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ABSTRACT  

 

Mountain Pine Beetle (Dendroctonus ponderosae) is a species of bark beetle 

native to western North America that has caused significant financial losses for the 

forest industry in British Columbia and Alberta, Canada. In 2002, Mountain Pine 

Beetle was first recorded in China, and, as a non-native species, managers were 

concerned about the potential impact of this species on various softwood tree 

species. This report reviews the management of invasive species in general, and 

then specific management practices used against Mountain Pine Beetle outbreaks 

in North America. This report then applies the knowledge gained from managing 

this species in North America to a risk assessment for the species in China. By 

evaluating its geographical distribution, as well as the probability of introduction, 

the species’ adaptability, persistence after colonization, and the consequences of 

introduction, it is concluded that the invasive risk of Mountain Pine Beetle in China 

is high. To reduce the risk of future beetle outbreak events in China, there will need 

to be effective monitoring, direct control at the incipient stage, and forest 
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modification to increase tree species and age class diversity. Chemical tools plus 

regeneration and salvage strategies need to be ready in case of the beetle 

outbreak. 

 

Key words: Mountain Pine Beetle, invasive species, invasion, outbreak, 

management.
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INTRODUCTION  

Mountain Pine Beetle (Dendroctonus ponderosae Hopkins) (Coleoptera: 

Curculionidae) is native to western North America and was first recorded in China 

in 2002 (Yang et al., 2006). It is a bark beetle that can cause extensive tree 

mortality during outbreaks (Kurz et al., 2008) (Figure 1.1). The four major hosts 

of Mountain Pine Beetle are lodgepole pine, (Pinus contorta Douglas) ponderosa 

pine (P. ponderosa Lawson), sugar pine (P. lambertiana), and western white pine 

(P. monticola) (Logan and Powell, 2001). The largest recorded outbreak in North 

America occurred in the early 1990s in British Columbia (Axelson et al., 2009), 

affecting over 18.1 million hectares (Figure 1.2). The outbreak primarily affected 

lodgepole pine, and removed approximately 50% of the total commercial volume 

in the province (BC Open Textbook, 2014). The infestation can not only caused 

a disturbance on native ecological systems but also lead to a reduction in the 

commercial value of lodgepole pine forests (Safranyik, 2010). The infestation 

peaked in 2004 - 2005 in British Columbia, and more than 53% of the 
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merchantable pine had been attacked by 2012 (Corbett et al., 2016). It is 

predicted that there will be a cumulative present value loss of $57.37 billion in 

gross domestic product (GDP) in British Columbia from 2009-2054, within the 

Mountain Pine Beetle infestation zone (Corbett et al., 2016).  
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Figure 1.1. Areas affected by Mountain Pine Beetle outbreak in North America. 

a, affected areas (dark red) by Mountain Pine Beetle. b, the outlined area in British 

Columbia, Canada includes 98% of the outbreak area as of 2007. c, A photograph 

of a Mountain Pine Beetle-killed pine forest, taken in 2006. Source: Kurz et al. 

(2008).  
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Figure 1.2. Geographic extent of Mountain Pine Beetle outbreak during 1999-

2007 in British Columbia, Canada (a, b, c) (data from the Canadian Forest Service 

Forest Insect and Disease Survey). Source: Safranyik et al. (2010).  
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 Even though there is limited information on the distribution of Mountain Pine 

Beetle in China, as China’s imports of timber increase, it had been predicted that 

the beetle would spread into China before the beetle was first found in China 

(Ran, 2001). The prediction applies mainly to much of central and northeastern 

China, and some parts of southern China (Figure 1.3). The latitude of these areas 

is similar to latitudes where the species is found in British Columbia, and it is likely 

that the climate is analogous to the range of the beetle in this Canadian province 

(Figure 1.4). These similar climate conditions suggest that the species could 

persist in parts of China, as the climate in most areas is similar to that of British 

Columbia (Figure 1.5). Although there is little information about the distribution of 

host trees in China, there is an abundance of trees of the same genera as those 

attacked in North America (i.e., Pinus, Larix, Picea, Abies), which appears 

suitable for Mountain Pine Beetle.  
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For example, before red turpentine beetle (Dendroctonus valens) (Coleoptera: 

Curculionidae) was introduced into China, there was no record of damage to 

Manchurian red pine (Pinus tabulaeformis Carr.). However, after the beetle was 

introduced into China because of the timber trade in the early 1980s, they spread 

quickly, infesting P. tabulaeformis in most areas of Shanxi, Henan, and Hebei 

Provinces. The large-scale outbreak of the beetle killed 3.3 million trees (Yang, 

2006), which posed a direct threat to pine trees in northern China and the central 

plains regions. China is a vast country with an abundance of pine forest. The 

country has the most genera and species of Pinaceae plants in the world, with 

10 genera, 117 species and nearly 30 varieties (Ren, 2011). Pine trees exist over 

much of China (Figure 1.6), accounting for 42.7% of the total forest area, and the 

impact of non-native insect pests could be devastating to the ecology and 

economy of large areas. An additional concern is that effective solutions to 

prevent and control Mountain Pine Beetle appear to be lacking
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Objective 

This report aims to provide some effective management methods for Mountain 

Pine Beetle in China and reduce the risks of further harmful invasions. Mountain 

Pine Beetle is an invasive species and proven management practices conducted 

on similar invasive species, such as mechanisms for exotic invasion, detection 

and prevention methods, and risk analysis, can be applied to the situation in 

China. Therefore, this report uses the management of emerald ash borer (Agrilus 

planipennis) and Asian long-horned beetle (Anoplophora glabripennis), two 

invasive species of concern in Canada, as case studies to inform practice in 

China. The report also assesses the management of Mountain Pine Beetle in 

Canada as a more direct opportunity to identify efficient methods of control used 

in Canada. As Canada and China follow different forest management, it is 

necessary to examine the feasibility of Canadian forestry management in China 

before accepting the methods used in Canada. It is anticipated that application 
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of lessons learned in Canada will facilitate an efficient and timely response to 

Mountain Pine Beetle in China.  
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Chapter 2. 

