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Abstract-The quantities of trans-verbenol, myrtenol, and the pheromone, cis-verbenol, in the hindguts of
males and females were found to increase in linear proportion following exposure to increasing
concentrations of vapour of the host plant precursor, (-)-a-pinene. Males produced significantly more of
these compounds than females. Differences between males and females in the ratios of compound
production were indicated.
The concentrations of myrcene, a-pinene, and other monoterpenesvolatilized in male nuptial chambers in
ponderosa pine were quantified as well as the amounts in phloem. Males do not appear to ingest sufficient
phloem to obtain enough of the host plant precursor, myrcene, to account for production of the
pheromones, ipsenol and ipsdienol, but they may consume additional amounts of myrcene in
oleoresin/xylem. Comparisons of ipsenol, ipsdienol and cis-verbenol production in males when feeding or
exposed to precursor vapours at various concentrationsindicate that under natural conditionsmyrcene used
in pheromone biosynthesis primarily enters the beetle via the digestive tract.
Key Word Index: Ips paraconfusus, Pinus ponderosa, pheromone biosynthesis, bark beetle, myrcene,
a-pinene, monoterpenes, ipsenol, ipsdienol, cis-verbenol, trans-verbenol, myrtenol, attractants,
pheromones.

colonization is not known. Furthermore, the source of
pheromone precursors in host tissue is not well
BOTHsexes of the bark beetle Ipsparaconfusus (Lanier) characterized. The beetle appears to feed primarily on
are attracted to the pheromone mixture, ipsenol, cG- phloem, but the concentrations of monoterpenes in
verbenol and ipsdienol, produced by male; feeding in this tissue have not been investigated. The presence of
~ o n d e r o s apine (SILVERSTEIN
et al.. 1966a, b; WOODet a-pinene, myrcene and other monoterpenes in pine
hl., 1968). o n l y male I. paraconf&us
ipsenol xylem has been determined by M r ~ o v(1961) but the
and ipsdienol when exposed to vapours of the host quantities are not precisely known. Knowledge of the
plant monoterpene, myrcene (HUGHES,
1974; BYERS quantities of other m a j o r ~ m ~ n o t e r ~ e is
n eimportant
s
et al., 1979). HENDRYet al. (1980) showed that since they affect the vapour pressures of the known
D,-labelled myrcene was directly converted to these precursors, they may be -potential pheromone
pheromones. The relationship between the concentra- precursors, and they have been implicated as toxicants
tion of myrcene in vapour phase and subsequent
host resistance- (SMITH, 1966b). Therefore, the
ipsenol and ipsdienol production was quantified by objectives of this study were to: (1) quantify the
BYERSet al. (1979). Bacillus cereus isolated from the relationship between the concentration of a-pinene
hindgut of I.paraconfius converted racemic a-pinene in the vapour phase and subsequent pheromone
to cis-verbenol and trans-verbenol in vitro (BRAND production, (2) determine the concentration of the
et al., 1975). RENWCKet al. (1976a) using NMR, IR pheromone precursors (myrcene and a-pinene) and
and GC-MS methods reported that both sexes other major monoterpenes in the headspace of male
produced cis-verbenol when exposed to the vapour of nuptial chambers and in the phloem and (3) determine
(-)-a-pinene and produced trans-verbenol when the major route of entry of pheromone precursors into
exposed to the (+) enantiomer. However, the beetles in nature.
relationship between the concentration of the
suspected pheromone precursor, (-)-a-pinene, and
the production of cis-verbenol in each sex has not been
MATERIALS AND METHODS
established.
In the above studies where beetles were exposed to Relationship between concentration of a-pinene vapour and cisvapours of a-pinene and myrcene, there have been no verbenol, trans-verbenol and myrtenol production in
attempts to determine whether the concentrations I. paraconfusus
testedwere similar to that which beetles encounter in
Ips paraconfusu~adults were reared (BROW, 1972) from
nature. Therefore, the relative roles of feeding and naturally infested ponderosa pine logging debris obtained
vapour exposure (absorption/breathing) in the from the Sierra National Forest, California, at about 1000 m
acquisition of precursors by the beetle during host elevation. The adults were stored on moistened paper at 4°C
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Fig. 1. Cis-verbenol, trans-verbenol and myrtenol
production in male Ips p a r a c o n f w after exposure to
(-)-a-pinene vapours. Brackets f S.E.M. n = 2.

