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Genetic Variation of Lodgepole Pine Physical and 
Chemical Defenses Associated With Each Step in 
Host Selection Behavior Sequence by Mountain 

Pine Beetle 

Kimberly F. Wallin,1,2,3 Daniel S. Ott,1,2 and Alvin D. Yanchuk2,4 
Abiotic and biotic stressors exert selective pressures on plants, and over evolutionary time lead to the 
development of specialized adaptations and specific responses to stresses (Safranyik and Carroll 
2006, Wallin and Raffa 2002). In this way, the environment in which plants evolve shapes their life 
cycles, range, growth, reproduction, and defenses. Insects and diseases are particularly potent plant 
stressors. Insect herbivores exert pressure on plants by feeding on plant parts and using them to 
reproduce by forming galls and cysts. Some insect species carry mutualistic pathogens on their 
bodies, which exert pressure on plants in the form of disease. 

The model system of mountain pine beetle Dendroctonus ponderosae (Coleoptera: Scolytidae 
(Curculionidae)) (MPB), in association with the blue stain fungus Ophiostoma clavigerum 
(Grossimania clavigera), attacking lodgepole pine Pinus contorta Douglas ex Louden var. latifolia 
Engelm. ex S. Watson trees is an example of how selective pressures construct changes in co-
evolution and trade-offs between defenses. In the process of identifying traits, it is important to 
understand where and when during attack defensive traits arise within trees.  

Colonization behavior by the MPB can be broken into several steps. The process begins when 
adult beetles emerge from their natal host and begin their dispersal flight in search of a suitable host. 
The mass attack of a tree by MPB is a dynamic process that involves both host chemical cues and 
pheromone compounds. Prior to, and during colonization, attacking beetles detect volatile secondary 
metabolites, such as kairomonal cues, to locate suitable hosts. Upon landing on a host tree, the female 
will either attempt to colonize the tree, or after testing the tree for levels of secondary metabolites or 
nutrients, she will leave in search of a more suitable host tree. When a female accepts and enters a 
host tree, she excavates a nuptial chamber and begins forming an egg gallery. At this time, the female 
begins producing aggregation pheromone that attracts other female beetles to the tree as well as males 
for mating. Due to the co- evolved association between MPB and its host tree species, the female 
MPB is able to use host chemicals as precursors for pheromone production. The MPB completes 
development within the host tree and must locate a new host upon emerging as an adult. 

The first and primary line of physical and chemical-based defense that a tree employs is the 
physical exudation of oleoresin (resin) (Wainhouse et al. 1990). Oleoresin is a complex blend of 
water, nutrients, terpenoids (Martin et al. 2002), and phenolics. If tree resin volume and pressure are 
high during colonization, their attempt to enter the tree against the resin flow will be physically halted 
(Raffa and Berryman 1983, Ruel et al. 1998, Wallin and Raffa 1999). High volume of resin can expel 
an insect or fungal spores from a wound or bind and contain insects or pathogens (Franceschi et al. 
2005, Phillips and Croteau 1999). Constitutive oleoresin is stored in resin ducts; however, induced 
resin can also be produced in other locations, known as traumatic resin ducts, following wounding by 
an insect or pathogen (Martin et al. 2002, Phillips and Croteau 1999). The primary terpenoids found 
in conifer oleoresin are monoterpenes, sesquiterpenes, and diterpenes. Monoterpenes are composed of 
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two isoprene units; sesquiterpenes are composed of three isoprene units; and di-terpenes are 
composed of four isoprene units. Various side groups can/may be present, and terpenoids are often 
oxygenated. Terpenoids constitute a major class of secondary metabolites in conifer oleoresin; they 
play an important role in the relationship between conifers, insects, and pathogens. They may deter 
insect feeding or affect fungal growth; be induced to change in abundance in response to wounding; 
be precursors for pheromone components used in insect communication; and affect insect and fungal 
reproductive success. Raffa and Berryman (1987) found induced monoterpenes to be a major factor in 
tree resistance to mountain pine beetle colonization.  

