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Abstract 
 
Bluestain fungi reduce the market value of Canadian wood products causing significant economic losses 
and are considered by many countries as potential alien pests. One of the key knowledge gaps in bluestain 
biology is the source of the stain and how the bluestain fungi spread. This report is a compilation of 
reports that are included in the appendices (1-14), each with its own targeted objectives, methodologies, 
staff, and results and discussions. The acquired knowledge will help us design economical, effective and 
environmentally acceptable methods to control bluestain at different stages of the wood processing chain. 
In order to fill the knowledge gaps and identify new ones, we set up a worldwide collaboration where 
partners contributed much of the expertise, especially on fungal and insect identification. Forintek staff 
organise the industrial interface, do field work, isolate and identify fungi (in collaboration with partners), 
provide summary reports (updates) to members, and continue to maintain core competency in this field.  
 
Stain inoculum is found associated with wood substrates, needles, cones and bark of trees (Appendix 4). 
Harvester heads presumably pick up stain inoculum while touching wood, soil and woody debris. During 
harvesting they push the inoculum together with pieces of bark and other debris deeper in sapwood, 
clearly playing a role in direct dissemination. Harvesters also puncture the wood and loosen and remove 
bark, which provides access to sound wood for a plethora of organisms. If mechanically harvested logs 
are left unattended for several weeks under warm and humid conditions they can develop bluestain solely 
based on the stain inoculated during harvesting. Stain control methods therefore need to be applied 
immediately. This can include hot logging (log delivery and processing within 2-4 weeks), water storage, 
debarking, drying and antisapstain treatments (including biocontrol). 
 
Numerous insects visit standing trees and logs in storage. Insects are known to be one of the major 
vectors for bluestain fungi. Despite a great deal of research on insect-fungi relationships, there remain 
many unanswered questions. These include the specificity and the importance of these associations for 
both partners, and pathogenic potential and staining ability of associated fungi. Very few beetles can 
attack healthy standing trees, like the Mountain pine beetle, which causes bluestain that cannot be 
prevented unless the beetle is controlled. Some insects, especially bark and ambrosia beetles, may attack 
only one type of host and carry only one or two specific fungi. Others can attack many hosts and can 
carry a variety of fungi. Some of these associations are very specific and the survival of an insect depends 
on the fungus. In other systems the fungus may be a weed picked up casually. We created an insect-fungi 
database to conveniently capture and update information on known insect-fungi associations currently 
focusing on bark and ambrosia beetles. Often the primary beetles carry more pathogenic symbionts and 
are more extensively studied than in secondary, later-arriving, beetles where little information exists on 
their fungal associates. New associations are regularly being discovered. Novel approaches in stain and 
disease control aim to trap insects that carry fungi of significance using semiochemicals (“message-
bearing” biochemicals). The database will be used as an aid to manage and access the critical information 
that might lead to novel methods of control. To date, 200 articles have been entered (Appendices 1, 2, 3, 
5, 6, 10, 11, and 12).  
 
The insect-fungus database is complementary to the Ophiostomatoid fungi database that has been 
developed at UBC through partnerships with Forintek and scientists around the world. The first phase is 
realized and this online database now contains all the available information on the most economically 
important species of sapstain fungi. It includes fungi-host-vector-geographical location relationships; both 
published historical information and new information acquired through fieldwork. With the help of our 
partners it will be continuously improved and updated during its lifetime (Appendices 7, 8, and 9).  
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We also studied other potential stain sources. In early February 2004 the Forintek team went to two BC 
mills that process bluestained, mountain-pine-beetle-attacked logs and sampled air and airborne sawdust 
at six locations in the mills, as well as from sawmill machines and surrounding snow. Stain fungi were 
rarely found in the air, accounting for up to 0.4 % of the total amount of fungal propagules in the dustiest 
areas of the mills. Live stain fungi were found in the snow (1-2 % of total cultured organisms), but the 
largest counts of stain fungi were found near machines with the dust settling method, and directly on the 
mill machines (up to 20.5% of total cultured organisms). This suggests that machinery may play the most 
significant role in stain inoculation to clean wood, while large sawdust pieces may play a significant role 
only for short distances (Appendix 13).  
 
With increased emphasis in the Canadian forest products industry on extracting the most value from logs, 
this work will continue under ongoing project Biology and Management of Bluestain Fungi. It will 
continue to address the problem in order to recognise situations and ways where stain may be prevented 
along the wood processing chain (Appendix 14).  
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1 Objectives 
To determine the major source of bluestain fungi and the mechanism of their dispersion. 
 
 

2 Introduction 
This project addresses the need to further understand the fungi that devalue Canadian woods. Softwood 
and hardwood logs and lumber are susceptible to sapstain from the time the tree is felled through to 
processing. Because of the high impact of this problem, Forintek has re-evaluated its research in this area 
to determine (1) what is known about bluestain, (2) what are the key gaps in knowledge, and (3) what 
strategies might be used to combat the problem.  
 
A review of the literature on bluestain suggested one of the most important knowledge gaps was 
information regarding the source of the stain. We do not know where stain inoculum is coming from, e.g., 
if it is mainly from sources already on the trees and bark, whether it comes from forest litter, or is carried 
by wind or rain, or inoculated by mechanical harvesters during felling. Insects are known to vector stain, 
and water splash has also been reported to be a source. With increased emphasis on extracting the most 
value from logs, the Canadian forest products industry needs to examine this problem in more detail in 
order to understand cases where stain may be prevented. Understanding where stain may be prevented 
would allow consideration of improvements in log handling, harvesting, and storage strategies, as well as 
deployment of environmentally acceptable control methods such as biological control or insect 
management with semiochemicals.  
 
The current project sets up a collaboration wherein our partners contribute much of the expertise on insect 
and fungal identification and ecology. This work is done through a set of different activities that addresses 
recognised knowledge gaps. Parts of the research are done in-house and parts through collaborative 
research where Forintek organised the industrial interface, continued to identify data gaps, provided 
summary reports (updates) to members, and continued to maintain core competency in this field. The 
work is presented as a set of reports included in the appendices, each with its own targeted objectives, 
methodologies, staff and results and discussions.  
 
 

3 Background 
Canada is large exporter of softwoods such as Douglas-fir, western hemlock, pines, and spruces to global 
markets. The unseasoned sapwood of these species, especially pines, is highly susceptible to fungal 
infections following tree felling. Under suitable temperature and moisture conditions fungi rapidly 
colonize and penetrate unseasoned sapwood resulting in degradation during downstream processing. 
Buyers of softwoods, both international and domestic, demand clean wood and failure to comply with the 
customers’ expectations can result in substantial loss in revenues, and potentially loss of markets in a 
competitive, global environment. Bluestain problems vary in intensity by region and over time so the 
financial impact is difficult to reliably estimate. In 1998, a bad stain year, three mills in Alberta estimated 
a collective loss of $15 million due to bluestain. Current value loss for J-grade material is estimated to be 
40-90 US$ per Mfbm (Personal communication with member mills).  
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Stain occur to a large extent because of bark damage and removal during tree harvesting, which leaves 
nutrient rich wood surfaces exposed and unprotected to invasion by wood inhabiting fungi. Bluestain 
fungi are among the first to quickly colonise the sapwood. Also, insects and mites are known to visit 
exposed log surfaces transmitting fungal inocula. Strategies for controlling fungal degradation in 
unseasoned wood, such as keeping wood water-saturated through ponding or sprinking, or kiln drying to 
the moisture content below 18%, have long been established. When ponding or drying is not feasible, an 
antisapstain treatment containing fungicide(s) can be applied to logs and lumber to provide protection 
from wood degrading fungi.  
 
Although our understanding of the distribution, frequency, and biology of stain fungi is improving, there 
remain a number of key knowledge gaps that hinder the development of effective, economical, and 
environmentally acceptable methods of control. With increased emphasis on extracting the maximum 
value from forests, a thorough knowledge of the biology of sapstain fungi is necessary to develop 
protection strategies that maximize downstream value of solid wood products.   
 
 

4 List of Reports included in the Appendices 
Appendix 1: Kühnholz, S., Borden, J.H. and Uzunovic, A. 2001. Secondary ambrosia beetles in 

apparently healthy trees: adaptations, potential causes and suggested research. Integrated pest 
Management Reviews, 6:209-219. 

 
Appendix 2: Alamouti, S., Kim, J-J., Uzunovic, A. and Breuil, C. 2003. Morphological and molecular 

diagnosis of Leptographium spp in Canadian Softwoods. International Research Group on Wood 
Preservation, paper prepared for 34nd Annual Meeting of the International Research Group on 
Wood Preservation. Brisbane, Australia, 18-23 May 2003.  IRG/WP 03-10479. 

 
Appendix 3: Uzunovic, A. 2004. Source and Spread of Bluestain Fungi. Poster prepared for January TAC 

in Vancouver. 
 
Appendix 4: Uzunovic, O’Callahan, D., and Kreber, B. 2004 Mechanical tree harvesters spread fungal 

inoculum onto freshly felled Canadian and New Zealand pine logs. Forest Products Journal, Vol 
54, No. 11, 34 –40.  

 
Appendix 5: Bleiker, K.P. and Uzunovic, A.. 2004. Fast- and slow-growing subalpine fir produce lesions 

of different sizes in response to inoculation with a bluestain fungus associated with Dryocoetes 
confusus (Coleoptera: Scolytidae). Can. J. Bot. 82:735-741 

 
Appendix 6: Chung, W-H, Kim, J-J., Yamaoka, Y., Uzunovic, A., Masuya, H. and Breuil, C. 2004 

Ophiostoma breviusculum sp. Nov (Ophiostomatales, Ascomycetes) is a new species of 
Ophiostoma piceae-complex associated with bark beetles infesting larch in Japan. Submitted to 
Mycologia 

 
Appendix 7: De Guili, V. F., Alamouti, S., Kim, J-J., Lim Y.W., Lee, S., Chung, I., Plattner, A., 

Uzunovic, A. and Breuil, C. 2004. Database of Ophiostomatoid fungi. Presented at NAPPO 
meeting in Vancouver, Oct 18-22. 2004 
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Appendix 8: Uzunovic, A., Lee, S., deGiuli Vallverdu, F., Alamouti, S., Kim, J-J. and Breuil, C. 2004. A 
web-accessible database for ophiostomatoid fungi. Poster presented at CBS centennial 
symposium in Amsterdam 13-14 May, 2004.  

 
Appendix 9: Lee, S. de Giuli Vallverdu, F., Alamouti, S.,  Kim, J-J., Uzunovic, A. and Breuil, C. 2004. 

Database of sapstain fungi affecting lumber, bolts and trees. International Research Group on 
Wood Preservation, paper prepared for 35nd Annual Meeting of the International Research Group 
on Wood Preservation. Ljubljana, Slovenia, 6-10 June 2004. Document No: IRG/WP 04-10534. 
Stockholm, Sweden.  

Appendix 10: Allen, E.A., Carroll, A.L., Humble, L.M., Leal, I., Breuil, C., Uzunovic, A. and Watler, D. 
2004. Phytosanitary risks associated with mountain pine beetle-killed trees. Pages 174-176 in 
T.L. Shore, J.E. Brooks, and J.E. Stone, editors. Mountain Pine Beetle Symposium: Challenges 
and Solutions, October 30-31, 2003, Kelowna, British Columbia, Canada. Natural Resources 
Canada, Canadian Forest Service, Pacific Forestry Centre, Victoria, British Columbia, 
Information Report BC-X-399. 298 p. 

Appendix 11: Kuhnholz, S. 2004. Fungi associated with Trypodendron spp. Chapter 3 in Chemical 
Ecology and Mechanisms of Reproductive isolation in ambrosia beetles. PhD. Simon Fraser 
University, August 2004. 

 
Appendix 12: Uzunovic, A., Rebellato, B. and Siu, D. 2005.  An Insect Fungi Database. Canadian Forest 

Service Report No 33. March 2005.  
 
Appendix 13: Uzunovic, A. and Siu, D. 2005. Stain Fungi in the Air, Snow and on Machinery in a 

Sawmill Processing Mountain Pine Beetle-Affected Wood. Canadian Forest Service Report No 
33. March 2005.  

 
Appendix 14:  Uzunovic, A.. 2004. Managing Pests in Forest Products – Understand the enemy to win the 

battle. Poster presented at CFS’s Forest Pest Management Forum 2004 and Pest Management 
Methods S&T Strategy Workshop  on November 16-19, 2004, Ottawa. 

 
 

5 Recommendations on follow up research 
 

• Determine new insect-fungus relationships and find out how specific or casual they are. Establish 
a possible host range for both the insects and the associated fungi. It is important to look at each 
association spatially (different geographic locations) and in at different times to determine if the 
association is consistent. 

 
• Work on taxonomic delineation of new fungal species using classical and modern tools. 

 
• Establish staining and pathogenic potential of fungal associates. Study growth of fungi in the host 

tissue and their saprophytic survival. Determine how much of the stain occurring on lumber can 
be attributed to the pathogenic species that attack standing trees and if these species can cause 
significant stain on clean green lumber. Assess the importance of fungi associated with ambrosia 
beetles and other saprophytic species in log/lumber staining. 
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• Continue development and updates of the Insect-Fungi Database and the Ophiostomatoid 
database to be used as a practical tool allowing fast access to critical information. 

 
• Monitor work on semiochemicals and incorporate information in the Insect-Fungi Database. 

 
• Study significance of spread of stain through water films, (rain, and water splash). 

 
• Determine which arthropods (includes insects, crustaceans, spiders, scorpions, and centipedes) in 

a particular mill and in a particular time of the year can have major influences on the defacement 
of wood and if these insects can be controlled.  

 
• Compare the importance of pre-infested logs versus freshly introduced stain. 

 



 
Source and spread of bluestain fungi 

 
 

 
 
   

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1 





















 
Source and spread of bluestain fungi 

 
 

 
 
   

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 2 



IRG/WP 03-10479 

 
THE INTERNATIONAL RESEARCH GROUP ON WOOD PRESERVATION 

Section 1                                                                                     Biology 

 

 

 Morphological and Molecular Diagnosis of Leptographium spp. in Canadian 
Softwoods 

 
 

by 
 

S. Alamouti 
1, J.-J. Kim

1
, A. Uzunovic

2
 and C. Breuil

1 
 

1
Department of Wood Science, University of British Columbia, Vancouver, BC, Canada 

2Forintek Canada Corp., Western Laboratory, Vancouver, BC, Canada 

 

 

 

 

 
Paper prepared for the 34th Annual Meeting 

Brisbane, Australia 

18-23 May 2003 

 

 

 
IRG Secretariat 

SE-100 44 Stockholm 

SWEDEN 



Morphological and Molecular Diagnosis of Leptographium spp. in Canadian 
Softwoods 

 

S. Alamouti 
1, Jae-Jin Kim

1
, A. Uzunovic

2
 & C. Breuil

1 

1
University of British Columbia, 2Forintek Canada Corp. 

 
 

ABSTRACT 
Sapstaining fungi that affect commercially important softwood species mainly belong to the genera 

Ceratocystis, Ophiostoma and Leptographium.  Our 1997-1999 fungal surveys confirmed that this is the 
case in Canada.  The work reported here addresses identifying the morphologically plastic Leptographium 
at the species level, which is difficult using conventional methods.  We assessed the morphological and 
physiological characteristic of survey isolates grown on artificial media and wood, and then compared 
them with reference cultures.  The morphological data obtained from isolates grown on wood were less 
variable and, therefore, more conclusive, than those grown on artificial media.  Microscopic observation 
of isolates grown on wood, differentiated them into three known Leptographium groups: aureum, 
clavigerum, and abietinum.  Preliminary DNA sequence data for the ITS2 rDNA and β-tubulin genes 
confirmed the identity of the three species, but also indicated two additional groups.  Ongoing biological 
work and sequencing of other genes will clarify the relationships between these species and discrepancies 
between morphological and molecular data. 
 