from 2 to 15 days before use. Male and female beetles were
exposed to various concentrations of (-)-a-pinene vapour
( [ a g Z = -41.6", GLC purified r99.8xAldrich) for 18 k0.5
hr at 21 1.7"Cunder natural light. Two groups of 15 of each
sex were exposed separately to vapours in bottles containing
0.2, I, 3,6, 12, 20, 30,80 and 160 p1 of (-)-a-pinene (BYE=
et al., 1979). Samples of headspace air were withdrawn from
the bottles during the exposure period and the concentration
of u-pinene vapour was determined by GLC analysis using a
3.7 m x 2 mm i.d. glass column of Ultrabond I1 (monolayer
Carbowax 20M, 100/120 mesh) at 50°C and N, flow of 30
ml/min.
After the exposure period, the posterior portion of the
beetles' guts, including the mid- and hind-guts, were removed
and immediately crushed in 0.3 mi of diethyl ether. The gut
extracts were analysed on Ultrabond I1 at 100°C. The
quantities of cis-verbenol, trans-verbenol and myrtenol were
determined by comparison of GLC peak areas with known
amounts of these compounds (GLC purified >99%,
Chemical Samples Co. and Aldrich). Mortality was recorded
after the vapour exposure and only living beetles were
extracted for compounds. Linear regression and analysis of
covariance (SNEDECOR
and COCHRAN,
1967) were performed
on the quantities of compounds in each sex (Fig. 1) to
determine if quantitative differences in production existed
between males and females. Similar comparisons were made
between regression lines of ratios of compounds produced by
males (e.g. cis-verbenol compared with trans-verbenol) and
corresponding lines for compounds produced by females.
Concentration of myrcene, a-pinene, and other monoterpenes
in ponderosa pine phloem and in the headspace of male nuptial
chambers
Males were allowed to bore and construct nuptial
chambers in a 12 cm dia. x 25 cm long ponderosa pine log
(17 March 1976). The average volumeof 14 nuptialchambers
after 48 hr of boring (111.3 _f 7.3 p1, f S.E.M.) was
determined by filling chambers with glycerol. The head-space
air from 8 to 16 nuptial chambers was sampled for
monoterpenes on each date (see Fig. 2). The needle of a gastight syringe (Hamilton) was fitted with a 1.5 cm length of
Teflon 14 GA 'spaghetti' tubing (I mm 0.d.) which was gently
inserted about 1.5 cm into the nuptial chamber until the
opposite end was encountered. Fifteen microlitres (about
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Fig. 2. Concentration of monoterpene vapours in the headspace of male I. paraconfusus nuptial chambers during a
22-day period of boring in a ponderosa pine log. Brackets
- S.E.M. n = 4.
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13.5% of the nuptial chamber volume) was withdrawn from
each of four chambers, for a total sample size of 60 p1. The
tube then was removed and the sample injected into a 1.8
m x 2 mm i.d. GLC glass column of 10% (w/w) FFAP on
80/100 Gas Chrom Q at 50°C and N, flow of 30 mi/min. The
same procedure was used to sample nuptial chambers in logs
(14 cm dia.) from three additional trees (Table 3) with GLC
analyses performed with the Ultrabond I1 column at 50°C
(Feb. 18-19 1978) and a 1.8 m x 2 mm i.d. glasscolumn of 3%
(w/w) Apiezon L on 100/120 Gas Chrom Q at 100°C and N,
flow of 12 ml/min (15 November 1977). The quantities of apinene, myrcene, 8-pinene, A-3carene, and limonene present
in the headspace samples were measured by comparing peak
areas and retention times with known amounts of these
compounds (GLC purified > 98%, Chemical Samples Co.
and Aldrich) on the three columns described above.
Phloem tissue was removed on 17 May 1976, from each of
three ponderosa pine logs obtained from two trees cut on 4
May (tree No. 1) and 22 April (tree No. 2). Each sample was
weighed (0.6-1.9 g) and then ground in diethyl ether in a
mortar and pestle for 3 min. Ether was added during the
trituration period to compensate for evaporation so that
about 2 ml of extract could be removed from the pulp. A
second and third extraction were performed similarly and the
quantities of each monoterpene in the extracts were analysed
by GLC on the Apiezon L column described earlier.
Exponential regression of the monoterpene amounts in each
extraction step was used to determine the efficiency of the
extraction process and to estimate the amounts that may have
remained in the ground phloem.
Pheromoneproduction in I. paraconfusus males after feeding
in ponderosapine and after exposure to vapours of myrcene and