Literature Review on Invasive Species and Management 

1）Invasive Species and Invasion 

   An invasive species is a non-native plant or animal species which tends 

to spread to a degree that can cause damage to the local ecosystem, economy 

or human life (Sakai et al., 2001). In China, there are more than 50 invasive 

species among the most 100 threatening exotic species listed by the International 

Union for Conservation of Nature (Wang, 2007). Among the 50 species, there are 

16 species that cause serious damage; direct agriculture and forestry economic 

losses are 57.4 billion yuan (11.3 billion CAD $) per year (Yang et al., 2006). 

According to a survey on invasive species by the State Environmental Protection 

Administration in China, the direct economic loss on agriculture and forestry 

economic caused by invasive species in 2003 was 19.9 billion yuan (CAD $3.8 

billion), while the indirect economic loss on the ecosystem, species and genetic 
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resources was 100 billion yuan (CAD $19.2 billion). The two values occupied 1.4% 

of China's GDP that year.  

Including economic impacts, invasive species can also cause damage to 

biodiversity by altering carbon, nutrient, and hydrological cycles (Clark et al., 

2010). Today, invasive species are the second major cause of species 

endangerment and extinction, after habitat loss (Lowe et al., 2000). Wang (2007) 

also noted that 46.3% of the invasive species had invaded China's natural 

reserves, posing a threat to local ecosystem and community structure. For 

example, water hyacinth (Eichhornia crassipes), originally from South America, 

was introduced to Taiwan from Japan because of its beautiful flowers (Lowe et 

al., 2000). The plant was grown in bulk to feed pigs at first, but gradually the 

infestations of this weed blocked waterways, which in turn limited ship 

transportation, irrigation, drainage and aquaculture. It spread across the water 

which damages aquatic ecosystems and threatens the local biological diversity. 
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The life history characteristics of invasive species is the ecological basis of 

invasiveness. These characteristics are a determining factor of whether they are 

able to disperse, reproduce and compete with resident species in local 

ecosystems (Pyšek and Richardson, 2008). Thus, studies of life history and 

demographic models is useful for examining invasive species introduction and 

identifying the life history stages where management will be most effective (Sakai 

et al., 2001). 

   A typical invasion can be divided into several stages. First is the 

introduction of a species into a new habitat. Most non-native species are 

introduced because of human activities (Sakai et al., 2001). Raw tree products 

are shipped across much of the world, for use in timber, pulp, and energy 

production (Spence et al., 1997). Economic demand for products from other parts 

of the world is seen as the most important reason for the invasion of tree species 

(Sakai et al., 2001). Wood packing materials around small products, such as 

machinery, food stuffs, and equipment, may be particularly problematic because 
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the packing is sent with product to many sites across a region, where it can be 

hard to detect, and from which invasive species such as Mountain Pine Beetle 

can establish and spread (Table 2.1). Wood harvested in other countries may 

contain various fungi, or eggs/larva and adults of many wood-eating beetle 

species. Douglas fir (Pseudotsuga menziesii), for example, an evergreen conifer 

species that China imports from North America, is reported to be a carrier of 

Douglas fir beetle (Dendroctonus pseudotsugae), a species which is of the same 

genus as Mountain Pine Beetle (Ren, 2011). The species may have relatively 

minor impacts on host species because of natural limiting factors, such as 

parasites, and parasitoids. However, these same species can become invasive 

pests when arriving in other regions because limiting factors may be absent 

(Blossey, 1999).  
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Year Numbers 

of SWPM 

with 

pests 

Pest classification 

Insect Nematode Weed Fungus others 

2007 384 243 104 11 2 24 

2008 410 166 220 15 1 8 

2009 327 167 124 14 8 14 

 

Table 2.1. The statistics of pests intercepted from USA solid wood packing 

material (SWPM) in Jiangsu Province from 2007-2009. Source: Shen (2011). 

 

The second stage is the establishment of a viable population (Sakai et al., 

2001). In this stage, life characteristics plays an important role. The species with 

higher intrinsic rates of population increase have more chances to establish 

successfully (Crawley, 1986). The insects which have smaller body size and 

higher rate of population increase can usually spread their generations 

successfully (Crawley, 1986. Differences between the species in its home range 

and in the new range may influence the invasive species’ success. However, not 

all invasive species can succeed in spreading their population. The failure of 

invasions can be caused by lack of adaptability to the new climate, competition 

or predation from native species, and diseases (Lodge, 1993). Studies of species 
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evolution processes is an effective method to determine whether invasive species 

establish and spread (Sakai et al., 2001) because invasive species often evolve 

rapidly to suit to new environment while native species often evolve in response 

to the invasion.      

The management of invasive species requires ongoing attention and many 

programs (Figure 2.2) have been produced to reduce current and potential future 

impacts of invasive species (Pysek and Richardson 2010).  
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Figure 2.2 a. Trends in studies on impact, management and risk assessment 

of invasive species from 1991-2009. Based on 8,004 studies identified on the Web 

of Science. b, Percentage of studies of the total number published until 2006. 

