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Distribution of the Distribution of the 
thethe California California 
FivespinedFivespined IpsIps

Ips paraconfususIps paraconfusus



IntroductionIntroduction
California California FivespinedFivespined Ips,Ips, Ips paraconfususIps paraconfusus

Ponderosa Ponderosa PinusPinus ponderosaponderosa
KnobconeKnobcone P. P. attenuataattenuata
LodgepoleLodgepole P. P. contortacontorta
CoulterCoulter P. P. coultericoulteri
SugarSugar P. P. lambertianalambertiana

MontereyMonterey P. P. radiataradiata
GreyGrey P. P. sabinianasabiniana
TorreyTorrey P. P. torreyanatorreyana

Western whiteWestern white P. P. monticolamonticola
BishopBishop P. P. muricatamuricata
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Ips paraconfususIps paraconfusus::
ImpactsImpacts

1)1) Outbreaks following poor Outbreaks following poor 
logging sanitationlogging sanitation

2)2) Outbreaks during Outbreaks during 
droughtdrought

3)3) TopkillingTopkilling in large trees; in large trees; 
mortality in small treesmortality in small trees

4)4) Tree mortality in Tree mortality in PinusPinus
torreyanatorreyana stand; stand; PinusPinus
radiataradiata street treesstreet trees



Dave Wood, UCDave Wood, UC--BerkeleyBerkeley
Insect BehaviorInsect Behavior

Milt Silverstein, Stanford Research InstituteMilt Silverstein, Stanford Research Institute
BioBio--organic Chemistryorganic Chemistry

A Fruitful CollaborationA Fruitful Collaboration



Isolation of Aggregation Pheromones from Isolation of Aggregation Pheromones from 
Male Male IpsIps paraconfususparaconfusus

Fractionation Fractionation 
(Preparative GC)(Preparative GC)

Compound IDCompound ID
(UV, IR, MS, NMR)(UV, IR, MS, NMR) Ips paraconfususIps paraconfusus

HO HO HO

IpsenolIpsenol
(100)(100)

IpsdienolIpsdienol
(10)(10)

ciscis--VerbenolVerbenol
(1)(1)

Behavioral assayBehavioral assay

(Silverstein et al. 1966, (Silverstein et al. 1966, ScienceScience; Wood et al. 1968, ; Wood et al. 1968, ScienceScience))

Collect Collect frassfrass
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Field Test of Individual Pheromone Field Test of Individual Pheromone 
ComponentsComponents

I:  Ipsenol

II: cis-Verbenol

III:  Ipsdienol

HO

HO

HO

(Wood 1970, (Wood 1970, ““Pheromones of Bark Beetles.Pheromones of Bark Beetles.””))



Conclusions from the original Conclusions from the original 
pheromone isolation for pheromone isolation for Ips paraconfususIps paraconfusus

1)1) Insects have multiInsects have multi--component pheromonescomponent pheromones
2)2) Pheromone components can act Pheromone components can act 

synergisticallysynergistically



Naturally occurring pheromoneNaturally occurring pheromone

H O O H OH
__

++

racemicracemic = half (+) and half (= half (+) and half (––))

(–)-ipsenol (+)-ipsdienol (–)-cis-verbenol
(measured in chloroform)

100 10 1



Comparison of naturally occurring Comparison of naturally occurring 
and commercial pheromone blendsand commercial pheromone blends

(+)-ipsdienol (–)-cis-verbenol (–)-ipsenol

10 1 100

Natural

(+)-ipsdienol 83%(–), 17%(+)-cis-
verbenol

Racemic ipsenol
50%(–), 50% (+)

1 3 2

Commercial (Phero Tech)



Refining pheromoneRefining pheromone

Q: Why not make the commercial blend identical 
to male produced pheromone?

A: Cost.  Racemic blends are less expensive to 
produce than pure enantiomers

A: The ratio of the components has never been 
tested before



Cost ComparisonCost Comparison

(+)-ipsdienol (–)-cis-verbenol (–)-ipsenol

$46 $20 $38

Natural

(+)-ipsdienol 83%(–), 17%(+)-cis-
verbenol

Racemic ipsenol
50%(–), 50% (+)

$46 $3 $3

Commercial (Phero Tech)

*Racemic ipsdienol:  $4 



Objectives

Field trials
• Study 1-Optimize ipsdienol component

– Summer 2004

• Study 2-Optimize cis-verbenol component
– Summer 2005

• Study 3-Optimize ipsenol component
– Summer 2005



Blodgett ForestBlodgett Forest
((EldoradoEldorado Co.)Co.)

