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NSECT PESTS PLAy A CRITICAL 
role in the development, health, 
decline, and regeneration of trees 

in natural forest ecosystems. (Fig.	1) 
In urban forest trees, insect injury is 
usually negligible, barely noticeable, 
or more typically a nuisance problem, 
but at times can become very con-
spicuous and destructive, sometimes 
resulting in widespread tree mortality 
(Fig.	2). Insect populations vary from 
year-to-year, place-to-place, and from 
tree-to-tree. There are many biotic 
and abiotic factors that influence both 
insect abundance and host suscepti-
bility to insect feeding or coloniza-
tion. Diagnosing insect damage and 
managing insect pests requires a basic 
knowledge of the types of insects and 
the characteristic damage ― signs and 
symptoms, that each causes. It is also 
important to understand the influ-
ence of seasonal variations in climate 
and other environmental factors, 

such as heat, cold, drought, eleva-
tion, topography, exposure, etc., on 
the seasonal life cycles of both insect 
and their host plant. The following 
text provides some important basic 
information about insect pests and 
their management. 

Timing of natural events such as 
peak insect emergence, oviposition 
(egg laying), larval development, pu-
pation, and over-wintering is also im-
portant for successful insect control. 
Insects are not equally vulnerable to 
pesticides or release of natural control 
agents in all stages of development, 
and pesticides are active for relatively 
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Pest suppression must be timed to 
coincide with specific life stages of 
the pest.

short periods of time. Pest suppres-
sion must be timed to coincide with 
specific life stages of the pest.

Introduction
Insects:

comprise the largest phylum 
within animal kingdom – Ar-
thropoda 
the name Arthropoda is derived 
from the Greek words: arthron 
(joint) and poda (foot), together 
they refer to the characteristic 
jointed legs or ‘feet’. (Fig.	3)
are in the class Insecta or Hexa-
poda (six ‘legs’) 
are the most abundant or-
ganisms within the Animal 
Kingdom. They occupy nearly all 
habitats 
exert a strong influence within 
most ecosystems. They have a 
huge impact on forests, human 
and animal health and agriculture 











I

Figure	2.		An	example	of	the	oak	
mortality	caused	by	the	Gold	spotted	
oak	borer	(GSOB)	in	the	foothills	east	
of	San	Diego,	CA.	Photo: Western IPM 
Center (UDSA)

Figure	1.		Example	of	some	of	the	mortality	experienced	in	the	Sierra	Mountains	
in	2016	following	4	years	of	drought.	Photo: B. Hagen
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are, for the most part, beneficial 
(predators, parasites, pollinators, 
scavengers and decomposers— 
nutrient recyclers) 
influence the growth, destruction 
and regeneration of forests
can at times become very de-
structive especially during 
droughts, in over-crowed stands, 
and when introduced into a new 
ecosystem where natural checks 
and balances are lacking.

Insects	are	successful	because	of	
their:

diversity (more than one million 
described species)
small size
high reproductive potential 
short life cycle (rapid evolution)
mobility and capacity for flight 
protective exoskeleton 
great adaptability

Classification: 
Members of the Animal kingdom 
are divided into approximately 
smaller groups called phyla (sin-
gular phylum). 
Insects and their relatives are 
included in the phylum Arthrop-
oda, which includes: sowbugs, 
millipedes, centipedes, scorpi-
ons, spiders (Fig.	4), mites, ticks, 
crabs, shrimp (Crustaceans), 
among others. 
The phylum Arthropoda is 
further divided into classes, e.g., 
Insecta, Crustacea, Arachnida 
(Spiders), etc. 






















Classes are then divided, based 
on shared similarities, into 
orders. 
Orders are further divided into 
families sharing similar charac-
teristics, and then into genera 
(genus, singular). Each genus 
is, in turn, divided into sepa-
rate species. As with other living 
organisms, they are identified 
by the binomial system. They 
have both a first and last name 
– the genus and species. These 
names are in classical Latin or 
sometimes Greek. A species is a 
group of organisms with similar 
physical characteristics that can 
and do interbreed, and share the 
same gene pool. For example: 
California oak worm (Phryganidia 
californica). 
• Kingdom – Animalia                            
• Phylum – Arthropoda
• Class – Insecta
• Order – Lepidoptera
• Family – Dioptidae
• Genus – Phryganidia
• Species – californica (This is 
the specific name or specific epi-
thet. The genus is capitalized but 
not the species; both should be 
italicized.) 

Arthropods sharing the following 
structural characteristics are placed in 
the Class Insecta:





segmented bodies
bilateral symmetry (one side mir-
rors the other)
chitinous exoskeleton (tough, 
pliable protective covering)
3 distinct body regions - head, 
thorax, abdomen (Fig.	5) 
• abdomen:  The posterior 
body division of an insect that is 
visibly segmented, contains the re-
spiratory, reproductive, excretory 
systems and much of the digestive 
system. 
• head:  A rigid capsule formed 
from several fused segments and 
sclerotized (hardened) plates that 
house the eyes, mouth parts and 
antennae.
• thorax:  The second of three 
major divisions in the body of 
an insect is composed of three 
segments, each bearing a pair of 
legs. Wings are attached to the 
2nd and 3rd thoracic segments. The 
thorax contains the leg and wing 
muscles.
• pronotum: a distinct area of 
exoskeleton that arises just behind 
the head and extends to and where 
the wings are attached. 
Wings (usually 2 pair). Hind 
wings may be greatly reduced as 
in flies or missing in other insects 
with only one pair of wings. 
In beetles, the forewings are 
modified into hard wing covers 
(elytra). Some insects lack wings 
altogether. (Fig.	6) 
compound eyes and/or ocelli 
(simple eyes)












