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Genetically based resistance to the white pine weevil 
in jack pine and eastern white pine

by Alice Verrez1,2, Dan Quiring1,3, Thibaut Leinekugel Le Cocq1,2, Greg Adams4, Yill Sung Park1,5

ABSTRACT
White pine weevil (Pissodes strobi Peck) damage was evaluated in one white pine (Pinus strobus L.) and four jack pine
(Pinus banksiana Lamb) half-sib family test sites to determine the role of tree genotype in resistance to the weevil. Half-
sib family explained a significant proportion of the variation in weevil attack at all sites. Estimates of family (0.16–0.54)
and individual (0.09–0.24) heritabilities of jack pine resistance to white pine weevil were moderate. Estimates of family
(0.37) and individual (0.22) heritability of resistance of white pine to the weevil were also moderate when the percentage
of test trees damaged by the weevil was relatively low, but were insignificant four years later when more than three-quar-
ters of trees were damaged. Significant positive correlations between mean tree height and mean incidence of trees dam-
aged by the weevil were observed for four of seven site-years but relationships were weak, suggesting that any cost, with
respect to height growth, to breeding weevil resistant trees may be small.
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RÉSUMÉ
Les dommages du charançon du pin blanc (Pissodes strobi Peck) ont été évalués dans un site de test de familles de descen-
dance uniparentale de pin blanc (Pinus strobus L.) et dans quatre sites contenant des familles de descendance uniparen-
tale de pin gris (Pinus banksiana Lamb), afin de déterminer le rôle du génotype de l’arbre dans sa résistance au charan-
çon. La famille a expliqué une proportion significative de la variation dans les attaques du charançon à tous les sites. Les
estimations des héritabilités familiales (0.16–0.54) et individuelle (0.09–0.24) de la résistance du pin gris aux attaques du
charançon du pin blanc étaient modérées. Les estimations des héritabilités familiale (0.37) et individuelle (0.22) de la résis-
tance du pin blanc au charançon étaient également modérées lorsque le pourcentage d’arbres endommagés par le charan-
çon était relativement bas, mais devenaient non significatives quatre ans plus tard, lorsque plus des trois-quarts des arbres
étaient endommagés. Des corrélations positives significatives entre la hauteur moyenne des arbres et la moyenne de l’in-
cidence des arbres endommagés par le charançon ont été observées pour quatre des sept sites-années, mais les relations
étaient faibles, ce qui suggère que tout coût de la reproduction d’arbres résistants au charançon, par rapport à la croissance
en hauteur, pourrait être moindre.
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Introduction
The white pine weevil, Pissodes strobi (Peck), hereafter
referred to as WPW, is one of the most important native
insect pests affecting economic value of pine (Pinus spp.) and
spruce (Picea spp.) regeneration in Canada (Belyea and Sulli-
van 1956, Alfaro 1989, Alfaro et al. 1996a). By destroying tree
leaders, it causes stem deformities and growth losses, which
reduce the commercial value of lumber (Brace 1971, Alfaro
1982, Major et al. 2009).

WPW has one generation per year and overwinters in the
adult stage. Adults usually emerge in April and fly towards
leaders to feed and to mate (Alfaro 1994). Eggs are laid in
feeding punctures or in holes specially bored for that purpose,
over a period of about a month. Young larvae feed on the
cambium of one- and two-year-old stems. By midsummer,
each larva bores a deeper chamber in the stem and pupates.

Adults emerge in August and September and after some feed-
ing, seek hibernating sites, most often in the ground beneath
the affected tree. Some adults live for up to four years
(McMullen and Condrashoff 1973). Weevil attack may
destroy up to three years of height growth, as the destruction
of the previous year’s stem will kill the current year’s growth
as well (Cozens 1983).

