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1. Abstract 

In the MPB epidemic, vectored staining fungi and beetles are mutually supportive. 
Responding to the epidemic requires addressing both beetle and fungal components. We will 
determine which fungi colonize standing trees in green, red and gray stages and how rapidly 
introduced vectored fungi stain sapwood. As decay follows staining, we will determine when 
decay fungi invade a stained tree and how rapidly decay degrades wood properties. The 
knowledge will enhance recovery of wood from infested areas, and will serve as a ‘pilot’ study 
that indicates how to extend the approach to the large epidemic area while delivering effective 
local detail. 

2. Results to end of project 

2.1 Objectives of the proposed work 
 
The proposed work is intended to generate information that will enhance the recovery of the 
highest value wood from infested areas. The work will determine which fungi colonize 
standing trees in green, red and gray phases. We will determine how rapidly staining fungi 
introduced by MPB colonize and stain sapwood.  As decay can follow staining, we will 
determine when decay fungi invade a stained tree, how fast they replace the staining flora, 
and how rapidly they degrade wood strength.   
Establishing the progress of stain and identifying fungal species in wood at green, red, and 
gray stages will help industry make harvesting, handling and utilization decisions. 
 
2.2 Results   

2.2.1  Selecting trees and characteristics of the trees 
We sampled trees in the areas of Kamloops and Williams Lake where we had conducted our 
preliminary experiments.  MPB-infested trees were sampled in 2001 for early MPB attack 



(green phase) and in 2002 for late green (1 year after MPB attack), red (2 years) and gray (3 
years) phases. In 2002, the trees were harvested in October and November at Kamloops and 
Williams Lake. In January and February 2003, additional red and gray trees were harvested.  
The trees were provided by our collaborators at the Ministry of Forests in Kamloops and at 
the UBC Research Forest, and by Lignum Co. Two to three lodgepole pine trees for each 
infestation stage were selected from each location.   
 
Sampling for fungal succession in MPB-attacked trees in Kamloops 
In order to follow the progression of the fungi during early attack, 36 lodgepole pine trees in 
Kamloops were baited on July 5, 2001. The estimated date of attack was August 5-6. One 
infested tree was harvested at 1, 4, 6 and 14 weeks after MPB attack and two billets were 
removed.  At Williams Lake, naturally MPB-infested trees were harvested at 2, 4 and 6 
weeks after MPB attack. The age of the trees varied between 95 and 166 years. 
 
Characteristic of the trees from green, red and gray phases 
Wood moisture contents decreased after MPB attack. Sound lodgepole pines had sapwood 
moisture contents between 120-130% (of dry weight) and heartwood moisture contents of 
80-90%. Most sapstaining fungi grow well between 40-80% moisture contents. Sapwood 
moisture contents were lower than in sound wood for all trees harvested one year after MPB 
attack. Moisture contents were higher in the sapwood of the William Lake’s trees (≈ 79%) 
than those of Kamloops (≈ 59%). At the red phase, however, the moisture content was much 
lower than at the green phase, except for the sapwood of one tree from Kamloops that was 
comparable to the green attack.  For the gray phase, wood moisture contents were below 
24% for both sapwood and heartwood ⎯ much lower than for the red or green phases.   
 
2.2.2  Isolating fungi from beetles and wood at early green MPB attack 
For this attack phase, we focused our fungal isolation on MPB, insect galleries and infected 
sapwood.  
 
Isolation of fungi 
For the early green attack (0 to 14 weeks) bark was peeled off and fungi were isolated from 
body surfaces of beetles that had just made galleries under the bark. We collected fungi from 
the exterior of insect bodies by washing the insects in sterile distilled water. The washes 
were diluted and spread on malt extract agar (MEA), with or without antibiotics.  Debarked 
logs were then cross-sectioned into discs 1-2 cm thick.  In order to isolate small pieces of 
wood without fungal cross-contamination due to the chain saw, discs were cracked at the 
level of a gallery. Small pieces of wood were removed and incubated on 1) MEA for general 
fungal flora, 2) MEA with cycloheximide to select for Ophiostoma species, and 3) MEA 
with benomyl/streptomycin agar to select for decay basidiomycetes.   
 