Source: Pyšek and Richardson (2010). 
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   Key management options for invasive species include prevention, detection 

and finally containment or eradication (Clark et al., 2010). Both prevention and 

detection need monitoring activities such as aerial surveys, ground surveys, 

digital remote sensing, or satellite platforms (Wulder et al., 2005). Prevention 

aims to inhibit species from entering new ecosystems, while detection aims to 

find species that have already entered these ecosystems. Although prevention is 

a common management method, Venette et al. (2002) argue that prevention is 

difficult to achieve because it is less likely to find non-native species unless they 

have reached a high density. For example, the USDA inspects a maximum of 2% 

of all cargo at U.S. ports (Haack, 2001). Shefali et al. (2007) and others also 

stated that optimal invasive species policy is a combination of new invasive 

species detection and measures to examine and control existing populations of 

invasive species rather than focusing on preventing introductions, because it is 

unnecessary to screen numerous potential pathways and carriers as it is an 

enormous and costly task (Williamson, 1996).  
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   Risk analysis is the process of identifying and analyzing potential issues that 

could badly influence main business initiatives or critical projects in order to help 

avoid or mitigate those risks. Risk analysis is the first step of invasive species 

management. It can be used to evaluate whether management is necessary and 

can help prevent further unnecessary action (Pysek and Richardson, 2008). 

Remote sensing, modeling, and computing are often needed in risk management 

assessments.  

   The best means of reducing invasive species introductions is to manage 

vectors and pathways (Carlton and Ruiz, 2005). Once a pathway or vector of 

introduction is identified, various actions can be implemented. For example, 

finding alternative plants for invasive ornamental plant species (Gosper and 

Vivian, 2009; Pysek and Richardson, 2008), and enhancing biological control and 

policy enforcement. As discussed, the multiple pathways of introduction make the 

prevention of all potentially invasive species unrealistic, early detection and rapid 

response therefore become the next crucial action to deal with invasive species. 
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However, early low density populations as invasive species establish make it 

difficult to detect these species; it is even more difficult for inconspicuous pest 

species (Pysek and Richardson, 2008).  

   The last step is control and eradication. It is generally recognized that 

eradication is extremely difficult to achieve. But there are many successful 

eradications which have been reported such as a grass Cenchrus echinatus 

which has been eradicated from a Hawaiian island (Simberloff, 2009). 

Restoration is a necessary step after eradication (Pysek and Richardson, 2008). 

Many efforts have been made on developing strategies and approaches for 

restoring ecosystems such as reintroduction of native species, and various 

attempts to direct succession.  

   In conclusion, risk assessment, pathway management, early detection and 

rapid response, potentially eradication, and restoration are necessary steps for 

invasive species management. At the same time, the emergence and rapid 

development of new technologies can improve our ability to assess, monitor and 



 23 

operate against these invasive species. Integrated strategies are the preferred 

means to reduce current and future impacts of invasive species effectively. 

Biosecurity policies and strategies also need to be updated regularly to guide new 

research. 

2）Two Case Studies 

a) Asian Longhorned Beetle  

   Asian longhorned beetle (Anoplophora glabripennis; hereafter ALB) 

(Coleoptera: Cerambycidae) is one of the most destructive wood boring species 

that invaded North America (Haack, 2010). The native range of ALB includes 

China and Korea. ALB outbreaks began in China in the 1980s (Haack, 2010), 

killing millions of trees. The range expanded rapidly due to reforestation programs 

that mostly using native Populus dakuanensis (Li et al., 1999), a species later 

found to be highly susceptible to ALB.  



 24 

   The Chinese Forestry Administration promoted a major research program for 

ALB in 1985 (Pan, 2005). Some efforts focused on identifying host and non-host 

tree species (Hu et al., 2009), using mixed-species plantations, enhancing tree 

resistance, lowering stand rotation age to reduce losses, and developing 

integrated pest management strategies (Yin and Lu, 2005).  

    Wood packing material is the primary vector for ALB to invade into North 

America (Haack et al., 1997). The first interception in both Canada and the United 

States was in 1992 and the first established ALB population in North America was 

found in 1996 (Haack et al., 1997).  

In 1996, United States Department of Agriculture Animal and Plant Health 

Inspection Service (USDA APHIS) promoted an eradication action plan for ALB 

infestations (Haack et al., 2010), aiming to cut all trees with ALB oviposition pits or 

exit holes (Wang et al., 2000). Several methods were used such as surveys, 

regulation, control, restoration, public outreach, and the use of media. Later, an 

ALB response guideline was developed in 2008 (Haack, et al., 2010). APHIS 



 25 

conducted intensive surveys annually of ALB host trees within 800 m of every 

single infested tree, and surveys were conducted every two years on ALB host 

trees within a buffer zone that extended 1600 m from infested trees. Moreover, 

surveys were conducted at the sites with a high risk of receiving infested woody 

material from other infested areas. Surveys were also conducted in a larger region, 

such as areas within a 40 km radius of each infestation aiming to prevent spread.  

Besides detection methods, there are also some chemical and biological 

controls and trapping methods that are effective for ALB. In China, many physical 

control methods such as destroying ALB eggs and larva by hand were developed 

and used (Hu et al., 2009). Some maple (Acer) species were used as trap trees to 

protect other tree species with high value. There were also some chemical controls, 

such as the fumigant aluminum phosphide, used to kill larvae, as well as 

pyrethroids used as sprays to control ALB spread in the early stages (Pan, 2005). 

The use of pheromone and kairomone traps were also evaluated in the U.S and 

Europe (Meng et al., 2015). Additionally, the heat treatment and fumigation of 
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wood-packing materials) were approved by International standards (ISPM 15) in 

2002 to kill all pests (Pan, 2005). However, as ALB distributes broadly in infested 

countries, the chemical and physical methods are limited to reach all infested trees. 

Trapping methods and early detection are the most appropriate approaches to 

manage ALB infection (Haack et al., 2010).  

b) Emerald Ash Borer 

Emerald ash borer (Agrilus planipennis; hereafter ‘EAB’) (Coleoptera: 

Cerambycidae) is a wood boring species native to southeast Asia (Muirhead et al., 

2006). The beetle invaded North America because of accidental introduction from 

Asia in which year (Herms et al., 2011). Since then, EAB has killed millions of ash 

trees (Fraxinus species) in North America. While it continues to spread, it has 

already caused incalculable economic and ecological losses by extirpating ash 

trees (Herms and McCullough, 2014). 