Approximately 20 tree species have been listed as hosts for
WPW (MacAloney 1943, Anderson and Fisher 1956) but
their susceptibility varies geographically. In eastern North
America, eastern white pine (Pinus strobus L.) and jack pine
(P. banksiana Lamb) are the most frequently attacked native
species, and WPW damage on Norway spruce Picea abies (L.)
Karst., an exotic used in plantations, is often as high as that on
white pine (MacAloney 1930, 1943; Belyea and Sullivan 1956;
Constable et al. 1992; Archambault et al. 1993; Hamel et al



1994; Paradis 1995). Quality defects resulting from weevil
damage are particularly important in white pine as premium
wood value is obtained for finishing lumber where appear-
ance, including size and distribution of knots, and amount of
clear wood is of critical importance. In contrast, Sitka spruce,
P. sitchensis (Bong.) Carrière, white spruce, P. glauca
(Moench) Voss, and interior spruce, a hybrid of white and
Engelmann (P. engelmannii Parry) spruce, are the only
conifers that have been reported to receive economically seri-
ous levels of damage in western North America (Kiss and
Yanchuk 1991, Humble et al. 1994, Kiss et al. 1994).

A genetic basis to resistance to WPW has been previously
reported for white (Alfaro et al. 1996b), Sitka (Alfaro et al.
2007) and interior (e.g., Kiss and Yanchuk 1991) spruces, as
well as for jack pine (de Groot and Schnekenburger 1999),
suggesting that tree breeding for resistance is a useful tactic to
reduce damage by WPW. Estimates of family and individual
heritability of WPW resistance were only reported for interior
spruce (Kiss and Yanchuk 1991), which were relatively high
(0.7 and 0.4, respectively) indicating that selection of resistant
trees would be useful.

Allocation of tree resources to defence against insects
could reduce the amount of resources available for growth,
maintenance or reproduction (Stearns 1976). Thus, selecting
for resistance can have a cost. Although Loehle (1987)
reported an inverse relationship between growth rates and
tree defence in a comparison among North American
conifers, King et al. (1997) reported that the fastest-growing
interior spruce trees were also the most resistant to WPW.

The objectives of this study were to determine: (i) the level
of genetic variation in jack pine and eastern white pine resist-
ance to WPW, including heritability of variation in damage to
WPW; and (ii) to determine if there is a relationship between
resistance to weevil attack and tree height.

Materials and Methods
Jack pine

One site from each of four half-sib family tests was evalu-
ated in this study. The four tests are described below.
Athol (Nova Scotia) – Established in 1992 by J.D. Irving Lim-
ited. This site contained 45 families, randomly planted in each
of 10 blocks (i.e., 450 plots of four trees each = 1800 trees).
Data on WPW damage were collected in 1999 by J.D. Irving
personnel and in 2003 by the authors. Tree heights were also
measured in 1999.
Donegal (New Brunswick [N.B.]) – Established in 1982 by
J.D. Irving Limited. This site contained 84 families randomly
planted in each of six blocks (i.e., 504 plots of four trees each
= 2016 trees). White pine weevil damage and tree heights
were measured in 1999 by company personnel.
Old Ridge Tree Nursery (N.B.) – Established in 1982 by
Georgia-Pacific Corp. This site contained 82 families ran-
domly planted in each of nine blocks (i.e., 738 plots of four
trees each = 2952 trees). White pine weevil damage and tree
heights were measured in 1993 by company personnel.
Six Mile Brook (N.B.) – Established in 1982 by Acadia For-
est Products. This site contained 68 families randomly
planted in each of 10 blocks (i.e., 680 plots of four trees each
= 2720 trees). White pine weevil damage and tree heights
were measured in 1993 by company personnel.

In the Athol test in 1999 and in the three other tests,
assessment of WPW damage (i.e., dead leader) was done
regardless of the year of attack. The data were binary (0 for no
attack, 1 for presence of attack on the tree). In the Athol test
in 2003, data were collected in a different way as damage was
recorded for the current and three previous years. The data
were binary (1 for dead leader, 0 for a live leader) for each of
the four years of growth and were summated to produce a
score from 0 to 4 (0 = no damage in the last four years, 4 =
damage every year).

In the Athol test in 1999 and in the three other tests, means
of damage were calculated for each plot based on the number
of live trees. We used individual tree damage ratings for the
analysis of data from Athol in 2003, as we had a gradation of
values. The influence of tree genotype on resistance to WPW
was evaluated using analyses of variance, with family and
block as the main factors (PROC VARCOMP; SAS Institute
1982). The following models were used: (1) Damage = Family
+ Block + Error for the Athol test in 1999 and the three other
tests; and (2) Damage = Family + Block + Family × Block +
Error for the Athol test in 2003. Individual heritability esti-
mates were calculated using the equation (Wright 1976):

[1] h2
ind = 4�2

F / (�2
F + �2

FB + �2
E )

where �2
F is family variance; �2

FB is family × block vari-
ance; and �2

E is within-plot variance.