Identification of fungi 
All fungi isolated from a substantial proportion of the specimens were identified to genera 
or species level using morphological, physiological and DNA characteristics. Fungal isolates 
from insects, galleries, and sapwood were compared. 
 
At Kamloops, two weeks after the attack, we observed short parental galleries and adult 



beetles eggs and larvae. Sapwood under some galleries was slightly stained.  Sampling at 
four weeks showed parental and larval galleries. Stain was more often observed under the 
larval galleries than parental galleries.  The stain had expanded throughout the sapwood for 
the full length of a billet. Although four-week billets showed somewhat lower pitch-tube 
densities than two-week billets, stain was more severe at four than at two weeks.  Ips and 
wood borers were also present in the four-week logs, suggesting that the tree could have 
been stressed prior to the MPB attack. Stain in six-week sample was similar to that of the 
four-week sample (Figure 1).  
 
On MPB bodies as well as in insect galleries, Ophiostoma montium isolates were in larger 
number than O. clavigerum, especially before four weeks.  Ceratocystiopsis species 
(especially C. minutum-like) were only recovered from insects.  Heavily stained sapwood 
was colonized by O. clavigerum and O. montium.  However, O. clavigerum was often found 
at the edge of stained areas, suggesting that it grew faster than the other fungal species. It 
has been reported to tolerate low oxygen contents, which could explain its success in early 
attack, when wood moisture contents are high. It has also been reported to be pathogenic for 
trees. As well as staining fungi, yeasts were frequently isolated from the different samples. 
 
At Williams Lake, one or two infested trees were harvested at 1, 4 and 6 weeks after MPB 
attack. One week after attack, we observed only short parental galleries with adult beetles 
and eggs, while at four weeks the main and larval galleries were well developed.  Billets 
from week four showed a high density of pitch tubes, while billets from week six had fewer 
pitch tubes. Neither bark galleries nor sapwood showed any stain after one week. Although 
fungi were present on beetles and in galleries, no fungi were isolated from the sapwood.  
The six week trees had little stain and the number of fungal isolates was low, reflecting a 
low density of  entry points for the beetles.   
 
On insects, O. montium isolates were more common than O. clavigerum, while the reverse 
was seen in galleries.  At four weeks, sapwood was heavily stained and colonized mainly by 
O. clavigerum. The stain covered half of the surface area of the sapwood on the full length 
of billets. As for the Kamloops samples, O. clavigerum was more frequently isolated from 
the sapwood.  In a few cases the microflora was more complex; other fungal species like  
Leptographium, Hormonema and other unknowns were also isolated.  
 
2.2.3  Isolation and identification of fungi growing in sapwood at different phases 
Staining fungi from the sapwood of MBP green attack before the emergence of new adults 
(Figures 1-9) 
From the samples of Kamloops and Williams Lake 111 fungi and 46 yeasts were isolated.  
The major sapstaining fungi, O. clavigerum, O. montium and C.  minutum-like, isolated in 
the early MPB attack (above) were also present in the sapwood at the late green phase.  O. 
clavigerum was more frequently isolated than O. montium.  C.  minutum-like isolates grow 
slowly and were often isolated from benomyl MEA.  In addition, at the late green phase we 
obtained C. minuta-bicolor that was not isolated at the early MPB attack.  We also have a 
few fungal isolates that we have not yet identified (Table 1).   
 
 



Staining fungi and decay fungi isolated from red phase trees (2 years) 
From the two sampling sites 569 isolates were obtained (Table 1).  The same fungal species 
that we identified in the green phase were also present; however, the isolation frequencies 
were lower for O. clavigerum and O. montium.  We isolated other sapstaining fungi: O. 
olivaceum, O. sparsum, L. terebrantis, Pesotum fragrans, and Acremonium species.  In 
contrast to the green phase, molds were widely present, with the most important species 
being from the genera Aspergillus, Penicillium, Aureobasidium, Trichodema and Mucor.  
We also isolated around 86 basidiomycetes on MEA benomyl and 20 on MEA.  Their 
identity was confirmed by the presence of clamp connections or PCR using basidiomycete-
specific primers.  Some basidiomycetes were identified as Sistotrema brinkmanii or Stereum 
sanguinolentum; the others were grouped into nine different types.  Types 3 and 14 had no 
clamp connections. Many basidiomycetes are decay fungi and we confirmed the decay 
ability of some of the group (see below).  It is important to note that the logs from Williams 
Lake were infested by wood borers which were absent in the logs from Kamloops. 
 
