows and EAB-caused dieback 
is that symptoms may be localized 
to a few branches in the former 
while whole crowns may be af-
fected in the latter. 
 
Anthracnose - Some fungal dis-
eases  (e.g., Aureobasidium apoc-
ryptum and Gnomoniella fraxini), 
the causal agents of anthracnose, 
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also cause decadent-appearing 
crowns in ashes, usually in land-
scaped and nursery trees. Leaf-
lets on diseased trees may appear 
scorched and prematurely drop 
from the tree. Unlike trees af-

fected by EAB, leaves from an-
thracnose-infected trees exhibit 
leaf spotting and lesions, while 
twigs may contain small cankers. 
 
Verticillium Wilt - This is another 

Fig. 14. Progressive degrees of thinning and chlorosis in crowns of ur-
ban ash trees resulting from EAB attack: A) flagging, B) thinning of 
crown, C) branch dieback, and D) dead branches. 
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fungal (Verticillium alboatrum) dis-
ease that causes wilting, chloro-
sis, sparse crown foliage and die-
back in ash trees. Affected trees 
are usually confined to nurseries 
and landscaped plantings. Micro-
scopic examination is also re-
quired to positively identify this 
disease. Leaves on infected trees 
may show scorching. 
 
Ash Dieback - The condition 
known as ash dieback can be 
caused by a number of biotic and 
abiotic agents. Repeated years of 
low rainfall can cause trees to 
show signs of drought stress and 
exhibit thin crowns and dieback.  
Dieback may also be caused by 
other fungal and viral agents as 
well as by air pollution and low 
temperature (freezing) damage. 
 
5.2 EPICORMIC SHOOTS 
 
Biology of Symptom: Ash trees 
produce shoots on their boles in 
response to wounds caused by 
the feeding activity of EAB (Fig. 
15).  
 
Description of Symptom: Epicor-
mic shoot production (i.e., sucker-
ing, witches brooms, water 
sprouts) are a reaction by many 
trees when they are under stress. 
Epicormic branching can occur on 
EAB-infested trees.  
 
Confounding Symptoms: In gen-
eral, many trees, but particularly 
ash trees, send out epicormic 
shoots as a response to any 
stress or damage to the tree. The 
most common cause of suckering 

in landscaped (residential) trees is 
mechanical damage, usually 
caused by a lawnmower or trim-
mer. 
 
5.3 WOODPECKER AND SQUIRREL 
FEEDING 
 
Biology of Signs: Woodpeckers 
are insectivorous and feed in part 
by extracting wood-boring insects 
from under the bark of trees. In 
the deciduous woods of eastern 
Canada, the hairy woodpecker 
and the downy woodpecker are 
the most common species en-
countered, while the red-headed 
woodpecker occurs less fre-
quently. Increased woodpecker 
activity in the crowns of ash trees 
would suggest the presence of 
wood boring insects, but not nec-
essarily EAB.  Occasionally squir-
rels will peel back the bark and 
feed on the larvae.    
 
Description of Signs: Woodpecker 
feeding may be an indication that 
there is a sizable population of 
EAB in a tree. Often irregular 
shaped light-brown holes (Fig. 
16A) are present and sometimes 
strips of bark are found peeling 
from the tree. Woodpeckers are 
very adept at finding larvae, so 
feeding holes are an indication of 
the presence of larvae of some 
species. Squirrel feeding results in 
ragged strips of bark on the tree 
bole (Fig. 16B). 
 
Confounding Signs: The presence 
of woodpecker and squirrel feed-
ing damage indicates the pres-
ence of boring insects, but not 
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Fig. 15. Epicormic shoots on the boles of ash trees; A) and B) newly 
sprouted shoots on woodlot trees, C) at the base of the bole on a plan-
tation-grown tree, and D) on the bole and roots of a suburban tree. 
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Fig. 16. Other signs and symptoms of EAB activity: A) woodpecker 
feeding, B) squirrel feeding, C) oystershell scale, and D) large seed 
crop. 
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necessarily the presence of EAB. 
 
5.4 OTHER SYMPTOMS 
 
Biology of Symptoms: Trees un-
der stress are often attacked by a 
variety of insects. Stressed trees 
often produce a surplus of seeds. 
 
Description of Symptoms: The 
presence of oystershell scales 
(Fig. 16C) on the trunk of ash 
trees is an indication that they 
may be under attack by EAB. A 
large number of seeds (samaras) 
on an ash tree (Fig. 16D) may 
also be indicative of EAB attack.     
 
Confounding Symptoms: Other 
stressors may stimulate attack by 
other insects and increased seed 
production in ash trees. 
 
5.5 BARK DEFORMITIES 
 
Biology of Symptom: The pres-
ence of EAB larvae tunneling un-
der bark of the host tree causes a 
wound response by the tree. The 
tree often responds by producing 
scar tissue (callusing) around the 
wound. This results in bark discol-
oration, swelling and sometimes 
splitting at or near the wound site 
(Fig. 17).   
 
Description of Symptom: In trees 
with first or second year EAB in-
festations, vertical splits, weeping 
and staining in the bark and bark 
swelling are often the only symp-
toms present in an otherwise 
healthy-looking tree. Vertical splits 
are often 5–10 cm in length and 
occur over a gallery. If there is a 

gallery present, it can be seen 
beneath the crack. In most cases 
it does not take too much effort to 
cut away enough bark under the 
crack to see if a gallery is present. 
 
Confounding Symptoms: The 
other most common cause of 
cracking in the bark is from frost 
damage or freezing in the winter-
time.  
  
5.6 FOLIAGE FEEDING  
 
Biology of Sign: Adults of EAB 
undergo maturation feeding prior 
to becoming sexually active and 
reproductive. This feeding period 
may last for several weeks under 
field conditions.  
 
Description of Sign: Feeding 
adults of EAB chew ragged edges 
on the leaves of the host plant 
(Fig. 18). 
 
Confounding Signs: Other species 
of insects also chew holes in 
leaves of ash trees, thus this sign 
is only an indication of potential 
infestation by EAB. 
 
5.7 EMERGENCE HOLES 
 
Biology of Sign: Adult EAB chew 
D-shaped holes (Fig. 1) in the 
bark as they emerge from the 
chambers in which they develop. 
The presence of D-shaped exit 
holes in an ash tree is a strong 
indicator that the tree is infested 
with EAB. The D-shaped exit 
holes are required to accommo-
date the flat back and rounded 
underside of the adult EAB.  
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Fig. 17. Bark deformities caused by larval feeding and gallery develop-
ment of EAB: A) stain, B) stain and cracks with bark removed to reveal 
gallery, C) crack in rough-barked tree, and D) large crack with gallery 
exposed beneath. 
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Description of Sign: The exit hole 
is shaped like the capital letter D 
on its side. Exit holes are 3.5 to 
4.1 mm in diameter. 
 
Confounding Signs: D-shaped 
holes are not unique to EAB, but 
are unique to the metallic wood-
boring beetles (Buprestidae). 
There are a number of other in-
sects that attack and infest ash 
trees (Section 4.6), but emer-
gence holes made by these spe-
cies are generally round. 
 
5.8 LARVAL GALLERIES 
 
Biology of Sign: Serpentine (S-

shaped) galleries are typical feed-
ing patterns for EAB (Fig. 19). Ini-
tially, galleries are very narrow, 
then gradually widen as the larva 
matures and becomes larger. 
These galleries are filled with fine 
frass (sawdust-like excrement) 
and easily seen on the outer sap-
wood after the bark has been 
peeled away. At low levels of in-
festation, the galleries tend to fol-
low the grain up or down the trunk 
but once population levels be-
come higher they meander in all 
directions, may crisscross each 
other, and/or may be straight. 
Older galleries may have swollen 
scar (callus) tissue around their 
edges where the tree has tried to 
wall off the insect damage (Fig. 
20). Old uninhabited galleries be-
come dark brown and usually 
have an emergence hole in the 
bark above them. 
 
Description of Sign: Serpentine 
(S-shaped) larval galleries are 
usually packed with a light 
brownish frass. Initial tunnelling is 
very small, but gradually these 
zig-zagging tunnels increase to 
about 6 mm in width and up to 20 
- 30 cm in length. 
 
Confounding Signs: Other wood-
boring insects make galleries un-
der the bark of ash trees (Section 
4.6) 
 
6. ASH SPECIES IDENTIFICATION 
 
The trees targeted for the emerald 
ash borer survey are all true ash 
species in the genus Fraxinus. 
Ash trees are common trees on 

Fig. 18. A) Adult feeding on the 
foliage of the host tree resulting 
in B) defoliation that may be visi-
ble from the ground. 
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Fig. 19.  The serpentine larval galleries of EAB exposed by peeling 
back the bark of the host tree: A) early stage gallery, B) complete gal-
lery with larva entering pupal chamber, C) many distinct galleries under 
bark, and D) intermingled galleries under bark of severely infested tree. 
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the rural and urban landscape in 
Canada. It is essential that all sur-
vey staff be able to distinguish ash 
from other species that can look 
similar and be able to identify ash 
trees to species. 
 