Figure	3.	Close	up	of	a	May/June	
beetle	showing	the	3	pairs	of	jointed	
legs	that	are	characteristic	of	insects.	
Photo: Joeseph Berger, Bugwood.org

Figure	5.	Basic	external	anatomy	of	
an	insect. Image: Berkeley Biokeys, 
UC Berkeley, CA

head					thorax					abdomen	 	wings

antenna

legs

mouthparts

Figure	4.	A	banded	garden	spider	
(Argiope	trifasciata):	Photo: Kathy 
Keatley Garvey, BUG SQUAD, Happen-
ings in the Insect world -- a UCANR 
Blog
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Class	Insecta	is	further	divided	
into	orders.	

Orthoptera – grasshoppers, 
crickets, cockroaches, matids, 
walking sticks, katydids, etc. 
Diptera –  flies, mosquitos  
Coleoptera – beetles
Lepidoptera – moths and but-
terflies
Hemiptera – lygus bugs, box 
elder bugs, squash bugs, stink 
bugs, ash plant bugs. Homoptera 
– a sub-order: aphids, cica-
das, treehoppers, spittle bugs, 
leafhoppers, bark aphids (Adel-
gids), psyllids, whiteflies, scales, 
mealybugs, etc.
and others

The orders that are most destructive 
to trees include: 

beetles (Coleoptera) 
moths and butterflies (Lepidop-
tera)  ― the larval stage
Hemiptera; true bugs, stink 
bugs, shield bugs, cicadas, tree 
hoppers, leafhopers, spittle bugs, 
aphids, scale insects, psyllids, 
lacebugs, adelgids aphids, scale, 
psyllids, mealy bugs, whiteflies, 
etc. )

Feeding—Insect mouth-parts are 
adapted to particular modes of feed-
ing
















Chewing – beetles, moths and 
butterfly larvae, sawfly larvae, 
grasshoppers, etc. Some insects 
that do not have chewing mouth-
parts as adults do as larvae, such 
as moths and butterflies. (Fig.	7) 
Piercing and sucking – aphids, 
scale, leaf hoppers, whiteflies, 
mealybugs, true bugs, mosqui-
toes, black flies, etc.
Chewing and lapping (liquid-
nectar) – flies, bees (lapping) and 
wasps
Sponging (liquid food) – certain 
flies
Siphoning (plant nectar) – moths 
and butterflies (Lepidoptera) 
– adults only (Fig.	8) 











Insect development: The change in 
form that takes place as insects grow 
from the immature stage to the adult 
stage is called metamorphosis. There 
are two types: 

Complete development
• Involves four life stages – egg 
(embryo) larva (larvae –plural) 
pupa (pupae – plural), and adult. 
For example, in the life cycle of a 
beetle, the embryo growing within 
an egg and which ‘hatches’ into 
the larval (grub) stage. The grub, 
after completing development, 
enters a quiescent or pupal stage 
where it transforms into the adult 
form. Soon after, the adult beetle 
emerges. (Fig.	9) 
• Once the young insect hatch-
es from the egg, it goes through a 
series of stages, called instars, as 
it grows. During the 1st instar the 
insect grows until its rigid exoskel-
eton (skin) can no longer expand. 
It then molts or sheds its skin in or-
der to grow. The new cuticle forms 
under the old one, then the old 
exoskeleton splits and the insect 
wriggles out. Empty exoskeleton 
are called exuvia. Insects typically 
go through multiple instars.  (Figs.	
10,11) 
• After molting insects are pale 

Figure	6.	Diagram	of	a	beetle	showing	
the	wings	and	wing	covers	(elytra).	
Image: Berkeley Biokeys, UC Berke-
ley, CA

Figure	7.	(Above)	An	old	rendering	of	
the	chewing	mouth	parts	of	a	locust. 
Image: Wikipedia

Figure	8.	(Below)	The	proboscis	of	
this butterfly can be seen extending 
into the flower below to siphon-up 
the	sugary	nectar. Photo: B. Hagen

Figure 9. A rendering of the life-cycle 
of	a	dung	beetle	demonstrating	life	
history	stages	of	insects	with	a	com-
plete	development.	Image: Museum of 
Victoria, Australia
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and soft-bodied. Within a few 
hours, the cuticle (flexible skin or 
integument) hardens and darkens, 
forming a hard, rigid exoskeleton 
During this period the organism 
can grow because the cuticle is still 
flexible. (Fig.	11) 
• The immature forms of in-
sects with complete development 
do not resemble adult, hence there 
is a ‘complete’ change of form 
during development. Examples: 
beetles, moths and butterflies, 
bees, wasps, ants, etc. 

Incomplete development
• involves only three life stages 
- egg, nymph and adult. Insects 
with this type of development un-
dergo gradual changes in form as 

they develop from the immature 
to the adult stage. (Fig.	12) 
• The immature forms of insects 
with incomplete development are 
called nymphs. As the insect 
grows, it molts (sheds its skin or 
exoskeleton). After each molt, the 
nymph is slightly larger and more 
adult-like in appearance. After a 
final molt, the adult emerges. 
• The immature stage (nymph) 
resembles the adult. The principal 
changes during growth are in size, 
body proportions, development 
of the eyes, wings and other body 
parts. (Fig.	13) 
• Examples: aphids, scales, 
whiteflies, true bugs, cicadas, 
grasshoppers and crickets, ear-
wigs and dragonflies, etc. 