Staining and decay fungi isolated from gray phase trees (2 to 3 years after initial attack) 
The number of isolates was 360 (Tabl 1). The number of sapstaining fungi decreased 
significantly, especially at Kamloops, where one harvested tree had an average moisture 
content of 18%. O. clavigerum and O. montium were not isolated in this tree.  These two 
fungal species were present in small numbers in the other trees at Kamloops and Williams 
Lake.  Although C. minuta-bicolor and C. minutum-like were not present in the low 
moisture content tree (18%), these species were isolated at the same frequency as in the 
other phases in the other trees at both Kamloops and  Williams Lake. Among the other type 
of staining fungi we observed O. minus, L. terebrantis and Hyalorhinocladiella species in 
small numbers.  Acrenomium species were present at both sites.  
 
For molds, Aspergillus species were not isolated while Penicillium species were well 
represented.  Trichoderma species were only obtained at William Lake.  We also isolated 
about 30 basidiomycetes on MEA benomyl and 21 from MEA. Unusually, we isolated four 
decay isolates belonging to the species Trichatum abietinum that did not grow on benomyl 
MEA.  Overall the number of fungal isolates was much lower in this phase, perhaps because 
logs from this phase had low moisture content.    
 
Decay ability of some of the basidiomycetes isolated
To identify whether some of the basidiomycetes had decay ability we set up decay tests on 
vermiculite jars (500 ml).  Small sapwood blocks of lodgepole pine were inoculated with 
Sistotrema species, S. sanguinolentum, basidiomycete types 2, 3, and 4. The fungi were 
incubated for 11 weeks at room temperature and weight losses were measured. Isolates S. 
sanguinolentum and basidiomycete type 4 showed the greatest weight losses and so the 
highest decay ability. Basidiomycetes type 2 and Sistotrema species were moderately active, 
while basidiomycete types 3 and S. brinkmanii showed only a slight weight loss that could 
be due to the removal of wood extractives.  
 
 
 
 



2.2.4  Testing wood mechanical properties of MPB attack lodgepole pine at the red 
and gray phases 
Due to limited time and funding only trees from Williams Lake were tested at both the red 
and gray phases. Sound wood was obtained from both Williams Lake and Kamloops. Logs 
were cut at breast height and small clear specimens 1 x 1 x 16 in were produced.  All the 
specimens were adjusted to 15% moisture content (MC), and specific gravity (SG) was 
determined. Bending modulus of elasticity (MOE) and modulus of rupture (MOR) were 
determined with an 810 Material Test System (MTS System Corp., 1985, USA), with a 
loading rate of 0.025 in/min. 
 
MOR and MOE for sound wood agreed with values reported for lodgepole pine. For red 
phase trees MOR and MOE decreased, consistent with our observation of holes made by 
wood borers and visible decay.  It is likely that the decay occurred prior to the MPB attack.  
 
However, in the gray trees although the MOE and MOR were slightly lower than for the 
sound trees, the values were not statistically different. It is important to note that, because 
only four trees were examined, these results are tentative.  
  
Conclusions  
The major conclusions that can be drawn from this work are as follow: 
1  The development of sapstaining fungi and stain of the sapwood took place between 

two to six weeks after a mass MPB attack. 
2  Only a limited number of sapstaining fungal species were present in the wood after the 

initial MPB attack: O. clavigerum, O. montium and C. minutum-like.  Except for C. 
minutum-like, the other species have been previously reported. 

3  Additional types of sapstaining fungi were present in the wood at the red phase.  
4  Molds were not present in the green phase, but were in high numbers in both red and 

gray phases.   
5  The number of staining fungi present in the gray phase was very low, especially at 

Kamloops. While no O. clavigerum and O. montium were isolated at Kamloops, these 
fungi were isolated at Williams Lake but at a low frequency.   

