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ABSTRACT Leptoglossus occidentalis Heidemann is a serious pest of second-year cones in conifer
seed orchards. We investigated the impact of this insect on Þrst-year pine conelets. L. occidentalis
adults and nymphs were caged on conelets of lodgepole pine, Pinus contorta var. latifolia Engelmann,
and western white pine, Pinus monticola Dougl. ex D. Don. Abortion in lodgepole pine conelets was
negligible, but feeding by nymphs reduced seed production by 75% compared with unexposed
controls. Mortality of nymphs on lodgepole pine conelets was almost 100%, suggesting that conelets
of this species are not a suitable food source for L. occidentalis. When nymphs had access to
second-year cones, seed set in conelets was unaffected, and survival of nymphs greatly improved.
Seventy-Þve percent of western white pine conelets exposed to L. occidentalis nymphs aborted,
compared with none in unexposed controls. Seed set in surviving cones was reduced by 47%. Conelet
abortion fell to 10% when nymphs were provided with an alternative food source. In pine seed
orchards, damage to conelets probably is caused primarily by nymphs remaining on trees after
second-year cones have been harvested.

KEY WORDS Leptoglossus occidentalis, Pinus contorta var. latifolia, Pinus monticola, conelets, abor-
tion, seed loss

Leptoglossus occidentalis HEIDEMANN is an important
pest in seed orchards of lodgepole pine, Pinus contorta
var. latifolia Engelmann, and western white pine,
Pinus monticola Dougl. ex D. Don (Connelly and
Schowalter 1991, Strong et al. 2001, Bates et al. 2002).
Genetically improved seed, important for tree im-
provement and reforestation programs in British Co-
lumbia (B.C.), is produced in these orchards. Because
of the demand for high-quality pine seed, there is
considerable interest in identifying and minimizing
seed losses caused by L. occidentalis in pine seed or-
chards.
Lodgepole and western white pine cones have a

2-yr developmental cycle (Owens and Molder 1984,
Owens and Bruns 2000). In the Þrst year, female stro-
bili, or conelets, are produced and pollination takes
place. Fertilization, cone expansion, and seed matu-
ration occur the following year (Bramlett et al. 1977,
Owens and Molder 1984, Owens and Bruns 2000).
Adults and nymphs of L. occidentalis damage seed by
inserting their proboscis into second-year cones
(Koerber 1963) and digesting the lipid and protein
contents of developing seeds (Bates et al. 2000a, 2001;

Lait et al. 2001). First-year conelets may also be sus-
ceptible to damage by L. occidentalis.
In the southern United States, feeding by the leaf-

footed pine seed bug, Leptoglossus corculus Say,
caused up to 73 and 100% abortion of conelets in
loblolly pine, Pinus taeda L., and shortleaf pine, Pinus
echinata Mill., respectively (DeBarr and Ebel 1974).
Feeding by L. corculus occurred primarily on cellular
contents of the nucellus within undeveloped ovules
(DeBarr and Kormanik 1975). Conelets that were fed
on but did not abort produced few seeds when they
matured the following year (Goyer and Williams
1980).
Our objectivewas to determinewhether feeding by

L. occidentalis causes conelet abortion or affects seed
set in lodgepole and western white pine.

Materials and Methods

Experiment 1. To determine whether feeding by
adult female L. occidentalis causes conelet abortion in
lodgepole pine, conelets and cones were enclosed in
white polyester sleeve cages, 50� 20 cm, with a 1-mm
mesh on 28 May 1999 at Vernon Seed Orchard, Ver-
non, B.C. On 17 August, one Þeld-collected adult fe-
male L. occidentalis was introduced into cages con-
taining 3Ð9 conelets alone, or 3Ð9 conelets and 2Ð3
cones together. The second treatmentwas included to
determine whether feeding on conelets would occur
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if an alternative food source were available. Caged
conelets that were not exposed to L. occidentalis
served as a control. Each treatment was replicated
once on 12 trees, each representing a different clone.
Each cage was inspected weekly, and any dead or
missing females were replaced. On 8 September, in-
sects and second-year cones were removed from the
cages. Surviving conelets remained caged until cone
development was complete the following year. Ma-
ture cones were harvested on 15 August 2000. Seeds
were extracted by placing cones in boiling water for
�90 s to break the resin seal and then baking them at
50�C for 8 h. The cones were then shaken vigorously
in a plastic container (10� 10� 14 cm) to remove the
seeds. All extracted seeds were radiographed in a Tor-
rex 150X-raymachine (FaxitronX-ray,Wheeling, IL)
for 90 s at 30 Kv and 5 mA and categorized as full or
empty.