(-)-a-pinene in the laboratory
Ponderosa pine logs about 14 cm dia. x 28 cm long were
cut from trees and stored less than 1.5 months at 4'C before
use. Males were introduced head-first into holes drilled in
logs (BYERSand WOOD, 1980) and allowed to excavate
nuptial chambers for 48 f 1 hr under natural light on each of
four dates (30 April 1976, 30 June 1976, 18 February 1978
and 8 September 1978). Females were introduced similarly in
other logs on 30 April and 30 June 1976. Eleven groups of

Pheromone biosynthesis
15-40 males were removed from the logs (2-3 groups per log)
and extracted for the presence of pheromones in their guts as
described earlier. Two groups of 20-40 females were treated
the same way. The amounts of pheromones present in the
male and female guts were determined by GLC analysis on
the above Ultrabond 11, Apiezon L and FFAP columns at
100°C.
Three groups of 20 males were exposed to vapours of
myrcene (21 3 x 10-7 g/ml) and (-)-a-pinene
(54 + 4 x lo-' g/ml) in the bottles for 48 +_ 0.5 hr on 10 May
1980. Quantities of pheromones in their guts were determined
as described.

+

RESULTS
Relationship between concentration of a-pinene vapour
and cis-verbenol, trans-verbenol, and myrtenol
production in I. paraconfusus
The biosynthesis of cis-verbenol, trans-verbenol and
myrtenol in male and female I.paraconfurus exposed
to increasing concentrations of a-pinene [about 89.7%
(-) and 10.3% (+) enantiomers] were linear over the
range tested (Fig. 1). Considerably higher
concentrations of a-pinene would have been necessary
to begin saturating the catalytic site($ and determine
K, values. Higher concentrations of a-pinene were
tested but mortality due to fumigant toxic effects
(SMITH,1965a, b) precluded valid results (Table 1). A
comparison of the regression lines for each compound
in male and female beetles showed that males
consistently produced more of all three compounds
than females (Table 2). Not only were the absolute
amounts different in each sex, but the relative
proportions of the three compounds differed between
the sexes (Table 2).
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The amounts of monoterpenes in the phloem of two
trees are shown in Table 4. Exponential regression of
the extraction number against the quantities of each
monoterpene showed correlation coefficients of 0.99
in all cases. This relationship would be expected if a
certain percentage of the monoterpenes were removed
from the tissue on each subseauent extraction. The
regressions indicated that in twb of the samples, the
three extractions removed about 97.5% of the
extractable monoterpenes. In sample A, tree No. 2,
which weighed about three times more, only about
89% of the monoterpenes were removed. The
quantities of monoterpenes in Table 4 have been
corrected for the estimated amounts that presumably
were not extracted.
Pheromone production in I. paraconfusus afterfeeding
in ponderosa pine and after exposure to vapours of
myrcene and a-pinene in the laboratory
The amounts of ipsenol and ipsdienol produced in
males feeding 48 hr in ponderosa pine logs were much
greater than in males exposed a similar time to vapours
of myrcene (Fig. 3). Cis-verbenol was not detected in
male) while comparafeeding males (<0.5 x
tively large quantities were produced in males exposed
to a-pinene in the bottle (Fig. 3). Females that had fed