 
INTRODUCTION 
 

Freshly cut wood provides suitable niches for wood-inhabiting fungi that cause sapstain (Roff et al., 
1974), which, worldwide, results in extensive losses of wood value due to cosmetic defects and 
phytosanitory issues (Seifert, 1993).  A number of sapstaining fungi, for example Ophiostoma ulmi, 
Leptographium wageneri, and L. procerum, are well known fungal pathogens of conifers (Wagener and 
Mielke, 1961; Harrington, 1988, 1993; Wingfield et al., 1988, 1993), and others might be exotic fungal-
pathogens in non-indigenous environments. Therefore, generating effective responses and controls 
requires reliably identifying fungi. 

 
Most sapstaining fungi in Northern hemisphere belong to three Ophiostomatoid genera:  Ceratocystis, 

Ophiostoma and Leptographium.  Ceratocystis and Ophiostoma are extensively studied because they are 
important forest and crop pathogens.  They have a sexual phase (telemorph) with dark necked perithecia 
and hyaline ascospores produced in asci.  As well, they have an asexual phase that often has several 
anamorphs, including both synnematous (Pesotum) and mononematous (e.g. Sporothrix, Leptographium 
or Thielaviopsis) conidiophores.  The anamorph genus Leptographium is a heterogeneous group that 
includes species affiliated to genus Ophiostoma and to other species that lack or lost the sexual phase 
(Harrington, 1987, 1988; Jooste, 1978; Webber et al., 1996; Wingfield, 1993).  They have dark branching 
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single-hyphal conidiophores supporting slimy masses of hyaline conidia at their apices.  They are 
commonly associated with bark beetles and cause deep stain in softwood species; several are considered 
conifer pathogens (Harrington, 1988; Kendrick, 1962; Lagerberg et al., 1927). 
 

In Canada, the genus Leptographium was frequently isolated during fungal surveys conducted on 
freshly cut softwood logs and lumber between 1997 and 1999 (Uzunovic et al., 1999).  Fourteen 
Leptographium species have been reported in Canada based on morphological differences that include 
conidial morphology, primary branch patterns and conidiophore lengths (Jacobs and Wingfield, 2001).  
However, many characteristics show considerable overlap between species.  Furthermore, the morphology 
and physiology of a species can vary with substrate and age of culture.  In addition, some species lose 
their morphological characteristics through repetitive transfers on artificial media or during storage at 
room temperature or at 4 ºC  (Tsuneda, 1984).  Given this, even with experience, it is difficult to identify 
Leptographium species accurately using conventional methods that are based on existing taxonomic keys.  
 

The work reported here compares different approaches for identifying Leptographium species isolated 
from commercial Canadian softwoods.  Colony morphology on plates, microscopic structure, growth rate 
and staining ability of our isolates grown on artificial media and on wood were compared with reference 
Leptographium species obtained from culture collections.  The isolates were grouped using these 
parameters.  Then, DNA data on the rDNA (ITS2 and partial large subunit) and ß-tubulin genes were 
generated for few isolates of each group.  The morphological, physiological and DNA data were combined 
together to clarify fungal identity at the species level.   

 
 

MATERIAL AND METHODS 
 
Unidentified Leptographium species were isolated from different conifer species through our 1997-

1999 surveys (Table 1).  Forty-two isolates representing 21 species were obtained from culture 
collections.  Isolates had been stored as mycelium plugs from Malt Extract Agar (MEA, Oxoid Ltd.) in 
sterile water at 4 ºC (working stock) and in 10% glycerol at –80 ºC for long-term storage.  Fungal cultures 
were grown on 2% MEA at 20 ºC for 5-10 days.     

Table 1. Mill location across Canada where wood species were sampled to isolate fungi. 

No. Mill location Tree Species 

1 Prince George, British Columbia Lodgepole pine (Pinus contorta), White spruce (Picea glauca) 

2 Okanogan Falls, British Columbia Lodgepole pine, White spruce  

3 Blaimore, Alberta Lodgepole pine, White spruce  

4 Big River, Saskatchewan  Jack pine (Pinus banksiana), White spruce  

5 Princeton,  British Columbia Lodgepole pine 
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Plugs taken from the edge of 5-10 day-old colonies were inoculated on 2% MEA and incubated at 
temperatures between 15 and 32.5 ºC at 2.5 ºC intervals.  Cultures kept at 20 ºC were examined after four 
days and seven days to record the culture morphologies.  The isolates that showed the same growth 
pattern, colony margin, pigmentation and aerial mycelium were grouped together.  For each isolate, a 
growth rate was obtained and calculated as the mean radial increment per day.  This was replicated twice 
at each temperature. 

 
Pine billets, fifty cm in length, were inoculated with two wheat grains that were pre-colonized with 

selected fungal isolates and incubated in a growth chamber at 20°C and 80% RH.  After 2 weeks, the 
billets were cut to measure the longitudinal growth and the sapwood discoloration (Uzunovic et al., 1998).  
To confirm the absence of contamination, fungi inoculated in the billet were re-isolated on 2% MEA and 
observed microscopically. 

 
Microscopic observation was done on fungi grown in 15% lodgepole pine sawdust water agar (PSWA) 

and 2% MEA.  The fungal structures were compared to those described in Leptographium monograph 
(Jacobs and Wingfield, 2001).   

 
To confirm the morphological and physiological results and the preliminary identification, we used 

DNA-based Polymerase chain reaction technique (PCR) to amplify the ITS2 and partial large subunit 
(28S) regions of the rDNA and part of the β-tubulin gene of representative isolates from each group (Table 
2).  To amplify the ITS2 rDNA and part of the large subunit by PCR we used the primer pair ITS3-LR3 
(White et al., 1990).  Fungal DNA extraction and PCRs were performed using the techniques described by 
Kim et al. (1999).  PCR-amplified ITS2 rDNA and β-tubulin genes of each representative isolate were 
analyzed by direct sequencing.  Sequences were aligned, using the Genbank search engine, with type 
specimen sequences for further analysis. 
 
 
RESULTS AND DISCUSSION 
 
MORPHOLOGICAL CHARACTERISTICS 

We observed high variation in the colony characteristics as shown in Figure 1.  Several Canadian 
Leptographium isolates, as well as species from culture collections, seemed “degenerated” and made the 
morphological comparison of unknown and type cultures difficult.  The Canadian isolates were divided 
into 10 groups based on detailed cultural observation.  This grouping was not conclusive and further 
microscopic observation was necessary.  However, the microstructure of many isolates including Group 
A, B and E, grown on artificial media, showed simple anamorphs with non-specific structure (Figure 3).  
When the fungal isolates were grown on wood, their natural substrate, a more characteristic 
Leptographium anamorph was observed.  Following this, we were able to group the isolates in three 
Leptographium species described in the Leptographium monograph by Jacobs and Wingfield (2001).  The 
species showing Leptographium anamorph were: a) O. aureum-like with long conidiogenous apparatus 
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and oblong conidium with truncated base (Group A in Figure 2), b) O. clavigerum-like with long 
conidiogenous apparatus, large oblong or club-shaped septated conidium (Group B in Figure 2), and c) L. 
abietinum with small conidiogenous apparatus and distinctly curved conidium (Group C and D in Figure 
2).  Many isolates produced unusual orange-yellow masses of spores on MEA and were included into a 
separate group (Group E).  This group did not show any stable anamorphs that would permit to resolve 
their identity (Group E in Figure 2 and 3).  
 
PHYSIOLOGICAL CHARACTERISTICS 

Most of the Canadian isolates with an optimum growth temperature at 25 °C did not grow at 32.5 °C.  
However, a few isolates did grow at 32.5 °C so they were included in a separate Group D.  Growth rates 
varied greatly between morphologically similar isolates when they were placed on artificial media.  On 
pine billets, however, growth rates were fairly consistent and in agreement with the morphological data 
(Group A and E in Table 2).  All the Canadian isolates grew vigorously in pine billets and stained the 
sapwood deeply with different stain patterns (Table 2 and Figure 4). 

 

 

 
 
 
 
 
 
 
 

Group A (O. aureum-like)        Group A (O. aureum-like)         Group B (O. clavigerum-like) 
 

 

   

 

 
 
 
 
 
 

Group C (L. abietinum-like)          Group D (Unknown sp.)     Group E (Unknown sp.) 
 
Figure 1. Representative isolates of Canadian Leptographium species categorized based on their 
morphological characteristics.  Colonies grown on 2% MEA for 7 days at 20 ºC. 
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Group A (O. aureum-like)    Group B (O. clavigerum-like) Group C/D (L. abietinum-like) Group E(Unknown sp.) 

Figure 2. Characteristic anamorphs of Leptographium species grown on wood 
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Group A                                 Group B                 Group C/D (L. abietinum-like)              Group E 
 
Figure 3. Non-specific anamorphs of Leptographium species grown on 2% MEA 

 6



Table 2. Growth rate (mm/day) of representative groups of Canadian Leptographium species on 2% MEA 
and lodgepole pine billets*1. 

MEA media  Billet 
Group Species Isolate Host / Location 

@ 25 ºC @ 32.5 ºC  @ 20 ºC 

Pr2-141 Lodgepole pine / B.C.   8.8 0  15.5 
A O. aureum-like 

Pr2-169 Lodgepole pine / B.C. 12.0 0  15.0 

Pr3-18 Lodgepole pine / B.C. 13.4 0  15.2 
B O. clavigerum-like 

Pr3-134 Lodgepole pine / B.C. 12.0 0  15.0 

AU157-144 White spruce / B.C.   6.9 0    6.4 
C L. abietinum-like 

AU181-4 White spruce / Alta.   8.7 0    6.0 

AU157-253 White spruce / B.C.   6.6    2.1     --*2 
D Unknown sp. 

AU157-253b White spruce / B.C.   8.0    2.0  -- 

Pr2-155 Lodgepole pine / B.C. 7.25 0  15.8 
E Unknown sp. 

AU123-113 Jack pine / Sask. 17.0 0  15.9 
*1Measurement with ± 5 % variation.  *2Not tested. 
 
 

  
 
 
 
 
 
 
 
 

A 

E 
B C 

 

Figure 4. Variable stain patterns produced by different Canadian Leptographium species. Group A: O. aureum-like 

(Pr2-141, CMW 714), Group B: O. clavigerum-like (Pr3-18, Pr3-134), Group C: L. abietinum-like (AU157-144), 

and Group E:  Unknown spp. (AU123-113, Pr2 –222). 

 

 7



MOLECULAR CHARACTERISTICS 

Our ability to identify fungi in wood or trees, quickly and accurately, is central to responding to 
phytosanitary issues.  Molecular DNA methods offer great promise for this purpose but their 
developments require adequate taxonomy data on the target organism.  Unfortunately, little data are 
available for many Ophiostomatoid fungi, which are notoriously difficult to classify by traditional 
approaches.  For example, many Ophiostoma species, regrouped in the Leptographium genus, do not 
produce a sexual phase in artificial media and their anamorph characteristics have been poorly defined.  
Comprehensive DNA sequence data are also unavailable for these fungi.  In such cases, it is impossible 
for diagnostic laboratories to identify the fungi using the existing literature.  So, it is imperative to develop 
DNA sequence database that include information on nuclear ribosomal subunits (small subunit, 18S; non-
transcribed spacers, ITS; and large subunit), β-tubulin genes and other functional genes that are linked to 
growth, pathogenicity and pigmentation.   

 
In this work, we PCR-amplified the ITS2 and partial 28S rDNA and β-tubulin genes of representative 

isolates and type specimens.  The PCR products were sequenced and analyzed.  Aligning the rDNA and β-
tubulin sequences in DNA databases showed that our isolates had the highest sequence identity with O. 
aureum (Group A), O. clavigerum (Group B) and L. abietinum (Group C) and high similarity with O. 
huntii (Group D) and L. terebrantis (Group E in Table 3).  This strongly supported our preliminary 
morphological grouping for O. aureum, O. clavigerum and L. abietinum.  In addition, the results indicated 
that Group D was related to O. huntii while Group E was related to L. terebrantis (Table 3).  DNA 
analysis also defined the relationship within Canadian Leptographium species, suggesting that many 
isolates were closely related (Table 4). Further DNA analysis, which is now in progress, should clarify the 
evolutionary relationships between Leptographium species and other Ophiostomatoid fungi. 

 
Table 3. Final identification of representative groups of Canadian Leptographium species by sequencing rDNA and  

β-tubulin genes. 

Group Isolate 
Preliminary 

identification 
Type culture  

Sequence 
identity (%) 

Final 
identification 

A 
Pr2-141 
Pr2-169 

O. aureum 
O. aureum 

O. aureum (ATCC 16936) 
  99 
  99 

O. aureum 

B 
Pr3-18 
Pr3-134 

O. clavigerum 
O. clavigerum 

O. clavigerum (ATCC 18086) 
  99 
  99 

O. clavigerum 

C 
AU157-144 
AU181-4 

L. abietinum 
L. abietinum 

L. abietinum (CMW 276) 
100 
100 

L. abietinum 

D 
AU157-253 
AU157-253b 

Unknown sp. 
Unknown sp. 

O. huntii (CMW 185) 
  98 
  98 

O. huntii 

E 
Pr2-155 
AU123-113 

Unknown sp. 
Unknown sp. 

L. terebrantis (UAMH 9722) 
  98 
  98 

L. terebrantis 
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Table 4. Sequence identity between representative Leptographium species. 

 A B C D E F G H K L 

A ---          

B 100 ---         

C 99.57 99.57 ---        

D 99.57 99.57 99.71 ---       

E 99.56 99.56 99.42 99.42 ---      

F 99.56 99.56 99.42 99.42 98.71 ---     

G 91.93 91.93 91.93 91.78 91.78 91.78 ---    

H 91.93 91.93 91.93 91.78 91.78 91.78 100 ---   

K 92.27 92.27 92.27 92.10 92.27 92.10 98.80 98.80 ---  

L 91.75 91.75 91.75 91.60 91.60 91.60 97.46 97.46 98.32 --- 

Lanes:  A, O. aureum (ATCC 16936); B, O. aureum-like (Pr2-141); C, O. clavigerum (ATCC 18086); D, O. 
clavigerum-like (Pr3-18); E, L. terebrantis (UAMH 9722); F, Unknown group E (Au123-113); G, L. abietinum 
(CMW 276); H, L. abietinum-like (AU157-144); K, O. huntii (CMW 185); and L, Unknown group D (AU157-253). 
 