This part of the manual is divided 
into four sections. Section 6.1 pro-
vides a general description of 
trees that are similar to ash trees 
and how to distinguish ash from 
these similar trees. Section 6.2 
provides a tree identification key 
to distinguish ash trees from other 
trees. In section 6.3, the distinc-
tive features of different ash spe-
cies (native and many of the intro-
duced species) are described. 
Section 6.4 provides a tree identi-
fication key to distinguish the ash 
species from one another. Survey 
staff should use these sections 
together with a tree identification 
book, such as “Trees in Can-
ada” (Farrar 1995), to aid in identi-
fication. 

6.1 IDENTIFYING ASH TREES 
 

Trees are broadly distinguished 
from each other according to 
whether the tree’s leaves are op-
posite or alternate, and simple or 
compound. Using these character-
istics allows for the differentiation 
of ash from many other tree spe-
cies. 

 
Twigs and branches can be used 
in winter to help identify trees. 
Ashes (Fraxinus spp.), maples 
(Acer spp.), catalpas (Catalpa 
spp.), horsechestnuts (Aesculus 
spp.), elders (Sambucus spp.), 
viburnum (Viburnum spp.), com-
mon lilac (Syringa vulgaris), amur 
c o r k t r e e  ( P h e l l o d e n d r o n  
a m u r e n s e )  a n d  d o g w o o d s  
(Cornus spp.) are deciduous trees 
with buds and branches in an op-
posite arrangement (Fig. 21A and 
B). Other tree species have buds 
and branches arranged alternately 
(Fig. 21C).  

 
Ashes have blunt buds, stout 
twigs, and an upright growth habit 
with long branches. The branch 
tips look like tridents (3-pronged 
fork). Bark (Fig. 22) is variable 
and thus is not a feature upon 
which identification should be 
based. Maple buds are covered 
by folded scales and the twigs are 
more slender (Fig. 23A). 
Horsechestnuts have darker bark 
than ashes, large terminal buds 
that are dark and sticky. Catalpas, 
lilac and corktree have no true 
terminal bud and usually retain 
seeds into winter unless they are 
pruned off. 

Fig. 20. An old EAB gallery that 
was walled off from the rest of 
the cambium with callus tissue. 
More recent galleries surround 
the old gallery. 
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In the winter, the tree species 
most commonly confused with ash 
are Norway maple (Acer pla-
tanoides), Manitoba maple (A. 
negundo) and black walnut 
(Juglans nigra). Norway maple is 
most often planted as a land-
scaped tree and must be exam-
ined closely. Norway maple has 

mahogany-coloured twigs, black 
branch collars and larger terminal 
buds than ash. The buds are a 
distinct red colour and covered by 
folded bud scales. The most reli-
able identifying feature is to find 
maple keys persisting on the tree.  
 
 

Fig. 21. A) Opposite branching on green ash, B) opposite twig structure 
on green ash and C) alternate twig structure on white elm.  
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Fig. 22. Mature bark of A) green/red ash, B) white ash, C) black ash, 
and D) blue ash. 
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Manitoba maple has grey buds on 
slender twigs that look relatively 
large. The twigs are purple and 
are coated with a white waxy pow-
der that can be rubbed off. Mani-
toba maple has a crooked form. It 
is most easily identified when it 
retains its clusters of maple keys. 
From a distance, with their stout 
branches and form, black walnut, 

butternut, hickories (Carya spp.), 
cottonwood/poplar (Populus spp.), 
and tulip-tree (Liriodendron tulipif-
era) appear ash-like but all have 
alternately oriented branches and 
buds like white elm (Fig.   21C). 
The tulip-tree may still have its 
seed cones in the winter, and 
there is white dotting on the bark. 

 

Fig. 23.  A) Twig with buds of sugar maple, B) leaf scar on sugar ma-
ple, C) green/red ash buds and leaf scar, D) white ash buds and 
notched leaf scar, E) leaf scar and hairy twig of black ash, and F) 
square twig of blue ash. 
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Some tree species, such as ash, 
have compound leaves (Fig. 24), 
that is two or more leaflets on a 
single leaf stalk and each leaf 

forms a bud at its base. Other 
trees such as maple, oak 
(Quercus spp.), elm (Ulmus spp.), 
poplar and beech (Fagus spp.) 

Fig. 24. Compound leaves of A) green/red ash, B) white ash, C) black 
ash, and D) blue ash. 
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have simple leaves (Fig. 25). If it 
does not have a compound leaf, it 
is not an ash. 

 
Ash leaves (Fig. 24) usually have 
5 - 9 finely-toothed leaflets 
(occasionally 11) of roughly equal 
size with the lowest (basal) two 
leaflets being slightly smaller than 
the other leaflets. Ash seeds are 
attached to a wing called sama-
ras, which droop towards the 
ground and turn from green to 
brown throughout the summer.  
 
Manitoba maple is the only native 
maple with a compound leaf. 
Manitoba maple generally has 3-5 
leaflets (occasionally 7) with slight 
lobes, crooked form, and clusters 
of maple keys. Amur corktree is 
an uncommon tree species. Fruits 
are grape-like clusters of berries 
turning green to purple. Amur 

corktree has spongy-textured 
bark. Elder is a shrub-sized plant 
with hollow, easily breakable 
stems. The fruits are flat clusters 
of small berries turning from green 
to red or nearly black, depending 
on the species. 

 
The following trees have an alter-
nating leaf and bud arrangement 
(Fig. 21C) as their main difference 
from ash (Fig. 23). Walnut and 
butternut have more than nine 
leaflets. Nuts develop inside of a 
large green husk on these trees. 
Leaves have a distinct citrus smell 
when crushed. Hickory leaves 
have a shiny upper surface and 
are aromatic when crushed. The 
terminal leaflet is much larger than 
the basal leaves. Honey locust 
(Gleditsia triacanthos) and black 
locust (Robinia pseudoacacia) 
have more than nine small leaflets 
of equal size. These are legumi-
nous trees that develop seed 
pods. Mountain-ash, which are in 
the rose family, are not true 
ashes. Leaves of these species 
have distinct teeth. Showy white 
flowers on these trees develop 
into clusters of bright orange ber-
ries. The introduced ornamental, 
tree-of-heaven (Ailanthus altis-
sima) has many more than nine 
leaflets. 
 
6.2 A KEY TO DISTINGUISH ASH 
FROM OTHER TREES 
 
These simple keys will help you 
separate ash trees from other 
trees that have a similar appear-
ance. 
 

Fig. 25. The simple leaf of white 
elm. 
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Trees can be identified in the 
summer using the leaves 
(Summer Key) or in the winter 
using the twigs and bark (Winter 
Key). It is more difficult to distin-
guish between tree species in the 
winter, so it takes some practice 
to become proficient. Twigs are 
used to identify trees without 
leaves. Make sure the twig exam-
ined does not have missing buds 
and is alive. We strongly advise 
that you examine at least two or 
three samples at each step of the 
key to be sure the decision is cor-
rect and to familiarize you with the 
variation that occurs within and 
among trees. Do not use the 
leaves and twigs from epicormic 
branches. 
 
Summer Key 
 
Step 1:  Look at a branch in a 

tree where the branches 
are easy to see. Are the 
branches directly oppo-
site (across from each 
other) (Fig. 21A), or are 
the branches alternate 
(staggered and not di-
rectly across from each 
other) (Fig. 21C)? 

 
If the branches are alter-
nate, it is not an ash 
tree. 
  
If the branches are op-
posite, go to Step 2.  

 
Step 2:  Is the leaf a single blade 

(Simple Leaf – Fig. 25) 
joined by its stem to a 
woody branch, or does 

the leaf have many leaf-
lets (Compound Leaf – 
Fig. 24) attached to a 
single leaf stem? 

 
If the leaf is simple, then 
the tree is not an ash 
tree. 
 
If the leaf is compound, 
go to Step 3. 

 
Step 3: Does the leaf have 3 to 

5 (rarely more) leaflets 
that are irregular in 
shape and with coarse 
teeth? 

 
If yes, it is a Manitoba 
maple (boxelder). 
 
If not, go to Step 4. 

 
Step 4:  Does the leaf have 5 to 

9 (usually 7) leaflets ar-
ranged like the fingers in 
a hand (palmate), with 
the leaflets bigger above 
the middle and ending 
with a small point? 

 
If yes, it is a horsechest-
nut or a buckeye. 
 
If not, go to Step 5. 