Much effort has been made to manage EAB invasion. Spatial dynamic 

modeling was supported by BenDor et al. (2006) because it was flexible enough 
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to detect the spread of the beetle by using tree information and easily collected 

data. Trapping methods were also studied by researchers. It was found that the 

beetle was mostly attracted to green traps, rather than traps with other colors and 

on traps placed in the canopy of ash trees versus those placed at ground level 

(Francese et al., 2008).  

Economic analyses suggest that using effective insecticides to treat trees is 

much less costly than cutting trees (Muirhead et al., 2006). How EAB interacts with 

its host trees was determined, which allowed various insecticide products to be 

developed and tested such as cover sprays, as well as soil-applied and trunk- 

injected systemic insecticides (Herms et al., 2011; Poland and McCullough, 2006). 

Insecticides need to be used while ash trees are still relatively healthy so that the 

tree can carry a systemic insecticide up the trunk and into the branches and canopy.  

EAB is not a secondary pest; it attacks not only weakened trees but also healthy 

trees (Liu et al., 2003). Biological control with native natural enemies are 

appropriate. Some hymenopteran parasitoids were studied to be used as EAB 
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biocontrol agents in North America such as a gregarious larval ectoparasitoid 

(Spathius agrili), a gregarious larval endoparasitoid (Tetrastichus planipennisi), 

and a solitary, parthenogenic egg parasitoid (Oobius agrili) (Bauer et al., 2015). 

There were also many regulations proposed by the government that regulated the 

release and rearing of these biocontrol agents, as well as the transport of infested 

ash material (Bauer et al., 2015). For example, all imports of potential EAB vectors 

such as ash trees and cut firewood are strictly regulated by federal quarantines in 

the United States and Canada (Poland and McCullough, 2006).  

Similar to the management of ALB, early eradication is hard to achieve because 

it is difficult to detect and delineate all beetle infestations (Herms and McCullough, 

2014). Most EAB management methods such as biological controls and insecticide 

uses focus on protecting high-value trees and slowing ash mortality.  
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Chapter 3. 

Mountain Pine Beetle and Its Management in Canada 

Mountain Pine Beetle is a bark beetle native to western North America, from 

northern Mexico to northern British Columbia. Another Mountain Pine Beetle 

outbreak began in the 2000s, establishing in northeastern British Columbia and 

northern Alberta (Figure 3.1). It attacks several pine species and is considered as 

the most destructive insect pest of pine species in western North America (Gibson, 

2003). Major hosts of Mountain Pine Beetle include ponderosa, lodgepole, sugar, 

limber (P. flexilis) and western white pine (Logan and Powell, 2001). In addition to 

the major host species, Mountain Pine Beetle also attacks other pine species. 

Scots pine (P. sylvestris) is highly susceptible to attack (McCambridge et al., 1971). 

While Mountain Pine Beetle infests most pines within its range, lodgepole pine is 

the most frequently infested and most heavily damaged (Logan and Powell, 2001). 

Nearly 90% of the mortality in western North America from 2001 to 2002 was in 

lodgepole pine (Gibson, 2003). Some fir and spruce (Picea) species may also 

occasionally be infested, but the insect rarely develops because they are not true 
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host trees (Gibson and Negrón, 2009). The attacks on non-host trees usually occur 

when nearby host pine trees are heavily infested and beetle populations are high.  
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Figure 3.1. Observed presence of Mountain Pine Beetle from 1999 to 2012. 

Severe impact in red, moderate impact in green. Map data: Forest Practices 

Branch, Ministry of Forests and Range, Government of British Columbia; 

Environment and Sustainable Resource Development, Government of Alberta; 

Forest Insects and Disease Survey, Pacific Forestry Centre, Canadian Forest 

Service, Natural Resources Canada. Source:  https://www.nrcan.gc.ca 

 

 

 

 

 

 

https://www.nrcan.gc.ca/
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The life circle of Mountain Pine Beetles involves four stages (egg, larval, pupal, 

and adult stages) that total 1 year. The beetle spends all the stages under the bark 

of infested trees, except for the days when adults fly to new trees (McCambridge 

et al., 1979). Female beetles release pheromones from trees when they first attack 

trees by chewing into the phloem (McCambridge et al., 1971). This attracts other 

beetles to the same tree. The more pheromones the attacking beetles produce, 

the more serious attacks it can cause.  

Mountain Pine Beetle can infest and even kill trees when the beetle population 

is at low levels (Gibson et al., 2009). There are two ways for the beetle to overcome 

the defenses of trees. The first method relies on mass attack by concentrating on 

selected trees in response to beetle aggregation pheromones (Berryman, 1976). 

If abundant numbers of beetles arrive at a rate that exceeds the resistance 

capacity of the tree, then the colonization is successful. The second method relies 

on the mutual dependence between the bark beetle and several microorganisms 

(Safranyik et al., 1975). The beetles usually carry different organisms into a tree 
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by putting spores of these fungi in their mouths, but three blue stain fungi 

(Grosmannia clavigera, Ophiostoma montium and Leptographium longiclavatum) 

are always present (Rice et al., 2008). The spores of the blue stain fungi disperse 

to new host trees grow quickly, penetrating living host cells in both the phloem and 

xylem (Safranyik et al., 1975). This impedes inner water and nutrient transport, 

causing desiccation and disruption of transpiration (Mathre, 1964) which can cause 

tree mortality.  