Study 1: Two Study 1: Two 
blocks each in blocks each in 
compartment compartment 
270 and 611270 and 611



Studies 2 and 3: Studies 2 and 3: 
Four blocks in Four blocks in 

Compartment 160Compartment 160



30 to 50 m30 to 50 m

100 m100 m



30 to 50 m30 to 50 m

100 m100 m





Study 1 Study 1 –– Optimizing Optimizing IpsdienolIpsdienol
TreatmentsTreatments

1.1. UnbaitedUnbaited controlcontrol
2.2. RacemicRacemic conophthorinconophthorin
3.3. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenol, verbenol, 

and and racemicracemic conophthorinconophthorin
4.4. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenolverbenol
5.5. ((--))--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenolverbenol
6.6. 1x 1x RacemicRacemic IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--

verbenolverbenol
7.7. 2x 2x RacemicRacemic IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--

verbenolverbenol

HO

Study 1 Study 1 –– Collected 9 times from August 27, 2004 to September 22, 2004Collected 9 times from August 27, 2004 to September 22, 2004



Study 1 Study 1 –– Optimizing Optimizing IpsdienolIpsdienol
TreatmentsTreatments

1.1. UnbaitedUnbaited controlcontrol
2.2. RacemicRacemic conophthorinconophthorin
3.3. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenolverbenol, , 

and and racemicracemic conophthorinconophthorin
4.4. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenolverbenol
5.5. ((--))--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--verbenolverbenol
6.6. 1x 1x RacemicRacemic ipsdienolipsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--

verbenolverbenol
7.7. 2x 2x RacemicRacemic ipsdienolipsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (––))--ciscis--

verbenolverbenol

Study 1 Study 1 –– Collected 9 times from August 27, 2004 to September 22, 2004Collected 9 times from August 27, 2004 to September 22, 2004



Study 1 Study 1 –– Optimizing Optimizing IpsdienolIpsdienol

TreatmentsTreatments
1.1. UnbaitedUnbaited controlcontrol
2.2. RacemicRacemic conophthorinconophthorin
3.3. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--verbenol, and verbenol, and 

racemicracemic conophthorinconophthorin
4.4. (+)(+)--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--verbenolverbenol
5.5. ((--))--IpsdienolIpsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--verbenolverbenol
6.6. 1x 1x RacemicRacemic ipsdienolipsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--

verbenolverbenol
7.7. 2x 2x RacemicRacemic ipsdienolipsdienol, , racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--

verbenolverbenol
Study 1 Study 1 –– Collected 9 times from August 27, 2004 to September 22, 2004Collected 9 times from August 27, 2004 to September 22, 2004



-8 -6 -4 -2 0 2 4 6 8

(+)(+)--ipsdienolipsdienol & & conopconop.*.*

2 x 2 x racemicracemic ipsdienolipsdienol**

1 x 1 x racemicracemic ipsdienolipsdienol**

(+)(+)--ipsdienolipsdienol**

((--))--ipsdienolipsdienol**

conophthorinconophthorin

unbaitedunbaited

6                  4                 2      6                  4                 2      0                 2                 4               0                 2                 4               6         6         

Study 1Study 1

♂ ♀

Mean Mean Ips paraconfususIps paraconfusus per Day per Day ++

ANOVA with important interaction termsANOVA with important interaction terms
Males: Males: TxTx 0.0001, 0.0001, BlkBlk 0.0007, Time 0.0001, 0.0007, Time 0.0001, TxTx*time 0.0001*time 0.0001

Females: Females: TxTx 0.0001, 0.0001, BlkBlk 0.0001, Time 0.0001, 0.0001, Time 0.0001, TxTx*time 0.0001, *time 0.0001, BlkBlk*time 0.0924*time 0.0924