 
Step 5: Are the leaves covered 

with translucent dots 
(glands)? Are they fra-
grant, and do the twigs 
have prominent lenti-
cels? 

 
If yes, it is likely an Amur 
corktree, which is com-
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monly planted in urban 
areas and looks a lot like 
ash. 
 
If not, go to Step 6. 

 
Step 6: Does the leaf have 5 to 

11 leaflets all about the 
same size (the terminal 
leaflet can sometimes 
be slightly larger) and is 
the edge (margin) of 
each leaflet smooth or 
with small teeth (Fig. 
24)? 

 
If yes, it is likely an ash 
tree. Go to Sections 6.3 
& 6.4 to distinguish the 
different species of ash. 

 
Winter Key 
 
Step 1:  Look at a branch in a 

tree where the branches 
are easy to see. Are the 
branches directly oppo-
site (across from each 
other) (Fig. 21A & B), or 
are the branches alter-
nate (staggered and not 
directly across from 
each other) (Fig. 21C)? 

 
If the branches are alter-
nate, it is not an ash 
tree. 
 
If the branches are op-
posite, go to Step 2. 
 

Step 2:  Are the twigs very stout 
with very large and 
sometimes sticky termi-
nal buds with large 

sh ie ld -shaped lea f 
scars? 

 
If yes, it is likely a 
horsechestnut or a buck-
eye. 
 
If not, go to Step 3. 

 
Step 3:  Are the twigs slender, 

with three distinct vein 
(bundle) scars inside the 
crescent-shaped leaf 
scar (Fig. 23B)? 

 
If yes, it is likely a ma-
ple. 
 
If not, and the leaf scar 
has many (5 or more) 
small vein scars (Fig. 
23C-E), it is likely an ash 
tree. Go to Section 6.3 & 
6.4 to distinguish the 
different species of ash. 

 
6.3 IDENTIFYING ASH SPECIES 

 
There are five native species 
(green/red, white, black, blue and 
pumpkin ash) of ash in eastern 
Canada and several more species 
that are introduced and planted as 
landscape ornamentals. What is 
known as red ash (Fraxinus penn-
sylvanica) in Canada, is called  
green ash in the United States. To 
make matters somewhat more 
confusing, in Canada, there are 
two varieties of red ash, the north-
ern red ash (Fraxinus pennsyl-
vanica var. austini) and the green 
ash (Fraxinus pennsylvanica var. 
subintegerrima). Green ash has 
become the predominant common 
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name in Canada in association 
with the emerald ash borer. 
Pumpkin ash is extremely rare 
and occurs in a few locations in 
southeastern Ontario near Lake 
Erie. Similarly, blue ash is also a 
rare tree but can easily be distin-
guished from the other ash trees 
by its four sided twigs.  In urban 
areas, European ash and its 
golden twig cultivar, and some-
times Manchurian ash and its hy-
brids can also be encountered.   
 
The description for individual spe-
cies contains the characteristics of 
that species that allows for spe-
cific identification.  

 
6.3.1 GREEN/RED ASH (FRAXINUS 
PENNSYLVANICA) 
 
Key Features: In the spring and 
summer, twigs (Fig. 23C), buds 
and leaves on red ash (green ash 
is the hairless variety of red ash) 
are very pubescent, but in the fall, 
they are only slightly fuzzy. Twigs 
are less stout than in white ash 
(Fig. 23D). The outer bark 
(epidermis) does not flake or peel 
on older twigs like those on white 
ash. 
Bud: The pubescent buds are 
raised on the leaf scar (Fig. 23C). 
Leaf: Leaves (Fig. 24A) have 5-9 
leaflets (most often 7) that are 
serrated (toothed) beyond the 
middle of the leaflet. Leaflets are 
attached to the leaf stalk by a 
short petiole. 
Seed: The wing of the samara 
covers about half of the seed. The 
seed cavity is relatively thin and 
narrow. 

Bark: Mature trees have an ir-
regular diamond-shaped bark pat-
tern (Fig. 22A). The bark on twigs 
often has a reddish tinge to it. 
 
6.3.2 WHITE ASH (FRAXINUS AMERI-
CANA) 
 
Key Features: The buds are set 
into the leaf scar (Fig. 23D).  This 
is the only ash that may turn pur-
ple in the fall. Twigs are stouter 
than those on green/red ash and 
exhibit a purple-grey colour. The 
growth habit is neat and upright 
giving the terminal leaders the 
shape of a trident. 
Bud: The lateral buds are all set 
into a notch in the leaf scar (Fig. 
23D). Leaf scars are raised giving 
the twig a  knobby appearance. 
Leaf: Leaves (Fig. 24B) have 5-9 
hairless leaflets (most often 7). 
The leaflets are mostly smooth-
edged, often with rounded serra-
tions. The leaves are dark green 
above, but much paler on the un-
der side. The leaflets are attached 
to the leaf stalk by a petiole that is 
slightly longer than those in F. 
pennsylvanica. 
Seed: The wing of the samara 
covers only the tip of the seed. 
The seed cavity is relatively 
plump. 
Bark: The bark has a  distinct dia-
mond-shaped pattern on mature 
specimens (Fig. 22B). 
 
6.3.3 BLACK ASH (FRAXINUS NI-
GRA) 
 
Key Features: This is the only 
native ash that has its uppermost 
lateral buds spaced distinctly be-
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low the terminal bud so that one 
can see bark between the two.  
The terminal twigs are stout. The 
species is rarely found on upland 
sites. 
Bud: The very dark brown buds 
are raised above the leaf scar 
(Fig. 23E). 
Leaf: Of the 7-11 leaflets, only the 
terminal leaflet has a petiole, the 
rest are sessile (attached directly 
to the leaf stalk) (Fig. 24C).  
Leaves are serrated along the 
margins. 
Seed: The wing of the samara is 
wider than those on white or 
green/red ash, covering nearly all 
of the seed.  The wing is notched 
at the end. 
Bark: The bark (Fig. 22C) is corky 
and when cut into is tight to the 
sapwood. 
 
6.3.4 BLUE ASH (FRAXINUS QUAD-
RANGULATA) 
 
Key Features: This is the only 
ash species with 4-sided (square) 
twigs (Fig. 23F).  The bark on a 
mature tree is scaly as opposed to 
the diamond-shaped bark of other 
Fraxinus spp. This is a medium-
sized tree found on upland sites. 
The tree is often planted as an 
ornamental due to its rarity in On-
tario. 
Bud: The lateral buds are set 
above the leaf scar, which has the 
shape of a narrow crescent. 
Leaf: The 5-11 leaflets (most of-
ten 9) are coarsely serrated with 
asymmetrical bases (Fig. 24D). 
The leaflets are attached to the 
leaf stalk by a short petiole. 
Seed: The wing of the samara is 

broad, covering the whole, rela-
tively flat seed.  The samara is 
twisted in appearance and has a 
notched tip. 
Bark: The bark (Fig. 22D) is dis-
tinctly grey and scaly. 
 
6.3.5 PUMPKIN ASH (FRAXINUS 
PROFUNDA) 
 
Key Features: This species has 
many similar features as white 
and red ash, but much larger fea-
tures than any other native Frax-
inus spp. On more mature speci-
mens the base will be buttressed 
and swollen to look like a pump-
kin.  The species is rare in Ontario 
and is only found in moist bottom-
lands. 
Bud: The buds are very pubes-
cent and set into the leaf scar. 
Leaf: The leaves are very long 
with 7-9 leaflets each one being 
10-25 cm long (other Fraxinus 
spp.: 7-15 cm). The petiolules are 
relatively long (1 cm). Leaflets 
have rounded serrations and are 
pubescent underneath, with the 
midrib being densely hairy. 
Seed: The wing of the samara is 
very broad and much longer than 
other Fraxinus spp. (5-8 cm) and 
covers most and in some cases, 
all of the seed cavity. 
 
6.3.6 EXOTIC ASHES 
 
Many species of ash in eastern 
Canada have been planted out-
side of their native range. The two 
most common species are Man-
churian and European ash. The 
following is a list of some of the 
more common species of exotic 
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ashes that may be encountered 
during surveys with brief descrip-
tions of their diagnostic character-
istics.  
 
F. excelsior (European Ash) 
 
Key Features: The buds of this 
species are jet black. Twigs and 
upper branches may be yellow on 
some cultivars and the bark is of-
ten smooth, lacking the deep fis-
sures of native species. 
 
F. mandshurica (Manchurian 
Ash) 
 
Key Features: The 11 lance-
shaped leaflets have sunken 
veins, are coarsely toothed, and 
are hairy on both the upper and 
lower surfaces.  Several Manchu-
rian-black ash hybrids have been 
planted in Canada for their fall 
foliage. 
 