The outbreak of Mountain Pine Beetle during the early 21st century in US is an 

order of magnitude greater in area than previous outbreaks (Figure 3.2). The main 

reason is the increased area of susceptible hosts and favourable climate (Taylor 

et al., 2006). The relatively benign climate (Figure 3.3) has facilitated expansion of 

the outbreak northward and into higher-elevation forests. This expansion has 

resulted in an outbreak of unprecedented scale. By the end of 2006, the total 

outbreak area was 130,000 km² and timber losses were estimated to be more than 
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435 million m³ (Williams and Liebhold, 2002). Therefore, whether the beetle 

population can erupt to an outbreak level is dependent on a number of factors. 

 

Figure 3.2. Mountain Pine Beetle-infested area, western United States, 

1977-2002. Source: Gibson (2003). 
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Figure 3.3. Climate patterns and forecast: 2000 vs 2010. Source: Régnière 

et al. (2003). 

 

Suitable Climate. Mountain Pine Beetle infestation is influenced by 

temperature in several ways. Beetle population development and survival have a 

close relationship with temperature (Figure 3.4). Normally, the beetle has a 1-year 

life cycle, but 1 more year may be required to complete the life cycle in high-

elevation areas where temperature is low (McCambridge et al., 1979). Cool 

temperature and excessively warm temperatures can interfere with beetle 

successful mass attack by disrupting critical summer emergence timing (Gibson et 

al., 2009). Stretching the life cycle over 2 years can cause severe insect mortality 
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because beetles need to overwinter twice. Also, a 2-year life cycle can delay adult 

emergence and population dispersal (Logan and Powell, 2001). This scenario will 

reduce colonization success because the Mountain Pine Beetle relies on mass 

attack to overcome host tree resistance. By comparison, warmer climates can 

facilitate beetle expansion. In central British Columbia, average minimum winter 

temperatures have increased by 2.2ºC to 2.6ºC over the last 100 years (Shore et 

al., 2003). Dry summers and mild winters allowed the beetle population to reach 

epidemic levels in mature pine forests. And warmer climates facilitated the beetle’s 

range expansion into previously unsuitable areas such as northern areas and 

higher elevations (Carroll et al. 2004). 
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Figure 3.4. Frequency of emergence of mature Mountain Pine Beetle in 

relation to temperature. Source: McCambridge (1971). 

 

Tree Resistance. To establish populations and reproduce, Mountain Pine 

Beetles must find and colonize suitable host trees. A successful colonization 

means the beetles can overcome tree defenses (Gibson et al., 2009). When adult 

Mountain Pine Beetles emerge and attack trees, simultaneously introducing blue 

stain fungi, host tree cells next to the wound may produce additional resin and 

other substances to repel beetles and kill fungi (Safranyik et al., 1975). However, 
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if trees show little or no response to infection by blue stain fungi, the fungi can 

quickly kill living host cells. Normally, younger trees (age ＜60 years) have higher 

ability to defend against the fungal infection (Figure 3.5). Resistance increases 

with the increase of tree age in the first 60 years while the resistance drops 

dramatically after (Cai et al., 2005). Most old host trees (i.e., 80-100 years) have 

lower resistance to blue stain fungi, which means they are easy to be attacked by 

beetles. As a general rule, stands are considered to be highly susceptible to 

Mountain Pine Beetle when they reach 80-100 years (Shore, 2003). 
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Figure 3.5. Change in the percentage of lodgepole pine trees resistant to both 

MPB and blue stain fungi in relation to stand age. Source: Safranyik et al., (1974). 

 

Predators and Parasites. Some internal parasites, such as nematodes, can 

reduce Mountain Pine Beetle populations by preventing female beetles from 

producing eggs, or by feeding on laid eggs (Gibson et al., 2009). A fly (Medetera 

aldrichii Wheeler) and two species of checkered beetles (Enoclerus sphegeus and 

Thanasimus undatulus) are common predators of Mountain Pine Beetle which can 

effectively reduce beetle populations (Gibson et al., 2009). Parasitic wasps can 

also influence Mountain Pine Beetle populations. They always emerge in trees with 
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thin bark so that its short ovipositor can reach the beetle larvae (McCambridge et 

al., 1979). Also, woodpeckers can cause beetle mortality because they feed 

heavily on beetle larvae in trees. However, territoriality limits their ability to reduce 

Mountain Pine Beetle populations (Berryman, 1973).  

Stand Characteristics. Many observations and research found that Mountain 

Pine Beetle attacks are more likely to happen on larger and intermediate diameter 

trees (Cole and Amman 1969, Safranyik et al., 1975). One accomplishment was 

the advent of a hazard-rating system for lodgepole pine trees developed by 

Amman et al., (1977). They stated that those stands in which average diameter 

was greater than 8 inches (20 cm) and age exceeded 80 years, growing at 

elevation conducive to beetle survival, were most likely to suffer from a Mountain 

Pine Beetle outbreak. Stevens et al., (1980) developed a similar rating system in 

ponderosa pine stands. It showed that high-hazard ponderosa pine stands were 

ones in which average diameter exceeded 10 inches (25 cm), stocking exceeded 

150 ft2/ac basal area (34.4 m2/ha), heights were single-storied, and trees were 
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mostly single-aged. Vulnerability to Mountain Pine Beetle attack increases 

dramatically with timber age class (Table 3.1). In BC, the number of mature 

lodgepole pine trees (>80 years old) has increased by about three times since 

1910 (Taylor and Carroll, 2004) mostly because of the effective fire control 

measures in place since the mid 1900s. Fire suppression resulted in an 

accumulation of old pine forest above historical levels, which contributed to the 

expanding Mountain Pine Beetle epidemic (Figure 3.7). Stands with heavy tree 

stocking are also easy to be infested. Once the older and larger-diameter 

lodgepole pines have been killed, beetles tend to infest smaller trees.  