6  Decay fungi were rarely detected in the green phase but were present in high number 
in both the red and gray phases 

7  Decay activity was confirmed for S. sanguinolentum and basidiomycetes type 2, 4 and 
Sistotrema spp.  Further tests are needed on the other basidiomycete types. 

8  Wood decay substantially reduced the mechanical properties of wood from the red 
phase, but probably occurred prior to the MPB attack.  

 
It is important to note that the identification of decay fungi (basidiomycetes) without the 
presence of fruiting body is very difficult.  We are pursuing this by combining DNA 
information with morphology. 

 
 
 
 
 



1 Evaluate outcomes or objectives, with measurable indicators of how successfully the 
outcomes were achieved.  
The objectives were to generate knowledge fundamental to enhancing the recovery of 
high value wood from infested areas by clarifying key aspects of the fungal component of 
the MPB epidemic. 
• Which fungi, in each attack phase? 

o See conclusions 2 to 6. Approximately 1000 fungal isolates were identified at 
either species or genus level.  

• How rapidly do fungi stain the wood?  
o See conclusion 1. Wood is stained in 4 to 6 weeks; moisture contents are 

described in section 2.2.1. 
• When decay is present, how rapidly colonize, and how rapidly does wood strength 

degrade? 
o See conclusions 6 to 8. Determined decay ability of some basidiomycete 

strains; determined how MOE and MOR evolve. 
 
2 Assess how the results can be applied:  

• The end users of the results are industry, government, customers and the public 
• how can the results be used in practice or planning 

o availability 
 Data Base under construction with other funding 
 Will be published 
 Industrial partners – informed, meetings, … 

o how to use the results 
 dynamics will help industry and government develop harvesting 

practices and policies that are acceptable to markets because they are 
based on scientific knowledge, and to respond to inquiries by public 
and Canadian and international customers 

• what is needed before results can be used. 
o Extend the study (see ‘gap’, below) 

 
3 Identify how a knowledge ‘gap’was narrowed or eliminated, and whether the results 

indicated whether more research was needed; if so, what further research is needed?  
• Addressed knowledge gap: fungal component: determined species and dynamics for 

stain and decay. 
• More research:  

o Preliminary limited survey - prototype for more extensive land-based survey, 
to develop research team and industrial collaboration. Need more trees from 
more areas. Anticipate getting more reliable distributions of fungal species, 
stain, decay and wood mechanical property dynamics.  

o Pathogens 
 
4 Explain key operational ‘variances’ and their impact on the project.  

Once the funding was received, there were no major surprises. 
 
 



Table 1. Fungi*1isolated from green, red and gray lodgepole pine trees attacked by the MPB 
obtained from Kamloops and Williams Lake.   
  Frequency (%)*2