F. ornus (Flowering Ash) 
 
Key Features: This species has 
showy fragrant white flowers. 
 
F. angustifolia (Narrow-leafed 
Ash) 
Key Features: The three buds are 
arranged in a whorled fashion on 
the twig. 
 
F. bungeana (Bunge’s Ash) 
 
Key Features: Leaves and flow-
ers are downy when first emerg-
ing. This species is a small tree or 
shrub. 
 
 

F. chinensis (Chinese Ash) 
 
Key Features: The eight egg-
shaped leaflets are downy be-
neath. 
 
F. latifolia (Oregon Ash) 
 
Key Features: This species is 
found in British Colombia. The 
twigs and buds are pubescent. 
The tips of the leaflets are 
pointed. 

 
6.4 A KEY TO DISTINGUISH ASH 
SPECIES 
 
This simple key will help you 
separate the five native species of 
ash and a common introduced 
ornamental (European ash) found 
in Eastern Canada.  
 
Summer Key 
 
Step 1:  Does the leaf have 

smooth margins or a few 
rounded teeth along the 
edges (margin)?  

 
If yes, and the twigs are 
hairless and stout (Fig. 
23D) and the leaflets (5-
9) are hairless below 
(except along the veins), 
the tree is a White Ash 
(Fraxinus americana). 
The seed wing is ta-
pered and surrounds 
only the tip of the seed 
case. 
 
If yes, and the twigs are 
hairy and stout and the 
leaflets are hairy, large, 
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thick and with 1 cm long 
stems, it is a pumpkin 
ash (Fraxinus pro-
funda). The seed wing 
is widest at or above the 
middle.  
 
If not, go to Step 2. 
 

Step 2:  Does the leaf have 
toothed margins and are 
the leaflets directly at-
tached (without a stem) 
to the central leaf stalk 
(Fig. 24C)?  

 
If yes, and there are 7-
11 leaflets with dense 
tufts of reddish-brown 
hair near where the leaf-
let attaches to the cen-
tral leaf stalk (Fig. 24C), 
the tree is a Black Ash 
(Fraxinus nigra). The 
seed wing is often 
twisted and surrounds 
the seed case and 
sometimes has a small 
notch at the tip. 
 
If yes, and there 9-15 
leaflets that do not have 
tufts of hair where the 
leaflet attaches to the 
central leaf stalk, the 
tree is an European ash 
(Fraxinus excelsior). 
The seed wing is wide, 
flat and surrounds the 
seedcase. 
 
If not, go to Step 3. 
 

Step 3:  Does the leaf have 
toothed margins and are 

the leaflets attached by 
a small stem (petiole) to 
the central leaf stalk 
(Fig. 23A & C)? 
 
If yes, and the twig has 
four prominent corky 
ridges, giving it a four-
sided appearance (Fig. 
23F), and the leaflets 
are asymmetrical at the 
base, the tree is a blue 
ash (Fraxinus quad-
rangulata). The seed 
wing is broad and 
twisted and surrounds 
the flat seedcase. 
 
If yes, and the twig lacks 
ridges and is round in 
cross section and the 
leaflets are symmetrical 
at the base (Fig. 24A), 
the tree is the green/red 
ash (Fraxinus pennsyl-
vanica). The seed wing 
is flat, sometimes with a 
small notch at the tip 
and surrounds about 
one-half of the seed 
case and stays on the 
tree almost all winter. 

 
Winter Key 
 
Step 1:  Does the twig have four 

prominent corky ridges 
giving it a four-sided 
appearance (Fig. 23F)? 

 
If yes, the tree is a blue 
ash (Fraxinus quad-
rangulata). 
 
If not, go to Step 2. 
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Step 2:  Are the twigs round? 
 

If yes, and the buds are 
noticeably deep inky 
black in colour, the tree 
is an European ash 
(Fraxinus excelsior). 
 
If yes, but the buds are 
reddish to dark brown, 
go to Step 3. 

 
Step 3:  Are the terminal buds 

conical and dark brown 
to black, and is there 
bark clearly visible be-
tween the terminal buds 
and the first pair of lat-
eral buds just below? 

 
If yes, and the twig is 
smooth with corky pur-
plish lenticels, the tree is 
a black ash (Fraxinus 
nigra). 
 
If not, go to Step 4. 

 
Step 4:  Do the leaf scars under-

neath the buds have 
deeply U– or V–shaped 
notches and are the lat-
eral buds set close up 
against the terminal 
buds leaving no visible 
bark between (Fig. 
23D)? 

 
If yes, and the twig is 
smooth, the tree is a 
white ash (Fraxinus 
americana). 
 
If not, go to Step 5. 

 

Step 5:  Is the tree in a very wet 
site with a swollen trunk 
(looks like a pumpkin) at 
the base, and are the 
twigs densely hairy? 

 
If yes, the tree is a 
pumpkin ash (Fraxinus 
profunda). 
 
If not, the tree will be 
g r e e n / r e d  a s h 
(Fraxinus pennsyl-
vanica). The leaf scar 
underneath the bud will 
have a straight edge at 
the top and will look like 
the letter D when turned 
on its side (Fig. 23C). 
The twigs will be hairy to 
smooth or nearly so and 
tend to be somewhat 
flattened. 

 
7. EXAMINATION METHODS 
 
Visual surveys can be conducted 
year round but slightly different 
methods are used in different sea-
sons. The best time of year to see 
all or most of the symptoms is dur-
ing late summer and fall. 
 
From late July until leaf-drop in 
the fall is when the trees begin to 
show signs of stress due to the 
heaviest larval feeding activity. 
Epicormic shoots and thinning 
crowns start to become very evi-
dent during this period. This time 
period is best for observing all of 
the EAB signs and symptoms. 
Bark deformities are easiest to 
observe when the leaves are off 
the trees (October/November to 
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March/April). EAB symptoms are 
difficult to detect in spring during 
the period of leaf flush (April 
through June). 
 
Any tree displaying all or some of 
the signs and symptoms (Sections 
5.1 to 5.8) should be carefully ex-
amined from the root collar as far 
up the trunk as possible. In most 
cases, depending on the size of 
the tree, just using your naked eye 
will not be enough to conduct a 
thorough inspection. One, or a 
combination, of the following tech-
niques may be necessary. 
  
7.1 VISUAL INSPECTION 
 
All visible portions of the bole and 
lower branches of ash trees 
should be examined from the 
ground for signs and symptoms of 
EAB. Higher portions of the bole 
can be examined using binoculars 
or spotting telescopes. We recom-
mend that a set of at least 10 x 42 
binoculars be used. Other sized 
lenses may be used if they are 
available, but it is important that 
they can focus at relatively short 
distances. 
  
7.2 CROWN SURVEY 
 
In some cases, trained and ex-
perienced staff can use climbing 
sticks to get to a height of 3 to 6 m 
in the tree (Fig. 26). Exit holes or 
suspicious cracks or blemishes 
can then be cut into, to determine 
if galleries or life stages are pre-
sent. A harness must be used at 
all times. A bucket truck or cherry-
picker truck may be used to exam-

ine branches in the upper crown if 
available and circumstances per-
mit their use. Bucket trucks should 
only be operated by certified and 

Fig. 26. Inspectors using climb-
ing poles to examine the boles of 
ash trees. 
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experienced staff. 
 
7.3 TREE FELLING 
  
In some cases a tree may be cut 
down and the bark stripped by the 
inspector to determine the pres-
ence of galleries or larvae. Trees 
should only be felled  when highly 
suspicious symptoms are viewed 
from the ground (e.g., emergence 
holes or bark deformities). Trees 
should never be removed on resi-
dential properties during surveys. 
Chainsaws should only be oper-
ated by certified and experienced 
staff. 
 
7.4 BARK PEELING 
 
If there is a crack or an epicormic 
shoot, the bark should be cut 
away at that area to determine if 
galleries and/or larvae are pre-
sent. The bark needs to be re-
moved at least to the cambial 
layer. The inspector should not cut 
into the tree (especially residential 
trees) unless there is a crack or 
sucker present. Bark windows 
should be cut about hand size. 
Care must be taken in spring to 
remove only hand-sized windows, 
because large pieces of bark can 
be easily removed during this time 
of year. There is sufficient evi-
dence to suggest that galleries are 
more likely to be present on the 
sun-exposed side of host trees. 
Thus, cutting bark windows on this 
side of the tree would have the 
highest probability of success. 
 
If a cut is made in a tree to deter-
mine the presence of galleries or 

larvae, it should be “clean”, which 
means there should be no bark or 
wood left attached to the wound 
and every effort should be made 
to prevent creating a wound 
where water can accumulate and 
disease can develop. 
 