Concentration of myrcene, a-pinene, and other
monoterpenes in ponderosa pine phloem and in the
headspace of male nuptial chambers
The concentration of the major monoterpenes in the
headspace of male nuptial chambers decreased
precipitously after eight days and was less than
g/ml at 22 days (Fig. 2). The average
2x
concentration of myrcene vapour in the nuptial
NATURAL FEEDING
VAPOURS
chamber after 48 hr of excavation in several trees Fig. 3. Comparison of pheromone production in male I.
(Table 3) was only about 2.4% of the myrcene paraconfmm during a 48 hr period of feeding in ponderosa
concentration at near saturation in a bottle (BYERS, pine under natural vapour concentrations of myrcene and aet al., 1979). The concentration of a-pinene vapour in a pinene to pheromone production when exposed a similar
nuptial chamber also was much less concentrated than period to higher levels of these monoterpene vapours in the
laboratory. Brackets +_ S.E.M. n = 3-1 1.
in a bottle with 30 p1 a-pinene (about 2.3%, Table 1).
Table I. Relationship between the amount of a-pinene added to the bottle, the concentration of a-pinene in the headspace, the
subsequent production of cis-verbenol and the mortality
Cis-verbenol production
( x 10-6 g)

Mortality

0
0
7
40
50

Male

Female

(%I

(%I
0
0
7
40
53

Values +_ S.E.M. n = 2-4.

Male

Female

0.52 +0.03
4.89+0.14
11.28
6.62 1.70
5.42 5 1.80

0.11k0.2
2.04k0.53
3.78 50.44
5.33 k0.79
4.26 2.60

+

+

a-Pinene
concentration
in headspace
(x
g/ml)

a-Pinene
added to
bottle

1.03k0.03
4.90 +0.26
8.81 +0.58
18.17+0.21
18.27k0.69

3
12
30
80
160

(4)

Table 2. The comparison of the quantities of compounds produced in male I.paraconficus after exposure in
a-pinene vapours (per ml) to quantities produced in females and the comparisons of ratios of compounds
produced in males to ratios in females
Regression a-pinene ( X ) against compound (Y)
Sex

Equation ( x

Compound

r2

g)

Difference in slopes
( P value)*

cis-verbenol
cis-verbenol

0.97
0.94

Y = 1.22X - 0.53
Y = 0.43X - 0.19

< 0.001

trans-verbenol
trans-verbenol

0.99
0.92

Y = 0.30X - 0.06
Y = 0.14X - 0.02

< 0.001

myrtenol
myrtenol

0.98
0.89

Y = 0.32X - 0.02
Y = 0.22X + 0.1 1

0.001

Regression compound ( X ) against compound (Y)
Sex

d
0
d
0
d
?

Equation ( x

r

g)

Difference in slopes
( P value)

cis against trans t
cis against trans

0.99
0.99

Y = 4.05X - 0.29
Y = 3.06X - 0.13

< 0.001

cis against myrtenol
cis against myrtenol

0.99
0.94

Y = 3.84X - 0.44
Y = 1.86X - 0.33

< 0.001

myrtenol against trans
myrtenol against trans

0.99
0.96

Y = 1.05X + 0.05
Y = 1.56X + 0.15

0.003

P values < 0.05 indicate a significant difference between the slopes of the regression lines compared
(analysis of covariance).
t Trans represents trans-verbenol and cis represents cis-verbenol.

g/ml) of the monoterpene vapours in the headspace of a male I. paraconfww nuptial
Table 3. The concentration
chamber after 48 hr of boring in logs from four ponderosa pine trees.
Tree
18 Feb. I978
19 Feb. I978
15 Nov. 1977
19 March 1976
Average f S.E.M.

a-Pinene

8-Pinene

+ 3.3
+ 0.8
+ 1.2
+ 1.3
20.4 + 5.1

+
+
+

30.9
25.5
17.6
7.5

A-3-Carene

24.6 11.2
23.1 k7.3
35.2 2.5
28.9 4.7
28.0

* 2.7

+ 11.6
+ 22.8
*+ 4.83.6
43.8 + 8.0

34.2
62.9
50.5
27.6

Myrcene
20.8
16.3
22.9
3.0

+ 2.8
+ 6.2
+ 2.3
+ 0.5

15.8

+ 4.5

Limonene

+

21.3 5.1
35.2 + 13.1
41.5 3.2
7.9 1.0

+

+
26.5 + 7.5

Values 5 S.E.M. n = 4.