Experiment 2. The effect of feeding on lodgepole
pine conelets by L. occidentalis females, males, and
nymphs was also evaluated using a higher density of
insects than in experiment 1. Ten trees of the same
clone were selected for caging at Kalamalka Seed
Orchard (Reservoir Road location), Vernon, B.C., in
2000.On each tree, nine branches bearing three cones
and/or three conelets were caged on 17 May. Extra
conelets or cones were removed where necessary.
One of the following treatments was applied to each
branch on each tree: (1) three adult males caged on
conelets from 17 May to 8 June; (2) three adult males
caged on conelets and cones from 17 May to 8 June;
(3) three adult females cagedonconelets from17May
to 8 June; (4) three adult females caged on conelets
and cones from 17 May to 8 June; (5) 10 early (Þrst)
instars caged on conelets from 29 June to 12 July; (6)
10 early instars caged on conelets and cones from 29
June to 12 July; (7) 10 late (third) instars caged on
conelets from 12 July to 26 July; (8) 10 late instars
caged on conelets and cones from 12 July to 26 July,
and (9) control conelets and cones (no insects).
Adult insects were inspected weekly, and any dead

insects replaced. Eggs laid by females were removed
during each inspection. Nymphs were not inspected
until the end of the feeding period to avoid damaging
them. Because Þrst instars do not feed andmoltwithin
3 d (Hanson 1984), any feeding that occurred in early
instar treatments was from second or third instars. In
the late instar feeding treatment, nymphs were intro-
duced as third instars and molted to fourth and Þfth
instars during the feeding period. At the end of each
feeding period, all insects were removed, and the
cages resealed. Missing nymphs were assumed dead.
Conelets remained in cages and were assessed for
survival on 27 August 2000 and 6 May 2001. Mature
coneswereharvestedon17August 2001, and the seeds
were extracted andX-rayed as before. In Experiments
1 and 2, 3Ð4 branches and bags were damaged or
missing; these cages were removed from the experi-
ment.

Experiment 3. The effect of feeding by L. occiden-
talis nymphs and adults on conelet survival and seed
set in western white pine was evaluated at Kalamalka

Seed Orchard (Bailey Road location) in 1999. Five
treatments were applied to 10 trees, representing 10
different clones, as follows: (1)oneadult female caged
on 2Ð3 conelets from 19 August to 25 September; (2)
two fourth or Þfth instars caged on 2Ð3 conelets from
23 August to 25 September; (3) two fourth or Þfth
instars caged on 1Ð2 conelets from 25 August to 13
September, with �50 Douglas-Þr seeds, Pseudostuga
menziesii(Mirb.)Franco,provided in thecageas food;
(4) two conelets caged with no insects (control); and
(5) 2Ð3 uncaged conelets (uncaged control).
Cages were inspected at 1-wk intervals, and any

dead insects replaced as necessary. Nymphs that had
moulted to adults were replaced with fourth or Þfth
instars. On 25 September, all insects and cages were
removed. Treatment threewas terminated early on 13
September because of a shortage of nymphs. On 25
September 1999 and 17 April 2000, conelets were as-
sessed for survival. Remaining cones were recaged to
protect them from further insect damage. Holes were
cut in the bags on 29 May to allow shoot expansion.
Mature cones were harvested on 17 August, and seeds
were extracted by baking cones at 50�C for 8 h, then
shaking in a plastic container (20 cm diam � 15 cm).
Seeds were X-rayed in a HewlettÐPackard Faxitron
(Faxitron X-ray) for 60 s at 12 kV and two mA, and
categorized as full or empty.

Statistical Analysis. L. occidentalis survival, conelet
abortion, and seed set were analyzed by a one-way
analysis of variance (ANOVA). When ANOVA indi-
cated signiÞcant differences, the means were sepa-
rated by the Tukey Kramer honestly signiÞcant dif-
ference (HSD) multiple comparison test (Day and
Quinn1989).Anorthogonal contrastwas used to com-
pare the total number of seeds produced in conelets
exposed to nymphs with the number of seeds pro-
duced in all other treatments in experiment 3. Data
analyses were performed using JMP software, version
4.0.3 (SAS Institute 2000). In all cases, � � 0.05.