8. SURVEY METHODS 
 
At each site, the inspector should 
attempt to identify potential 
sources of EAB introduction, or 
the sites where beetles would 
emerge if they were present. 
These should include log or slab 
piles in a sawmill yard, or firewood 
piles at RV parks or residences. If 
a potential source is not obvious, 
the inspector should use any ash 
tree as a starting point. At all sites, 
the inspector should look for any 
dead and/or dying ash trees. Site 
selection should focus on public 
land wherever possible. 
 
The ash trees in the closest prox-
imity to these “source” sites 
should be carefully inspected first. 
Survey outward from these sites. 
Although insects do not like to fly 
great distances over open areas, 
EAB has been shown to be a 
good flier, so any ash trees within 
approximately 1 km of the 
“source” should be inspected. 
 
For each site surveyed, a Survey 
Site Profile Form (Section 10.1) is 
completed. 
 
8.1 LANDSCAPED TREE SURVEY 
METHODS 
 
Landscaped trees are the free-
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standing or clumped trees found 
in residential neighbourhoods, city 
parks, golf courses and other sites 
where landscaping practices have 
taken place. All ash trees on these 
individual properties should be 
examined for signs and symptoms 
of EAB. Upper boles, branches 
and crowns should be examined 
with binoculars or from climbing 
poles. For residential trees, bark 
peeling/removal should only be 
undertaken where trees have sus-
picious signs (emergence holes or 
bark deformities) of EAB or on 
portions of the stems or branches 
that are not readily visible from the 
ground. Tree felling should only 
be undertaken on these properties 
when directed by a supervisor. 
Firewood piles should be exam-
ined for the presence of ash bolts, 
and ash bolts should be carefully 
examined for evidence of EAB 
infestation. Site maps on the Sur-
vey Site Profile Form should show 
the locations of roadways, build-
ings and ash trees. The Universal 
Transverse Mercator (UTM) coor-
dinates of the centre of a residen-
tial property should be determined 
with the GPS unit (set to datum 
NAD83) and recorded on the data 
form. For detection surveys, ran-
domly located properties within a 
neighbourhood are pre-selected 
for examination. 
 
8.2 SHELTERBELT/FENCEROW SUR-
VEY METHODS 
 
Ash trees located within the fence-
row should be examined for signs 
and symptoms of EAB. Trees 
should be viewed from both sides 

either by different inspectors walk-
ing along opposite sides of the 
fencerow or by the same inspector 
walking along one side of the 
fencerow on the outward trip and 
returning along the opposite side 
on the return trip. The number (or 
estimated number) of ash stems 
in the fencerow and their approxi-
mate size should be recorded. 
Particular attention should be di-
rected at trees showing potential 
signs or symptoms of EAB. The 
UTM coordinates of a fixed point 
(end of fencerow or at roadway) 
along the fencerow or shelterbelt 
should be determined using the 
GPS unit and recorded on the 
Survey Site Profile Form (Section 
10.1). The site map on the form 
should be completed showing the 
relative position of the fencerow to 
roadways, structures, land fea-
tures and the GPS coordinates. 
 
8.3 RIPARIAN ZONE SURVEY METH-
ODS 
 
Riparian zones are forested areas 
along the banks of waterways 
(e.g., rivers, streams, ponds, 
ditches etc.). These zones may 
represent the only forest stands in 
some agricultural areas. Tree spe-
cies composition may also be 
quite different in riparian zones. 
Surveys in these zones are con-
ducted in a similar fashion to sur-
veys in small woodlots (Section 
8.4) with the exception that zig-
zag walks are usually undertaken 
along the contour of the shoreline. 
Both sides of the streams must be 
examined.   
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8.4 WOODLOT SURVEY METHODS 
 
For the purposes of EAB survey-
ing, a woodlot is defined as a con-
tiguously wooded zone with an 
area of less than 40 ha. Initial at-
tention should be directed at the 
trees along the edge of the wood-
lots. These trees that are clearly 
visible from adjacent areas should 
be examined for signs and symp-
toms of EAB attack. If signs and 
symptoms (e.g., crown dieback or 
epicormic shoots) are visible from 
a distance, the trees should be 
closely examined for more conclu-
sive signs and symptoms (e.g., 
emergence holes and galleries) or 
life stages of EAB. Once edge 
trees have been examined, in-
spectors (teams of 2-4) position 
themselves at approximately 10-m 
intervals along one boundary of 
the woodlot and proceed through 
the woodlot using a zig-zag walk-
ing pattern (Fig. 27). The spacing 
between intervals is regulated by 
understory density, topography, 
and shape and size of the wood-
lot. Inspectors keep within visual 
contact with each other and regu-
late their rate of advance to a 
common pace. The zig-zag walk 
traverses the woodlot from side-
to-side or end-to-end. Once the 
area has been traversed in one 
direction the inspectors space 
themselves apart again along the 
boundary of the non-surveyed 
portion of the woodlot and con-
tinue in the opposite direction.  
 
This process continues until all 
areas of the woodlot have been 
examined. Each time the inspec-

tors exit or enter the woodlots the 
edge trees should be carefully 
examined. All ash trees within the 
woodlot are examined at a dis-
tance with binoculars but only 
stems closely encountered are 
carefully examined unless poten-
tial signs or symptoms of EAB are 
detected. Signs and symptoms 
notable at a distance (crown die-
back or epicormic shoots) would 
trigger a close-up examination of 
an individual trunk. Hand-sized 
bark windows are cut on all trees 
that are closely examined using 
bark deformities to direct place-
ment. The GPS coordinates of 
one corner of the woodlot should 
be recorded and its location indi-
cated on the sketch map. 
 
8.5 FOREST SURVEY METHODS 
 
For large tracts of contiguously 
forested land it is difficult to visit 
all areas within the forest and yet 
survey large geographic areas. To 
overcome this problem, the area 
in question can be sub-sampled 
using systematically distributed 
sample plots. In addition, exami-
nation of aerial photographs or 
conducting aerial reconnaissance 
of the forest prior to the survey 
can pinpoint areas within the for-
est that have high concentrations 
of ash trees. These areas must be 
sampled. The following tech-
niques are to be used in forested 
areas greater than 40 ha in area 
(Fig. 28). 
 
The sample unit to be employed is 
a 10 by 10 m square. W-shaped 
transects are overlaid on maps of 
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the forested area and the direc-
tional bearings for the transect 
lines are predetermined. The dis-
tribution of the 10 by 10 m sample 
plots along the transects is also 
predetermined using the GIS. In 
addition, edge plots are systemati-
cally selected at the entry and exit 
points of the transects along the 
boundaries of the forested area. 
Examination of these edge plots 

allows comparisons to be made 
between edge and interior loca-
tions. The southwestern corner of 
each sample unit, which is posi-
tioned on the transect line, is des-
ignated by a GPS coordinate. 
From this point, a compass and 
tape measures are used to deline-
ate the extent of the sides of the 
square. All ash stems within the 
sample plots are carefully exam-

Fig. 27. Map showing the protocol for conducting a three-person sur-
vey in a hypothetical woodlot.  
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Fig. 28. Map showing the protocol for conducting a survey in a forested 
area.  
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ined. Crown conditions of ash 
trees are also examined at a dis-
tance while walking the transect 
lines. If signs and symptoms are 
observed, these trees should be 
closely examined. If aerial photo-
graphs or aerial reconnaissance 
pinpointed areas of high ash den-
sity, sample plots must also be 
surveyed within these areas. 
 
8.6 HIGH RISK SITE SURVEY METH-
ODS 
  
High risk sites are areas adjacent 
to point sources with high or mod-
erate probability of infestation. 
Surveys of these sites are based 
on the risk of potentially infested 
ash material (firewood, logs and 
nursery stock) being moved into a 
new area and becoming estab-
lished in the environment. 
 
High-risk sites include hardwood 
sawmills, firewood distributors and 
permanent RV parks. These sites 
pose a greater risk of introducing 
EAB and should be given high 
priority. Smaller rural communities 
that depend on firewood as their 
main source of heat should also 
be considered a reasonably high 
risk.  
 
Moderate-risk sites include parks 
and campgrounds (conservation 
authority, private, provincial or 
national park) that firewood may 
be taken to, but is usually burned 
during the visit. Nurseries, tree 
farms and garden centres could 
also pose a risk.  
 
Lists of potential risk-makers are 

available from a number of 
sources such as conservation au-
thorities, wood-lot associations, 
campground groups, and even by 
looking in the Yellow Pages. 
 
In the GIS, draw a 0.5-km diame-
ter circle around a potential point 
source of infestation, with the cen-
tre of the circle located at the high 
risk point (Fig. 29). The centre or 
the circle is defined and located 
by its UTM coordinates. All ash 
trees within the circle are exam-
ined until a suspect tree is en-
countered and/or possible EAB 
specimens are collected for identi-
fication. If these trees/specimens 
prove to be negative, the remain-
der of the site should be surveyed 
at a later date. 
 
