
Forest Insect Ecology



But first: the insectan mode of life.

(woodborers, ambrosia beetles etc)

(barkbeetles)

(defoliators)
(defoliators)





The carrion feeding beetles, Trogidae, and Dr. Chuck
Baker.
Classes: I, II, III, and IV



Toity poiple boids a-sittin' on de 
koib a-choiping and a-boiping
and eating doity woims and their
parasitoids.

Remember: Insect parasitoids 
always kill their prey. 

It’s not that entomologists who established
the word “parasitoid” were from Brooklyn…



A bit about reproduction in insects



Reproduction can be:
• Oviparous

• Viviparous

• Viviparous

• By paedogenisis

• By parthenogenisis 
- sporadic
- constant
- cyclic



Rp

What factors determine how fast insect
populations reproduce or the Reproduction Potential? 



SexRatio: (no. females/population)
e.g. --
• collect 1000 pupae of WSBW
• raise them to adults
• 500 are females
• SR = 500 = 0.5

1000

2 factors used in calculation of Rp: Fecundity & SR

(eastern)

(1)

(2)



As long as an 
insect population can
breed without biological
or abiotical restrictions,
the reproductive potential
is: Rp = Zn



An example:

Western spruce budworm (WSBW)
- Fecundity = 175eggs/female
- SR = 0.5
- One generation/yr

Rp = [(175)(0.5)]1  

So, 1 female can produce 87.5 new individuals



What about
the great ledger
of life?

What insects have going for
them & against them

(1)

(2)



Mortality factors work against the Rp:

1. Physical: weather, moisture, light 

2. Nutritional: qualitative and quantitative

3.  Biotic: natural regulation by living factors



Physical mortality-factor: temperature

Most important factor in regulating insect numbers, but
each species has a definite temperature range within in
which it lives or dies.

Douglas fir beetle: Dendroctonus pseudotsugae



It’s not clear why, but at an optimal
temperature more female nun moths, 
Lymantria monacha, are
produced

A European Example



Wingbeat frequency of the DFB



As insects have certain
temperature ranges for flight, 
look for sun-basking
• cerambycids
• bumblebees
• flies etc.

14oC



Mortality-factor: moisture

• Under favorable moisture conditions, forest insects are 
less susceptible to temperature extremes.

• Forest insects have definite combinations of 
temperature and humidity regimes that are either lethal 
or beneficial.



Zones of maximum 
life of an adult 
cerambycid, 
Hoplocerambyx 
spinicornis, at 
different 
combinations of 
temperature and 
relative humidity.

Habitat Parameters



Studies with Xyleborus ferrugineus and moisture

Posts of: “sangre, pilon, San 
Juan, Maria and cuero de sapo.”



Xyleborus 
attack 
leveled off

moisture



Attacks leveled off  as
the host material 
became drier?

Why?
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40%

40% Moisture content
of the wood



Stikum-special
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A = alcohol
T = testigo
D = diesel

Ok, ambrosia beetles were
attracted but no new attacks.

(control)



The importance of 
humidity in life of 
ambrosia beetles.

Plastic wash
basins with
water.



Establishing the BTI lab
near Sour Lake, Texas



SPB-rearing house
at BTI lab

Air

Air

USFS 33gal SPB-rearing
system

Rearing the southern pinebeetle in winter



A severed loblolly pine and 
an un-severed pine:

• a circular plug was cut 
out of each tree twice a 
day;

• the phloem temperature 
and moisture content were 
determined for each plug.

• both trees were baited 
with the SPB pheromone.
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Severed

Un-severed

Ultimate Results: SPBs didn’t survive in the
severed tree – broods were drenched and
covered with mold

Un-severed tree
desiccated rapidly!



As they cut their 
egg galleries they 
also punch out 
these “respiration 
holes” – really to 
obtain a fast 
desiccation rate of 
the phloem

SPB emergence holes as well as “respiration holes”



Rearing chamber
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Rearing SPB in logs represented a medium temp/humid 
regime



Medium SPB rearing regime



Mortality-factor: nutritional – (1) food quantity

The quantity of food available to forest insects is really a 
function of forest-succession.  This being the case, 
inspired forest management can often lower the impact 
of insect damage.