Table 4. Quantities of the major monoterpenes in ponderosa pine phloem corrected by exponential regression to account for
inefficiencyin the extraction process (see text)
Tree No. 1
pg/g tissue*
ng/d tissue
Tree No. 2
Sample A
pg/g tissue
ng/pl tissue
Tree No. 2
Sample B
pg/g tissue
ng/pl tissue

a-Pinene

Myrcene

84.6
75.7
63.0
56.5
82.7
74.1

Average + S.E.M. n = 3.
pg/g tissue
ng/$ tissue*

76.8 + 6.9
68.8 6.2

+

'Based on phloem density of 0.895 g/ml.

8-Pinene

A-3-Carene

Limonene

Total

Pheromone biosynthesis

48 hr in logs did not contain detectable quantities of
the pheromones in their guts ( < 0.5 x 10- g/female).
The ratio of ipsenol to ipsdienol in feeding males, 5:9,
was similar to the ratio produced in males when
exposed to myrcene vapours, 5:8, (Fig. 3) and to that
found in other studies (5:9, BYERSet al., 1979; 6:0,
BYERSand WOOD,1981).
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reported 24%. However, in these reports, and in
several others concerning the monoterpene
composition of oleoresin, the percentage by weight of
xylem consisting of oleoresin was not determined
(SMITH,1964, 1965a, 1966a; MILLERet al., 1968).
Therefore, the titres of monoterpenes in xylem and in
phloem can not be compared.
The concentration of myrcene and a-pinene
measured in the headspace of bottles at near or actual
saturation was approximately 42 and 86 times,
DISCUSSION
respectively, more than the concentrations found in
Male I.paraconfusus were able to produce about 2.8 male nuptial chambers. In several studies, bark beetles
times more cis-verbenol than females when these in bottles have been exposed to myrcene, a-pinene, and
beetles were exposed to a range of increasing other monoterpene vapours at near saturation which
concentrations of (-)-a-pinene vapours. If this may have left the impression that these concentrations
relationship can be extrapolated to the much lower simulated natural conditions in the galleries of the
concentrations that I. paraconfusus experience in the beetle (VITEet al., 1972; HUGHES,1973, 1974, 1975;
nuptial chambers during colonization, then the male RENWICK
et al., 1976a, b; HUGHESand RENWICK,
may synthesize as much cis-verbenol as the three 1977; BYERSet al., 1979; HENDRYet al., 1980). The
females that normally join him. It is doubtful that large difference in concentration between saturation
females can enhance the attraction created by males of a single or few monoterpenes in a bottle and in a
simply by doubling the release rate of cis-verbenol. nuptial chamber can be explained by the laws of
Furthermore, the presence of females in the nuptial Raoult and Babo. These laws state that increasesin the
chamber causes the male to reduce production of percentage of solutes soluble in a solvent lower the
ipsenol and ipsdienol (BYERS,1981). The linear vapour pressure of the solvent proportional to the
relationship between a-pinene and subsequent amount of dissolved solutes. Since phloem and xylem
production of cis-verbenol, trans-verbenol and consist of a complex mixture of volatile and
myrtenol indicates that a-pinene is directly converted nonvolatile substances in solution, the amounts of
to these compounds, but experiments with radioactive monoterpene that theoretically volatilize in a nuptial
a-pinene are necessary for unequivocal proof chamber is almost im~ossibleto ~redict.The studies of
(HENDRY
et al., 1980). The relative proportions of cis- pheromone production after exposure to monoterverbpol, trans-verbenol, and myrtenol were different penes at near saturation reveal the results of
in males and females, indicating that the enzymatic biosynthesis processes which otherwise would be
system which regulates the levels of these compounds difficult to detect under natural-conditions. The
is in some way qualitatively different between the exposure of beetles to monoterpenes also can be used
sexes.
to experiment with the biosynthetic systems under
and WOOD,
The decline in monoterpene vapour concentration different physiological conditions (BYERS
in the nuptial chamber headspace during the 22-day 1981; BYERS,1981). However, experiments under such
period probably reflects a decline in the concentration conditions do not necessarily reflect natural
of monoterpenes in the phloem/xylem tissue circumstances.
SMITH(1965a, b, 1966a, b) has proposed a theory in
surrounding the nuptial chamber because of
evaporation (Raoult's law). In logs of smaller which the monoterpenes of pondkrosa pine may
diameter and limbs of trees, the concentration of function as a mechanism of tree resistance against the
a-pinene and myrcene may become limiting for attack of Dendroctonous brevicornis and orher bark
pheromone biosynthesis. This may account for the beetles. The monoterpenes were tested singly in the
loss of attraction of male infested logs after 10-14 days vapour phase at near saturation and found to be toxic
in the field ( V I and
~ GARA,1962; V r d et al., 1963; to bark beetles. The vapours from various oleoresins,
and
BYERS,1981) and the decline in ipsenol and ipsdienol 1>24% monoterpenes (MIROV,1961; ZAVARIN
production in unmated feeding males beginning about COBB, 1970), at saturation also were toxic over
six days after their introduction to logs and continuing extended periods to beetles. The concentrations of
to day 12 (BYERS,1981). However, monoterpene monoterpenes in a bottle containing oleoresin would
concentrations in areas a few millimetres away from be considerably higher than in nuptial chambers
nuptial chambers may not become limiting during this because of the higher concentrations of monoterpenes
period because BYERS(1981) found ipsenol and in oleoresin than in phloem/xylem. Bark beetles have
ipsdienol production in males after three days of long been known to introduce several species of bluefeeding in 12- to 14-day-old logs (14 cm dia.) in the stain fungi during colonization presumably to
field was similar to amounts produced by males in suppress the resin flow and water conduction of the
fresh logs. Thus, males could acquire additional tree (MATHRE,1964). The growth of several species of
precursors by enlarging their chambers, at least in logs blue-stain fungi was adversely affected by
larger than 14 cm dia. The relative proportions of the monoterpene vapours (COBB et al., 1967, 1968)
monoterpenes in the headspace of nuptial chambers indicating another possible mechanism of host
and in the phloem are similar to ratios reported resistance. However, these theories should be repreviously in xylem tissue (SMITH, 1964, 1966a; evaluated because the concentrations of monoterZAVARIN
and COBB,1970). M1~ov(1961)reported that penes tested were much higher than natural
the monoterpenes comprise about 15% of ponderosa conditions.
pine oleoresin while ZAVARINand COBB (1970)
Based on the relationship between myrcene vapour