 
CONCLUSION 
 

This work demonstrated the limitations of anamorph-based taxonomic keys. In traditional 
identification, the high morphological similarity and plasticity in Leptographium species can be 
misleading, particularly for isolates grown on artificial media.  When the fungi were grown on wood, their 
natural substrate, most of the species regained their original morphological characteristics, and these 
provided more conclusive data for identification. Furthermore, closely related species could be 
differentiated using DNA data, confirming the utility of DNA-based techniques in fungal identification.   
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Mechanical tree havesters spread
fungal inoculum onto freshly felled

Canadian and New Zealand pine logs

Adnan Uzunovic
Diahanna O’Callahan

Bernhard Kreber✳

anada and New Zealand are large
exporters of softwoods such as Douglas-
fir, lodgepole pine, radiata pine, spruces,
and western hemlock to global markets
(Ministry of Agriculture and Forestry,
2002; COFI 2000). Common to these
commercially important Canadian and
New Zealand softwood species is that
their unseasoned sapwood is highly sus-
ceptible to fungal infections following
tree felling. This is to a large extent be-
cause bark damage and removal occurs
during tree harvesting, leaving nutri-
ent-rich wood surfaces exposed and un-
protected to invasion by wood-inhabiting
fungi (Butcher 1968, Wakeling 1997,

Uzunovic et al. 1998,1999b). Also, in-
sects and mites are known to visit
exposed log surfaces, transmitting fun-
gal inocula (Leach et al. 1934, Dowding
1984, Powell et al. 1995). Under suitable
temperature and moisture conditions,

fungi rapidly colonize and penetrate un-
seasoned sapwood, resulting in degrade
during downstream processing. Buyers
of softwoods, however, demand clean
wood and failure to comply with the cus-
tomers’ expectations can result in sub-
stantial loss in revenues and potential
loss of markets in a competitive, global
environment.

Principles for controlling fungal de-
grade in unseasoned wood have long
been established, namely keeping wood
water saturated through ponding or
sprinkling, or fast processing from
green to kiln-dried wood and maintain-
ing the moisture content below 18 per-
cent (Scheffer and Lindgren 1940,
Clifton 1978, Zabel and Morrell 1992,
Wakeling et al. 1998). When ponding or
drying is not feasible, an antisapstain
treatment containing fungicide(s) can be
applied to logs and lumber to provide
protection from wood-degrading fungi
(Byrne 1991, Wakeling 1997). Physical
methods of retaining the moisture in the

34 NOVEMBER  2004

The authors are, respectively, Mycologist, Forintek Canada Corp., 2665 East Mall, Van-
couver, BC, Canada V6T 1W5; Scientist and Senior Scientist, Ensis - a joint venture of CSIRO
and Forest Research Australasia, Private Bag 3020, Rotorua, New Zealand. Forintek Canada
Corp. would like to thank its industry members, Natural Resources Canada, and the Provinces
of British Columbia, Alberta, Quebec, Nova Scotia, New Brunswick, Saskatchewan, and
Newfoundland-Labrador, for their guidance and financial support for this research. We also
thank Tony Byrne for critically reviewing the manuscript. This paper was received for publi-
cation in March 2003. Article No. 9646.
✳Forest Products Society Member.
©Forest Products Society 2004.

Forest Prod. J. 54(11):34-40.

Abstract
Mechanical tree harvesters damage the exterior of freshly felled logs, loosening and

removing bark, and producing punctures and indentations up to several centimeters
deep. Damaged logs are susceptible to invasion by a plethora of wood-inhabiting fungi.
In this study, we investigated the role of tree harvesters in disseminating fungi, particu-
larly wood-discoloring fungi, or inoculating Canadian lodgepole pine and New Zea-
land radiata pine logs. In the study reported here, wood-decaying fungi, staining fungi,
and moulds were isolated from a harvester head and the bark of standing lodgepole pine
trees. This microflora may be translocated into the sub-surface regions of logs during
the harvesting process. In Canada, Aureobasidium pullulans was the most frequently
isolated staining fungus followed by Ophiostoma minus and Leptographium spp. All
were isolated from stained areas associated with damage sites. Sphaeropsis sapinea
was the most prominent species in New Zealand. Tree harvesters clearly play a role in
the dissemination of wood-degrading fungi into freshly felled conifer logs.



log have also been used experimentally
(Wakeling et al. 1998).

Research in Canada and New Zealand
has recently identified the dominant
fungal species that colonise freshly
felled conifer logs using classical taxon-
omy and molecular techniques (Farrell
et al. 1998, Uzunovic et al. 1999c, Yang
and Beauregard 2000). We now better
understand the diversity and frequency
of stain fungi associated with fresh sap-
wood and their different biology
(Uzunovic and Webber 1998, Farrell
1999). With increased emphasis on ex-
tracting maximum value from forests, a
thorough knowledge of the biology of
sapstain fungi is potentially an impor-
tant step in developing effective and en-
vironmentally acceptable protection
strategies that maximize the down-
stream value of solid wood products.

A key knowledge gap is the exact
source of fungal inoculum and the sig-
nificance of the different ways of dis-
semination. Insects, for example bark
beetles, and mites, are well known vec-
tors of staining fungi, although the sig-
nificance of different species as vectors
is not well understood (Suckling et al.
1999). Water splash has also been re-
ported to trigger dissemination of fungi
(Dowding 1969). Additionally, we have
an incomplete understanding of the ex-
tent of stain inocula that is already on the
tree, especially the bark, or in forest lit-

ter, including how and if these fungal
inocula get into fresh sapwood. A possi-
bility is that mechanical harvesters tran-
smit fungi during tree felling (Jakobsson
1976).

Mechanical harvesters have become
the preferred method for felling and de-
limbing of trees where terrain allows
(Uzunovic et al. 1999b). For example, in
New Zealand approximately 30 percent
of the total volume of radiata pine is
harvested mechanically (Parker 2002).
Mechanized tree harvesters, however,
can cause extensive damage to the sur-
face of logs, including loosening and re-
moval of bark (Lee and Gibbs 1996,
Wakeling 1997), compared to manual
chainsaw felling. Uzunovic et al. (1998)
have demonstrated lower incidence of
sapstain on felled logs containing un-
damaged bark. In addition to bark dam-
age, mechanized harvesters can produce
sapwood indentations up to several cen-
timeters deep due to their feed rollers
(Jakobsson 1976, Wakeling 1997).
Uzunovic et al. (1999b) reported that
mechanically harvested Scots pine (Pin-
us sylvestris L.) is more susceptible to
fungal attack than pines manually felled
with a chainsaw, and that extensive
bluestain can develop around the whole
log circumference starting from the
damage site. These researchers, how-
ever, did not determine the exact mecha-
nism for increased susceptibility to

sapstain in mechanically harvested
Scots pine. We hypothesized that fungi,
driven into the wood by the thumbnail or
spiked rollers of mechanized harvesters,
play a role in causing degrade during
downstream processing of softwoods. In
this paper we report on joint research by
Forintek Canada Corp. and Forest Re-
search to determine the role of mechani-
cal tree harvesters on the dissemination
of fungal inoculum into Canadian and
New Zealand conifer logs.

Materials and methods

Wood species
and tree harvesters

In Canada, we sampled lodgepole
pine (Pinus contorta var. latifolia), the
most commonly harvested conifer in
Western Canada, a species that is highly
susceptible to stain development. Trees
were felled in 60- to 80-year-old stands
in Alberta, and processed by a Timber
Jack harvester equipped with rubber
rollers with chains or by a Limmit
delimber equipped with modif ied
spiked rollers (Fig. 1). In New Zealand,
12- to 15- year-old radiata pine (Pinus
radiata D. Don) from Kaingaroa Forest
in the Central North Island was used.
Felling of radiata pine was performed
using single grip harvesters equipped
with thumbnail rollers, bar rollers, or
spike rollers.

Sampling for fungi
The Canadian survey was performed

in summer (July) 2001 when fresh logs
are most susceptible to stain. The four-
season New Zealand survey was under-
taken in February (summer), May (au-
tumn), August (winter), and October
(spring) of 2001. At each sampling, sev-
eral 0.5- to 1-m-long log billets were cut
from freshly harvested trees without al-
lowing them to touch the ground during
harvesting. The samples were individu-
ally sealed in plastic bags, and then
transported back to our laboratories. At
the laboratory, one 30-cm-long section
(labeled A) was cut off each log billet.
Cut ends of all A sections of lodgepole
pine were sealed with bitumen to pre-
vent moisture loss. The A sections were
wrapped in brown Kraft paper and
placed in a growth chamber or in plastic
containers with the lid loosened to allow
air movement. After 4 weeks of incuba-
tion, each section was crosscut into sev-
eral disks. These were visually exam-
ined for development of discoloration
and then fungal isolations were at-
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Figure 1. — Chain rollers (top left) and spiked rollers modified with welded strips (top

right) on mechanized tree harvesters and typical patters of log surface damage (bot-

tom) resulting from their use.



tempted to determine which fungi were
associated with stained sapwood.

The remainder of each log billet
(hereafter referred to as B section) was
more extensively sampled (Fig. 2) using
a sterile scalpel from:

• Outer bark, concentrating on regions
of bark that were crushed by the har-
vester (Ba);

• Underneath the crushed bark, includ-
ing the phloem around wounds (where
the color had changed from light green
to light brown) and outer surface of sap-
wood (Bb);

• From within the harvester indenta-
tions (Bc).

In the Canadian research, fungal iso-
lations were also made directly from
harvester head chains and spikes by
pressing agar plates against these parts
and bark of 11 standing trees was also
sampled. One 20 by 20 cm square of
bark was carefully stripped off each
standing tree at breast height, individu-
ally wrapped in a bag and brought back
to the laboratory. Each square was sam-
pled at 16 equidistant sites and bark
splinters cultured on Petri dishes con-
taining two different nutrient media. We
also sampled pine cones by pressing the
surface of 10 cones against nutrient me-
dia. Isolation attempts were similarly

made from splinters of twigs and nee-
dles of several trees. After inoculation,
Petri dishes produced multiple colonies
and the fungi were assessed under the
microscope or subcultured for identifi-
cation. In the autumn, winter, and spring
trials in New Zealand, eight swabs were
taken from knives, feed rollers, and the
saw of the harvester to collect fungi and
these swabs were immediately placed on
agar plates.

Media and culturing
of fungal isolates

Two types of nutrient media were
used in parallel for culturing from sam-
ples: 2 percent malt extract agar (MEA)
augmented with 250 µg/mL streptomy-
cin sulphate (SMEA) and 2 percent
MEA augmented with 250 µg/mL strep-
tomycin sulphate and 100 µg/mL cyc-
loheximide (SCMEA). Streptomycin re-
duces bacterial growth whereas cyclo-
heximide-augmented media selects for
members of the order Ophiostomatales
where most stain fungi are placed (Har-
rington 1981). The bluestain genera
Aureobasidium, Ceratocystis, and
Sphaeropsis are not tolerant to cyclo-
heximide and are therefore unable to
grow on the SCMEA. Petri dishes were
incubated at ambient room temperature,
frequently examined for fungal growth,
and different colonies were subcultured

before they became overgrown by other
fungi. In the Canadian study, fungi were
divided into the following groups:
Aureobasidium pullulans-like, Ophio-
stoma minus-like, Cladosporium/Peni-
cillium-like, and other fungi. In New
Zealand, purified fungal isolates were
grouped into decay fungi, mould, and
staining fungi based on their morphol-
ogy on MEA media. Some of the stain-
ing fungi were later identified to spe-
cies.

Results

Canadian survey
Fungi were commonly isolated from

the surface and subsurface of harvester-
damaged logs, the bark of standing
trees, cones and twigs, and from har-
vester heads (Fig. 3). The number of
fungal colonies cultured from harvester
heads was small (0 to12) compared to
the number of colonies from a single
cone (16 to 47). The fungi cultured from
harvester heads were mould genera in-
cluding Penicillium, Mucor and Clado-
sporium but some bacteria and several
Ophiostoma minus isolates were also
recovered.

The total of 176 isolation attempts
taken from 11 bark squares yielded 509
Aureobasidium-like strains. Further,
488 Penicillium/Cladosporium strains
were recovered from cycloheximide and
407 from cycloheximide-free Petri dish
cultures. There were also 220 and 321
other fungi from both types of plates,
some identified as species of Botrytis,
Alternaria, Mucor, and Trichoderma.
There was only one O. minus isolate.

In the log sampling, the prevailing
fungi were A. pullulans followed by
Cladosporium/Penicillium spp. and O.
minus. Table 1 shows the frequency of
different fungi isolated from B sections
of four different lodgepole pine billets in
July 2001. In our study, individual wood
chips sometimes yielded several species
of fungi and/or different strains of the
same species (especially for A. pullu-
lans), and all these strains were enumer-
ated to indicate the potential inoculum
for different fungal groups (see agar
plate in Fig 3).

A summary of the isolates found in
Ba/Bb/Bc sample areas of all four
lodgepole pine billets is presented in
Table 2 as the amount of viable strains
of each fungal group that were isolated
followed by the total number of plated
samples in parentheses. For the A.
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Figure 2. — Sampling of surface and subsurface regions from a representative B

section.

Figure 3. — Fungal colonies grown from wood chips taken from within indentations

(left) and stain development on wood discs from section Aafter 4 weeks of incubation.



pullulans group, we have taken into con-
sideration only plates without cyclohex-
imide as this fungal group cannot grow
on media augmented with cyclohexim-
ide. Other fungi, for example Penicil-
lium and Ophiostoma spp., can initiate
growth or grow in the presence of cy-

cloheximide, therefore the total number
of viable isolations represents both types
of plates.

Most isolates of A. pullulans were
from the outer bark (68 isolates out of 39
plated chips) often yielding several
strains per isolation attempt. This dem-

onstrated a large inoculum potential for
A. pullulans. Cladosporium spp., Peni-
cillium spp. and other fungi were also
frequently found in areas of crushed
bark or from within indentations where
bark had been pushed into the sapwood
by harvester rollers. O. minus was most
commonly isolated from within indenta-
tions.

After 4 weeks of incubation of A
sections, an average 14 percent of sap-
wood was stained, ranging from 5 to
22.5 percent of the cross section (Fig 3).
The fungi predominating in the stained
areas of A sections of three billets were
O. minus and Leptographium spp. while
A. pullulans was infrequently isolated
(Table 3). Billet 4 was contaminated
with moulds, predominantly Tricho-
derma spp., and from 34 isolation at-
tempts 29 strains of Trichoderma spp., 1
Mucor spp., and 3 Leptographium spp.
were recovered.

New Zealand survey
The diversity of fungal groups iso-

lated from mechanically harvested
radiata pine is summarized in Figure 4.
Generally, decay fungi, mould, and
staining fungi were isolated from all
sampled regions of logs billets (a to c)
showing harvester damage irrespective
of the season of the year. Also, an
inoculum potential gradient was noted
from crushed bark regions, where the
number of isolations was highest, to the
bottom of indentations where the num-
ber was lowest (Table 4). Nonetheless,
more than 10 percent of all fungi iso-
lated came from within indentations of
log billets.

Among the staining fungi identified
in all four seasons, S. sapinea was most
frequently isolated from crushed bark
regions (Ba) but also from phloem/outer
sapwood and indentations. We also iso-
lated A. pullulans in all seasons except
summer. A. pullulans was mainly iso-
lated from phloem/sapwood regions
(Bb) but not from crushed bark (Ba).
Among the decay fungi isolated, Phle-
biopsis gigantea was tentatively identi-
fied based on its growth morphology on
MEA. Trichoderma was the dominant
mould genus isolated from the three ar-
eas sampled (Ba-Bc) and was found in
logs felled in winter and spring but not
in summer and autumn.

Swabs taken from various parts of
mechanised harvesters at three different
seasons yielded decay fungi, moulds,
and staining fungi (Table 5). Pigmented
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Table 2. — Relative frequency of fungal groups isolated from different sample areas of
four Pinus contorta log billets.