Stages of development:
The egg is the embryonic stage.
The larva or nymph is the active, 
feeding, post-embryonic form, 
typically with limited mobility 
(flightless). jointed legs are gen-
erally present on insect larvae. 
In appearance, the larva usually 
looks completely different than 
the adult form. For example, a 
caterpillar differs from a butter-
fly. (Fig.	14) 




Larval characteristics can be 
used in pest identification:
• Head: usually a dark, often 
hard capsule at front of body. 
It may be partly covered by the 
thorax. In some larvae, a hard or 
distinct head may be absent or 
completely hidden.
• Thorax: three segments im-
mediately behind the head. A 
pair of segmented legs usually is 
attached to each. These segments 
may be fused together rather than 
being separate and distinct.
• Abdomen: eight to �0 body 
segments immediately following 
the thorax.
• Segmented thoracic legs – 
three pairs of segmented or 



Figure	12.	(Left)	Diagram	of	a	true	bug	demonstrating	the	life	stages	of	an	insect	
with	incomplete	development.	Image: Museum of Victoria, Australia

Figure	14.	(Right)	A	close	up	of	an	anise	swallowtail	larva.	Note	the	jointed	legs	
near the head and the 5 pairs of fleshy prolegs armed with hooks—‘crochets’ 
that	facilitate	grasping	a	stem	and	moving	about.	Photo: B. Hagen

Figure	13.	Nymphs	of	the	bordered	
plant	bug.	Photo: UCANR

Figure	10.	(Above)	This	image	demon-
strates	how	insects	molt	to	increase	
in	size	until	they	become	adults.	This	
adult	cicada	has	just	emerged	from	
the	old	skin	and	will	soon	look	for	a	
mate	to	repeat	the	life	cycle.	Photo: 
Bugs and Insects of Singapore, a Blog

Figure	11.	(Below)	Pupal	cases	of	Car-
penterworm	(Prionoxystus	robinae).
They	were	found	at	the	entry	open-
ings	in	the	bark.	The	adult	has	previ-
ously emerged and flown off. Photo: 
B. Hagen
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jointed legs that are found on the 
body segments immediately be-
hind the head.
• Fleshy legs: usually short, 
often paired, unsegmented exten-
sions from the underside of the 
abdomen that are used for move-
ment.
Larvae also behave differently 
than the adults; they are found in 
different places, and eat different 
food. 
The larvae (plural) of some 
insects, e.g., caterpillars, saw-
flies, may also have rudimentary 
(fleshy, and unjointed) legs (pro-
legs) on some of their abdominal 
segments. Some larvae, e.g., fly 
maggots, some beetle grubs, etc., 
entirely lack legs. (Fig.	15)  
Larvae or nymphs are highly 
adaptive to exploiting food 
sources that may be limited in 
time.
The pupa is the non-feeding, 
inactive stage between larva and 
adult in insects with complete 
metamorphosis where structural 
reorganization takes place. 









Pupae (plural) often have a 
hardened (sclerotized) protec-
tive exoskeleton and may also 
be enclosed in other structures 
such as cocoons, nests or hard 
cases. The pupal stage may also 
allow the insect to pass through 
adverse conditions in protected 
areas such as leaf litter and soil. 
(Fig.	16) The adult stage is the 
winged form with a capacity for 
reproduction and long distance 
dispersal. 
Adult insects emerge (eclose) 
from pupae by splitting the pu-
pal case, and the whole process 
of pupation is controlled by 
hormones. 
Some  insects produce only one 
generation a year, while others 
produce two or perhaps a third 
generation a year, depending on 
climate. Other insects may pro-
duce multiple generations, e.g., 
bark beetles, aphids, etc. A few 
wood boring insects may take 
several years or longer to com-
plete a single generation, e.g., 
carpenterworm, cicadas, golden 







buprestid, etc.
Insects overwinter in the egg, 
larval, or pupal stage, usually in 
protected locations. 
Pupae may enter dormancy or 
diapause (a period of inactivity) 
until the appropriate season for 
the adult insect or favorable.
environmental conditions return. 

Terms used to describe components 
of metamorphosis:

Molting—the shedding of the 
hard exoskeleton to allow for 
growth. The cast-off ‘skin’ is 
referred to as the exuvia or exu-
vium (exuviae-plural)
Stadium—time interval between 
molts.
Instar—the form assumed within 
a specific stadium. Upon emerg-
ing from the egg, the insect is in 
its first larval or nymphal instar. 
At the end of this stadium the in-
sect molts and enters the second 
larval or nymphal instar, and so 
on. The final instar is the adult.

Growth:
Egg hatch is generally timed to 
the availability of preferred food 
source. (Fig.	17)  
Growth by immature stages 
(both larvae and nymphs) is ac-
complished by molting, which 
involves the shedding of the 
tough outer body covering (exo-
skeleton), allowing growth to 
take place. 
Insects may have several to 
many molts.
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Figure	15.		Figure	15.	Pictorial	key	to	larvae. Image: University of Kentucky

Figure	16.	A	recently	formed	pupal	
case	of	the	California	oakworm.	
Photo: B. Hagen
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Once formed, adult insects don't 
grow larger. 