Results

Lodgepole Pine. All but one adult female survived
the 3-wk feedingperiod in experiment 1. Therewasno
effect of exposure of conelets (alone orwith cones) to
adult femaleL. occidentaliswith respect to percentage
of abortion (F � 0.208; df� 2,30; P � 0.8133), number
of seeds produced by surviving conelets (F � 1.1707;
df � 2,30; P � 0.3239), or the percentage of Þlled
seed in each cone (F � 0.1388; df� 2,30; P � 0.8709)
(Table 1).
Survival of adults in experiment 2 ranged between

83.3 and 96.7% and did not differ among adults of
either sex caged on conelets alone and conelets with
cones (Fig. 1). Survival of early and late instars when
feeding on conelets alonewas signiÞcantly lower than
all other treatments, with only 7.0 and 2.0% of early
and late instars surviving, respectively (F � 74.5622;
df � 7,72; P � 0.0001).
Only three conelets aborted in experiment 2. One

conelet was recorded as aborted by 27 September; the
remaining two conelets had aborted by the following
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spring. Aborted conelets were shriveled or dried in
appearance. All three aborted conelets appeared in
cages that housed early or late instars on conelets
alone.Of the 257 conelets that survived to harvest, 251
were normal in appearance. The remaining six cones,
all of which had been exposed to nymphs as conelets
alone, were shrunken or misshapen.
Feeding by nymphs on conelets alone reduced the

total number of seeds produced the following year, by
up to 75% compared with control cones (F � 24.0756;
df� 8,77; P � 0.0001) (Fig. 2A). However, there was
no difference in the percentage of seeds that were
Þlled in these cones (F � 0.5005; df� 8,77; P � 0.8523)
(Fig. 2B).

Western White Pine. All adult females caged on
western pine conelets in experiment 3 survived until
the Þnal assessment on 25 September, when survival
dropped to 70% (Fig. 3). Survival of nymphs feeding
on conelets declined to 50% by the Þnal assessment.
Survival of nymphs provided with seeds was 100% on
14 September, the Þnal assessment date for that treat-
ment.
Conelet abortion was highest (�75%) in conelets

exposed to nymphswithout an alternative food source
(F � 15.4615; df� 4,45; P � 0.0001) (Fig. 4). Feeding
by adult females or nymphs that were provided with
food did not result in a signiÞcant increase in conelet
abortion compared with either control. By the Þnal
assessment in 1999, Þve conelets had aborted. An ad-

ditional 13 conelets had aborted by 17 April 2000.
Aborted conelets were shrunken, dried up and, if not
already abscised, broke easily at the abscission layer.
There was no difference among treatments with

respect to the total number of seeds produced in
western white pine cones (F � 2.1095; df� 4,37; P �
0.0992) (Fig. 5A). However, an orthogonal contrast
indicated that exposure of conelets to nymphs (with
and without food) reduced the total number of seeds
produced in cones by �46% compared with all other
treatments (F � 6.845; df � 1,37; P � 0.0128). There
was no difference in the proportion of Þlled seeds
across treatments (F � 1.0927; df � 4,37; P � 0.3744)
(Fig. 5B).

Discussion

Conelet abortion is a physiological process that can
occur if an insufÞcient number of ovules within the
cone have been successfully pollinated (Owens and
Molder 1984).DeBarr andEbel (1974) andGoyer and
Williams (1980) have demonstrated that feeding by
L. corculus on Þrst-year southern pine conelets in-
ducedconelet abortionandreduced seed set.Ourdata
show that L. occidentalis also can affect seed produc-
tion in lodgepole and western white pine by feeding
on Þrst-year conelets.
After experiment 1 in lodgepole pine, in which no

effect on seed set or conelet abortion was observed,
we exposed conelets to an artiÞcially high density
(Schowalter and Sexton 1990) of L. occidentalis adults
andnymphs inexperiment 2.Althoughconelets fedon
bynymphsproduced75% fewer seeds thanunexposed
control cones, abortion occurred in only a few cone-
lets. One potential reason for the lack of abortion was
the timing of the feeding period (early ormid-July for
lodgepole pine, compared with late August for west-
ern white pine). However, DeBarr and Ebel (1974)
reported similar abortion rates in shortleaf pine ex-
posed to L. corculus nymphs during early, mid-, or late