Sample area

Number of fungal isolates

A. pullulans O. minus
Cladosporium/

Penicillium Other fungi

Bark (Ba) 68 (39)a 8 (78) 47 (78) 45 (78)

Phloem (Bb) 13 (36) 5 (72) 2 (72) 8 (72)

Indentations (Bc) 102 (252) 99 (504) 71 (504) 148 (504)
aValues in parentheses are the total number of isolation attempts.

Table 1. — Frequency of Aureobasidium pullulans, Ophiostoma minus, and Clado-
sporium/Penicillum isolated from areas of four Pinus contorta log billets showing har-
vester damage.

Sample area
Growth
media

Wood/bark
chips plated

Number of fungal isolates

A. pullulans O. minus
Cladosporim/
Penicillium Other fungi

Billet 1 (Ba) SCMEAa 12 0 6 18 5

SMEAb 12 21 2 19 8

Billet 1 (Bb) SCMEA 9 0 1 0 0

SMEA 9 11 4 0 0

Billet 1 (Bc) SCMEA 57 0 23 16 26

SMEA 57 52 6 16 30

Billet 2 (Ba) SCMEA 6 0 0 1 4

SMEA 6 13 0 1 6

Billet 2 (Bb) SCMEA N/A N/A N/A N/A N/A

SMEA N/A N/A N/A N/A N/A

Billet 2 (Bc) SCMEA 66 0 13 5 11

SMEA 66 20 4 16 28

Billet 3 (Ba) SCMEA 21 0 0 3 4

SMEA 21 34 0 5 18

Billet 3 (Bb) SCMEA 27 0 0 2 0

SMEA 27 2 0 0 8

Billet 3 (Bc) SCMEA 60 0 10 2 2

SMEA 60 9 8 3 22

Billet 4c (Bc) SCMEA 69 0 22 8 6

SMEA 69 21 13 5 23
aTwo percent malt extract agar augmented with streptomycin and cycloheximide.
bTwo percent malt extract agar augmented with streptomycin only.
cBillet 4 did not have any bark and sampling was done only from within indentations.

Table 3. — Number of fungi isolated from discs cut from three billets (A sections) after
4 weeks of incubation.

Sample area

Number of
wood/bark

chips cultured

Number of fungal isolates

A. pullulans O. minus Leptographium spp. O. piceae

Billet 1 (A) 76 3 62 4 0

Billet 2 (A) 46 3 21 22 0

Billet 3 (A) 36 2 12 1 1



fungi identified from swabs were A. pul-
lulans and S. sapinea, and P. gigantea
was one wood decay fungus tentatively
identified.

After a 4-week-long incubation of A
sections, extensive growth of mould
(Trichoderma spp. and/or Penicillium
spp.) was observed on the outside of the
wood. Crosscutting of these A sections
into disks revealed various degrees of
penetrating sapstain. However, attempts
to isolate stain fungi from chips taken
from discolored wood areas proved

unsuccessful as they largely yielded
moulds.

Discussion

A plethora of fungal inoculum is
likely to be found in the forest, air, soil,
and forest debris, on trees, insects, and
other living organisms. Stain inoculum
is a fraction of this general inoculum
source. The results of the present re-
search showed a large inoculum poten-
tial, including known staining fungi,
present on the bark and slash of pine

trees and this inoculum can be intro-
duced directly into the wood during
harvesting.

The New Zealand survey showed that
S. sapinea was present in large quantity
in the forest. S. sapinea is a cosmopoli-
tan plant pathogen causing considerable
damage to conifers, including many
pine species, throughout the world, pro-
ducing crown wilt, shoot blight, and
cankers, in nurseries and ornamental
and forest stands (Chou 1984, Swart and
Wingfield 1991, Celimene et al. 2001).
A recent survey showed that S. sapinea
is the dominant staining fungus ob-
served in New Zealand radiata pine
plantations (Farrell et al. 1998, Thwaites
and Farrell 1999). This fungus fruits
prolifically on radiata pine slash and
cones, producing large numbers of asex-
ual spores that are believed to be dis-
persed by rain splash throughout the
year (Chou 1984). A dark discoloration
can sometimes develop in the sapwood
of standing trees following invasion by
S. sapinea, for example through branch
stubs (Chou 1984). S. sapinea is an eco-
nomically important staining fungus
found colonizing unseasoned radiata
pine logs (Birch 1936, Butcher 1966,
Keirle 1980, Drysdale et al. 1986). Any
disturbance of the natural bark protec-
tion opens up pathways for S. sapinea to
penetrate into fresh wood. The present
work has clearly shown that S. sapinea is
easily introduced into the sapwood dur-
ing mechanized harvesting via spores
and/or mycelial fragments that are
pushed deep into nutrient-rich regions
of radiata pine logs. The prevalence of S.
sapinea in radiata pine is not only due to
its vigorous growth rate, but also be-
cause of its tolerance of high wood mois-
ture levels and residual host defense
mechanisms. Therefore, it often out-
grows competing fungi in the early stages
of wood colonization. In this survey other
Ophiostomatoid fungi were infrequently
encountered, indicating that these fungi
are less able to compete with S. sapinea
during the early stages of fungal invasion
of freshly felled radiata pine.

Further, the New Zealand survey sug-
gested that decay fungi are common in
freshly felled radiata pine logs and also
on the mechanized harvesters, for exam-
ple the harvester head. A decay fungus
commonly isolated from radiata pine
logs and timber is P. gigantea, which has
been shown to invade untreated sap-
wood within the first 3 to 4 weeks of
seasoning (Butcher 1966). Other work
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Table 4. — Number of isolates of several fungal groups isolated from different regions
of two sections showing log surface damage caused by mechanized harvesters.

Season Sample area Stain Decay Mould Unknown
Total fungi

isolated

Summer Ba 14 38 10 9 71

Bb 5 17 6 3 31

Bc 3 20 2 4 29

Total 22 75 18 16 131

Autumn Ba 2 40 29 22 93

Bb 2 15 5 16 38

Bc 0 12 0 13 25

Total 4 67 34 51 156

Winter Ba 8 64 48 12 132

Bb 0 16 19 4 39

Bc 1 29 7 15 52

Total 9 109 74 31 223

Spring Ba 8 41 51 4 104

Bb 1 11 18 6 36

Bc 3 30 30 15 78

Total 12 82 99 25 218

Figure 4. — Diversity of fungal groups isolated over four seasons from mechanically

harvested radiata pine logs.



on Australian radiata pine showed that P.
gigantea was present at least 50 mm be-
neath the surface of logs with bark pres-
ent, while it was isolated from the core
of other debarked logs after 6 weeks of
storage in the forest (Keirle 1980). In the
present study, P. gigantea was tentatively
identified to occur on surfaces of logs
and mechanized harvesters but this ob-
servation warrants further research.

A similar survey on occurrence of
bluestain fungi at harvesting sites in
Canada has not been executed previ-
ously. Our survey, described in this pa-
per, has shown that A. pullulans is fre-
quently encountered in large numbers
on different substrates, including bark of
trees, cones, twigs, and branches. This
fungus is known to occur commonly in
soil, plant material, wood chips, pulp, on
paints and plastics (Wang and Zabel
1990). A. pullulans appears to have a
similar distribution on Canadian lodge-
pole pine to that of S. sapinea on New
Zealand radiata pine. However, while A.
pullulans is introduced into the log dur-
ing harvesting, the results from 4-
week-old discs (A sections) showed that
A. pullulans was not the major species
causing stain. This is not surprising be-
cause A. pullulans is slower growing and
is not reported to cause deep bluestain in
fresh logs but produces superficial dis-
coloration on paints, plywood, and wood
in service (Käärik 1980). Other fungi,
for example O. minus and genera of
Leptographium and Ceratocystis, are the
most commonly reported to cause deep
bluestain in Canadian logs (Uzunovic et
al. 1999c). We have often encountered
O. minus inoculum on bark and phloem
and have isolated O. minus from blue-
stained areas. Leptographium spp. was
also found but less frequently than O.
minus. Ceratocystis spp. were not en-
countered in this study and their occur-
rence and inoculum source in the forest
sites still remains unclear. Ceratocystis
spp. are generally difficult to isolate into
pure culture probably because of exten-
sive competition by other fast-growing
moulds on Petri dishes and due to a lack

of selective media favoring these spe-
cies.

This work has shown that fungal inoc-
ulation can occur in the very early stages
of tree harvesting, and depending on the
susceptibility of substrate, micro- and
macro-environmental conditions and
type of inoculum present, different spe-
cies will colonize exposed wood. Blue-
stain fungi are known as primary colo-
nizers of unseasoned wood and are
tolerant to the residual defense mecha-
nisms of the host. Thus, they often grow
preferentially into green wood while
most moulds are often found on the ex-
posed wood surface. Bluestain fungi
that are introduced into, or below the
surface of, logs by mechanical tree har-
vesters can get a head start over other
competing organisms. This is clearly the
case with S. sapinea in New Zealand
and O. minus in Canada. However, other
bluestain fungi will subsequently be
transmitted to freshly felled logs via in-
sects with varying abilities to compete
with established fungi. Because S. sapi-
nea inoculum is omnipresent in New
Zealand and also fast growing, under fa-
vorable temperature and humidity con-
ditions, it usually is the dominant deep-
bluestain fungus found in radiata pine
logs. In contrast, O. minus is slower
growing, especially compared to some
Leptographium or Ceratocystis species
that might be introduced later, thus O.
minus might not be the predominant
bluestain fungus in bluestained Cana-
dian logs (Uzunovic and Webber 1998,
Uzunovic et al 1999c).

Mechanized harvesters and delim-
bers, which increase forest worker
safety and reduce harvesting unit cost,
will continue to increase in popularity
despite increased bark/wood damage
and increased susceptibility to bluestain.
Some Canadian logging companies,
however, have switched from metal
spiked rollers to rubber feed rollers to
reduce fiber damage. Although rubber
feed rollers reduce log surface damage,
some bark and wood damage is inevita-
ble using mechanized harvesters, espe-
cially in the spring and summer when

cambial activity is high and bark readily
peels off the log. Other activities that
also cause bark damage, e.g. chain-
sawing, forwarding, skidding etc., may
also be important in introducing fungal
inoculum. We did not do any experimen-
tal work to study these.

Since staining of logs is linked to en-
vironmental conditions, it is important
to manipulate or treat logs as soon as
possible, especially during periods when
the staining hazard is high. Clearly, in
Canada, there appears to be more room
for log manipulation because the stain-
ing fungi encountered in this study are
less aggressive bluestain fungi than S.
sapinea in New Zealand. Also, New
Zealand’s year-round mild climate
means the hazard of fungal stain devel-
opment generally is higher than in Can-
ada. Additionally, fast-grown radiata
pine has a relatively large sapwood band
so more of the total stem is susceptible
to bluestain. Recent approaches using
albino bluestain fungi, sprayed on logs
immediately after felling, showed poten-
tial to control bluestain development
(Farrell et al. 1998, Uzunovic et al.
1999a). If albino fungi are applied in an
appropriate dose and are aggressive
enough to quickly colonize the sub-
strate, they can directly compete with
harvester-inoculated fungi, keeping the
wood stain-free. In New Zealand, export
logs are commonly treated with anti-
sapstain products, a trend expected to
continue in the foreseeable future.
Clearly, minimizing delay between tree
felling and antisapstain treatment of logs
is critical for keeping wood clean during
subsequent storage and transport (Eden
et al. 1997). In New Zealand, anti-
sapstain technology is available to con-
trol fungal stain providing the treatment
is applied within 3 to 4 days of tree fell-
ing (Kreber et al. 2001). However, with
future tree harvest coming increasingly
from hilly and inaccessible regions of
New Zealand, the challenge lies in de-
veloping protection systems that can ar-
rest deep-seated fungal infections in
logs stored for 2 to 3 weeks prior to
antisapstain treatment.

Conclusion
This work has demonstrated that dam-

aged freshly felled logs are susceptible
to invasion by a number of different
wood inhabiting fungi and mechanized
tree harvesters are actively involved in
disseminating fungal inoculum during
harvesting process. Fungal inoculum
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Table 5. — Number of isolates of different fungal groups yielded from swabs taken
from different parts of mechanised tree harvesters.

Season Decay Mould Stain Others Total

Autumn 6 1 3 5 15

Winter 9 4 2 3 18

Spring 9 2 1 11 23



has been found on pine trees slash and
bark and was isolated directly from har-
vester heads and included mold, stain
and decay fungi. Stain fungi are most
likely to colonize deeply in the fresh
substrate as they are tolerant to high
moisture content and residual host de-
fense mechanisms in the pine trees. It is
thus challenging to control stain as their
colonization has to be prevented within
a few days after felling. Since delays be-
tween logging and subsequent antisap-
stain treatments are often unavoidable,
new protection systems are required to
arrest deep seated fungal infections, and
that poses a major challenge.
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Abstract   

A new species of Ophiostoma piceae-complex that we isolated from bark beetles and the insect galleries 

infesting Larix kaempferi in Japan is described here, Ophiostoma breviusculum.  This fungus was 

morphologically similar to O. piceae and O. quercus . However, the average lengths of perithecial necks 

and synnemata of O. breviusculum were shorter than O. piceae and O. quercus. Ophiostoma breviusculum 

also differed from the other species of the Ophiostoma piceae-complex recorded from conifers by its 

morphological characteristics of synnemata. The mating tests demonstrated that this fungus did not mate 

with O. floccosum, O. piceae and O. quercus. This fungus occurred into the same clade as O. canum, O. 

piceae and O. subalpinum when the rDNA ITS region sequences were used, while it was placed into a 

different clade from O. canum, O. piceae and O. subalpinum when the β-tubulin gene sequences were 

analyzed. 

 

Key words  Bark beetle · New species · Larix · Ophiostoma · Pesotum  

 

INTRODUCTION 

 

Species of the Ophiostoma piceae complex are characterized by black perithecia with slender necks having 

ostiolar hyphae at the tip, orange section-shaped or reniform ascospores, and synnematous anamorph 

referred as Pesotum sensu Crane and Schoknecht (1973) which possesses Sporothrix synanamorph.  O. 

piceae (Münch) H. & P. Sydow was first described as a coniferous sap-staining fungus by Münch (1907), 

while O. quercus (Georgévitch) Nannf. was described as a new species from oak by Georgévitch (1926).  

Because of the morphological similarity of the two species, Hunt (1956) treated O. quercus as a synonym 

of O. piceae.  This taxonomic placement was accepted in the literature reported in 1968 (Griffin) and 1974 

(Olchowecki and Reid), later in 1981, Upadhyay expanded the species concept of O. piceae and treated a 

number of species as synonyms of O. piceae.  In 1993, Brasier and Kirk found two intersterile mating 

groups within O. piceae: one commonly isolated from hardwood (OPH) and the other from conifers (OPC).  

They suggested that the two groups were biologically separated species and considered OPH as probably 

represents O. quercus and OPC as the original O. piceae.  Then in 1994, Halmschlager et al. supported 
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theses findings by re-examining the morphological characteristics and the synnemata sizes of the two 

species and complementing the information with DNA analysis (RAPD).  

   In 2001, Harrington et al. re-examined species belonging to the O. piceae complex.  They recognized 

nine species based on morphology, culture characteristics, mating reactions and sequence of internal 

transcribed spacer (ITS) region of the rDNA operon.  They were O. canum (Münch) H. & P. Sydow, O. 

catonianum (Goid.) Goid., O. floccosum Mathiesen, O. himal-ulmi Brasier & M. D. Mehrota, O. novo-ulmi 

Brasier, O. piceae, O. quercus, O. setosum Uzunovic, Seifert, Kim & Breuil and O. ulmi (Buisman) Nannf.  