For openers!



Regeneration:
- competition
- mortality

Suppression:
- crown closure
- suppression
- mortality

Species shift:
- suppression
- gap formation
- late successional
development

PreviewFunctional 
Stages of a forest



Reproduction Stage



Suppression Stage



Species-shift  Stage



Oldgrowth Stage



When old pioneering species or simply old late-
successional species are not producing enough 

carbohydrates, they get in trouble.



Mortality-factor: nutritional – (2) food quality

There’s a great example of food quality being 
important in “survival of the fittest” with barkbeetles.



Barkbeetles generally live in phloem tissues of weakened, 
unhealthy trees: a temporary habitat! 

What does that mean?
• Most barkbeetles normally find and breed in phloem of 
logging slash, windthrows, water-stressed trees, the 
moribund (e.g. trees damaged by fire) etc.;

When this kind of food material occurs, it’s scattered all scattered all 
over the landscapeover the landscape, and;

This food is drying out, or fermenting, or otherwise 
becoming unsuitable.becoming unsuitable.

Thus, the main task of barkbeetles is to quickly find and 
breed in this kind of host material.  They have a tough task!They have a tough task!



male Ips

Bolt cut above the gall

male Ips

Western
gall rust Bolt cut below the gall



Fan
Infested
bolts

Plexiglas

Ips pheromone wafts out into
the atmosphere. Question: Did the 
infested bolts from above the gall or 
those from below the gall attract the 
most Ips?

Ans.: the phloem above the
gall had a greater 
concentration of 
carbohydrates than the phloem 
from below the gall. Hence, Ips
males that fed on higher 
quality phloem made a more 
powerful pheromone.



Of course, the quality of plant material to 
herbivores has a lot to do with defensive chemicals 
that  trees have evolved.  This brings us into the 
world of Semiochemicals.

1. semio – (L), signal

2. semiochemicals – “…all 
chemicals produced by an 
organism that incite a 
response in another 
organism.”



Intraspecific

Pheromones Allelochemics

Interspecific

Receiver
advantage

Emitter
advantage

Advantage 
to both

Semiochemicals

Kairomones Allomones Synomones

Next Page



Some Allomones

• Repellents
• Feeding deterrents
• Growth regulants

There probably are millions of compounds
that have evolved as allomones, e.g.:

• the nitrogen based alkaloids
• terpenoids
• phenolics
• proteinase inhibitors
• insect growth-hormone mimics
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Interspecific

Receiver
advantage

Emitter
advantage

Advantage 
to both

Semiochemicals

Kairomones Allomones Synomones



Some Allomones

• Repellents
• Feeding deterrents
• Growth regulants

There probably are millions of compounds
that have evolved as allomones, e.g.:

• the nitrogen based alkaloids
• terpenoids
• phenolics
• proteinase inhibitors
• insect growth-hormone mimics



Nitrogen Based Allomones

Many are non-protein amino acids: insects feeding 
on these convert them into strange, unusable 
proteins.  Many of these compounds are perceived 
by insects as feeding deterrents.



Plants often produce complex nitrogenous poisons:
- nicotine
- tomatine
- hellebore
- curare
- cocaine
- atropine
- morphine
- heroin
- many, many others

The Alkaloids



• Alkaloids are nitrogenous compounds and many 
are amino acid derivatives -- many are well known 
poisons;

• Nicotine has a long history as an insecticide;

• Tomatine is found in many Solinaceae; potatoes 
bred to contain tomatine are resistant to suite of 
herbivores. 

• Some insects such as the cinnabar moth are 
immune to alkaloids – in this case, to the invasive 
ragwort. 



Ragwort contains alkaloids that protect plants from
many herbivores. When the cinnabar moth was 
introduced to the PNW it started to wipe out the 
ragwort: a case of effective biological control!



Terpenoids (non-nitrogenous, 5 carbon
chains of hydrocarbons)

CH2 = C     CH = CH2

CH3

an isoprene unit
“puppy”

-limonene
-∆3 carene
-β pinene
-α pinene

Chrysanthemum 
plantation as a source of 
pyrethrum.