 Kamloops  Williams Lake 

Fungus Green Red 
Gray
-I 

Gray-
II  Green Red-I Red-II Gray 

Acremonium spp.  --*3  6.0  10.9  5.0   --  2.3  8.8 17.5 
Ceratocystiopsis  
 minuta-bicolor   1.8 15.2  -- 13.8   3.7  5.8 9.8  7.0 
C. minutum-like  --(6) *4  0.8(3)  --  5.0   --(1)  3.5(5)  --(1)  2.6 
Hyalorhinocladiella sp.  --  --  --  3.8   --  --  --  0.9 
Leptographium terebrantis  --  2.6  --  2.5   --  1.2  4.9  7.0 
Ophiostoma clavigerum  64.9 25.7  --  2.5  81.5  7.0 39.2  0.9 
O. minus  --  --  3.1 --   --  --  --  -- 
O. montium 31.6 31.2  --  7.5  13.0 14.0 20.6  1.8 
O. olivaceum  --  --  -- --   --  2.3  --  -- 
O. sparsum-like  --  3.7  -- --   --  2.3  3.9  -- 
Pesotum fragrans  --  0.8  -- --   --  --  --  -- 
Amblyosporium sp.  --  --  1.6 --   --  --  --  -- 
Aspergillus sp.  --  1.8  -- --   --  3.5  --  -- 
Aureobasidium pullulans  --  1.0 10.9 20.0   --  4.7  1.0  3.5 
Cladosporium sp.  --  --  --  2.5   --  1.2  --  -- 
Gonatobotrys simplex  --  --  6.3 --   --  --  --  -- 
Monilia sp.  --  --  3.1 --   --  --  --  -- 
Mucor sp.  --  0.5  -- --   --  --  --  2.6 
Oedocephalum sp.  --  --  -- --   --  2.3  --  -- 
Oidiodendron sp.  --  -- 15.6 --   --  --  --  -- 
Penicillium spp.  --  5.0 17.2 21.3   -- 40.7  8.8 30.7 
Phialophora sp.  --  --  1.6 --   --  --  --  -- 
Tilletiopsis sp.  --  -- 12.5 --   --  --  --  -- 
Trichoderma viride  --  --  -- --   --  3.5  1.0  5.3 
Trichoderma 
pseudokoningii  --  --  -- --   --  --  --  3.5 
Trichothecium sp.  --  0.8  -- --   --  --  --  -- 
Basidiomycetes  --  2.9 11.0  7.5   --  3.5  1.0  7.1 
Unidentified fungi 1.8  1.8  6.3  8.9   1.9  2.3  1.0  9.6 
Yeasts   (31) *5 (169)  (45)  (64)  (15)  (31)  (34)  (52) 
Total isolates 57 381  64  80  54  86 102 114 
No. of chips removed 40 216 136 112  40 216  56 168 
Media regular MEA (Oxoid) amended with ampicillin, unless specified. 
*1Ophiostomatoid fungi were in bold. 
*2Fungi were isolated from two trees (20-36 chips from each billet) at each stage. Values are  
percentages of a species in comparison to total isolates from that sample except yeast isolates. 
*3Not isolated.  
*4Italic number in parentheses is number of isolates obtained from benomyl media.  



 

Figs. 1-9.    Degradation of lodgepole pine attacked by the Mountain Pine beetle. Fig. 1. Pitch 
tubes. Fig. 2. Galleries. Fig. 3-5. Stained wood disc: early green (2 wks (3-A), 4 wks (3-B), 
and 6 wks (3-C) after attack); red (4-A, B); and gray (5-A, B). Fig. 6-8. Wood degraded by 
decay fungi: Heart rot (6) and Sap rot (7, 8). Fig. 9. Trichatum abietinum causing sap rot.   


	Project title:  Fungi degrade wood quality in green, red and gray lodgepole pine  
	Identification of fungi 
	 
	On MPB bodies as well as in insect galleries, Ophiostoma montium isolates were in larger number than O. clavigerum, especially before four weeks.  Ceratocystiopsis species (especially C. minutum-like) were only recovered from insects.  Heavily stained sapwood was colonized by O. clavigerum and O. montium.  However, O. clavigerum was often found at the edge of stained areas, suggesting that it grew faster than the other fungal species. It has been reported to tolerate low oxygen contents, which could explain its success in early attack, when wood moisture contents are high. It has also been reported to be pathogenic for trees. As well as staining fungi, yeasts were frequently isolated from the different samples. 
	 
	At Williams Lake, one or two infested trees were harvested at 1, 4 and 6 weeks after MPB attack. One week after attack, we observed only short parental galleries with adult beetles and eggs, while at four weeks the main and larval galleries were well developed.  Billets from week four showed a high density of pitch tubes, while billets from week six had fewer pitch tubes. Neither bark galleries nor sapwood showed any stain after one week. Although fungi were present on beetles and in galleries, no fungi were isolated from the sapwood.  The six week trees had little stain and the number of fungal isolates was low, reflecting a low density of  entry points for the beetles.   
	 
	On insects, O. montium isolates were more common than O. clavigerum, while the reverse was seen in galleries.  At four weeks, sapwood was heavily stained and colonized mainly by O. clavigerum. The stain covered half of the surface area of the sapwood on the full length of billets. As for the Kamloops samples, O. clavigerum was more frequently isolated from the sapwood.  In a few cases the microflora was more complex; other fungal species like  Leptographium, Hormonema and other unknowns were also isolated.  
	Staining fungi from the sapwood of MBP green attack before the emergence of new adults (Figures 1-9) 
	  