Among them, O. setosum has been commonly associated with exposed sapwood of Tsuga heterophylla 

(Raf.) Sarg (Uzunovic et al., 2000).  O. canum, O. floccosum, O. piceae, O. quercus, O. setosum and O. 

subalpinum have been isolated from conifers, while the others have been found in hardwood species. 

In Japan, O. piceae was first recognized as a fungus associated with blue stain of spruce wood by 

Tochinai & Sakamoto (1934).  Nisikado and Yamauti (1935) showed that this fungus was found on wood 

of different conifers as well as on hardwoods.  Since then, O. piceae has been considered as a sapstaining 

fungus of both conifers and hardwoods (Ito, 1973; Ohtani, 1988).  De Beer et al. (2003), however, 

demonstrated that both O. piceae and O. quercus sensu Harrington et al. (2001) inhabit Japan by using 

mating compatibility and rDNA sequencing.  O. floccosum (Aoshima, 1965) and O. canum (Masuya et al., 

1999) have been isolated from conifers attacked by bark beetles.  Two other Japanese species, O. 

subalpinum Ohtaka & Masuya (Ohtaka et al., 2002a) and O. ssiori Masuya, Kubono & Ichihara (Masuya, 

Kubono & Ichihara, 2003) have been included in the O. piceae complex that now contain eleven species.   

During the survey of Ophiostoma species associated with bark beetles infesting Japanese larch [Larix 

kaempferi (Lamb.) Carr.] in Japan, we found one undescribed species within Ophiostoma piceae complex. 

In the present paper, we describe it as a new species.  

 

 

MATERIALS AND METHODS  

Morphological and cultural studies 

The fungus was isolated from the bark beetles Dryocoetes baikalicus Reitter and Ips cembrae Heer 

invading Larix kaempferi (Lamb.) Carr. logs, collected in Yumihari Pass, Nikko, Tochigi Prefecture （1450 

m above sea level） and in the Experimental Forests in Yatsugatake, Agricultural and Forestry Research 
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Center, University of Tsukuba, Kawakami-mura, Nagano prefecture （1500 m above sea level）, Central 

Honshu, Japan.  After bark of the logs was peeled off, adult beetles in egg galleries were removed with 

sterile fine forceps and placed on the surface of 1% malt extract agar (MA; 10 g malt extract, 15 g agar / 

1000 ml distilled water) in 9 cm Petri dishes.  The Petri dishes were incubated in the dark at 17 °C.  

Fungi growing on the plates were then purified by transferring small pieces of mycelium, or conidia or 

ascospore masses to fresh 2% malt extract agar (2% MA; 20 g malt extract, 15 g agar/1000 ml distilled 

water) plates.  Isolates used in the present studies are listed in Table 1. 

Cultures used for observation were grown on 2% MA, 2% malt extract Ebios agar (MEBA; 20 g malt 

extract, 1 g Ebios (Brewer's yeast preparation, Tanabe Co.), 15 g agar/1000 ml distilled water), and 1% 

Pablum agar (PA; 10 g Pablum mixed cereal, 15 g agar/1000 ml distilled water).  Later, small (about 2 cm 

x 5 mm x 3 mm) pieces of autoclaved bark of Japanese larch were added to the cultures to stimulate 

production of perithecia and conidiophores.  Perithecia and conidiophores were mounted on glass slides in 

Polyvinyl alcohol or 1% lacto-fuchsin and studied under an Olympus BHS-N Nomarski interference 

contrast microscope. 

For scanning electron microscopy, small pieces of agar blocks (about 3 mm x 3 mm) with synnemata 

were cut from the cultures and fixed in 2% glutaraldehyde in phosphate buffer pH 7.2 for 24 h at 5℃.  

They were dehydrated in a graded ethanol series, passed through ethanol-isoamylacetate, dried with a 

Hitachi critical point drier and coated with platinum-palladium at 25 nm using Hitachi E-1030 ion sputter.  

The specimens were examined using a Hitachi S-4200 scanning electron microscope operating at 15 kV. 

An agar disc 4 mm in diameter cut from an actively growing colony was placed at the center of a 2% 

MA plate and incubated at 10, 15, 20 and 32℃ in the dark for 7 days.  Three replicate plates were 

prepared for each isolate.  The diameter of each colony was measured twice at right angles and an average 

calculated. 

Cycloheximide tolerance was tested by placing an agar disc 4 mm in diameter cut from an actively 

growing colony at the center of a 2% MA plate containing cycloheximide at concentrations of 0.1 and 

0.25% concentration.  Three replicate plates were prepared for each isolate and incubated at 20℃ in the 

dark for 7 days.  Measurements were taken in the same manner as described above. 

Cultures used in the present study have been deposited in the culture collection of the Laboratory of 
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Plant Parasitic Mycology, Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan and in 

the Japan Collection of Microorganisms (JCM).  Dried specimens of these cultures have also been 

deposited with the Herbarium of the Life and Environmental Sciences, University of Tsukuba (TSH).  

Holotype specimens were deposited in the Herbarium of the National Science Museum (TNS), Tsukuba, 

Japan. 

 

Mating studies 

Single ascospore isolates were established from the isolate YCC-494 (JCM11980).  A drop of ascospores 

accumulated at the tip of the perithecial neck was suspended in 1 ml of 10% dimethylsulfoxide (DMSO) in 

a plastic plate.  Ascospore suspension was diluted with sterilized distilled water and spread on the surface 

of 1.5% water agar plates.  After incubated at 17℃ in the dark for 2 to 3 days, the plates were inspected 

under 150 x magnification to find germinating single ascospores away from others for easy transfer.  Total 

of 16 single spore isolates was established on 2%MEBA. 

To determine mating types of the isolates, small agar blocks (about 5 x 5 mm) from the colonies of 

two isolates were placed about 1 cm apart on 1% PA or 1% Genmai flakes agar (GFA; 10 g Kellogg’s 

Genmai flakes, 15 g agar/1000 ml distilled water) in 9 cm plate.  The plates were incubated at 17℃ in the 

dark for 2weeks to see production of perithecia.  When perithecia were not produced, a few small pieces 

of autoclaved bark of Japanese larch were placed perpendicular to touching zone of the two colonies to 

smear and mix spores of two cultures. 

Two isolates of each mating types “+” and “-” which were temporarily assigned, were selected to 

conduct mating tests with tester isolates of O. floccosum, O. piceae and O. quercus (Table 1).  The same 

method described above or the method by Uzunovic et al. (2000) were used for the mating tests [Testers 

used: O. piceae (A) H2154 , (B) H2009; O. floccosum AU 55-6 (+), AU 62-6 (-); O. setosum (A) AU 

160-38, (B) AU 160-53; O. quercus (A) H1039, (B) H1042 (Uzunovic et al. 2000)].  In crosses where 

perithecia occurred single ascospore isolation was attempted and F1 progeny developed to study their 

colony morphology. 

 

DNA extraction, PCR amplification and sequencing for ITS and 5.8S rDNA regions 

For ITS and 5.8S rDNA regions analysis, the isolates were grown on 2%MA plates prior to DNA extraction.  
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Mycelia of the colonies were scraped for DNA extraction after 7 days incubation.  DNA was extracted 

with a standard sodium dodecylsulfate (SDS) detergent lysis buffer, followed by a phenol/chloroform 

extraction and precipitation in ethanol with sodium acetate (Sambrook & Russell, 2001).  The extracted 

DNA was used as template for the polymerase chain reaction (PCR).  A primer pair of ITS1F and ITS4 

(Gardes & Bruns, 1993; White et al., 1990) were used to amplify the ITS regions and 5.8S rDNA.  For an 

initial amplification, the samples were denatured for 2 min at 95℃, followed by 35 PCR cycles for 30 s at 

95℃, 30 s at 55℃ and 2 min at 72℃.  There was a final extension step of 5 min at 72℃.   

PCR products were first purified by Wizard® PCR Preps DNA purification System (Promega).  

Purified PCR products were reacted with BigDye Terminator v3.1 Cycle Sequencing (Applied Biosystems, 

Foster City, USA) under the following conditions: 25 cycles of 96℃ for 10 s, 50℃ for 5 s, 60℃ for 4 

min.  Cycle sequencing reaction products were purified by ethanol precipitation, and then analyzed by 

ABI PRISM 3100 automated sequencers (Applied Biosystems, Foster City, USA).   

 

DNA extraction, PCR amplification and sequencing for β-tubulin 

For β-tubulin gene analysis, DNA extraction was carried out using the method described by Kim, Uzunovic 

& Breuil (1999).  The β-tubulin gene was amplified using the primers T10 (O’Donnell & Cigelnik 1997) / 

BT12 (Kim et al. 2003).  PCR amplification was performed as described by Kim et al. (2004).  PCR 

products were visualized by electrophoresis on a 1.4 % agarose gel containing ethidium bromide.  The 

PCR products were purified using a Qiaquick PCR Purification Kit (Qiagen, Mississauga, Canada).  

Purified PCR products were sequenced using the same primer sets described above.  Sequencing was 

performed on an ABI 3700 automated sequencer (Perkin-Elmer Inc. USA) at the DNA synthesis and 

Sequencing Facility, MACROGEN (Seoul, Korea).  

 

Molecular phylogenetic analyses 

For phylogenic comparison, the GenBank sequences of 9 species of Ophiostoma and one species of 

Pesotum were also included in the analysis (Fig. 2 & Fig. 3).  The DNA sequences were aligned using 

Clustal X v1.8 (Thompson et al., 1997).  Further visual alignments were done in Sequence Alignment 

(Se-Al) Editor v. 2.0 (Rambaut, 2000).  Phylogenetic analyses of the data were done by distance methods.  

The distance matrix for the aligned sequences was analyzed with neighbor-joining (NJ) method using the 
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program PAUP* 4.0 beta 10 (Swofford, 2002).  Bootstrap (Felsenstein, 1985) values were generated with 

1000 replicate heuristic searches to estimate support for clade stability of the consensus tree using the same 

program.   

 

RESULTS AND DISCUSSIONS 

Morphological characteristics 

The morphological characteristics of Ophiostoma breviusculum and of six known species of the O. piceae 

complex isolated from conifers are shown in Table 2.  Ophiostoma breviusculum possesses black 

perithecia with divergent ostiolar hyphae at the tip of the neck, orange-section shaped or reniform 

ascospores and Pesotum anamorph sensu Crane and Schoknecht (1973).  The characteristics indicated that 

this species belongs to Ophiostoma piceae complex.  Ophiostoma breviusculum is morphologically 

similar to O. piceae and O. quercus.  Although the perithecia sizes of this fungus were most similar to O. 

canum, the ostiolar hyphae lengths at the tip of the neck were longer than in O. canum.  The ascospores of 

the species were smaller than O. canum.  Furthermore, O. canum has spherical to limoniform conidia, 

while O. breviusculum has oblong, clavate or obovoid conidia. 

Ophiostoma breviusculum differs from O. floccosum and O. setosum because of the morphological 

characteristics of its synnemata and shorter perithecial necks.  It was easily distinguishable from O. 

subalpinum that possess much shorter synnemata with wider stipes than those of O. breviusculum.   

The perithecia bases of O. breviusculum produced on agar plates were larger than those on bark placed on 

the agar.  For example, on the specimen TSH-C438, the diameter of the perithecia bases produced on agar 

surface were 95 to 191 µm (mean ± SD; 151.2 ± 23.2), while those produced on bark placed on the agar 

medium were 95-167 µm (135.0 ± 16.3). 

 

Cultural characteristics 

Ophiostoma breviusculum grew on media at 10, 15, 20 and 25℃ (Fig. 1).  The optimum growth 

temperature was near 25℃, although the growth rates at different temperatures varied slightly between 

different strains.  As O. quercus can grow at 32℃ but O. piceae cannot, this can be used to distinguish the 

two species (Brasier & Stephens, 1993).  Like O. piceae, O. breviusculum was unable to grow at 32℃.  
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Colonies of O. breviusculum showed no concentric rings pattern like the ones found in O. setosum and O. 

quercus (Harrington et al., 2001).  The species produced a weak sweet aroma on artificial media.  Its 

protoperithecia were dark brown in color.  Summarizing these observations, the isolate was similar to O. 

piceae and O. floccosum, but not to O. quercus (Harrington et al., 2001).   

 
 
Mating studies 

Two mating types were found among 16 single ascospore isolates of Ophiostoma breviusculum (isolate 

YCC-494).  We temporally assigned them as “+” and “-”.  When the opposite mating type strains were 

grown on 1% PA or 1% GFA, perithecia were produced after about two weeks of incubation at 17℃.  Two 

isolates were chosen as representatives from each mating type, i.e. YCC-519 and YCC-520 as mating type 

“+” and YCC-521 and YCC-522 as mating type “-” (Table 1).  They did not mate with testers of O. 

floccosum, O. quercus and O. setosum.  Isolates YCC-519 and YCC-520 produced several fertile 

perithecia with O. piceae H2009 (B mating type), while isolates YCC-521 and YCC-522 produced one or 

two perithecia with O. piceae H2154 (A mating type) after over 2 months of incubation. 

    The sizes of perithecia and length of ostiolar hyphae of the perithecia resulted from the cross between 

O. breviusculum YCC-519 or 520 and O. piceae H2009 were intermediate between the two species.  The 

perithecia produced from crosses between O. breviusculum YCC-521 or 522 with O. piceae H2154 were 

morphologically the same as in O. piceae and formed reniform ascospores like in O. piceae or were sterile.  

Furthermore, appearance of the single ascospore colonies established from perithecia obtained from a cross 

between O. breviusculum and O. piceae were highly variable compared with parent isolates of O. 

breviusculum (Fig. 2).  They showed range of growth rates and unique and unusual colony morphologies.  

Brasier and Mehrotra (1995) reported similar observation when crossing O. ulmi, O. novo-ulmi and O. 

himal-ulmi arguing that this suggest their reproductive isolation.  Likewise the variations we report 

demonstrated that O. breviusculum and O. piceae were able to make hybrid, but are reproductively isolated 

from each other.   

 

Molecular phylogenetic analyses 

The amplification of the ITS region including 5.8S rDNA of O. breviusculum was 693 base pair in length, 

while the partial β-tubulin gene resulted in fragments of the species was 839 base pairs.  The aligned ITS 
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sequences consisted of 606 characters. 517 characters were constant, 54 parsimony uninformative, and 35 

parsimony informative.  The ITS phylogram has a consistency index (CI) of 0.875, a retention index (RI) 

of 0.919, retention consistency (RC) of 0.804 and a tree length of 112.  The aligned partial β-tubulin 

sequences consisted of 914 characters. 609 characters were constant, 131 parsimony uninformative, and 

174 parsimony informative.  The partial β-tubulin phylogram has a consistency index (CI) of 0.895, a 

retention index (RI) of 0.879, retention consistency (RC) of 0.787 and a tree length of 410.  Parsimony 

analyses of the ITS, and β-tubulin sequences showed the same genetic tree as the neighbor-joing analysis 

(tree not showed).  Harrington et al. (2001) reported that the ITS sequence of O. canum was the same as 

that of O. piceae, while the other species of the O. piceae complex were distinguishable from these two 

species using ITS sequence data.  They recognized these two species as distinct based on morphological 

characteristics and mating tests.  In the present work, the ITS region sequences were identical in our 

isolates in O. piceae and O. canum, and, as expected, a phylogenetic analysis using these sequences 

grouped all the Ophiostoma breviusculum isolates (YCC-494, YCC-519, YCC-522, and YCC-327) in the 

clade of Ophiostoma piceae and O. canum (Fig. 3).  These results confirmed that O. breviusculum isolates 

are closely related with O. piceae, and supported our mating test indicating that these two species are 

related.  However, Jacobs and Kirisits (2003) used the β–tubulin gene sequences to show that O. piceae 

and O. canum were different species.  Similarly, Kim et al. (2004) and Lim et al. (2004) reported the 

β–tubulin gene sequence was better for distinguishing closely related taxa in the Ophiostoma species.  