SESE

6                  4                 2      6                  4                 2      0                 2                 4               0                 2                 4               6         6         
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Ryan’s multiple 
comparison test



Study 1 SummaryStudy 1 Summary
•• Ips paraconfusus Ips paraconfusus is is 

attracted to the blend attracted to the blend 
containing (+)containing (+)--ipsdienolipsdienol

•• It is disrupted by blends It is disrupted by blends 
containing (containing (--))--ipsdienolipsdienol or or 
conophthorinconophthorin



Study 2 Study 2 –– Optimizing Optimizing ciscis--VerbenolVerbenol
TreatmentsTreatments

1.1. UnbaitedUnbaited
2.2. (+)(+)--IpsdienolIpsdienol and and racemicracemic ipsenolipsenol (without (without ciscis--verbenolverbenol))
3.3. ((--))--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol
4.4. (+)(+)--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol
5.5. 83% (83% (--))--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol

HO

Study 2 Study 2 –– Collected 7 times from July 28, 2005 to August 12, 2005Collected 7 times from July 28, 2005 to August 12, 2005



Study 2 Study 2 –– Optimizing Optimizing ciscis--VerbenolVerbenol
TreatmentsTreatments

1.1. UnbaitedUnbaited
2.2. (+)(+)--IpsdienolIpsdienol and and racemicracemic ipsenolipsenol (without (without ciscis--verbenolverbenol))
3.3. ((--))--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol
4.4. (+)(+)--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol
5.5. 83% (83% (--))--ciscis--VerbenolVerbenol, (+), (+)--ipsdienolipsdienol, and , and racemicracemic ipsenolipsenol

PherotechPherotech
300 to 600 300 to 600 μμg/dayg/day

*25*25OO C conditions

ChemChem TicaTica
80 80 μμg/dayg/day
*20*20OO C conditions

HO



-40 -30 -20 -10 0 10 20 30 40

(+)(+)--ciscis--verbenolverbenol**

83% (83% (--))--ciscis--verbenol*verbenol*

Two componentTwo component

((--))--ciscis--verbenolverbenol**

Males: Males: TxTx 0.0001, 0.0001, BlkBlk 0.0103, Time 0.1205, 0.0103, Time 0.1205, TxTx*time 0.0001*time 0.0001
Females: Females: TxTx 0.0001, 0.0001, BlkBlk 0.3730, Time 0.0235, 0.3730, Time 0.0235, TxTx*time 0.0001*time 0.0001

Mean Mean Ips paraconfususIps paraconfusus per Day per Day ++ SESE

unbaitedunbaited

6060 4040 20            0              20           40            6020            0              20           40            60

Study 2Study 2
6060 4040 20            0              20           40            6020            0              20           40            60
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Study 2 SummaryStudy 2 Summary

•• Ips paraconfusus Ips paraconfusus is more is more 
attracted to (attracted to (--))--ciscis--verbenolverbenol
than (+)than (+)--ciscis--verbenolverbenol

•• (+)(+)--ciscis--verbenolverbenol may not may not 
enhance or reduce the enhance or reduce the 
response to response to ipsenolipsenol and and 
ipsdienolipsdienol



Study 3 Study 3 –– Optimizing Optimizing IpsenolIpsenol

TreatmentsTreatments
1.1. UnbaitedUnbaited
2.2. 83% (83% (--))--ciscis--verbenolverbenol and (+)and (+)--ipsdienolipsdienol (without (without 

ipsenolipsenol))
3.3. ((--))--IpsenolIpsenol, 83% (, 83% (--))--ciscis--verbenolverbenol and (+)and (+)--ipsdienolipsdienol
4.4. (+)(+)--IpsenolIpsenol, 83% (, 83% (--))--ciscis--verbenolverbenol and (+)and (+)--ipsdienolipsdienol
5.5. RacemicRacemic ipsenolipsenol, 83% (, 83% (--))--ciscis--verbenolverbenol and (+)and (+)--ipsdienolipsdienol
6.6. 2x 2x racemicracemic ipsenolipsenol, 83% (, 83% (--))--ciscis--verbenolverbenol and (+)and (+)--

ipsdienolipsdienol

HO

Study 3 Study 3 –– Collected 13 times from August 12, 2005 to September 19, 2005Collected 13 times from August 12, 2005 to September 19, 2005