Estimates of family heritability were calculated using the
equation

[2] h2
fam = �2

F / (�2
F + �2

FB / b + �2
E / nb )

where n is the number of trees per plot (n = 1 when mean
values were used); and b is the number of blocks per site.

The association between family height means and inci-
dence of damage was examined for all sites using correlations
between mean damage per plot and mean family height per
plot (PROC CORR; SAS Institute 1982). For the Athol test in
2003, mean family heights at age 8 were used as we did not
have individual height measurements for the current year. For
all the other tests (including the Athol test in 1999), we used
tree height data collected the same year as weevil damage
data.

White pine
Data were collected in 1999 and in 2003 in a white pine half-
sib family test site planted in 1992 at Athol by J.D. Irving Lim-
ited. This site contained 39 families randomly planted in each
of 10 blocks (i.e., 390 plots of four trees each = 1560 trees).

White pine weevil damage was recorded in 1999 by J.D.
Irving personnel using a score of 1 or 0, regardless of the year
of attack (0 for no attack, 1 for presence of attack on the tree).
In 2003, we collected data for the current and three previous
years (0 = no damage in the last four years, 4 = damage every
year). Tree heights were also measured by J.D. Irving person-
nel in 1999.

Statistical analyses were conducted in the same way as for
jack pine tests. In the analyses of variance, we used mean
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damage and model (1) for the 1999 data and individual tree
damage and model (2) for 2003 data. The association between
family height means and incidence of damage was examined
using correlations between mean family height at age 8 years
per plot and mean damage per plot in 1999 and 2003.

Results and Discussion
There was a large variation among half-sib families in the per-
centage of trees attacked by WPW for both jack pine
(2.30%–38.29%) and white pine (15% and 72.44%) tests. Vari-
ability among half-sib families accounted for a significant
proportion of the variation in weevil attack at all sites except
in the Athol white pine site in 2003 (Tables 1 and 2). Block
variance was higher than family variance in two jack pine
tests (Six Mile Brook 1994 and Donegal 2000, Table 1) and in
the Athol white pine test (Table 2). This indicates that weevils
were aggregated in one area of the site. He and Alfaro (1997)
reported that a population of WPW had an aggregated distri-
bution during the early (but not later) stages of colonization
of a white spruce stand. In the present study there was no sig-
nificant difference in damage among half-sib families at Athol
in 2003, when the mean percentage of white pine trees dam-
aged by WPW was very high (72.44%). This suggests that the
weevil attacked more resistant trees when the majority of sus-
ceptible trees had already been previously attacked.

This is the first time that heritability estimates for the
resistance of a pine species to the WPW (Tables 1 and 2) have
been reported. The estimates of family and individual heri-
tabilities based on damage were moderate but lower than
those reported by Kiss and Yanchuk (1991) for interior spruce
in British Columbia, which were 0.7 and 0.4, respectively.
Heritablilities reported in this study were based on natural
attack by white pine weevil and block effects were significant.
Future investigations could include artificial challenging by
introducing weevils into sites, rather than relying solely on
natural distribution. This method has been used to obtain
better estimates of spruce resistance to WPW in western
Canada (Alfaro et al. 2007).

It is important for forest managers to know whether resist-
ance to weevil attack and growth rates of pines are inversely
correlated, as reported for spruce in British Columbia (Kiss

and Yanchuk 1991, King et al. 1997) because information is
important for directing selections in seed orchards and breed-
ing program development (King et al. 1997). We found posi-
tive but weak correlations between mean 8-year family height
and mean damage in 1999 for the Athol jack pine test and in
1999 and 2003 for the Athol white pine test as well as between
mean family height and mean damage in 2000 for the Done-
gal test (Table 3). As some height measurements were taken
after some of the weevil damage occurred, it is probable that
our analysis slightly under-estimates the strength of this rela-
tionship.