 

Table 3.6. Lodgepole pine stands age class and vulnerability to Mountain Pine 

Beetle attack. Source: Shore and Safranyik (1992). 
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The management of Mountain Pine Beetle is time-dependent which includes 

short-term preventions and long-term preventions. Short-term preventions such as 

the use of insecticides target beetle populations, aiming to control beetle 

populations and prevent beetle outbreaks. Long-term preventions are related to 

structural characteristics of forests and forest rehabilitation aiming to improve tree 

resistance to beetle infestation.  

Chemical Control.   Insecticides can effectively and efficiently protect high-

value trees if they are applied before trees are infested (Fetting, 2014). As 

mentioned before, beetles produce both aggregative and anti-aggregative 

pheromones to help build their populations. Many of these chemicals have been 

identified and synthesized (Fetting, 2014). Synthesized aggregative pheromones 

can be used as baits to attract beetles, with removal of infested trees afterwards, 

so that the possibility of spread into nearby trees can be reduced. Anti-aggregative 

pheromones such as verbenone, show promise in preventing attacks on high-

value sites (Bentz et al. 2004). Additionally, the development of pheromone traps 
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may help in control or detection of beetle initial outbreaks. Borden et al. (1983) 

found that pheromone “tools” became available to the land manager in 1984, 

making silvicultural treatments more effective. Tree baits can be used somewhat 

at least in situations where trees would be removed (Gibson, 2003) while 

pheromone traps were used primarily for monitoring.  

Biological Control.   Natural enemies exist as well. As mentioned above, 

parasitic insects, arthropod predators, and woodpeckers are the most common 

natural enemies of Mountain Pine Beetle. All these predators and parasites can 

reduce Mountain Pine Beetle populations, but mainly at the scale of individual trees, 

and these predators do not seem able to prevent a large-scale outbreak.  

Silvicultural Treatments.  

1） Thinning that takes place before beetle outbreaks is the most 

recommended silvicultural method to reduce Mountain Pine Beetle-caused tree 

mortality. By providing more open space for trees, stand microclimate and wind 

patterns will change (Fetting et al., 2014). As noted before, beetles produce 
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pheromones to help build their populations. However, these pheromones will 

dissipate through opened crowns. Also, there will be less competition between 

trees in a more open stand, providing more growing space and nutrition for 

remaining trees.  

2） Selective harvesting is an effective response to beetle attack. The 

forest sector in British Columbia has responded to Mountain Pine Beetle by 

increasing harvest rates and reallocating some harvest, increasing the pine portion 

of the provincial total volume harvested from 31% to 45% from 2001-2004 (Kurz 

et al., 2008). It can also help achieve thinning goals by removing attacked trees. If 

infested trees are removed before beetle populations reach outbreak levels, beetle 

populations will be reduced. However, the removal of all infested trees during a 

large beetle outbreak is not a practical way to reduce Mountain Pine Beetle-caused 

tree mortality. 

3） Prescribed burning is used to kill hundreds or even thousands of 

hectares of infested trees where larger infestations occur (Gawalko, 2003). 
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Prescribed burning was first used to control initial infestations in Tweedsmuir Park 

in the central west of British Columbia in 1995 when 600 ha were burned (Safranyik 

et al., 2001) and 250 ha were burned in 1997. However, the infestation had 

progressed to over 15,000 ha by 1998. The overwhelming size of the infestation 

made it impossible for continued prescribed fire control.  

In October 2002, British Columbia received support to manage Mountain 

Pine Beetle outbreaks. The Government of Canada formed the Mountain Pine 

Beetle Initiative (MPBI), aimed at assisting the forest sector. It was a six-year 

program that included a suite of federal programs with a total budget of CAD $40 

million. The MPBI research agenda aims to deal with the impacts of the current 

Mountain Pine Beetle epidemic and to reduce the risk of future beetle epidemics 

(Wilson, 2003). It includes all executable control methods and assessment of 

Mountain Pine Beetle epidemic impacts. Key projects of forestlands included 

evaluation of beetle risk reduced by stand thinning, monitor of beetle spread as 

well as the influences of climate change on beetle spread, assessing remote 
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sensing techniques to improve forest health monitoring, integrating control with 

sustainable forest management, modifying existing fire risk-rating systems to 

better deal with beetle outbreak (Wilson, 2003). The focus of harvesting and 

processing is on assessing beetle damage on timber quality, impacts of increased 

beetle recovery fiber on pulping and panel production; and calculating the 

economic impacts of communities located within the beetle zone (Wilson 2003). 

The marketing focus is to collect information on product performance of beetle 

zone and to assess potential options to use salvage timber (Wilson 2003). In 

addition, research will need to be completed on non-traditional product options.  

In conclusion, natural controls (climate, tree resistance, natural enemies, and 

competition among beetles) of Mountain Pine Beetle populations were 

overwhelmed by the scale of the most recent outbreak. Direct beetle control 

methods (pesticides, baiting, burning) are limited to use during beetle outbreaks. 

Silvicultural treatments (selective harvesting, stand density and tree age class 

management) were inadequate at the epidemic stage. As a result, Mountain Pine 
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Beetle threatened many areas in Canada and heavily destroyed mature stands in 

the last decade of the 20th century and the first decade of the 21st century 

(Safranyik et al., 2010).  

Knowing which stand conditions have the largest likelihood of beetle 

infestation is one approach used to minimize the impact of the beetle (Wulder et 

al., 2005). Annual detection surveys and mapping of infestations can help guide 

future work. At the same time, thinning, selectively harvesting and creating age, 

size, or species diversity can improve tree resistance to beetle infection. 