Major groups of tree pests:
Leaf feeders (defoliators) 

Symptoms: leaves partially or 
totally consumed, skeletonized, 
mined, scalloped (edges) or 
riddled with holes. (Fig.	18)  
Signs: presence of feeding larvae 
or adults or fecal pellets 
Examples: moth and butterfly 
and sawfly larvae, leaf beetles, 
grasshoppers, etc., 
Impact: defoliation may reduce 
tree growth and impair health. 
Repeated defoliation may initi-
ate decline, making them more 
susceptible to secondary (stress-
triggered) pests, often leading to 
mortality. (Fig.	19)











Phloem feeders: 
Symptoms: leaf wilt, dieback 
of leaves, shoots, branches, and 
entire trees or dead patches of 
bark. (Fig.	20) 
Signs: Look for frass (boring dust 
and fecal pellets), bleeding, pitch-
ing, sap flow, pitch masses, pitch 
tubes, tunnelling in the phloem 
and/or wood, and exit holes in 
the bark. (Figs.	21,	22,23) 





Examples: bark beetles, pitch 
moths, clear winged borers, etc. 
Impact:  tree mortality, branch, 
tip or shoot dieback. Tree death 
or dieback is caused by destruc-
tion of the phloem and cambium.

Wood borers: 
Symptoms: dieback of branches, 
entire tree or areas of bark, 
cracked or sunken bark, bleed-
ing, etc. 







Figure 19. An example of extensive defoliation ― the result of an outbreak of 
the	California	oakworm.	Photo: B. Hagen

Figure	18.	Example	of	defoliation,	
in	this	case,	the	larvae	of	a	fruit-
tree	leafroller	has	skeletonized	an	
oak	leaf.	As	larvae	grow,	they	chew	
through	and	consume	entire	areas	of	
the	leaf.	Photo: B. Hagen

Figure	17.	An	egg	mass	of	elm	leaf	
beetle.	Note	the	parasitic	wasp	that	is	
getting	ready	to	oviposit	in	the	beetle	
eggs.	Photo: B. Hagen

Figure	20.	(Left)	A	young	Monterey	
pine	that	has	just	been	killed	by	pine	
engraver	beetles	during	a	droughty	
period.	Photo: B. Hagen

Figure	21.	(Right)	Frass	and	pitching	
(pitch	tubes)	produced	by	the	red	
turpentine	beetle.	The	upper	por-
tion	had	been	killed	by	the	Western	
Pine	beetle	during	a	severe	drought.	
Photo: B. Hagen
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Signs: Look for boring dust/fe-
cal pellets (frass) exit holes in the 
bark and burrowing in wood. 
(Fig.	24) This group of insects 
often burrow in both the phloem 
(inner bark) and xylem (wood). 
(Fig.	25)
Examples: flatheaded borers, 
roundheaded borers, ambrosia 
beetles, horntails, carpenter-
worms, etc. (Fig.	26) 
Impact: tree and branch mortal-
ity 

Sap feeders (piercing and sucking 
mouthparts) 

Symptoms: stippled, yellow 
spotted, bleached, silvered, 
bronzed or distorted foliage. No 
loss of tissue. (Fig.	27)  
Signs: look for honeydew; sooty 
mold; cast skins; white, cottony/
waxy material, etc.. (Fig.	28) 
Examples: aphids, scale, adel-
gids, psyllids, leafhoppers, plant 
bugs, mealybugs, lacebugs, 
thrips, etc. (Fig.	29) 













Impact: feeding weakens, stunts, 
deforms or causes dieback. 

Gall formers:
These insects, typically gall 
wasps, produce abnormal swell-
ings or growths - brightly col-
ored or oddly shaped (galls) in 
response to egg laying or feeding 
damage. (Fig.	30) 
Symptoms:, deformities on 
leaves, buds, flowers, shoots, 
and branches, growth reduction, 
and a few species cause branch 
dieback. (Fig.	31)

Impact: may diminish appearance, 
heavy infestations can weaken 
tree.
Bud and shoot insects:

Symptoms: tip dieback, ‘crooks’, 
bushy growth, multiple stems, 
branch deformities.









Figure	22.	(Above)	Close	up	of	pine	
engraver	egg	and	larval	galleries	on	
surface	of	pine	stem.	Photo: B. Hagen

Figure	23.	(Center)	Bleeding	indica-
tive	of	alder	borer	on	infested	white	
alder.	Photo: B. Hagen

Figure	25.	Oval	galleries	typically	
filled with hardened frass indicate 
boring damage caused by flatheaded 
borers.	The	larvae	burrow	under	the	
bark	and	into	the	wood.	Photo: B. 
Hagen

Figure	24.	(Below)	The	stem	of	this	
Oregon	white	oak	was	riddled	by	the	
burrowing	larvae	of	carpenterworm.	
The	burrows	may	extend	upward	of	
12	inches	or	more	and	often	reach	
the	heartwood. Photo: B. Hagen

Figure 26. (Above) A Pacific flathead-
ed	borer	larva.	Photo: UC Statewide 
Integrated Pest Management Program 

Figure	27.	(Below)	An	example	of	
‘stippling’ , or in this case, yel-
low	speckling	or	mottling	caused	by	
lacebugs	as	they	siphon	up	plant	cell	
contents	on	the	leaf	of	a	sycamore. 
Photo: B. Hagen
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Signs: Look for burrowing in 
cambial region and/or center of 
the stem
Examples: twig girdlers, twig 
beetles, twig weevils, tip moths, 
cicadas (Fig.	32) 
Impact:  loss of vigor, deformi-
ties. 