8.7 AUDIT SURVEY 
 
At irregular intervals a random 
selection of survey sites should be 
revisited by different crews and 
surveyed again. This provides a 
check of the efficiency and accu-
racy of the survey protocols allow-
ing for future correction of survey-
ing inadequacies. 
 
9. CONFIRMATION OF POSITIVE 
EAB INFESTATION 
 
A site will only be declared 
“positive” upon confirmed identifi-
cation of EAB life stages by staff 
of the CFIA Centre for Plant Quar-
antine Pests (CPQP). Without a 
positive identification of a life 
stage of EAB, the site will remain 
“suspect”. Staff in the field should 
not alert property owners or any 
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other parties to the presence of 
the beetle without confirmation 
from CPQP. 
  
9.1 SAMPLE COLLECTION, PRESER-
VATION, LABELING AND SHIPPING 
 
All EAB suspect specimens and 
associated insect specimens will 

be preserved, labeled and 
shipped to CPQP for identification. 
 
Adult beetles must always be im-
mediately killed by placing them in 
a vial filled with 70% ethanol and 
tightly sealed. Live adults should 
never be transported from the 
suspected infestation site. Ideally, 

Fig. 29. Map showing the survey protocol for a high risk site. 
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larvae, prepupae and pupae 
should be heat-treated in near-
boiling water as soon after collec-
tion as possible. Water can be 
heated on site using a portable 
coffee maker that plugs into the 
vehicle’s cigarette outlet or auxil-
iary electrical jack. The water is 
heated to maximum temperature 
prior to immersing the insect 
specimen. The water-filled con-
tainer is removed from the heat 
source and the insects are placed 
in the water for about one minute 
while the water is gently stirred a 
couple of times. The insects are 
placed directly into a vial of 70% 
ethanol upon removal from the 
water. If larvae, prepupae and 
pupae can not be processed in 
the field, they should be kept 
damp and cool prior to being pre-
served. These insects can be 
placed in vials or specimen jars 
with moist kimwipes or paper tow-
els, securely sealed and trans-
ported in a cold cooler to the 
home office. Larvae, prepupae 
and pupae must be processed 
immediately upon return to the 
office using the same procedures 
outlined for field processing. 
 
All specimens will be labeled as 
soon as they are collected. The 
labels must be written in pencil 
(preferably HB) and will contain 
the collection locale (both address 
and GPS coordinates), collection 
date, collector’s name and Pest 
Identification Report (PIR) Num-
ber. Do not use ballpoint pen be-
cause the ink will dissolve in the 
alcohol. Labels must accompany 
the specimens throughout sample 

processing and must be placed 
inside the ethanol-filled vial. The 
vial is then tightly stoppered for 
shipment. 
 
Preliminary identification may be 
made at the home office by in-
spection staff, but where EAB is 
suspected in a previously un-
infested area, the Survey Coordi-
nator must be notified immedi-
ately.  
 
A completed PIR Form (Section 
10.3) will accompany all speci-
mens sent to CPQP for identifica-
tion. Sample vials should be en-
closed in sturdy shipping contain-
ers with adequate packing mate-
rial to prevent breakage during 
shipping. All samples will be 
shipped by express courier to the 
Centre for Plant Quarantine Pests 
(CPQP) at the address below. 
Indicate “EAB Survey” on the 
sample box. 

 
Canadian Food Inspection Agency 
CPQP-Entomology 
Rm. 4125, K.W. Neatby Building 
960 Carling Avenue 
Ottawa ON 
K1A 0C6  
 
9.2 VERIFICATION FEEDBACK 

 
Once identification is completed 
by the entomological staff of the 
CPQP, a copy of the Pest Identifi-
cation Report is returned to the 
submitting office with the results of 
the identification. The results of 
the identification and the CPQP 
Log Number are entered onto the 
Suspect/Positive Tree Form 
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(Section 10.2), the name and sig-
nature of the Supervisor verifying 
the identification are recorded, 
and the form is dated.  
 
9.3 PHOTOGRAPHS 

  
All suspect/positive trees and their 
signs and symptoms should be 
photographed with a digital cam-
era. The first photograph in the 
series should show a card clearly 
labeled with the Site ID Number, 
Block ID Number, Date and Tree 
ID. All subsequent photographs 
until the next card image should 
be of the same tree. A profile view 
of the tree should be photo-
graphed from a distance to show 
the shape and condition of the 
crown and whether or not epicor-
mic shoots are present. The entire 
tree should fill the photographic 
frame if possible. Galleries, emer-
gence holes, and/or bark deformi-
ties should be photographed close 
enough to distinguish their 
shapes. A ruler should be placed 
in the photographic field so that 
the size of features can be deter-
mined from the photograph. All 
p h o t o g r a p h s  s h o u l d  b e 
downloaded from the camera to a 
computer at the end of the day 
and the photographs should be 
labeled with site identification in-
formation. Photographs should be 
stored and archived in the data-
base/GIS and backed up on CD/
DVD daily. 
 
10. SURVEY FORMS 
 
EAB survey data is captured on 
one of three data forms. The first 

form is used to document survey 
information for all sites visited. 
The second form is for survey lo-
cations that are suspect for the 
presence of EAB. The third form is 
the Pest Identification Report 
(CFIA / ACIA 1303). The latter is 
for submission of insect speci-
mens from suspect trees to the 
taxonomic laboratory of the Cen-
tre for Plant Quarantine Pests for 
identification.  
 
10.1 SURVEY SITE PROFILE FORM 
 
The following data is entered into 
the Emerald Ash Borer – Survey 
Site Profile Form (Fig. 30). All sec-
tions should be completed if pos-
sible. 
 
1. Site/Block ID: the unique Site 

or Block Identification Number 
(e.g., 10019), as designated 
from the GIS/database. 

2. Sub-Site/Block ID: the 
unique Sub-Site/Block Identifi-
cation Number (e.g., CK129), 
as designated for individual 
survey sub-blocks from the 
GIS or topographic maps. 

3. Agency: the agency responsi-
ble for conducting the survey 
(i.e., check CFIA or Other). If 
Other, then provide an acro-
nym for the agency involved 
(e.g., “OMNR”). 

4. Date: the survey date in the 
format day, three-letter month 
abbreviation (i.e., Jan, Feb, 
Mar, Apr, May, Jun, Jul, Aug, 
Sep, Oct, Nov, Dec), year 
(e.g., “23-Jun-08”). 

5. Crew Chief: the first  and last 
names of the person leading 
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the survey crew. 
6. Crew Members: the first and 

last names of all the members 
of the survey crew. 

7. UTM Zone: the Universal 
Transverse Mercator (UTM) 
zone number (e.g., 17). 

8. UTM Easting: the six digit 

Fig. 30. Emerald Ash Borer—Survey Site Profile Form. 

Visit Type:

No. Trees Climbed: No. Bark Windows:

Lot: Conc.:

Include roadways, structures,
tree locations and compass
bearing on site map. Label
all features.

Ash Species: green/red white black blue pumpkin exotic

Est. Avg. DBH of Ash Trees:

Est. Avg. Height :of Ash Trees

Suspect/Positive Tree Form(s)
Completed:

Entered?

Verified:

yes no

primary secondary extension audit

landscaped
fencerow

riparian woodlot

forest high risk

-- --

CFIA Other

No. %

% % % % % % unknown %

Map Legend

Firewood Present:

yes no

or

<10 m 10-20 m >20 m

<10 cm 10-30 cm >30 cm

Database ID:

August 2006

,,,,,,
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UTM easting value from the 
GPS unit (NAD83). 

9. UTM Northing: the seven 
digit UTM northing value from 
the GPS unit (NAD83). 

10. Street Address: the street 
address of the property being 
surveyed. For rural dwellings 
and buildings, this may in-
clude the emergency (911) 
numbers. For rural addresses 
this should include the high-
way/road or concession/line 
name. 

11. Lot: the lot number for rural 
properties (e.g., 3). 

12. Conc.: the concession num-
ber for rural properties (e.g., 
IV). 

13. Municipality/Township: the 
municipality or township 
name. 

14. County: the county name. 
15. Province: the province name 

or abbreviation (e.g., ON). 
16. Postal Code: the six charac-

ter postal code in spaces pro-
vided (e.g., P0R1G0). 

17. Contact/Business Name: the 
first and last names of the 
resident or manager of the 
property being surveyed and/
or the name of the business. 