Table 1. Mean (� SE) abortion and seed production in lodge-
pole pine conelets alone or in the presence of mature cones when
caged for 3 wks in 1999 with or without (control) a single adult
female L. occidentalis

Treatment
(N � 11)

No.
conelets
caged

%
Conelets
aborted

Total seed
per cone

% Filled
seed

Conelets alone 5.3� 0.2 13.9� 8.0 21.4� 2.4 53.0� 5.8
Conelets with cones 5.5� 0.4 8.8� 4.1 25.3� 3.1 48.2� 5.7
Control conelets 4.4� 0.3 10.3� 4.6 18.6� 3.7 49.1� 8.5

Fig. 1. Survival in experiment 2 of L. occidentalis adults and nymphs feeding on lodgepole pine conelets alone (hatched
bars) or conelets with cones (solid bars). Bars with the same letter are not signiÞcantly different, Tukey Kramer HSD test,
N � 10, P � 0.05.
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season conelet development. Timing of feeding may
inßuence whether an aborted cone abscises (DeBarr
and Kormanik 1975), but it does not appear to inßu-
ence abortion.
Although L. occidentalis nymphs and adults were

caged on only one lodgepole pine clone in experiment
2, it is unlikely that the lack of abortion can be attrib-
uted to a clonal effect. DeBarr and Kormanik (1975)
found that conelets of three different clones aborted
equallywhen fedonbyL. corculusnymphs.Moreover,

there was no clonal effect in western white pine in
experiment 3.
Conelet abortion rates between 1.8 and 12% have

been reported for lodgepole pine seed orchards in the
southern interior of B.C. (Owens et al. 1999). The
highest rates of abortion were generally associated
with orchards where supplemental mass pollination
wasnot performed, and thuswereprobablydue to low
pollination. Owens et al. (1981, 1999) suggested that
the threshold for induced abortion in lodgepole pine

Fig. 2. Total number of lodgepole pine seeds produced in experiment 2 by cones exposed to L. occidentalis adults and
nymphs as conelets (A), andmeanpercentage (� SE)of seeds Þlled (B).Conelets caged alone (hatchedbars) orwithmature
cones (solid bars). Numbers of replicates are shown within each treatment. Bars with the same letter are not signiÞcantly
different, Tukey Kramer HSD test, P � 0.05.

Fig. 3. Survival in experiment 3 of L. occidentalis adult females and nymphs caged on western white pine conelets alone,
and of nymphs on conelets provided with Douglas-Þr seeds as an additional food source on four assessment dates in 1999.
Survival of nymphs provided with additional food was not assessed on 25 September because of early termination of the
treatment.
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is probably similar to that of Pinus sylvestris L., which
produces a conelet of similar size and scale number to
P. contorta and in which 30% of the ovules must be
pollinated to prevent conelet abortion (Sarvas 1962).
Lodgepolepineconelets fedonbyearly and late instar
nymphs produced 13.2� 1.5 seeds per cone. Based on
a potential yield of �50 seeds per cone (Owens and
Molder 1984), this Þgure is within the minimum sug-
gested range required to prevent abortion. However,
almost half of the conelets exposed to nymphs pro-
duced �10 seeds per cone, but did not abort. It is
possible that in P. contorta, conelet abortion does oc-
cur, but can only be initiated during the narrow win-
dow that surroundspollination inMay. In experiments
1 and 2, feeding by nymphs took place well after this
period.
Westernwhite pine conelets appeared to be amore

acceptable food source to L. occidentalis than lodge-

pole pine conelets.When nymphs feeding onwestern
white pine conelets were provided with additional
seed, only 10% of caged conelets aborted. However,
seed set was equally reduced in the surviving conelets
and in those exposed to nymphs without food, indi-
cating that nymphs fed on these conelets even in the
presence of additional food. In lodgepole pine, how-
ever, seed set was only reduced if no alternative food
source (i.e., mature cones) was available.
On lodgepole pine, only 7 and 2% of early and late

instars, respectively, survived the 2-wk caging period
when caged on conelets. Early instars that survived on
conelets alone had not molted beyond the second
instar, whereas nymphs that survived on cones and
conelets were all third instars at the end of the same
feeding period. Lodgepole pine conelets may there-
fore be an inadequate source of nutrition for devel-
oping nymphs or may even exhibit antibiosis. L. occi-

Fig. 4. Percentage of western white pine conelets aborted in experiment 3 after exposure to L. occidentalis adult females
and nymphs, and of nymphs provided with Douglas-Þr seeds as an additional food source. Bars with the same letter are not
signiÞcantly different, Tukey Kramer HSD test, N � 10; P � 0.05.