Insects affecting roots: 
Examples: root weevils, root 
bark beetles, cicadas, scarab bee-
tles, (white grubs - june beetles, 
rain beetles). (Fig.	3)   
Impact: growth loss, kill seed-
lings and small trees.

Insects affecting seeds 
Examples: acorn weevil, filbert-
worm, cone beetles 
Impact: reduced reproduction

Insects and host specificity
Most insects are relatively 
host-specific. They feed on a 
single species (monophagus), 
several species or the members 
of a genus, several close genera 
within a family, or occasionally 
many families (polyphagus), e.g., 
gypsy moth. 
Trees have developed natural 
resistance to many of the indig-
enous insect pests and pathogens. 
Some pests, however, have devel-
oped strategies to overcome the 
physical and chemical defenses of 
a particular plant species. Thus, 
most native pests are very selec-
tive and feed only on a single 
species. Only a few pests are non-
specific, e.g., gypsy moth, etc., 
Tussock moth, tent caterpillar, 
etc., and can attack a wide variety 
of tree species. (Fig.	33)  

Introduced vs. native insects
Introduced or non-native 
pests are potentially destructive 















because their new hosts typically 
lack effective resistance, having 
never been exposed to the pest, 
they lack an effective defense 
strategy.  More importantly, 
they arrive without their natural 
enemies, so there are few natu-
ral checks and balances. Pests 
introduced long ago have all but 
eliminated a number of impor-
tant tree species, e.g., Ameri-
can chestnut, elms, butternut 
and beech. Notable examples 
of introduced pests include 
Eucalyptus longhorned borer, 
(Fig.	34) redgum lerp psyllid,  
Polyphagous shot hole borer, 
Gold-spotted oak borer, Glassy-
winged sharpshooter, Red palm 
weevil, Oak pit scale, and others. 
Expanding global trade has 
resulted in the importation of 
hundreds of foreign pests, which 
arrive concealed in shipping 

Figure 30. (Left) One of the many galls occurring on oak ― the red cone gall 
wasp	(Andricus kingi)	Photo: B. Hagen

Figure	31.	(Right)	An	example	of	a	branch	(integral)	gall,	probably	the	tapered	
stem	gall	wasp	(Andricus	spectablis).	Photo: B. Hagen

Figure	32.	Shoot	tip	deformation	
caused	by	the	pine	tip	moth	(Ryacio-
nia	spp.)	Photo: B. Hagen

Figure	28.	(Above)	An	example	of	
sooty	mold	on	an	oak	leaf.	Sooty	
mold,	a	fungus,	grows	on	the	surfaces	
that	are	covered	by	honeydew	insects	
excreted by aphids, scale, whiteflies, 
mealybugs,	psyllids	and	some	other	
members	of	the	sub	order	Homoptera.	
Photo: B. Hagen

Figure	29.	(Below)	Oyster	scale	is	an	
example	of	an	armored	or	hard	scale.	
They	are	typically	small,	somewhat	
flattened and they don’t produce 
honeydew.	Photo: B. Hagen
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materials, e.g., crates, pallets, 
etc., nursery stock, logs, and in 
shipping containers, planes and 
ships. These pests have already 
killed thousands of trees and 
caused great economic losses, 
and environmental damage. 
Indigenous (native) pests, hav-
ing coevolved with their hosts, 
have developed tolerance to their 
host’s physical and chemicals 
defenses.

Insects and tree mortality 
Most native pests can attack, 
feed and reproduce on healthy 
trees, but seldom cause serious 
injury.
Only a handful of native insects 
are capable of causing serious in-
jury or mortality. They typically 
can do so only when their host is 
sufficiently stressed. Such pests 
are referred to as secondary be-
cause success occurs when their 
host’s natural resistance is com-
promised. Environmental factors 
such as prolonged drought, soil 
aeration deficits, root loss, fire 
damage, severe mineral imbal-
ances, etc., are usually involved. 
Examples: bark beetles and bor-
ers, oak bark beetles, etc. 
Most ‘primary’ pests, those that 
feed on healthy plants, are able 
to do so only when plants are in 
a susceptible condition. 
Repeated defoliation may cause 
dieback or sufficiently weaken 
plant resistance to stress-trig-











gered pests and diseases.
Insects are seldom the direct 
cause of tree death. They usu-
ally play a secondary role in the 
death of a tree, and are often 
only one component of a com-
plex involving multiple biotic 
and abiotic factors.
Some insects, however carry 
and spread a disease-causing 
pathogen capable of killing trees 
directly. For example: European 
elm bark beetle and the Polypha-
gous shot hole borer and the 
Glassy-winged sharpshooter and 
a few others.