concentration and pheromone production reported by
BYERS
et al. (1979) and the concentrations of myrcene
vapour measured in nuptial chamber headspace
(Table 3), one would predict that feeding males should
have produced only about 1.6% of the amount of
ipsenol and ipsdienol than they actually did (Fig. 3) if
they only utilized the myrcene in the air of the nuptial
chamber. This discrepancy must be even greater if one
considers that significant losses of the pheromones
probably occurred when faecal pellets were voided
during feeding (WOODet al., 1966). Relative losses of
pheromone from the gut due to diffusion over time
should be comparable in both feeding and vapourexposed beetles, but absolute losses would be greater
in feeding males because of larger amounts of
pheromone present in their guts. Therefore, males
feeding under natural conditions must obtain most of
the myrcene necessary for pheromone biosynthesis
from phloem/xylem tissue because the low
concentration of myrcene vapour in nuptial chambers
is inadequate for the production of the large amounts
of ipsenol and ipsdienol.
One might expect even larger amounts of cisverbenol than ipsenol and ipsdienol in feeding males
since exposure to myrcene and a-pinene vapours in a
bottle caused a much larger production of cis-verbenol
than ipsenol and ipsdienol. However, the quantity of
cis-verbenol assumed to be in feeding males could not
be detected (<0.5 x
g/beetle) even though the
concentration of a-pinene is comparable to myrcene in
the phloem/xylem and in the air of the nuptial
chamber. A small amount of cis-verbenol was
quantified in male frass by SILVERSTEIN
et al. (1967) as
about 2.5% the amount of ipsdienol, and V I et~al.
(1972) reported hindguts of feeding I. paraconfusus
contain small amounts of cis-verbenol. On the other
hand, the relationship between a-pinene exposure and
subsequent cis-verbenol production (Fig. 1) indicates
that the undetectable amounts would be expected in
males and females exposed to concentrations of
a-pinene found in nuptial chambers (Table 3) if they
obtained a-pinene for biosynthesis primarily from the
air.
Male I.paraconfusus would have to eat at least 56 p1
of phloem or about one half the nuptial chamber
volume during 48 hr to account for the amounts of
ipsenol and ipsdienol in their guts (assuming no loss
from defecation). However, males do not appear to
consume this much phloem since faecal pellets make
up a small portion of the frass, and evenmore would
have to be eaten to replace pheromone lost from
defecation. On the other hand, only 0.15 pl of
oleoresin would provide enough myrcene to make the
amounts of ipsenol and ipsdienol (assuming 100%
conversion) found in feeding males. Thus, there is not
enough myrcene in phloem to provide sufficient
quantities for the biosynthesis of pheromones unless
males feed to some extent on xylem and/or oleoresin
exudations. The scoring of xylem tissue by males
usually observed in nuptial chambers may function to
obtain myrcene. Several droplets of oleoresin,
<0.5mm dia., were usually observed in nuptial
chambers after males had been removed. These
droplets could be eaten along with the phloem.
HUGHES and RENWICK(1977) report that I.
paraconfusus males synthesized more ipsenol and