The type and quantity of compounds in the oleoresin of plants influence herbivory (Zangerl and 
Berenbaum 2004). These same compounds or a combination thereof also affect pathogens that attack 
plant systems. Herbivores may be deterred or killed because of an inability to overcome these resin 
toxins or physical defenses (Raffa and Berryman 1983). Pathogens may be compartmentalized and 
contained within the tree, unable to spread. The mode of toxicity of a particular resin secondary 
metabolite to an invading pest varies. Some terpenoids interfere with insect digestion, while others 
affect insect reproduction, decreasing fecundity or future fitness. Secondary metabolites may also 
interfere with disease processes; for instance, some terpenoids inhibit germination of spores or growth 
of fungi (Klepzig et al. 1996, Six and Klepzig 2004).  

The third line of defense for lodgepole pine is through its secondary metabolites, including 
terpenoids (Franceschi et al. 2005). Constitutive terpenoids may be enough to overwhelm attacking 
beetles. If the constitutive defenses are not successful, induced terpenoids are produced and may stop 
the bark beetle and its associated fungi. These tree chemicals can be very toxic to the mountain pine 
beetle (Klepzig et al. 1996, Raffa and Smalley 1995, Reid and Robb 1999). Quantifying the 
relationships between concentrations of host compounds at the early phase of host colonization is an 
important step toward understanding how variability of host responses impacts the success of MPB 
attacks. This information will be used to improve indices of tree resistance and relate specific host 
properties to survival of MPB outbreaks. Studies have already demonstrated that the composition 
and/or concentration of monoterpenes in either constitutive or induced tissue can be linked to the 
likelihood of host mortality to subcortical complexes (Nebeker et al. 1992, Raffa and Berryman 
1982).  

While resin flow and tree chemistry affect MPB progression throughout its life cycle in the tree, a 
tree also responds to the fungi by allocating carbon-based defenses to the site in an attempt to stop the 
growth of the fungi (Krokene et al. 2000). The tree defense strategy against blue stain fungus is 
apparent as a dark, resinous lesion on the phloem and xylem (Raffa and Berryman 1983, Wallin and 
Raffa 2001), which may compartmentalize and stop fungal growth. When this occurs, the tree 
successfully halts the colonization attempt by the individual beetle or pair of beetles and their 
associated fungi.  

The goal of this research was to quantify responses during outbreak using replicated study plots of 
20-year-old lodgepole pine, which provided the opportunity to calculate heritabilities and correlate 
MPB behaviors and tree responses during colonization sequence. The trees used in this research were 
open pollinated, so the mother of each tree and her provenance are clearly known. Known pedigree of 
progeny will allow the comparison of defense-related phenotypical differences across a broad range 
of lodgepole pine families. An understanding of the heritability of defenses in lodgepole pines will 
provide guidance to tree breeders as they seek to develop more resistant strains of pines for planting 
future forests.  

The current outbreak of MPB has killed about 15 million ha of lodgepole pine in British 
Columbia. This is of great concern to the entire forestry industry and provided a framework to study 
genetic variation of lodgepole pine defense mechanisms against MPB. Based on a previous study, we 
selected 45 open-pollinated families from a population of 180 families, with the number of trees per 
family ranging from 16 to 26 (for a total of 887 trees) across two sites. During the summer of 2006, 
we quantified chemical and physical defensive responses to simulated attack by the MPB fungal 
complex. These responses included: physical exudation of resin, host compartmentalization response 
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to fungal inoculation, and constitutive and induced terpenoids. During the summer and fall of 2007, 
we further assessed tree height, DBH (diameter at breast height, about 1.4 m), bark texture, tree 
mortality; and MPB presence, attack density, reproduction, and brood development, as well as the 
presence of hypersensitivity reactions by the tree to MPB.  

Our data suggests variation in terpenoid makeup pre- and post- induction of simulated MPB attack 
is significantly different between families. Traits in lodgepole pine that affect MPB colonization and 
tree mortality also vary among families. Estimates show many host tree traits that affect the MPB life 
cycle are significantly heritable. We calculated family mean correlations of traits with significant 
heritabilities. Results suggest that several specific lodgepole pine tree defenses are heritable. Some 
constitutive (pre- induction) terpenes were negatively correlated with family mean mortality. The 
frequencies of induced reactions were negatively correlated with MPB gallery production, 
reproduction, and brood development. These results may provide future direction for management 
groups trying to manage MPB outbreaks in lodgepole pine stands.  
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