Impacts of insect feeding:
growth reduction, impaired 
health
defoliation (partial or complete 
and multiple-year defoliations) 
energy depletion (sap-feeding)
deformities (galls) 
twig and branch dieback (gir-
dling of branches and trunks) 
loss of wood strength (wood 
borers)
nuisance: honeydew, sooty 
mold, migrating insects, reduced 
appearance
disease transmission
mortality

Insect abundance is greatly influ-
enced by abiotic and biotic factors:

For pest damage (or disease) 
to occur, a destructive pest or 
pathogen must be present, envi-
ronmental conditions must favor 






















the agent’s development, and the 
host plant must be susceptible, 
in a susceptible condition (suf-
ficiently stressed), or in a suscep-
tible stage of development, e.g., 
succulent new foliage, etc. 
Insects are cold-blooded, so their 
developmental rate is controlled 
primarily by temperature. 
Insects and the plants they feed 
on, require a certain amount of 
heat to develop from one stage 
of their life cycles to the next. 
There is a lower threshold where 
development begins, and an 
upper threshold beyond which 
development ceases or mortality 
occurs. In general, insects de-
velop rapidly when the weather 
is warm and more slowly when 
it is cold. Extreme temperatures, 
however, can be lethal.
Host resistance and nutritional 
suitability, as well as the activ-
ity and development of insects, 
are influenced by environmental 
conditions. For instance, plants 
receiving ample irrigation and 
nitrogen fertilization are usually 
more susceptible to leaf- and 
sap-feeding insects, as well as 
foliar diseases, than plants that 
have not been irrigated and fer-
tilized. These practices generally 
promote succulent growth and 
the plant’s nutritional content.
Most damage from leaf-feeding 
insects is done early in the sea-
son when the leaves are young 
and succulent. young leaves are 
more palatable and nutritious 
than mature leaves because they 
contain higher concentrations 
of water, nitrogen (amino acids 
and proteins), and other essen-
tial elements. In addition, leaf 
tissue becomes less palatable 
and digestible to chewing insects 
as concentrations of cellulose, 
lignin, and tannins increase with 
age. The leaf cuticle that thickens 
with maturity is another impor-
tant deterrent to insect feeding.
Adverse environmental condi-
tions may suppress populations 
of natural enemies more than 









Figure	33.	(Left)	Larvae	of	the	western	tent	caterpillar	resting	on	their	silken,	
communal ‘tent’. The tent was found on a coast live oak. Photo: B. Hagen

Figure	34.	(Right)	An	adult	of	the	Eucalyptus	longhorned	borer	(Phoracantha	
semipunctata)	Photo: B. Hagen
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they suppress that of the pest. 
When favorable conditions 
return, pest populations often 
rebound quickly because their 
natural enemies usually take 
longer to recover, giving the pest 
a short-term advantage
Pest outbreaks typically occur 
when environmental conditions 
are favorable and natural en-
emies (insect predators, parasit-
oids) are scarce, and pathogenic 
microorganisms are inactive or 
at low levels. Every insect has 
natural enemies that reduce their 
population under certain condi-
tions. Populations of many pests 
are held in check most of the time 
by their natural enemies. It is 
common for natural enemies to 
reduce pest populations substan-
tially, but sometimes not enough 
to prevent damage. (Fig.	35)
Insect populations fluctuate from 
year to year and throughout 
their distribution range. Some 
pest problems are perennial, oth-
ers are sporadic and relatively 
short-lived, and a few like the 
California oakworm are more 
cyclic. 

Environmental factors influencing 
tree health and pest susceptibility:





soil moisture availability 
(drought)
soil aeration deficits (flooding, 
restricted drainage, excess irriga-
tion, soil compaction, compacted 
fills, pavement, etc.)
temperature extremes
constant wind
humidity
available sunlight, exposure, 
air quality
flooding (Fig.	36)
soil characteristics: texture, struc-
ture, pH, depth, salt content, 
toxicity, nutrient content, etc.  
competition with other vegeta-
tion
defoliation
topography – affects water run-
off, soil moisture, drainage, soil 
depth, exposure to sunlight, etc.

Diagnosis:
Symptoms –are the changes in normal 
growth and appearance of a tree:

missing, tattered foliage, holes, 
scalloped edges, skeletonized, 
mined
yellowed, bronzing, bleached or 
stippled foliage
leaf spotting and blotching
twig and branch dieback, tree 
death

























leaf wilting, leaf tip dieback or 
marginal scorch, leaf death, or 
premature shedding
distortion, galling of plant parts
bleeding or pitching (Fig.	37) 

Signs are the evidence of insect ac-
tivity, e.g., the pests themselves, the 
materials they leave behind, or the 
characteristic damage they cause:

• honeydew: sticky droplets 
of sugar liquid – ex. aphids, soft 
scale, leafhoppers, mealy bugs, 
psyllids, whiteflies (Fig.	38) 
• lerps, crystallized sugar shel-
ters; red gum lerp psyllids, spotted 
gum lerp psyllid
• sooty mold: black, sooty 
fungal growth on leaves and other 
surfaces – ex. aphids, soft scale, 
leafhoppers, mealybugs, psyllids, 
whiteflies.
• tar-like fecal specks:  lace 
bugs, thrips, plant bugs.
• tents, webs, silken mats: tent 
caterpillars, webworms, leaf roll-
ers, leaf miners, etc.
• frothy, spittle-like material: 
spittle bugs. (Fig.	39) 
• eggs, egg masses
• cast skins: aphids, leaf hop-
pers, lace bugs, cicadas, clear-
winged moths, etc.