Fig. 5. Total number ofwesternwhite pine seeds produced in experiment 3 by cones exposed as conelets toL. occidentalis
adults and nymphs, and by unexposed (caged) control and uncaged control cones (A), and percentage of seeds Þlled (B).
Numbers of replicates are shown within each treatment. Bars with asterisks in A are signiÞcantly different from all others,
orthogonal contrast, P � 0.05. No difference among treatments in B, ANOVA, P � 0.05.
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dentalis are also known to feed on foliage (Krugman
and Koerber 1969), and it has been suggested this
species is a facultative cone feeder only (Bennett
1994).However, the inabilityofnymphs to surviveand
develop in the absence of second-year cones suggests
that on lodgepole pine, L. occidentalis is most likely an
obligate cone feeder. Nymphs probably require the
protein and lipid-rich reserves of developing seeds
(Bates et al. 2000a, 2001; Lait et al. 2001) to complete
development.
As was the case for adult L. corculus on loblolly and

shortleaf pine (DeBarr and Ebel 1974, Goyer and
Williams 1980), abortion was low (10%) on western
white pine conelets exposed to a single adult female
L. occidentalis. Despite the relatively high density of
adults caged on lodgepole pine (one per conelet),
there was no effect on seed set to suggest that feeding
on conelets took place, again possibly because of their
unsuitability as food for L. occidentalis.
The impact of L. occidentalis damage to conelets on

seed production in conifer seed orchards depends on
a few factors. Feeding on conelets most likely occurs
only after second-year cones have been harvested.
Adults usually leave an orchard after harvest, dispers-
ing to other cone-bearing conifers or overwintering
sites (Hedlin et al. 1981, Blatt 1994). Nymphs remain-
ingonconelet-bearing treeswill thereforebe themain
causeof anydamage.Onlyonegenerationperyearhas
beendescribed forL. occidentalis inB.C.,withnymphs
completing their development by late August (Hedlin
et al. 1981), a period that coincides with cone harvest.
However, in the southern interior orchards ofB.C.,we
have observed new adults emerging as early as July
and ovipositing shortly after. Eggs and young instars
are frequently observed in the orchard in late August
and September, suggesting that a partial second gen-
eration exists. Our observations suggest that this “sec-
ond generation” is considerably smaller than the Þrst
and is probablynot completedbefore theonset of cold
weather. The amount of conelet damage therefore
depends largely on the number of nymphs remaining
in the orchard after harvest. Although feeding by
nymphs in experiment 2 reduced seed set byup to 75%
in lodgepole pine conelets, it is unlikely that damage
levels under natural conditions approach this level.
We used an artiÞcially high density of nymphs (3.3
nymphs per conelet) to establish whether damage
wouldoccur.Nymphs are gregarious andmayoccur in
high numbers on a single cone cluster, but their dis-
tribution throughout an orchard is patchy (Blatt and
Borden 1996).
Western white pine conelets appear to be more

susceptible than lodgepolepineconelets todamageby
L. occidentalis. Densities of only 0.67Ð1 nymphs per
conelet in experiment 3 resulted in abortion ofmost of
the conelets. We did not determine whether nymphs
feed on conelets when second-year cones are avail-
able. However, nymphs reduced seed set in conelets
in the presence and absence of supplementary
Douglas-Þr seeds. Given the importance of P. monti-
cola seed and the young age of blister rust-resistant
seed orchards currently in production (Owens and

Bruns 2000), control of L. occidentalis may be war-
ranted.
For lodgepole and western white pine, densityÐ

damage relationships and quantitative monitoring
methodsmustbedeveloped todetermineeconomicor
action threshold densities for L. occidentalis feeding
on conelets. Coupled with the previously unrecog-
nized damage caused by early season fusion of seeds
to cone scales (Bates et al. 2000b, 2002), conelet abor-
tion and reduced seed set constitute new kinds of
damage that should be considered in themanagement
of L. occidentalis.
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