Prevention is the most aggressive strategy which is expected to keep an area at 

low levels of infestation. For chronic beetle infestations, it is adaptable to maintain 

the existing outbreak at a relatively static level. It is a delaying strategy until 

adequate resources and more effective approaches are available, or to keep 

overall timber loss at a low level while waiting for a killing climatic event (Gawalko, 

2003). Strategies for dealing with existing Mountain Pine Beetle outbreaks include: 
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insecticides (pheromone “tools”); natural enemies introduction; regeneration; 

salvage.  
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Chapter 4. 

Mountain Pine Beetle Management Suggestions in China 

In China, Mountain Pine Beetle was first found in SWPM in Jiangsu ports, 

imported from the US in 2002 (Yang et al., 2006) and the second interception 

occurred in 2005. Since then, much attention has been paid to the invasive 

potential of Mountain Pine Beetle in China. Based on statistics of pests intercepted 

from the US on SWPM in Jiangsu Province from 2007- 2010, the number of 

Mountain Pine Beetle interceptions and other five pest species were found to be 

much greater than all other species combined (Shen, 2011). As a result, Mountain 

Pine Beetle is identified as one of the most serious invasive species which can be 

brought into China by wood packing material importation from North America. 

Once Mountain Pine Beetle is introduced into China, it is easy for the insect to 

establish their population. In most parts of the northeastern and northern China 

and some parts of southwestern China, the climate and the living condition are 

suitable for the beetle and there are many host trees (Yang et al., 2006). As well, 

the beetle has a lack of natural enemies in China, and there are not many effective 
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solutions that have been proposed to control and prevent Mountain Pine Beetle 

invasion in China (Yang et al., 2006). Effective management methods to prevent 

the introduction of Mountain Pine Beetle to China are urgently needed.   

Risk analysis is the first step of invasive species management. Risk analysis 

needs monitoring activities such as aerial and ground surveys, digital remote 

sensing, and satellite platforms to provide data information (Wulder et al., 2005). 

Mostly, the risk analysis of Mountain Pine Beetle can be achieved by evaluating 

geographical distribution, probability of beetle introduction, possibility of 

colonization, adaptability analysis, possibility of pervasion after colonization, and 

consequences of introduction assessment (Shen, 2011). 

Geographical distribution   Mountain Pine Beetle is known to be native 

in Canada (British Columbia and Alberta), the United States (Arizona, California, 

Colorado, Montana, Nevada, Oregon, Washington, Wyoming etc.), and Mexico 

(California peninsula). 



 52 

Probability of introduction   The most likely possibility of Mountain Pine 

Beetle being introduced to China is through SWPM (Ran, 2011). To predict future 

outbreaks and likely possibilities of introduction to China, data analysis and expert 

consultation must take place at the same time, drawing significant conclusions 

from different phases. The analysis methods can be proposed based on the 

quantity of objective data provided, and analysis and data integration can be 

carried out to draw conclusions. According to the analysis conclusions, targeted 

management measures can be developed and applied to Mountain Pine Beetle 

quarantine decisions (Figure 4.1).  
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Figure 4.1. Flow chart of pest risk analysis in China on SWPM associated 

with importation from foreign countries (Shen, 2011).  

 

 

Mountain Pine Beetles start to infest trees when they are in the adult state. 

Before the population reaches outbreak levels, the beetle typically infests old trees, 

sick trees, and sometimes dead trees and logs (Logan and Powell, 2001). Once 
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populations reach outbreak levels, the beetle prefers to infest vigorous and fast- 

growing trees and even some trees that are not pine species (Logan and Powell, 

2001). As SWPM is often produced by low-value, or sick or dead trees, there is a 

great possibility of importing Mountain Pine Beetle on the materials. Thus, if an 

entry quarantine treatment is not rigorous enough, the possibility of entry is very 

high. 

Possibility of colonization    The host trees of Mountain Pine Beetle are 

lodgepole, ponderosa, western white, whitebark and limber pines (Logan and 

Powell, 2001; Gibson et al., 2009). In addition to the major host trees, Mountain 

Pine Beetle also attacks other pine species such as western white pine and 

Engelmann spruce. All of these tree species exist in parts of China (the State of 

Forestry Administration in China year).  

Adaptability analysis     Normally, the life cycle of Mountain Pine Beetle 

lasts for 1 year (McCambridge et al., 1979) but some mature adults can fly to new 

trees to lay eggs twice in one year, particularly when average summer temperature 
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is high (McCambridge et al., 1979). Conversely, 2 years may be required to 

complete the life cycle at high-elevation areas where temperature is low. The life 

cycle characteristics improve the adaptability of Mountain Pine Beetle to the local 

environment. China has a large latitude span, from north to south, having five 

temperature zones. The latitude of China is similar to that of North America (Ran, 

2001). The complex and diverse climate is conducive to the survival of Mountain 

Pine Beetles. Du et al. (2011) and other researchers used BIOCLIM ecological 

niche modeling and ArcGIS to predict the potential suitable distribution of Mountain 

Pine Beetles in China. The results indicated that the optimum distribution areas 

were most areas of northern and northeastern China and parts of southwestern 

China (Figure 4.2). 
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Possibility of pervasion after colonization  

Mountain Pine Beetle is considered as a native species to western North 

America. However, within several years, the beetle has expanded beyond its 

traditional range, extending further north in British Columbia and further northeast 

in Alberta (Gibson, 2003). Thus, the beetle has high spreading ability in a new and 

suitable environment, underscoring the risk of spread if the beetle were to arrive 

and establish in China.  