Figure	35.	(left)	Bark	beetles	can	cause	widespread	mortality	during	severe	droughts.	This	image	was	taken	in	the	Idyllwild	
area	of	Southern	California:	Photo: CalFire

Figure	36.	(Right)	Flooding	like	this	can	kill	susceptible	species	and	cause	serious	stress	to	those	that	are	fairly	resistant.	
These valley oak are growing in a flood plain area. They don’t tolerate prolonged flooding very well though. Photo: B. 
Hagen
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• pitch (sap or kino) masses/
flows: sequoia pitch moth, cypress 
bark moth, eucalyptus longhorned 
beetle, etc.
• pitch tubes: western pine 
beetle, red turpentine beetle
• bleeding: borers, ex. Pacific 
flatheaded borer, bronze birch bor-
er, alder borer, oak bark beetles, 
etc.
• cottony, waxy material: 
aphids, scale, whiteflies, mealy-
bugs, adelgids and psyllids. 
• frass: fecal pellets and/or 
sawdustlike boring material – bark 
beetles, borers, ambrosia beetles-
carpentermoths, clearwing moths
• boring activity: exit holes, 
tunneling under the bark, tunnel-
ing in the wood
• galls: gall wasps, psyllids 
cynipid gall wasps

The Diagnostic process: 
identify the host 
assess symptoms, patterns of 
symptoms or occurrence, e.g., 
one tree or many, symptoms 
scattered or spread uniformly 
throughout the crown. Deter-
mine when symptoms began. 
Are they increasing, decreasing 
or remaining the same? More 
than one species affected?
determine plant parts affected: 
leaves, twigs, branches, trunk, 
root crown, roots, or the entire 
tree.
determine type of feeding dam-
age 








look for obvious causes: signs of 
the pest(s)
determine the common pest spe-
cies associated with the plant in 
your area
consider:
• abiotic factors and site condi-
tions, 
• recent climatic events such 
as floods, droughts, hail storms, 
extremes temperatures, etc.
• tree age and health
• recent or past site distur-
bances
when secondary pests are in-
volved identify the proximate 
cause (predisposing factors): 
drought, wet soil, soil compac-
tion, plant adaptability, soil char-
acteristics, topography, etc.
 determine if the pest is likely to 
cause significant damage? And 
should something be done, and 
if so, what and when?
With the above information, it 
should be possible to make a 
preliminary diagnosis. 

Management strategies should be 
based on the key life history fea-
tures:

preferred egg-laying site (ex-
posed or protected).
timing of developmental stages
period of time between egg lay-
ing and hatch
minimal developmental tem-
perature, normal developmental 
time
emergence periods and number 






















of generations per year
#’s of instars, length of each 
instar
crawler stage
pupation period, location
overwintering stage and site
most susceptible stage if pesti-
cides are used
signs of natural enemies 
pest status - primary (able to 
feed on healthy trees) or second-
ary (attacks only stress-weak-
ened trees).
part(s) of plant attacked.
feeding behavior
most damaging stage
most susceptible stage to man-
agement

IPM (Integrated Pest Management): 
IPM is an ecosystem-based strategy 
that focuses on long-term prevention 
of pests or their damage through a 
combination of techniques such as 
biological control, habitat manipula-
tion, modification of cultural prac-
tices, and use of resistant varieties. 
Pesticides are used only after moni-
toring indicates they are needed ac-
cording to established guidelines, and 
treatments are made with the goal of 
removing only the target organism. 
Pest control materials are selected and 
applied in a manner that minimizes 
risks to human health, beneficial and 
nontarget organisms, and the envi-
ronment. UC Statewide IPM Program. 
The basics involve:

monitor for pests or changes in 
the plant’s appearance 


















Figure	37.	(Left)	A	large	pitch	mass,	the	result	of	sequoia	pitch	moth	damage.	Photo: B Hagen

Figure 38. (Center) Attention getting honeydew-drip from the tuliptree aphid, a perennial pest. Photo: B Hagen

Figure	39.	(Right)	Silken	webbing	produced	by	the	larvae	of	the	fall	webworm.	Photo: B Hagen
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84th	Annual	WCISA	Conference	and	Trade	Show
April 23-26, 2018 — Santa Rosa, CA

The theme, ‘Old Growth, New Growth ― Bridging the Gap’, is a play on words from the more traditional for-
estry meaning. Old growth forests are those that have attained significant age without having sustained major 
disturbances, and thereby exhibit unique ecological features and benefits. We plan to expand this concept 
to include our urban forests and developing forest lands that are in decline due to drought, climate change, 
secondary and destructive exotic pests, adverse growing conditions, and senescence. We will be looking at 
strategies for replacing the many threatened, ill-adapted and aging trees in SoCal and elsewhere. The wider 
implications associated with the loss of critical canopy cover on human health, demographics, economics, as 
well as the profession of arboriculture and municipal forestry, will be discussed.

 Implications of continued drought and climate change, e.g., species 
conversion, disturbances to wildlife, loss of habitat, watershed and 
resource values, etc., will be discussed, along with the long-term 
effects of the widespread mortality associated with drought and bark 
beetle outbreaks.

 Many other topics will be addressed, including improved tree selection, 
new irrigation technology, the latest in tree planting, site preparation, 
and new approaches to providing more favorable rooting conditions for 
trees, etc. It will also address recruiting new arborists to replace those 
who have or will soon retire. Because the program is in the early stages 
of development, there will be changes and other subject matter. 

identify the pest or disorder 
consider the environmental toler-
ances of the plant and determine 
if environmental stress or site 
disturbance is involved, and if 
so, remediate unfavorable condi-
tions to enhance plant health. 
monitor the pest population or 
damage. 
review pest’s life history
set an economic injury threshold.
act when the pest is likely to 
cause unacceptable damage. 
Time application of pesticides to 
coincide with peak activity of the 
most susceptible life stage.
consider all pest management 
options and evaluate the ben-
efits, and risks of each method. 
Factor in cost, efficacy, time for 
treatment to work, permanence 
of treatment and environmental 
and worker safety. 
If pesticides are required on a 
regular basis to manage a pest, 
consider replacement with an-
other species or resistant cultivar.