-50 -40 -30 -20 -10 0 10 20 30 40 50

(+)(+)--ipsenolipsenol**

1 x 1 x racemicracemic IpsenolIpsenol**

Without Without IpsenolIpsenol**

((--))--ipsenolipsenol**

Mean Mean Ips paraconfususIps paraconfusus per Day per Day ++

Males: Males: TxTx 0.0001, 0.0001, BlkBlk 0.0001, Time 0.0001, 0.0001, Time 0.0001, TxTx*time 0.0001*time 0.0001
Females: Females: TxTx 0.0001, 0.0001, BlkBlk 0.0001, Time 0.0001, 0.0001, Time 0.0001, TxTx*time 0.0001*time 0.0001

SESE

unbaitedunbaited

40        30         20         10         0         40        30         20         10         0         10         20        30         40 10         20        30         40 

Study 3Study 3

2 x 2 x racemicracemic IpsenolIpsenol**

40        30         20         10         0         40        30         20         10         0         10         20        30         40 10         20        30         40 
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Study 3 SummaryStudy 3 Summary

•• Ips paraconfusus Ips paraconfusus is is 
attracted to the blend attracted to the blend 
with (with (--))--ipsenolipsenol

•• They are not They are not 
interrupted or attracted interrupted or attracted 
to (+)to (+)--ipsenolipsenol in any of in any of 
the blendsthe blends



ConclusionsConclusions

Males 
produce

(+)-ipsdienol (–)-cis-verbenol (–)-ipsenol

Commercial 
bait

(+)-ipsdienol 83%(–)-cis-
verbenol

Racemic
ipsenol

Field Study 1 Study 2 Study 3

Attracted toAttracted to (+)(+)--ipsdienolipsdienol ((––))--ciscis--verbenolverbenol ((––))--ipsenolipsenol

Most attracted to compounds that males produce



RacemicRacemic blends are more economical, blends are more economical, 
does the presence of the opposite does the presence of the opposite 
enantiomerenantiomer matter?matter?

Field Study 1 Study 2 Study 3

Attracted to (+)-ipsdienol (–)-cis-
verbenol

(–)-ipsenol

Opposite Opposite 
enantiomerenantiomer

((––))--ipsdienolipsdienol
inhibitsinhibits

(+)(+)--ciscis--
verbenolverbenol
neutralneutral

(+)(+)--ipsenolipsenol
neutralneutral

Conclusions Must use (+)-
ipsidenol

83% (–)-cis-
verbenol OK

Racemic
ipsenol OK

$ Pricing $3 vs $20 $3 vs $40



Commercial 
bait

(+)-
ipsdienol

83%(–)-cis-
verbenol

Racemic ipsenol
(1X)

Conclusions (+)-
ipsdienol

83%(–)-cis-
verbenol

2X 2X racrac. . ipsenolipsenol
caught twice as caught twice as 
much as 1Xmuch as 1X

Modification 
to commer-
cial bait

Add another 
rac. Ipsenol

$ Pricing $46 $3 $3 + $3$3

Changes to commercial bait?Changes to commercial bait?



Changes to commercial Changes to commercial 
bait?bait?

(+) (+) IpsdienolIpsdienol

83% (83% (--))--ciscis--VerbenolVerbenol

RacemicRacemic ipsenolipsenol

(+) (+) IpsdienolIpsdienol

83% (83% (--))--ciscis--VerbenolVerbenol

2x 2x RacemicRacemic ipsenolipsenol



Comparison of naturally occurring Comparison of naturally occurring 
and commercial pheromone blendsand commercial pheromone blends

(+)-ipsdienol (–)-cis-verbenol (–)-ipsenol

10 1 100

Natural

(+)-ipsdienol 83%(–), 17%(+)-cis-
verbenol

Racemic ipsenol
50%(–), 50% (+)

1 3 2 2 →→44

Commercial (Phero Tech)



Future Experiments

1. Optimize the ratios of the three components 
of the Ips paraconfusus aggregation 
pheromone

2. Repeat study 2, but with a racemic blend of 
cis-verbenol and all materials released at the 
same rate 
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