The positive correlations between mean family height and
mean damage suggest that faster-growing families of jack
pine and white pine could be more attacked. Thus, selection
for increased resistance of jack pine and white pine to weevil
may have a cost with respect to height growth. However, sig-
nificant positive correlations were found for four of seven
site-years only and relationships were weak, suggesting that
any cost may be small. It is important to note that, in the case
of white pine, shelterwood harvesting is often prescribed for

November/December 2010, vol. 86, No. 6 — The ForesTry chroNicle 777

Table 1. Variance component estimates for the effect of half-sib family and block on damage by white pine weevil in four New
Brunswick jack pine tests measured during various years from 1994 to 2003. Estimates of family and individual heritabilities of
jack pine resistance to white pine weevil based on damage by white pine weevil is also shown, as is the percentage of trees
attacked by the weevil.

Old Ridge Athol Six Mile Brook Donegal Athol
1994 1999 1994 2000 2003

�2
Family 0.00014 (2.1%) 0.00082 (6.1%) 0.00038 (2.7%) 0.00426 (5.4%) 0.00245 (3.2%)

�2
Block 0.00006 (1%) 0.00008 (0.6%) 0.00087 (6.4%) 0.00742 (9.5%) 0.00047 (0.6%)

�2
Family x Block – – – – 0.00275 (3.6%)

�2
Error 0.00656 (96.9%) 0.01256 (93.3%) 0.01248 (90.9%) 0.06656 (85.1%) 0.07085 (92.6%)

% damage 2.3 5.61 6.72 38.29 7.61
H2fam 0.16 0.39 0.23 0.28 0.54
H2ind 0.09 0.24 0.28 0.24 0.13

Table 2. Variance component estimates for the effect of half-
sib family and block on damage by white pine weevil in a white
pine test at Athol, New Brunswick. Estimates of family and
individual heritabilities of white pine resistance to white pine
weevil based on damage by white pine weevil is also shown, as
is the percentage of trees attacked by the weevil.

Year of measurement 1999 2003

�2
Family 0.00179 (5.7%) 0.00000 (0%)

�2
Block 0.01483 (29.5%) 0.01879 (3.1%)

�2
Family � Block – 0.03723 (6.1%)

s2
Error 0.03063 (64.8%) 0.55248 (90.8%)

% Damage 15 72.44
H2fam 0.37 0.0
H2ind 0.22 0.0



providing shade to regenerating white pine in order to reduce
weevil damage. This practice reduces light available to the
white pine understory which has a cost in growth rate as well
as reducing weevil attack (Major et al. 2009).

In contrast to our results, a negative genetic correlation
between intensity of white pine weevil damage and tree height
has been reported in spruce populations in British Columbia
(King et al. 1997). Genetically based resistance of spruces to
WPW has been attributed to high resin canal density (Alfaro
et al. 1996b, Boucher et al. 2001a), induction of traumatic
resin canals after wounding (Alfaro 1995, Tomlin et al. 1998),
chemicals that adversely affect weevil reproduction (Sahota et
al. 1994), budburst phenology (Hulme 1995, Alfaro et al.
2000) and other mechanisms (e.g., Nicole et al. 2006, Lippert
et al. 2007). Although the mechanisms responsible for resist-
ance of pine trees to WPW remains to be determined, it is
probably also related to characteristics of leaders. In a com-
parative study of the performance of WPW on leaders col-
lected from five eastern Canadian conifers, Boucher et al.
(2001a, b) showed that WPW performance varied as a func-
tion of tree leader characteristics, including the size and den-
sity of resin canals. Future research is needed to determine
whether similar or different mechanisms are responsible for
resistance of jack and white pine to WPW and whether selec-
tion for these traits is compatible with other commercially
important criteria used in tree breeding programs.

Conclusions
This study provides encouraging evidence that there is
genetic variation in jack pine and white pine resistance to
white pine weevil attack as has been documented in spruce
species. These results are especially important with respect to
white pine regeneration. White pine weevil damage, as well as
serious impacts of white pine blister rust (Cronartium ribicola
J.C. Fischer) has limited the use of this valuable species in
reforestation programs. While shelterwood systems will
remain an important white pine management strategy, avail-
ability of white pine weevil-resistant stock through traditional
tree improvement methods would encourage planting of the
species and could help restore the species abundance in the
forests of Eastern Canada.
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