Consistent with this, in the present work, the β–tubulin gene sequences placed Ophiostoma breviusculum in 

a different clade than O. piceae and O. canum, with high bootstrap values (Fig 4).  In this study, the 

β–tubulin sequences are more useful to separate closely related species. Moreover, the phylogenetic 

analysis of the β–tubulin gene sequence not only clearly separated O. breviusculum from O. piceae and O. 

canum, but also separated the species from O. subalpinum. These two species were placed into same clade 

when the ITS were used for the analysis.  In summary, given the morphological, physiological, biological 

and phylogenetic differences, we conclude that Ophiostoma breviusculum was a distinct species, although it 

is closely related with O. piceae.  

 

Association with bark beetles 

Most species of the O. piceae complex isolated from conifers are associated with bark beetles.  
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Ophiostoma canum is known to be specifically associated with Tomicus minor Hartig, which attacks Pinus 

spp. (Mathiesen, 1950; Rennerfelt, 1950; Mathiesn-Käärik, 1953; Masuya et al., 1999).  O. subalpinum 

seemed to be consistently associated with Cryphalus spp. infesting Abies spp (Ohtaka et al., 2002a, b; 

Yamaoka et al., 2004).  Ophiostoma floccosum was reported with Ips typographus L. (Mathiesen, 1951; 

Mathiesen-Käärik, 1953).  O. piceae has often been isolated from I. typographus (Mathiesen, 1950; 

Käärik, 1975; Solheim, 1986, 1993; Harding, 1989; Viiri & Weissenberg, 1995), I. typographus japonicus 

(Aoshima, 1965; Yamaoka et al., 1997) and I. cembrae (Heer) (Yamaoka et al., 1998).   

Ophiostoma breviusculum was also isolated from bark beetles, I. cembrae or D. baikalicus, both 

attacking Japanese larch.  Due to the lack of the extensive isolation data, we are not able to conclude that 

this new species has a tight association with these bark beetles.  However, O. breviusculum was only 

isolated from Japanese larch logs invaded by the bark beetles and was isolated more often from D. 

baikalicus than I. cembrae (data not shown).  Further studies are required to confirm the association of 

this species with bark beetles as well as its pathogenic potential. 

 

Taxonomy 

Ophiostoma breviusculum Chung, Yamaoka, Uzunovic & Kim, sp. nov.  Figs. 4-14. 

 

Perithecia superficialia in medio agari vel in cortice posita in superficie medii; pars basilaris atra, globosa 

vel subglobosa, 95-204 µm diametro, appendicibus fuscis hyphoideis usque 290 µm longis ornata; colla 

atra, recta vel curvata, cylindrica, hyphis ostiolaribus inclusis 318-826 (1137) µm longa, ad basim 28-48 

µm lata, ad apicem 10-19 µm lata; hyphae ostiolares 8-22, hyalinae, septatae, divergentes, 16-48 (53) µm 

longae.  Ascosporae hyalinae, unicellulares, in figura segmenti endocarpii fructi citri similes vel 

reniformae a latere visae, ellipsoideae a facie visae, globosae ab apice visae, vagina angusta hyalina cinctae, 

3.2-4.2 x 1.4-1.6 µm vagina inclusae, ad apicem colli in guttula alba aggregatae. 

Conidiophora synnematosa, recta, atrobrunnea vel ad basim atra, ad apicem pallide brunneae vel 

subhyalinae, 175-492 µm longa, ad basim 10-95 µm lata, ad apicem 10-68 µm lata; cellulae conidiogenae 

integratae, terminales, annellidicae vel sympodiales, cylindricae.  Conidia hyalina, unicellularia, oblonga, 

clavata vel obovata 2.0-6.0 x 1.0-2.4 µm.  Conidiophora mononematosa, hyalina, septata.  Conidia 

hyalina, unicellularia, oblonga, clavata vel obovata 3.6-9.0 (12.0) x 1.6-3.0 µm. 
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Holotypus: TNS-F-11163, dried specimen of culture mated between single ascospore isolates, YCC-519 

(JCM12500) and YCC-522 (JCM12501). 

Etymology: breviusculum = somewhat short in Latin, referring to the shorter perithecial necks and 

synnemata of the species compared to O. piceae and O. quercus. 

 

Perithecia (Fig. 4) superficial on the agar medium and the bark placed on the surface of the medium; basal 

part black, globose to subglobose, 95-204 (mean 144.5) µm in diameter, ornamented with brown hyphal 

appendages, up to 290 µm long; necks black, straight or curved, cylindrical, 318-826 (1137) (mean 539.8) 

µm long including ostiolar hyphae, 28-48 (53) (mean 36.0) µm wide at the base, 10-19 (mean 13.0) µm 

wide at the tip; ostiolar hyphae (Fig. 5) 8-22 (mean 13.5) in number, hyaline, septate, divergent, 16-53 

(mean 31.1) µm long.  Ascospores (Fig. 6) hyaline, 1-celled, orange-section shaped or reniform in side 

view, ellipsoidal in face view, globose in end view, surrounded by a narrow hyaline sheath, 3.2-4.2 (mean 

3.6) x 1.4-1.6 (mean 1.6) µm including sheath, aggregating in a white droplet at the tip of the necks. 

Conidiophores synnematous or mononematous; synnemata (Fig. 8) erect, dark brown to black at the 

base, becoming light brown or subhyaline towards the apex, 175-492 (mean 309.9) µm long including 

conidiogenous apparatus, 10-95 (mean 31.9) µm wide at the base, 10-68 (mean 37.6) µm wide at the tip; 

conidiogenous cells (Figs. 11-13) integrated, terminal, annelidic or sympodial, cylindrical.  Conidia (Figs. 

7 and 11) hyaline, aseptate, oblong, clavate or obovoid 2.0-6.0 (mean 3.9) x 1.0-2.4 (mean 1.6) µm.  

Mononematous conidiophores macronematous to micronematous, hyaline, Sporothrix type (Figs. 9, 10 and 

14).  Conidia (Figs. 9 and 10) hyaline, aseptate, oblong, clavate or obovoid 3.6-9.0 (12.0) (mean 4.6) x 

1.6-3.0 (mean 1.9) µm.  Colonies on 2% MA floccose, white at first, later becoming brown to dark brown 

in color.  Average diameter of colonies 7 days after incubation at 20°C was 31.8 mm. 

This fungus was able to grow on media containing cycloheximide at the concentrations tested (0.1% 

and 0.25%).  Average diameters of colonies after seven days of incubation at 20°C in the dark were 22.1 

mm at 0.1% and 17.1 mm at 0.25%.  This fungus was considered to be cycloheximide tolerant.   

Living cultures: YCC-494 (JCM11980) collected and isolated from Dryocoetes baikalicus Reitter in 

Larix kaempferi (Lamb.) Carr., Yumihari Pass, Nikko, Tochigi Pref., 5 July 2001, by Y. Yamaoka; YCC-326, 

isolated from I. cembrae in L. kaempferi, Kawakami-mura, Nagano Pref., 12 May, 1999, by Y. Yamaoka; 

YCC-327, isolated from I. cembrae in L. kaempferi, Kawakami-mura, Nagano Pref., 12 May, 1999, by Y. 
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Yamaoka; YCC-519 and YCC-522, single ascospore isolates from YCC-494. 

Dried specimens deposited: TNS-F-11163 (holotype) and TSH-C438, dried specimen of culture mated 

between single ascospore isolates, YCC-519 and YCC-522 on Pablum agar with pieces of autoclaved bark 

of L. kaempferi (PAB) at 17°C; TSH-C307, dried culture YCC-494 grown on PAB at 17°C; TSH-C308, 

dried culture YCC-494 grown on 2% malt extract Ebios agar with pieces of autoclaved bark of L. kaempferi 

(MEAB) at 17°C; TSH-C190, dried culture YCC-326 grown on PAB at 17°C; TSH-C192, dried culture 

YCC-327 grown on PAB at 17°C; TSH-C193, dried culture YCC-327 grown on MEAB at 17°C; 

TSH-C440, dried culture YCC-522 grown on 2% malt extract agar at 17°C. 

 

 

We are grateful to Futarasan Shinto Shrine in Nikko and the Experimental Forests in Yatsugatake, 

Agricultural and Forestry Research Center, University of Tsukuba for providing the samples.  Part of the 

studies was supported by the Global Environment Research Fund, Ministry of the Environment, Japan to G. 
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Explanation of figures 

Fig. 1. Diameter of colonies (mean ± standard error) of 4 isolates (YCC-326, YCC-327, YCC-494 and 

YCC-522) grown on 2% MA at 20℃ for 7 days. 

 

 

Fig. 2. Colonies grown on 2% MEA in dark for 10 days. A, Colonies of parent Ophiostoma breviusculum. 

B, Colonies variations of F1 progeny produced from O. breviusculum crossed with O. piceae H 2009 

(B-mating type). 

 

 

Fig. 3. The ITS and 5.8S rDNA sequence-based tree generated using neighbor-joining analysis. The 

numbers at branch node indicate the reliable values from bootstrap analysis using 1000 replications. 

Outgroup, Ophiostoma ips, and comparing isolates were from GenBank. GenBank accession numbers for 

ITS and 5.8S rDNA regions obtained in this study are as follows: O. breviusculum YCC327 (AB200420), 

YCC494 (AB200422), YCC519 (AB200421), YCC522 (AB200423); O. subalpinum YCC408 (AB200424), 

YCC410 (AB200425). 

 

 

Fig. 4. The β-tubulin sequence-based tree generated using neighbor-joining analysis. The numbers at the 

branch node indicate the reliable values from bootstrap analysis using 1000 replications. Bootstrap values 

about 80% are presented. Outgroup, Ophiostoma ips, and comparing isolates were from GenBank. 

GenBank accession numbers for β-tubulin gene obtained in this study are as follows: O. breviusculum 

YCC327 (AB200426), YCC494 (AB200428), YCC519 (AB200427); O. subalpinum YCC408 (AB200429), 

YCC410 (AB200430). 

 

 

Figs. 5-9.  Ophiostoma breviusculum  5, Ascocarp. Bar = 40µm.  6, Top of neck. Bar = 30µm.  7, 

Ascospores. Bar = 10µm.  8, Conidia. Bar = 10µm.  9, Synnematous conidiophore. Bar = 40µm.   
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Figs. 10-15.  Conidiogenesis of Ophiostoma breviusculum  10 and 11, Sporothrix type anamorph. Bar = 

3µm.  12, Conidia. Bar = 2µm.  13, Sympodial conidiogenesis in synnematous conidiophore. Bar = 2µm.  

14, Annelidic conidiogenesis in synnematous conidiophore. Bar = 3µm.  15, Sporothrix type anamorph. 

Bar = 2µm. 
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Fig. 1.  Diameter of colonies (mean ± standard error) of 4 isolates (YCC-326, 

YCC-327, YCC-494 and YCC-522) grown on 2% MA at 20℃ for 7 days.   
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ABSTRACT  
 
Sapstain fungi discolour lumber, logs and tree sapwood and are often mistaken for moulds, which 
cause a superficial discoloration. Stained wood has a lower market value. Further, because stained 
wood products can potentially carry pathogenic fungi, such products may be refused by importing 
countries. Addressing these issues involves developing ways for accurately identifying staining 
fungi, documenting how they are geographically distributed, and developing ways of monitoring 
fungal transfer in wood products. To respond to these needs we are constructing an “Ophiostomatoid 
fungi” database that will be accessible via Internet. The objective is to provide university, industry, 
and government agency with a resource that offers key information pertinent to trade and 
environmental issues. The database includes information on the genera Ceratocystis, 
Ceratocystiopsis, Leptographium, and Ophiostoma. To support identifying isolates, it has a flexible 
taxonomy / morphology search tool that gives access to detailed descriptions of fungal 
characteristics, micrographs and diagrams. Each fungal species is described by morphological and 
molecular characteristics, physiology, habitat, and geographic distribution. To support molecular 
identification, sequence data are directly linked to NCBI/Genbank data pages. To support work on 
fungi in forests, wood and wood products, links connect to websites of insects which can vector 
fungi, of trees, and of mycology. We seek national and international partners who will actively 
contribute to improving and expanding this resource. 
 
Keywords: Database, sapstain, Ophiostomatoid, Ceratocystis, Ceratocystiopsis, Leptographium, 
Ophiostoma 
 
 
1. INTRODUCTION 
 
1.1  Economic impact of sapstain fungi in Canada and worldwide 

 
Worldwide forest products, forest health, and social values associated with forests (e.g. 

recreation and tourism) are threatened by endogenous and non-indigenous pests.  Exotic pathogens 
are introduced through the increased global movement of people and goods, including wood 
packaging materials.  Once established in a new ecosystem, non-indigenous species can become 
invasive and damage the forests.  
 

 2



Recently, Canada had a few major insect/fungal outbreaks.  In 1998, it was discovered that red 
spruce (Picea rubens) were infested and killed by longhorn beetle (Tetropium fuscum) in Point 
Pleasant Park, Halifax, NS. The longhorn beetle, native to Eurasia had never been reported in 
Canada or elsewhere in North America. This invasive insect is associated with a European fungus, 
Ophiostoma tetropi.  The pathogenicity of this fungal species is presently being evaluated in Canada. 
The spruce beetles (Dendroctonus rufipennis) and their fungal associates are also spreading in 
northern BC and Yukon Territories.  Furthermore, foresters have observed an increase in the number 
of secondary beetles with fungal associates that attack healthy trees. The mountain pine beetle 
(Dendroctonus ponderosae)/fungal epidemic in British Columbia has increased from approximately 
two to five times the size of Vancouver Island between 2001 and 2003, infesting 173.5 million m3 of 
lodgepole pine with a value of $ 18 billion (Council of Forest Industries and BC ministry of forests, 
2004). The known fungal associates of mountain pine beetle are O. clavigerum and O. montium.  
 
1.2 Ophiostomatoid fungi 

 
Many Ophiostomatoid fungi discolor lumber, logs and tree sapwood and are often mistaken for 

moulds, which cause a superficial discoloration. The intensity and appearance of the discoloration 
vary depending on the tree species and the colonizing fungi.  Stained wood has a lower market value, 
and also raises phytosanitory issues. Stained wood harbors fungi that can be unintentionally spread 
amongst trading countries, and thereby, creating major epidemics.  Ophiostomatoid fungi belong to 
phylum ascomycetes. They include genera Ophiostoma, Ceratocystis and Ceratocystiopsis with both 
sexual and asexual phases, as well as the asexual genus Leptographium.  These genera contain both 
saprobes and pathogens which are primarily disseminated by different beetles.  In the event of mild 
winters and climate warming, large scale attacks by insects and their fungal associates are, generally, 
observed.  This poses an increasing threat to the forest ecosystem.  
 