Other terpenoids, such as gossypol provide major defense
against herbivores, e.g. resistance to bollworm in cotton
is directly proportional to gossypol content.  Of course,
companies producing cooking oils from cotton seed would
want low concentration of this terpenoids.

Extracts from neem trees have a huge series of complex
terpenoids.  There is a terpenoids that kills insects at 
concentrations of 0.04ppm.



Rotenone, Barbasco, Ro-Ko,
Derris, etc.

Terpenoid 



The Phenolics

A basic phenolic is simply, 

OH Tannins

Flavonoids

…a non-nitrogenous
compound containing one
or more hydroxyl on the benzene
ring.



(Continue the Phenolics)

• There are lots of botanical insecticides and commercial
feeding deterrents based on flavonoids.

• As insects ingest tannins, these compounds chemically
tie up proteins and make them indigestible.

• Over evolutionary periods, insects begin to resist the 
effects of tannins and use them in providing interesting 
defensive strategies.

• Witness emerald moth larvae feeding on oak foliage.

Oak



Nemoria arizonariaEmerald moth,

1. Caterpillars born in spring feed on oak catkins; within 
days they look like fuzzy catkins,

2. Caterpillars born in summer (after catkins fall off) eat 
leaves and look like oak-twigs.

3.  Only oak leaves are loaded with tannins. 

4.  When tannins are sprayed on catkins and fed to fuzzy 
larvae they begin to look like twigs!



Spring form feeding on catkins

Summer form feeding on leaves

Clearly a case of, “you are what you eat.”



fed tannins extracted
from foliage

Oaks invest energy
in their foliage in order
to produce tannins, a
defensive chemical.



Hrs

Ta
nn

in
 C

on
c.

Hrs

Ta
nn

in
 C

on
c.

Lab in Kinkaid

Storage room in 
Kinkaid where red alder
were storedDr. Davey

Rhoades



1989 there was a huge insect
defoliation of mangrove trees
in estuaries around Guayaquil,
Ecuador.

“… I was there.”



1989-90 outbreak of
the bagworm, 
Oiketicus kirbyi, in
mangrove forests
near Guayaquil.

Μale

Female



Mangrove ecosystems of
Ecuador systematically
being destroyed by the shrimp
industry.



Severe bagworm defoliation of the
mangrove forests of Churute Ecological Preserve



Establishment of 
eight sampling 
stations (1km apart) 
for O. kirbyi .

Station (0) was at the 
island of Churutillo, 
the most intense of 
the defoliation.

Station (8)(8km from 
Churutillo) was the 
least defoliated.



Boating down the Rio Churute 
towards the epicenter of the 
outbreak on the island of 
Churutillo.

Station (8): barely 
defoliated by O. 
kirbyi.

Station (5): medium 
defoliated by O. 
kirbyi.



Station (3)

Isla Churutillo is
almost totally
defoliated

Feeding 
bagworms



Collecting bagworms at Isla 
Churutillo

Checking for
parasitism 

Bagworms feeding
on bark (foliage all gone)



♀♂

Rearing the bagworms at the lab in
Conocoto (near Quito)



Females

Males
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Distance from la Isla Churutillo
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A great amount
of research on
the tannins of
mangrove species



There also are proteins, called Proteinase Inhibitors, that 
bind to insectan proteinases and immobilize them so that 
normal proteins can’t be digested.  Insects thus starve to 
death.



There are plant extracts that mimic insectan juvenile
hormones and ecdysone.  these hormones suppress 
formation of adult characteristics.  Ferns in general 
have the equivalent of ecdysone produced by 200,000 
larval moths  – few insects feed on ferns.

Accidental Science by Karel Slama: rearing the bug 
Pyrrhocoris apterus led to break through research on 
juvenile hormones.

This should have been
the adult stage!



Pyrrochorids reared on the New York Times exhibited the
strange instar, but when reared on the London Times the
last instar was normal and molted to the adult stage.
The NY Times is made from balsam fir and the London 
Times from European fir – the famous “paper factor.”