18. Phone Number: the complete 
phone number of the contact 
person, including area code, 
in space provided. 

19. Fax Number: the complete 
fax number of the contact per-
son including area code in 
space provided. 

20. Visit Type: select the type of 
visit being performed. If this is 
the first visit to the site as part 
of a general area-wide survey 

check “primary”, if this is a 
repeat visit to the site check 
“secondary”, if the survey is 
the result of an inquiry from 
the property owner/manager 
check “extension”, or if this 
survey is for the purposes of 
conducting an audit on a prop-
erty previously surveyed 
check “audit”. 

21. Site Type: select one of six-
teen site type codes (Table 2). 

22. Survey Type: select one of 
six survey types (Section 8) 
(i.e., landscaped, fencerow, 
riparian zone, woodlot, forest 
or high risk). 

23. Firewood Present: indicate 
whether or not firewood is pre-
sent on the property. 

24. Ash Present: note the num-
ber and/or percentage of trees 
on the property/plot that are 
ash. 

25. Est. Avg. Height of Ash 
Trees: note the estimated 

Table 2. Site Type Codes 
 
1. public park 
2. residence 
3. campsite 
4. woodlot 
5. fencerow 
6. other 
7. sawmill/ log yard 
8. firewood vendor 
9. golf course 
10. landscaper 
11. nursery 
12. municipality 
13. tree service 
14. plantation 
15. creek/river 
16. road side 
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average heights in metres of 
the ash trees on the property/
plot (i.e., circle one of “<10 m”, 
“10-20 m”, or “>20 m”). 

26. Est. Avg. DBH of Ash Trees: 
indicate the estimated mean 
diameter at breast height 
(DBH) in centimetres of the 
ash trees on the property/plot 
(i.e., circle one of “<10 cm”, 
“10-30 cm”, or “>30 cm”). 

27. No. Trees Climbed: write in 
the number of ash trees 
climbed using climbing poles 
to examine above ground por-
tions. 

28. No. Bark Windows: record 
the number of windows cut 
into the bark to reveal the sap-
wood while searching for gal-
leries. 

29. Ash Species: record the per-
centage of each individual ash 
species on the property. 

30. Notes: note miscellaneous 
information about the prop-
erty/plot (e.g., ‘large dog’, ‘bull 
in field’, ‘owner requested in-
formation’, etc.). 

31. Site Map: draw a map of the 
property/plot being surveyed, 
indicating structures, road-
ways (with names), wood-
piles, ash trees, etc. 

32. Suspect/Positive Form(s) 
Completed: indicate whether 
or not a Suspect/Positive Tree 
Form was completed. 

33. Entered? a signature is pro-
vided verifying that the data 
has been entered into the da-
tabase/GIS system and a data 
entry date in the format: day, 
three-letter month abbrevia-
tion, year (e.g., 23-Jun-08) is 

recorded. A Database ID is 
also entered at this time. 
  

10.2 SUSPECT/POSITIVE TREE 
FORM 
 
If you believe that a tree(s) is/are 
infested, take the exact coordi-
nates (GPS-UTM), complete the 
Suspect/Positive Tree Form (Fig. 
31), and if possible, take digital or 
other photographs. Pass this infor-
mation on to the supervisor as 
soon as possible. 
 
The following data is entered into 
the Emerald Ash Borer – Suspect/
Positive Tree Form. All sections 
should be completed if possible. 

 
1. Site/Block ID: the unique Site 

or Block Identification Number 
(e.g., 10019), as designated 
from the GIS/database. 

2. Sub-Site/Block ID: the 
unique SubSite/Block Identifi-
cation Number (e.g., CK129), 
as designated for individual 
survey sub-blocks from the 
GIS or topographic maps. 

3. Date: the survey date in the 
format: day, three-letter ab-
breviation of the month (i.e., 
Jan, Feb, Mar, Apr, May, Jun, 
Jul, Aug, Sep, Oct, Nov, Dec), 
year (e.g., 23-Jun-08). 

4. Ash Species: the species of 
the suspect/positive tree. 

5. Tree Height: the height in 
metres of the suspect/positive 
tree. 

6. Tree DBH: the diameter at 
breast height (DBH) in centi-
meters of the suspect/positive 
tree. 
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7. UTM Zone: the Universal 
Transverse Mercator (UTM) 
zone number (e.g., 17). 

8. UTM Easting: the six digit 

UTM easting value from the 
GPS unit (NAD83) recorded at 
the suspect/positive tree. 

9. UTM Northing: the seven 

Fig. 31. Emerald Ash Borer — Suspect/Positive Tree Form. 

Ash Species: green/red white black

blue pumpkin exotic

Entered?

Name:

Date (e.g. 23-Jun-08):

Adult(s):

Life Stages

Larva(e):

Prepupa(e):

Pupa(e):

Other Borer(s):

No. observed

instar(s): I II III IV

no. in bark sapwood

sapwood

Signs and Symptoms

Crown Dieback/Chlorosis:

Epicormic Shoots:

Larval Galleries:

Bark Deformities:

Emergence Holes:

Adult Foliage Feeding:

nil low mod. high

percentage of crown: %

cracking swelling staining

Tree Description

Tree Height (m): Tree DBH (cm):

Tree Felled/Removed: yes no

Bark Stripped: yes no

no. new no. old

PIR No.:

Signature:

Positive EAB Identification Confirmed?

Name:

Date (e.g. 23-Jun-08):

Signature:

yesSpecimen(s) Shipped: no

Date (e.g. 23-Jun-08):

Tree Sketch:

Tree Location

Photographs: yes no

height (m):

bark thickness (mm):

bark thickness (mm):

unknown

direction(s):

no. old

height(s) (m):

direction(s):

No. collected

yes no

CPQP Log No.:

No.

Sketch Legend

height(s) (m):

Database ID:

no. in bark

no. new

Survey Site Profile Form Database ID:

compass

compass

August 2006
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digit UTM northing value from 
the GPS unit (NAD83) re-
corded at the suspect/positive 
tree. 

10. Tree Fel led/Removed: 
whether or not suspect/
positive tree was cut down 
and removed/destroyed. 

11. Bark Stripped: whether or 
not the bark was stripped from 
the suspect/positive tree in 
search for EAB galleries/life 
stages. 

12. Photographs: whether or not 
photographs were taken of the 
suspect/positive trees. 

13. Crown Dieback/Chlorosis: a 
subjective estimate of the de-
gree (i.e., nil, low, moderate, 
high) of crown dieback or 
chlorosis and the percentage 
of the crown involved. 

14. Epicormic Shoots: a subjec-
tive estimate of the number 
(i.e., nil, low, moderate, high) 
of epicormic shoots. 

15. Woodpecker Feeding: a sub-
jective estimate of the degree 
(i.e., nil, low, moderate, high) 
of woodpecker feeding. 

16. Bark Deformities: a subjec-
tive estimate of the degree 
(i.e., nil, low, moderate, high) 
of bark deformities,  one or 
more types of the deformities 
(i.e., cracking, swelling, stain-
ing) and the estimated height 
of the deformities in metres. 

17. Adult Foliage Feeding: a 
subjective estimate of the de-
gree (i.e., nil, low, moderate, 
high) of adult maturation feed-
ing on the foliage. 

18. Emergence Holes: a subjec-
tive estimate of the number 

(i.e., nil, low, moderate, high) 
of emergence holes of EAB, 
number of holes that are new 
or old, their height range 
above the ground and the 
compass direction(s) in which 
they occur. 

19. Larval Galleries: a subjective 
estimate of the number (i.e., 
nil, low, moderate, high) of 
larval galleries of EAB, num-
ber of galleries that are new or 
old, and the compass direc-
tion(s) in which they occur on 
the tree (e.g., N, SW, NE, all) 
and their height range above 
the ground . 

20. Adult(s): the number of EAB 
adults observed and/or col-
lected. 

21. Larva(e): the number of EAB 
larvae observed and/or col-
lected, and the instar distribu-
tion (Section 4.3) of larvae 
collected. 

22. Prepupa(e): the number of 
EAB prepupae (Section 4.4) 
observed and/or collected, the 
location of the prepupae (i.e., 
number in the bark or in the 
sapwood), and the thickness 
of the bark where the prepu-
pae are found. 

23. Pupa(e): the number of EAB 
pupae (Section 4.5) observed 
and/or collected, the location 
of the pupae (i.e., number in 
the bark or in the sapwood), 
and the thickness of the bark 
where the pupae are found. 

24. Other Borer(s): the number 
of other wood-boring insects 
associated with infestations of 
EAB that were observed and/
or collected. 
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25. Specimen(s)  Shipped: 
whether or not collected 
specimens were shipped to 
the CPQP for identification 
and the number of specimens 
shipped. 

26. PIR No.: the Pest Identifica-
tion Report number assigned 
to the specimens shipped to 
the CPQP for identification. 

27. Notes: any relevant informa-
tion about the suspect/positive 
tree that is not captured else-
where on the form. 

28. Tree Sketch: the profile of the 
suspect/positive tree should 
be sketched showing the ma-
jor branch configuration and 
relative positions of the ob-
served signs and symptoms. 