1.3 Why a database about the Ophiostomatoid fungi? 

 
The ability of government and industry to respond to future or long-term insect-fungal 

epidemic, as well as trade issues, using science-based decisions, is sharply constrained by our 
limited ability to identify fungi in wood, accurately and quickly.  The most important taxonomic 
references on the Ophiostomatoid fungi are monographs written by Upadhyay (1981) and Jacobs 
and Wingfield (2001).  Although they contain valuable information, they do not include all 
Ophiostomatoid species, or any molecular information. In addition, new species are being constantly 
discovered. For example, three species are now recognized to cause the Dutch Elm-Disease, 
whereas Upadhyay’s monograph described only one species. For such cases, it is impossible for 
diagnostic laboratories to identify the fungi using the existing literatures, even if they have the 
resources for molecular techniques. 
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To address this import and export issues, we need solid documentation of the sapstain fungal 
distributions, as well as, an accurate monitoring system for fungal transfer. Our objective is to 
establish a foundation for a comprehensive database of economically important sapstain fungi to be 
used as diagnostic aids or training tools in academia, industry and government.  For that, with the 
help of our collaborators, we are 1) collecting fungal species from culture collections and natural 
resources (wood products and forests), 2) constructing fungal picture galleries for fungi that have 
been thoroughly identified in Canada and other countries, and 3) developing a DNA sequence 
database for these fungi, that includes information on the nuclear ribosomal DNA, the β-tubulin 
gene and other functional genes involved in fungal growth, pathogenicity and pigment production.   

 

2. COLLECTING FUNGI AND ESTABLISHING COLLABORATION 

We collected many fungal cultures from a variety of sources both within Canada and abroad 
including the USA, Europe, Chile, New Zealand, Japan, Korea, Iran and South Africa. Many fungi 
were collected from trees attacked by different bark and ambrosia beetles. The isolates from 
previous fungal surveys in Canada and in Korea were also included.  The following contributed 
cultures or advice.  

• Culture collections:  Alberta Microfungus Collection & Herbarium (Alberta, Canada), CCFC 
(Ottawa, Canada), CBS (Netherlands), ATCC (Manassas, USA)  

 
• Canada: Bleiker, K (University of Northern British Columbia), Bernier, L. (Laval University, 

Quebec), Harrison, K. (CFS, New Brunswick), Hamelin, R. (CFS, Quebec) Kuhnholz, S. 
(Simon Fraser University), Reid, J. (University of Manitoba), Seifert, K. (Agriculture and 
Agri-Food, Ottawa), Uzunovic, A. & Yang, Q.D. (Forintek Canada Corp., Vancouver & 
Quebec)  

• Chile: Navarrete, J. (University del Bio-Bio, Concepcion) 
• Europe: Solheim, H. (Norwegian Forest Research Institute, Norway), Schroeder, S. 

(Universitat Oldenburg, Germany), Webber, J. (Forest Research, Surrey, England)    
• Iran: Rahnama, K. (Gorgan University, Gorgan)  
• Japan: Masuya, H. (Forest & Forest Products Research Institute, Nabeya) Yamaoka, Y. 

(Institute of Agriculture and Forestry, Ysukuba) 
• Korea: Kim, G.-H. (Korea University, Seoul) 
• New Zealand: Dick, M. (Forest Research Culture Collection, Rotorua),  Kreber, B. (Forest 

Research, Rotorua), Farrell R. (University of Waikato, Hamilton)  
• USA: Harrington, T. (Iowa State University), Klepzig, K. (USDA, Pineville), Six, D. 

(University of Montana, Missoula) and Isaac, P. (Agra Sol Inc., Raleigh, USA) 
• South Africa: Jacobs, K., Wingfield, M. (FABI, University of Pretoria)  
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• Sung, M., Fung, S., Yau, T., Fung, I.  (Co-op students at Simon Fraser University or UBC, 
Canada) and Graduate students at UBC 

 

3. DESIGN OF DATABASE 
 

Our database was built using Microsoft Access. The development of the whole database system 
including dynamic active server pages and sub-databases was lead by our senior system analyst, F. 
de Giuli Vallverdu. Entering and updating data was designed to be a straightforward task. The 
database system currently has its own server at our lab computer, #4201, Dept. Wood Science, UBC 
and will be accessible through the internet.  The management of the data is under the control of 
trained personnel in our lab. A more reliable server, a domain name, improved functionality and 
system expansion will all be achieved in the near future. 
  
3.1 The structure of website   

 
The website consists of six sub-sections that are linked to their corresponding ASP files. The 

section  “Site” provides a brief description of the website, acknowledgement and contact 
information. The next section “Overview” is a general description of the Ophiostomatoid sapstain 
fungi.  The “Search” section is an interactive search engine for users to filter the results by selecting 
proper criteria.  The “Glossary” section provides definitions of fungal terminologies to help users 
who may be unfamiliar with fungi. The section “Links” provides hyperlink to other fungal websites 
and the GenBank. Finally the “Help” section is a tutorial on how to use the search engine.  For each 
species we included written descriptions and pictures of the species (general), colony, teleomorph 
(sexual phase), anamorph (asexual phase), biological characteristics, habitat, DNA sequences, 
isolates and references.  
 
3.2 How to extract information that you want to have? 

 
Users can search fungi using the search engine which filters the information by genus, species, 

anamorph types, conidia shapes, mating type, characteristics of teleomorph, pathogenicity, 
distribution and host.  The main working page is shown below. Regardless of where you are in the 
database, clicking on the Search icon in the upper green navigation bar will always bring you back 
to this initial page. Clicking on the Clear all filters icon will empty all the text boxes so that you 
can start a new search. When all fields are blank, you will see a complete list of the Ophiostomatoid 
fungi in a column on the left (see below). 
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To search only by Genus, leave all other search fields blank and select one of the four genera 
appearing from the drop-down menu.  For example, if you select Leptographium, only species in 
this genus are listed on the left (see below).  
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To obtain the information for a specific species, for example O. setosum, you can select it with 
the drop-down Species, or click on the species name in the search result list on the left. A general 
description for this species will appear on the right. Clicking menu tabs, which are shown above the 
general description will lead to further details. Some menu tabs will open a dropdown list of choices 
when you move your mouse over the item.  

The General section provides the summary of information for all species and includes a gallery 
of entire pictures for this species.  It also includes historical sub section, which shows any changes 
made in their taxonomy or in their names and author’s names and the references involved in those 
processes. The Picture Gallery item can be chosen in order to see colony macrographs, teleomorph 
and anamorph micrographs all at one time.  
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The Colony tab leads to the images and information about the growth and appearance of 
mycelium on artificial media. In the Teleomorph, and Anamorph sections, type, shape and size are 
presented.  Pictures taken with stereo-microscopy, light microscopy, scanning electron microscopy 
were presented to provide the users with clear images. By double clicking on the pictures, users can 
access to magnified images and detailed information.   

Some species have more than one type of anamorph. For example, O. setosum has both 
pesotum and sporothrix types. Click on one of these in the dropdown Anamorph to see the 
information. 
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The Biological section shows optimal growth temperature, growth rate, resistance to antibiotics, 
staining ability and pathogenicity.  Under Habitat, there are two sub-sections; Distribution and 
Host.  Distribution specifies the location where fungal species are found. It also provides 
information about the transit of fungi from one site to other sites, which would be useful information 
in quarantine issues once it has been traced thoroughly. The Host specifies host tree species and the 
part of the host colonized by the fungi. Common names of host trees are also shown to help users, 
who might not be familiar to scientific nomenclature. 
 
 

 
 
 

The DNA section links to Genbank and users can find molecular data directly or using the 
taxonomic fungal ID in NCBI. The Isolates section, which will list the collected fungal strains, is 
currently under construction.  The mycologist, who reported the species at first, relevant 
publications, and the culture collections or herbariums, where the holotypes or other types of 
specimen can be found, are listed in the Publication section.   
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4. IMPROVEMENT, FEEDBACK AND FUTURE PARTICIPANTS 
 

The key objectives are to develop a database, which is a) easily accessible via the internet, b) 
reliable and accurate, and c) easy to maintain and update. The aim is for this information to be widely 
used by researchers, industries and governments. Achieving these targets requires networking among 
researchers involved with Ophistomatoid fungi.  While research collaborations have already been 
established with a few groups, additional collaborators are important to expand the database, and we 
welcome suggestions on how to improve the user interface.  Furthermore, if researchers can provide 
descriptions and pictures of one or more species, we will acknowledge their contribution by 
associating their names with the information when they are included in the database. 
 
 
5. CONCLUSIONS 
 

For addressing import and export restriction issues on Ophiostomatoid fungi, an identification 
database is needed, that contains organisms found in both importing and exporting partners’ 
countries.  A database based on website is far more flexible than printed monographs, since it can be 
easily updated. We have developed the first phase of an Ophiostomatoid fungal database consisting 
of morphological and molecular characteristics. We intend to extend the database so that it can serve 
as a reference and diagnostic tool for sapstain fungi. The project offers many opportunities for 
establishing closer contacts among researchers within Canada and worldwide. To develop the 
database fully, it will be necessary not only to expand collaborations but also to secure additional 
funding.  
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MPBI – Pytosanitary Risks     Allen et al. 

Title:  Phytosanitary risks associated with MPB-killed trees  
 
Eric Allen (contact (250) 363-0674, eallen@nrcan.gc.ca), Allan Carroll, Lee Humble,  
Isabel Leal, Colette Breuil, Adnan Uzunovic, Doreen Watler 
   
 
Abstract 
Secondary pest populations that may pose domestic or international phytosanitary risks are being 
determined by isolating organisms from samples of mountain pine beetle-killed trees collected from 
within the beetle-infested area in British Columbia.  Five sample sites were established in 2003-04; 
Princeton, Riske Creek (Williams Lake), Radium, Cranbrook and Logan Lake (Merritt).  At each 
location 10 trees in each of the categories green, red and grey attack were felled and sampled.  From 
each tree 1m bolts were taken from the base and upper stem (just below live crown) for rearing insects.  
Additionally, 30 cm bolts immediately adjoining the 1m bolts were cut for fungal isolation.  Wood 
moisture and pinewood nematode samples were obtained from 5cm discs cut from the base and upper 
stem.  Log bolts placed in the insect rearing facility in February 2004 have yielded more than 200,000 
insect samples that are currently being identified.    Fungal organisms are being cultured and identified 
using morphological and molecular techniques.  The relationship between fungal species, wood 
moisture content and sample position is being analyzed.  Molecular techniques for identification of 
pinewood nematode in wood samples are being developed that can detect a single Bursaphelenchus 
xylophilus individual alone or in mixtures with other nematode species.   
 
Keywords:  Mountain pine beetle, Dendroctonus ponderosae, phytosanitary, risk assessment, 
quarantine, wood borers 
 
Summary of Activities 
 

2003-04 Deliverables Status 
Site selection and field 
sampling 

5 sites sampled as planned 

Rearing facility development Construction of insect rearing facility completed, 300 sample 
bolts currently being processed 

Nematode diagnostic 
technique development and 
isolations 

A diagnostic method based on DNA extraction and PCR is 
being developed to detect the presence of Bursaphelenchus 
xylophilus in wood.  Nematodes from 300 samples have been 
extracted and are undergoing molecular analysis. 

Insect rearing  More than 200,000 insects have been reared from the 300 log 
bolt samples.  Diagnostic keys are being developed to aid in the 
processing and identification of insect samples. 

Fungal culturing and 
preliminary identification 

Stain and decay fungi have been isolated from wood samples 
correlations established with tree categories and wood moisture 
conditions. 

Domestic pest risk 
assessment completion 

Risk assessment in progress, completion now estimated 
December 2004 

MPB Symposium 
presentation 

Presentation made in Kelowna Oct 30-31, 2004 
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R es ults/ P r o g r ess  
 
I ns e ct R e a ri n g  
3 0 0 l o g  b olts, 1 m i n l e n gt h w er e c oll e ct e d fr o m 5 fi el d sit es t hr o u g h o ut t h e m o u nt ai n pi n e b e etl e-
aff e ct e d ar e a i n Britis h C ol u m bi a.  Fi el d c oll e cti o n w as c o n d u ct e d fr o m J u n e t o O ct o b er 2 0 0 3 wit h 
disr u pti o ns d uri n g t h e s u m m er m o nt hs r es ulti n g fr o m f or est fir es i n  t h e pr o vi n c e.  B olts w er e 
r efri g er at e d at 5°  C u ntil J a n u ar y 2 0 0 4 w h e n t h e i ns e ct r e ari n g f a cilit y w as c o m pl et e d.  B olts w er e 
i n di vi d u all y pl a c e d i n a n yl o n m es h sl e e v e s us p e n d e d fr o m a m et al fr a m e.  E a c h m es h sl e e v e w as 
s e al e d a b o v e t h e b olt a n d fitt e d w it h a c oll e cti o n b ottl e c o nt ai ni n g 5 0 m L of 9 5 % et h a n ol b uilt i nt o t h e 
b as e of t h e b a g.  E m er g e n c e b e g a n wit hi n a w e e k of est a blis hi n g t h e first b olts i n r e ari n g i n J a n u ar y 
2 0 0 4.  E m er g e nt b e etl es ar e c oll e ct e d fr o m e a c h r e ari n g c a g e as n e c essit at e d b y e m er g e n c e ( o n a 
w e e kl y or bi -m o nt hl y b asis) a n d all i ns e cts s ort e d fr o m t h e a c c u m ul at e d d e bris.  All a d ult b e etl es ar e 
s e p ar at e d fr o m t h e r e m ai ni n g i ns e cts t a x a (st or e d i n 9 5 % Et O H) f or pr o c essi n g.  Wit h t h e e x c e pti o n of 
t h e a d ult C er a m b y ci d a e, all a d ult b e etles ar e t h e n c h e mi c all y d e h y dr at e d t hr o u g h a n et h yl a c et at e: 9 5 % 
Et O H a n d t h e n et h yl a c et at e s eri es, air dri e d o n filt er p a p er a n d st or e d i n ti g ht s e ali n g 5 0 m m p etri 
dis h es f or s u bs e q u e nt i d e ntifi c ati o n.  All l ar g e w o o d -b or ers ( C er a m b y ci d a e) ar e h el d i n 9 5 % Et O H i n 
gl ass s ci ntill ati o n vi als f or i d e ntifi c ati o n a n d P C R d et er mi n ati o n of t h e pr es e n c e of B urs a p h el e n c h us 
x yl o p hil us .  All n o n-b e etl e t a x a a n d l ar v al e m er g e nts ar e st or e d i n 9 5 % Et O H.  Pr eli mi n ar y 
i d e ntifi c ati o ns i n di c at e t h at m ost of t h e e m er gi n g i ns e cts ar e S c ol yti d a e, pr e d o mi n a ntl y D. 
p o n d er os a e, a n d als o i n cl u di n g I ps l ati d e ns, I. m e xi c a n us, Pit y o g e n es pl a gi at us k n e c ht eli a n d  
Pit y o p ht h or us .  Ot h er t a x a i n cl u d e Sir e x ,  M o n o c h a m us , R h a gi u m , A n o bii d a e, R hi z o p h a gi d a e, 
Cl eri d a e, St a p h yli ni d a e a n d ass o c i at e d pr e d at ors a n d p ar asit oi ds. 
 