Bruce	W.	Hagen














Home	study	for	CEUs

You may receive one hour of Certified Arborist and/or WCISA Cer-
tified Tree Worker continuing education units (CEUs) for reading 
the following article and completing the test questions. Copy the 

question pages and use it to record your answers. Darken the correct 
letter choices and circle your choice for true and false or correct choice 
questions. Each question has only one correct answer. Passing score for 
this test is 24 correct answers (80%).

Next, complete the registration information on this form and send it 
to: 

WCISA	Administrative	Office
31916	Country	Club	Drive
Porterville,	CA	93257
559-784-8711 fax
Note: If 80 percent or greater of the questions have been answered 
correctly, the ISA will be notified of the CEU assignment for Certified 
Arborists and it will be posted by the ISA. The Western Chapter will post 
the CEU for Certified Tree Workers. If a passing score is not achieved, 
the test will be returned for corrections. No CEU confirmations will be 
sent to you.

Registration Information

Name: ___________________________ Cert. # __________________

Address: __________________________ City: ____________________

State: ______  Zip: ________ 
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Home	study	for	CEUs:		
Entomology	for	arborists
Fall: September 30, 2017 — Expiration date for submitting answer sheet is March 1, 2018. The CEUs from this arti-
cle can only be applied to the 3-year current certification period.

  Name the three most destruc-
tive insect orders to trees: 
___________________________, 
___________________________, 
__________________________. 

  Aphids, scale, leaf hoppers, 
whiteflies, mealybugs, etc., are 
known as chewing insects.  
T or F?

  Insects that have four life 
stages – egg,  larva (larvae 
– plural, pupa (pupae – plu-
ral), and adult, are said to have 
complete or incomplete devel-
opment. (Circle correct choice)

  Once a young insect with 
complete development hatches 
from the egg, it goes through a 
series of stages, called _______
_______________, as it grows. 

  Molting involves the shedding 
of the old, rigid exoskeleton 
so that the organism can grow 
larger. T or F?

  Insects with complete/ incom-
plete development go through 
three life stages - egg, nymph, 
and adult as they develop. 
(Circle correct choice)

  The immature forms of insects 
with incomplete development 
do not resemble adults. T or F?

  The pupa is the quiescence, 
non-feeding stage between the 
larva and the adult, during 
which it transforms to the adult 
stage within a protective co-
coon or hardened case. T or F?

  Insects that burrow under the 
bark in the phloem and/or 
outer ring of wood are referred 
to as?  _____________________

  Insects that burrow in the 
phloem and later deeply into 
the xylem (wood) are referred 
to as? ____________

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

  Pest suppression must be 
timed to coincide with specific 
life stages of the pest because 
some life stages are more or 
less susceptible to treatment. 
T or F?

  The influence that insects have 
on the growth, destruction, 
and regeneration of forests is 
relatively minor. T or F?

  Insects introduced into a new 
ecosystem where natural 
checks and balances are lack-
ing and the plants lack ad-
equate defences are often quite 
destructive. T or F?

  High reproductive potential 
and the power of flight are 
two reasons for the success of 
insects. T or F?

  Based on shared similarities, 
living organisms are divided 
in phyla (phylum - singular). 
Each phylum is divided into? 
___________________ which 
are further separated into? 
__________________ and then 
organized into? ____________

  Organisms in Families shar-
ing similar characteristics are 
categorized into genera (genus 
― singular). Members within 
a genus are then differentiated 
into?  ______________________

  Both the genus and species are 
used together when naming a 
particular organism. T or F?

  This naming system is referred 
to as the ?________________

  In beetles, the forewings are 
modified into hard wing-cov-
ers called? _________________

  Coleoptera (beetles) and Lepi-
doptera (moths and butterflies) 
are examples of insect fami-
lies? T or F?

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

  Most insects are relatively 
host-specific. T or F?

   Most native insects seldom 
cause serious injury or mortal-
ity. T or F?

  Insects that cause serious in-
jury or death only when their 
host’s natural resistance has 
been compromised by stress, 
are referred to as ___________? 

  Insects are seldom the direct 
cause of tree death. They usu-
ally play a secondary role in 
the death of a tree, and are 
often only one component of 
a complex involving multiple 
biotic and abiotic factors.  
T or F?

  Mature leaves are more palat-
able and nutritious to insects 
than new leaves because they 
contain higher concentrations 
of nutrients. T or F?

  Populations of most pests are 
held in check most of the time 
by their natural enemies. T or F?

  Changes in normal growth and 
appearance of a plant tree are 
called ___________________? 

  Evidence of insect activity, 
for example,  the pests them-
selves, the materials they leave 
behind, or the characteristic 
damage they cause is called 
__________________________?

  What is the name for the 
sticky droplets of sugar liquid, 
excreted by aphids, soft scale, 
leafhoppers, mealy bugs, psyl-
lids and whiteflies?  _________

  Management strategies should 
be based on the key life history 
features. T or F?

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.