ipsdienol from myrcene vapours and more cisverbenol from a-pinene vapour when juvenile
hormone (JH) was topically applied. They proposed
that feeding stretches the gut and stimulates the brain
to cause the corpora allata to release JH. This
enhances the synthesis of the pheromones during
exposure to precursors. However, gut stretchlfeeding
may not enhance pheromone synthesis because BYERS
and WOOD(1981) found that males, fed a diet low in
host precursors, produced the pheromones in
quantities comparable to unfed males when both
groups were exposed to vapours of the precursors.
Furthermore, HUGHES and RENWICK (1977)
'stretched' male guts by injecting air which would
allow myrcene vapour to diffuse about 100,000 times
faster (CHAPMAN,
1971) through the air-filled gut than
in a liquid-filled gut, the normal condition. Thus,
possibly promoting pheromone synthesis artificially
by enhancing precursor movement to the site of
pheromone synthesis within the insect.
The results of the present study indicate an
alternative theory for the effects of feeding on the
enhancement of pheromone production. This is that
the biosynthetic system of ipsenol and ipsdienol
utilizes myrcene passing through the digestive tract
during feeding while diffusion of myrcene through the
body appears limited possibly during transport across
cell membranes (BYERSet al., 1979). The cis-verbenol
biosynthetic system does not appear to utilize a-pinene
from food in the digestive tract and may be close to the
trachea/tracheoles where diffusion of a-pinene vapour
may be converted to cis- and trans-verbenol and
myrtenol. These compounds are more soluble in
aqueous medium (haemolymph) than a-pinene and
thus may be 'excreted' readily into the hindgut.
Feeding also may cause increases in JH titre that may
enhance the synthesis of ipsenol and ipsdienol, but
almost all the myrcene used for pheromone synthesis
appears to enter with the food. Other evidence that
indicates ipsenol and ipsdienol biosynthesis may
reside in or close to the gut was reported by BYER~
and
WOOD(1981). They found that male I. paraconfusus
fed on streptomycin diet and then exposed to
precursor vapours could not synthesize ipsenol and
ipsdienol while cis-verbenol production appeared
unaffected. This implies that symbiotic microorganisms may be involved in synthesis of the malespecific pheromones. The biosynthetic system (microorganisms?) may reside inside the gut since
streptomycin is a trisaccharide and, at least in
mammals, only trace amounts of that ingested are
absorbed through the gut wall (FRANKLIN
and SNOW,
1971).
In all species of Ips studied, the males initiate the
attack, are polygamous and produce the attraction. In
many species, the males utilize various ratios and
concentrations of ipsenol, ipsdienol and cis-verbenol
in their pheromone communication system ( V I et
~
al., 1972;SILVERSTEIN~?~U~.,
1966a;YOUNG
et al., 1973).
Therefore, it is probable that similar mechanisms of
precursor-entry, biosynthetic systems, and sites of
~roductionand accumulation will be found in other
Ips species.
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