29. Positive EAB Identification 
Confirmed? whether a posi-
tive a negative species identi-
fication is received from the 
CPQP. A supervisor’s name 
and signature are entered for 
verification when completed 
and a date in the format: day, 
three-letter month abbrevia-
tion, year (e.g., 23-Jun-08) is 
entered. The CPQP Log Num-
ber from the completed and 
returned PIR is recorded. 

30. Entered? a name and signa-
ture are entered for verifica-
tion when the data has been 
entered in the database/GIS 
system and the data entry 
date in the format: day, three-
letter month abbreviation, year 
(e.g., 23-Jun-08) is recorded. 
The Database ID is assigned 
and entered here. The Data-
base ID for the corresponding 
Survey Site Profile Form 

should also be entered here.  
 
10.3 PEST IDENTIFICATION REPORT 
(CFIA / ACIA 1303) 
 
A Pest Identification Report (PIR) 
form (Fig. 32) is completed for 
each sample vial to be submitted 
for identification. A paper label 
with the PIR number, date and 
location of collection, written in 
pencil, is placed in each vial. On 
each PIR form, indicate in the ap-
propriate boxes the following infor-
mation: 

 
• Report No.: this is the unique 
number generated by the submit-
ting office. Incorporated in the 
number should be a two-letter 
code for the originating office and 
a sequential number for the indi-
vidual sample. The sample year 
should also be incorporated in the 
code (e.g., LO-05-1332 for sample 
1332 submitted from the London 
Office in 2005). 
• Office: the location of the sub-
mitting office. 
• Collection Date: the collection 
date in the format: day, three-
letter abbreviation for the month 
(i.e., Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, Nov, 
Dec), year (e.g., 23-Jun-08). 
• Collector: the first and last 
names of the collector. 
• Project: the project name (i.e., 
EAB Survey) 
• Program Officer: the first and 
last names of the reporting super-
visor. 
• Name and Address of Im-



49 

 

Fig. 32. The Pest Identification Report (PIR) submitted with specimens 
for identification to the Center for Plant Quarantine Pests (CPQP) 
Laboratory. 
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porter/Establishment: the ad-
dress of the property where the 
tree is located, from which the 
sample was collected. 
• Host: the host tree species if 
known (e.g., ‘Fraxinus americana’ 
or ‘white ash’ or ‘Fraxinus sp.’). 
• Description of Sample: a de-
scription of the nature of the sam-
ple to be identified (e.g., ‘larvae in 
alcohol collected from galleries’ or 
‘adults in alcohol collected from 
sticky bands on red ash tree’) 
• Insect: the box for insect must 
be checked.  
 
11. GLOSSARY 
 
bole – the main stem or trunk of a 
tree. 
 
callus tissue – the scar-like tis-
sue produced by a tree in re-
sponse to a wound. 
  
cambial layer – the very thin 
layer of cells between the bark 
(phloem and outer bark) and sap-
wood (xylem), from which the 
phloem and xylem develop. 
 
detection survey – a survey de-
signed to detect the presence (or 
absence) of an insect in a region it 
is not currently known to infest. 
This type of survey is generally 
less intensive than the delimitation 
survey. 
 
diameter at breast height (DBH) 
– the diameter of the trunk of the 
tree measured 1.3 metres above 
the ground. 
 

dieback – the progressive dying 
of the tree crown caused by dis-
ease or injury.  
 
chlorosis – the yellowing of leaf 
tissue resulting from injury. 
 
elytron (pl. elytra) – the hard 
thickened forewings of beetles 
that act as wing covers for the 
hind wings. 
 
frass – excrement produced by 
feeding stages of insects. 
 
instar – a developmental stage of 
some insect larvae the end of 
which is defined by a moult.  
 
larva(e) – the active feeding 
stages in some insects during 
which the insect may moult sev-
eral times and grow in size. 
 
lenticel – spots (pores) on the 
bark of twigs used for respiration 
 
petiolule – the leaflet stalk on a 
compound leaf. 
 
phloem – the nutrient-conducting 
tissue in the trunk and branches of 
a tree, found under the outer bark. 
 
prepupa(e) – a portion of the last 
larval stage in some insects dur-
ing which some developmental 
changes take place in preparation 
for moulting into the pupa. 
 
pronotum – the upper surface of 
the first thoracic segment 
(prothorax) behind the head in 
adult beetles. This segment con-
tains the first pair of legs but not 
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wings. 
 
pupa(e) – the developmental 
stage of some insects that follows 
the larval stage and precedes the 
adult stage. 
 
samara – a winged tree fruit with 
a single seed, also known as a 
key. 
 
sapwood – the outer portion of 
the woody tissue (xylem) of a tree 
branch or stem responsible for 
transportation of water from the 
roots to the leaves.  
 
12. ACKNOWLEDGEMENTS 
 
We thank the following individuals 
for their valuable insight into the 
development of this guide: Greg 
Borotsik (CFIA), Jerry Dowding 
(CFIA), Sarah Fotheringham 
(CFIA), Gordon Henry (CFIA), Pat 
Hodge (CFIA), Troy Kimoto 
(CFIA), Bill Lammers (CFIA), 
Mireille Laprise (CFIA), Brad Mac-
kay (CFIA), Rosetta Marchese 
(CFIA), Murray Pink (CFIA) and 
Linda Tucker (OMNR).  
 
Bill Biggs (CFS), Ed Czerwinski 
(OMNR), and Hugh Evans (CFS) 
graciously provided access to 
their photograph collections. 
 
The following individuals have 
also made valuable contributions 
to this guide: Bruce Gill (CFIA) 
and Gene Jones (CFS). 
 
We thank Karen Jamieson (CFS) 
and Troy Kimoto (CFIA) for edito-
rial comments. 

13. REFERENCES 
 
Bright, D.E. 1987. The metallic 
wood-boring beetles of Canada 
and Alaska. The insects and 
arachnids of Canada. Part 15, 
Agriculture Canada, Publication 
1810, Ottawa. 335 pp. 
 
Brown-Rytlewski, D. and R. 
Thompson. 2003. Distinguishing 
ash from other common trees. 
Michigan State University Exten-
sion Bulletin E-2892. 4 pp. 
 
Cappaert, D., D.G. McCullough, 
T.M. Poland, and N.W. Siegert. 
2005. Emerald ash borer in North 
America: a research and regula-
tory challenge. American Ento-
mologist 51: 152-165. 
 
Davis, C.N. and T.R. Meyer, 
1997. Field guide to tree diseases 
of Ontario. Natural Resources 
Canada, Canadian Forest Ser-
vice, Great Lakes Forestry Centre, 
Sault Ste. Marie, Ontario. NODA/
NFP Technical Report  TR-46, 
135 pp.  
  
Farrar, J.L. 1995. Trees in Can-
ada. Fitzhenry & Whiteside Lim-
ited and Natural Resources Can-
ada, Canadian Forest Service. 
502 pp. 
 
Haack, R.A., E. Jendek, H. Liu, 
K.R. Marchant, T.R. Petrice, 
T.M. Poland and H. Ye. 2002. 
The emerald ash borer: A new 
exotic pest in North America. 
Newsletter of the Michigan Ento-
mological Society 47: 1-5. 
 



52 

 

McFarlane, D.W. and S.P. 
Meyer. 2005. Characteristics and 
distribution of potential ash tree 
hosts for emerald ash borer. For-
est Ecology and Management 
213: 15-24. 
 
Liu, H., L.S. Bauer, R. Gao, T. 
Zhao, T.R. Petrice and R.A. 
Haack. 2003. Exploratory survey 
for the emerald ash borer, Agrilus 
planipennis (Coleoptera: Bupresti-
dae), and its natural enemies in 
China. The Great Lakes Ento-
mologist 36: 191-204. 
 
Poland, T.M. and D.G. McCul-
lough. 2006. Emerald ash borer: 
invasion of the urban forest and a 
threat to North America’s ash re-
source. Journal of Forestry 104: 
118-124. 
 
Solomon, J.D. 1995. Guide to 
insect borers in North American 
Broadleaf Trees and Shrubs. 
United States Department of Agri-
culture, Forest Service, Agricul-
tural Handbook 706, Washington, 
D.C. 735 pp. 
 
Solomon, J.D., T.D. Leininger, 
A.D. Wilson, R.L. Anderson, 
L.C. Thompson and F.I. 
McCracken. 1993. Ash pests: A 
guide to major insects, diseases, 
air pollution injury, and chemical 
injury. United States Department 
of Agriculture, Forest Service, 
Southern Forest Experiment Sta-
tion, General Technical Report 
SO-96, 45 pp. 
 
  

 







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