Consequences of introduction assessment    

According to the evaluation system with national standard (GB/T20879-2007), 

Mountain Pine Beetle invasion assessment levels are divided into six levels which 

are A, B, C, D, E, F; the consequences increase from A to F.  
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Direct consequence Assessment and reasons 

Wood production 

quality and output 

F —— the consequences are at a national level. Very 

serious 

The outbreak of Mountain Pine Beetle in British 

Columbia that began in the early 1990s is considered 

the largest invasion ever recorded (Axelson et al., 

2009). It affected over 18.1 million hectares, killing 

about 50% of the total volume of commercial lodgepole 

pine in the province. The invasion peaked in 2004 and 

2005, resulting in more than 53% of the merchantable 

pine impacted. It is estimated that there will be a 

cumulative present value loss of $57.37 billion in GDP 

with Mountain Pine Beetle infestation from 2009 to 2054 

in BC (Corbett et al., 2016). The beetle can destroy the 

components of a healthy tree, reducing tree tolerance. 

Massive beetle populations can change the host tree 

age structure and DBH distribution within stands. The 

aesthetic value of stands can also decline.   

 

 

Indirect 

consequence 

Assessment and reasons 

Domestic trade D—— the consequences are at a regional level. Very 

serious 
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If Mountain Pine Beetle achieves colonization in China, 

to prevent further spread, the country needs to take 

steps such as isolating wood from beetle outbreak areas 

and removing infested trees. This will significantly 

influence the trade or transportation of domestic 

seedlings  

International trade E—— the consequences are at a national level. Very 

serious 

 

China has a large number of wood packaging goods 

exported every year. The international trade will be 

hampered if the beetle spreads in the country.  

Costs of detection, 

control, eradication 

measures  

F—— the consequences are at a national level. Very 

serious 

 

Mountain Pine Beetle destroys a variety of pine species. 

The beetle has the advantage of strong concealment 

and the efficiency of monitoring and trapping methods is 

limited. It is difficult to achieve complete detection, 

eradication, and control. There needs to be a large 

amount of manpower, materials and capital to 

undertake various management measures. 

Environment C—— the consequences are at a regional level. Serious 

 

Popular pesticides that are frequently used or other 

chemical measures can affect the safety of wood 

products and further damage the ecological 

environment. 
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CONCLUSION 

According to the evaluation system with national standard (GB/T20879-

2007), the consequence assessment of a Mountain Pine Beetle outbreak in China 

is F (very serious). Combined with the above beetle introduction and spread risk 

assessment, it can be determined that the risk level of Mountain Pine Beetle is 

highly dangerous in China. 

The Chinese white pine beetle (Dendroctonus. armandi) and great spruce 

bark beetle (D. micans) have been found in several forest stands in different areas 

in China (Ran, 2001). However, Mountain Pine Beetle, as well as two other beetle 

species (D. brevicomis and D. frontalis), are included in the “three types of 

quarantine pest list” of entry-exit plant quarantine in China (Ran, 2001). Therefore, 

prevention is recommended as the priority for the management of Mountain Pine 

Beetle in China. Also, it is recommended that more work is needed in summarizing 

the experience of successful management of invasive species at home and abroad. 
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Timely detection and timely treatment are the key to controlling invasive species 

and many jurisdictions have already learned which responses work best.    

The General Administration of Quality Supervision and Inspection (AQSIQ) 

of China listed all beetles of Dendroctonus spp. as hazardous pests that are 

prohibited entry (Ran, 2001). Once the beetle is found during port quarantine, it is 

necessary to kill it by fumigation or water immersion. Also, the AQSIQ stated that 

there is no import of logs without wood peeling (Ran, 2011). All the logs need to 

be peeled or they will be refused to be accepted. Comparatively, peeled logs have 

lower quarantine risk than just beetle removal.     

Silvicultural treatment is an effective long-term measure to prevent Mountain 

Pine Beetle infestation. The Chinese white pine beetle is the main reason for the 

death of Chinese white pine (Pinus armandii) in the Qinling Mountains area (Li, 

1993). Infestation rates increased as stand structure and stand conditions declined, 

and as a result, forest management is considered a necessary mitigative factor. 

Improving the site conditions of the forest as well as forest productivity can not only 
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help with forestry production but also is an important measure for controlling 

Mountain Pine Beetle. The most effective way to control the Chinese white pine 

beetle is thinning and removing dead standing trees (Li, 1993). Forestry surveys 

found that the beetle damage is lighter with timely thinning (Fetting et al., 2014). 

Mountain Pine Beetle is more likely to affect old trees (i.e., 80-100 years; Cai, 

2005). Therefore, removing infested and dead trees as well as thinning and 

selectively harvesting mature trees is helpful to limit Mountain Pine Beetle 

infestations. However, any thinning should be conducted so as to minimize impacts 

to the natural enemies of the beetle. Thinning can be started before the beetle 

emerges and a large number of parasitic wasps are still present. Peeling the 

infected trees and heating them with sun exposure or burning the tree barks is 

necessary. In this way, it protects the natural enemies as well as kills beetles.     

China needs to import a large amount of SWPM every year which provides 

a great possibility of introducing Mountain Pine Beetle to China. Plus, China has a 

large latitude span, from north to south, having five temperature zones. And 
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including several host trees, there are also many other pine species in China. 

Mountain Pine Beetle can easily survive in China because they possess a high 

spreading ability in a new and suitable environment. The risk of Mountain Pine 

Beetle introduction to China is high and the consequence is serious. However, 

from 2002 when Mountain Pine Beetle was first intercepted in China to now, there 

are limited reports for reference. Therefore, prevention is most important for now. 

Silvicultural treatments such as thinning, peeling and removing dead standing 

trees need to be implemented at all times. Important quarantines on target species 

need to be enhanced. Forest stands need to be monitored and thinned timely in 

areas with high beetle attack risks. At the same time, management methods of 

Mountain Pine Beetle damage need to be prepared because it is hard to control 

once the beetle population reaches outbreak level. Once the beetle emerges in a 

forest, chemical tools, regeneration, and salvage strategies always need to be 

ready in case of increasing populations. Lastly, all these actions need coordinated 

efforts among citizens and government.  
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