N e m at o d e A n al ysis  
N e m at o d es w er e e xtr a ct e d fr o m 5 0 g c hi p s a m pl es usi n g a m o difi e d B a er m a n n f u n n el t e c h ni q u e.  D N A 
w as o bt ai n e d fr o m e xtr a cts usi n g r e v ersi bl e a ds or pti o n of D N A t o p ar a m a g n eti c b e a ds.  P C R pri m ers 
f or a mi cros at ellit e s e q u e n c e s p e cifi c t o B urs a p h el e n c h us x yl o p hil us  ( pi n e w o o d n e m at o d e) w er e 
d esi g n e d. P C R a m plifi c ati o n of t his s e q u e n c e is b ei n g us e d t o s cr e e n s a m pl es f or t h e pr es e n c e of B. 
x yl o p hil us . Pr eli mi n ar y e x p eri m e nts w er e c o n d u ct e d t o d et er mi n e t h e effic a c y of t h e P C R 
a m plifi c ati o n i n v ar yi n g mi xt ur es of B. x yl o p hil us  a n d a r el at e d n e m at o d e, B. m u cr o n at us .  D N A fr o m 
B. x yl o p hil us  c ult ur es w as us e d as c o ntr ols i n all e x p eri m e nts a n d e xtr a cti o n i d e ntifi c ati o ns t o c o nfir m 
t h e pr es e n c e of P W N.  Pr eli mi n ar y res ults i n di c at e t h at t his m et h o d c a n b e us e d t o d et e ct a si n gl e 
i n di vi d u al n e m at o d e i n a w o o d s a m pl e.  H o w e v er, w at er-s ol u bl e e xtr a cti v es fr o m w o o d s a m pl es ar e 
r es ulti n g i n i n hi biti o n of D N A a m plifi c ati o n d uri n g P C R.  Pr eli mi n ar y t ests i n di c at e t h at a d ditio n al 
r e a g e nts c a n b e us e d t o eli mi n at e t his eff e ct.   F urt h er v erifi c ati o n of t h e t e c h ni q u e is r e q uir e d b ef or e 
fi el d s a m pl es ar e a n al y z e d t o i ns ur e t h at n o f als e n e g ati v es or p ositi v es ar e pr es e nt.  A d diti o n all y, all 
s a m pl es will r e q uir e a p ositi v e c o ntr ol t o v erif y a c c ur a c y of t h e r es ult gi v e n t h e v ari a bilit y i n l e v els of 
i n hi biti o n e x hi bit e d b y s a m pl es t est e d t o d at e.  T h es e a d diti o n al t ests w er e u nf or es e e n b ut m ust b e 
a d dr ess e d t o e ns ur e a c c ur a c y of r es ults.  
 
F u n g al Is ol ati o n  
E a c h l o g w as d e b ar k e d a n d t h r e e D. p o n d er os a e  i n di vi d u als fr o m diff er e nt g all eri es w er e c oll e ct e d 
a n d pl a c e d i n i n di vi d u al st eril e e p p e n d orf t u b es c o nt ai ni n g 0. 0 1 % T w e e n -2 0 s ol uti o n.  E a c h t u b e 
c o nt ai ni n g o n e i ns e ct w as v ort e x e d f or t hr e e mi n ut es, aft er w hi c h t h e w as hi n g s ol uti o n w as  dil ut e d 5 0 
ti m es.  S u bs e q u e ntl y, 2 0 µ l of t h e w as hi n g s ol uti o ns w er e s pr e a d o nt o a) 2 % m alt e xtr a ct a g ar wit h 
a m pi cilli n ( M E A) t o is ol at e t h e g e n er al mi cr ofl or a, a n d b) 2 % M E A a m e n d e d wit h b ot h a m pi cilli n a n d 
b e n o m yl ( B M E A) t o s el e ct f or b asi di o m y c et es. W h e n ot h er i ns e cts w er e pr es e nt, es p e ci all y I ps 
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s p e ci es a n d w o o d-b or ers, t h e y w er e c oll e ct e d a n d pr o c ess e d si mil arl y t o m o u nt ai n pi n e b e etl e.  F u n g al 
s a m pl es w er e als o r e m o v e d fr o m e a c h i ns e ct g all er y a n d i n o c ul at e d dir e ctl y o nt o t h e t w o m e di a.  
Fi n all y, us i n g a c h ai n s a w, a dis k 5-7 c m t hi c k w as r e m o v e d fr o m t h e mi d dl e of e a c h l o g.  T o a v oi d 
mi cr o bi al c o nt a mi n ati o n fr o m t h e c h ai n s a w, e a c h dis k w as s plit t o r e m o v e w o o d c hi ps fr o m i nsi d e t h e 
dis k.  S m all w o o d c hi ps w er e r e m o v e d at t h e e d g e a n d c e nt er of t h e s a p w o o d as w ell as t h e b o u n d ar y 
b et w e e n t h e s a p w o o d a n d h e art w o o d.   
M or p h ol o gi c al str u ct ur es w er e o bs er v e d o n f u n g i gr o w n o n 2 % M E A.  T o i d e ntif y a n d gr o u p t h e 
diff er e nt is ol at es w e us e d c ult ur al c h ar a ct eristi cs d es cri b e d b y N o bl es ( 1 9 6 5), St a pl ers ( 1 9 7 8 ), 
U p a d h y a y ( 1 9 8 1), J a c o bs a n d Wi n gfi el d ( 2 0 0 1), a n d H arri n gt o n et al. ( 2 0 0 1) . R e pr es e nt ati v es of e a c h 
gr o u p w er e f urt h er si n gl e -s p or e is ol at e d ( U z u n o vi c et al. 2 0 0 0) f or m ati n g e x p eri m e nts a n d D N A 
a n al ysis .   If n e c ess ar y, mati n g t e st s  w er e p erf or m e d wit h k n o w n O p hi ost o m a  t e st er sp e ci es , i n cl u di n g 
s p e ci es fr o m t h e O. pi c e a e  a n d O. pilif er u m  c o m pl e x es. T h e k n o w n m ati n g test ers w er e o bt ai n e d fr o m 
t h e U B C cult ur e c oll e cti o n.  
F or g e n o mi c D N A pr e p ar ati o n s, f u n g al is ol at es w er e i n o c ul at e d o n 2 % O x oi d M E A m e di a o v erl ai d 
wit h st eril e c ell o p h a n e s h e ets ( Bi o -R a d) a n d gr o w n f or 7  d a ys at r o o m t e m p er at ur e. D N A e xtr a cti o n 
w as c arri e d o ut usi n g t h e m et h o d d es cri b e d b y Ki m  et al. ( 1 9 9 9). T h e I T S 2 r e gi o n a n d p arti al L S U 
r D N A w er e a m plifi e d usi n g t h e pri m ers I T S3  (W hit e et  al. 1 9 9 0) a n d L R 3  (Vil g al ys & H est er  1 9 9 0). 
T h e β -t u b uli n g e n e w as a m plifi e d usi n g t h e pri m er T 1 0  ( O’ D o n n ell &  Ci g el ni k 1 9 9 7) a n d B T 1 2  ( Ki m 
et al. 2 0 0 3). P C R a m plifi c ati o n w as p erf or m e d as d es cri b e d b y L e e et al. ( 2 0 0 3).  P C R pr o d u cts w er e 
vis u ali z e d b y e l e ctr o p h or esis o n a 1. 4 % a g ar os e g el c o nt ai ni n g et hi di u m br o mi d e.  T h e P C R pr o d u cts 
w er e g el -p urifi e d usi n g a Qi a q ui c k G el E xtr a cti o n Kit ( Qi a g e n) .  G el p urifi e d P C R pr o d u cts w er e 
s e q u e n c e d usi n g t h e s a m e pri m er s d es cri b e d a b o v e.   S e q u e n ci n g w as p erf or m e d  o n a n  A BI 3 7 0 0 
a ut o m at e d s e q u e n c er ( P er ki n -El m er I n c. U S A) at t h e D N A S y nt h esis a n d S e q u e n ci n g F a cilit y, 
M A C R O G E N ( S e o ul, K or e a). S e q u e n c es f or  ot h er t a x a us e d i n c o m p aris o ns w er e o bt ai n e d fr o m 
G e n B a n k.  T h e r D N A a n d β -t u b uli n g e n e s e q u e n c es of O p hi ost o m atoi d f u n gi w er e ali g n e d usi n g 
C L U S T A L X  (T h o m p s o n  et al 1 9 9 7). M a n u al a dj ust m e nt of t h e ali g n m e nts w as d o n e i n t h e P H Y DI T 
pr o gr a m v ersi o n 3. 2.    
Pr eli mi n ar y i d e ntifi c ati o ns i n di c at e t h e pr es e n c e of O p hi ost o m a cl a vi g er u m,  O. m o nti u m  a n d t h e 
C er at o c ysti o psis  s p e ci es ( C. mi n ut u m -li k e) fr o m t h e D. p o n d er os a e  b o di es.  H o w e v er, t h e l att er w as 
f o u n d m u c h l ess oft e n t h a n t h e t w o ot h er s p e ci es.  T h e C er at o c ysti o psis s p e ci es w as m or e fr e q u e ntl y 
o bs er v e d o n b e etl es a n d g all eri es t h a n o n s a p w o o d.  W e still n e e d t o c o nfi r m t h e i d e ntit y of t h e 
C er at o c ysti o psis  s p e ci es; h o w e v er, o ur first ass ess m e nt s u g g est e d t h at w e ar e d e ali n g wit h a c o m pl e x 
of s p e ci es t h at will r e q uir e f urt h er w or k.  O. m o nti u m a n d O.  cl a vi g er u m w er e als o al w a ys pr es e nt i n 
hi g h n u m b ers i n D. p o n d er os a e  gall eri es a n d t h e s a p w o o d.  T hr e e t y p es of d e c a y f u n gi, F o mit o psis 
pi ni c ol a , H et er o b asi di o n a n n os u m a n d Sistr otr e m a bri n k m a n nii  w er e s o m eti m es ass o ci at e d wit h D. 
p o n d er os a e  b o di es.  T h es e f u n gi w er e als o pr es e nt i n i ns e ct g all eri es as w ell as i n s a p w o o d.    
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Financial Statement 
 

 
Insect 

 Rearing Nematodes Fungi 

 
Risk 

Assessment 
Annual  
Total 

Annual 
 Budget Variance 

 Salaries & stipends  $16,000.00  $8,000.00  $6,000.00 $32,200.00  $30,000.00 $2,200.00 

 Employee benefits  $2,516.00  $2,040.00  $4,556.00  $4,556.00* 

 Equipment    $0.00  0 $0.00 

 Travel  $21,256.03   $1,000.00
$4,000.00

$26,256.03  $29,000.00 $2,831.97.00 

 Material & supplies  $14,979.47  $8,456.47 $4,000.00 $27,435.94  $29,000.00 $1,564.06.00 

 Other - Please specify       $0.00  $0.00 

 Sub Total $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

 In-Kind Contribution       $0.00  $0.00 

 Totals $5,4751.5 $18,496.47 $11,000.00 $90,447.97 $88,000.00 $2,447.97 

Annual budget $58,000.00 $19,000.00 $11,000.00
 

$88,000.00  
Explanation of variance 
over 10%.     

 
  

* Did not budget for 
employee benefits 

 
Request for additional funds: 
Technical problems with the development of the molecular technique for identifying the presence of 
Bursaphelenchus xylophilus identified previously will require testing of a minimum of two and up 
to three times as many samples as estimated originally and thus necessitates a second 4-month term 
of coop student assistance.  The estimated cost for salary and benefits and lab supplies is 
$14,000.00.  It is not feasible to divert funds from elsewhere in the project as budget estimates and 
actual expenditures are very closely matched.  The trade sensitivity of the results of the nematode 
analyses necessitates addressing all possible concerns.  Additional field sampling of trees for 
nematode analysis outside the beetle-affected area will be included in the regular field budget. 
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Fungi Associated with Trypodendron spp. 

3.1  Introduction 

The ability to grow food is not unique to humans but has independently evolved in three 

insects groups: ants, termites and ambrosia beetles. Fungus-farming is found in ca. 200 species of 

nearctic attine ants, 330 species of Palaearctic termites, and 3,400 species of ambrosia beetles 

worldwide (Mueller and Gerardo, 2002). The ability to farm their own food in a mutualistic and 

apparently obligatory relationship with specific symbiotic fungi may explain in part why these 

insects have become major agricultural, household, and forestry pests (Batra and Batra, 1979; 

Beaver, 1989; Farrell et al., 2001; Mueller and Gerardo, 2002; Mueller et al., 1998; Wilson, 

1971). 

In ambrosia beetles (Coleoptera: Scolytidae and Platypodidae), fungal symbionts are 

vital, because they provide the nutritious “ambrosia” that is essential for larval development and 

completion of the beetles’ life cycle (Batra, 1972; Beaver, 1989; French and Roeper, 1972). 

Larvae of all instars feed exclusively on ambrosia fungi that the adults inoculate into new 

breeding galleries. These fungi cause substantial economic damage. Depending on the habits of 

their beetle vectors, they may weaken or kill trees (Appendix I), and degrade wood products due 

to stain produced by enzymatic action of the fungi. Degradation caused by the darkly-stained 

galleries and the surrounding wood exceeds $ 100 million per year on the British Columbia coast 

(McLean, 1985), and may approach $ 200 million  (Lindgren and Fraser, 1994). 

For ambrosia fungi the insect vector offers a means of reliable transport to and 

occupation of suitable and often ephemeral habitats. The fungal spores are protected from 

desiccation during flight and hibernation inside the beetles’ fungal storage structures, or 

mycangia (Batra, 1963; Batra, 1967). After inoculation into the wood of a new host, the fungus 

also benefits from the beetles’ tunneling, which aids rapid spread of the mycelium (Batra, 1972; 

Beaver, 1989). Browsing by the beetles stimulates the growth of the ambrosia fungi, which by 

antagonism inhibit the growth of foreign fungi (Francke-Grosmann, 1967). In turn, ambrosia 

fungi provide food for the beetles, breaking down lignin and cellulose into simpler organic 

molecules which can be easily assimilated (Baker, 1963; Beaver, 1989; Haack and Slansky, 

1987). One limiting factor for reproductive success and larval development is the amount of 

dietary nitrogen and phosphorous (Ayres et al., 2000). The fungi ensure a nitrogen rich diet for 

the beetles by sequestering nitrogen from the wood and recycling nitrogen excreted by the beetles 

(Ayres et al., 2000; Batra, 1963; Batra and Downing Michie, 1963), providing a higher quality 

source of protein than the wood itself. In addition the fungi provide B-vitamins and sterols that 

are necessary for pupation but cannot be synthesized by the beetles (Baker, 1963; Haack and 



 

Slansky, 1987; Kok et al., 1970; Norris, 1979). In the absence of mycangial fungi, the southern 

pine beetle D. frontalis laid only half the normal average number of eggs (Goldhammer et al., 

1990), and it might be impossible for ambrosia beetles to produce any progeny at all. The fungi 

can also assist the beetles in the invasion of living trees or tissue by reducing the host’s defense 

mechanism in the vicinity of fungal growth (Beaver, 1989; Paine et al., 1993). The moisture 

content of the phloem and wood can also be altered by fungi associated with bark beetles and 

thereby assist beetle colonization, creating a favorable microclimate for development of the insect 

(Francke-Grosmann, 1967; Webb and Franklin, 1978; Whitney, 1982). The fungi may also assist 

in converting host chemicals to pheromones by oxidation and detoxifying host chemicals as 

shown for some bark beetles (Brand et al., 1976; Leufven, 1991). Insect-plant interactions that 

involve microbial mutualists, such as plant pathogenic fungi (Paine et al., 1997), can expand the 

capacity of insects to use plant resources (Hölldobler and Wilson, 1990; Mueller et al., 1998) and 

thus may enhance the rate of species diversification (Farrell, 1998). This may occur in part 

through widening the beetles’ host range, because fungi can create favourable conditions in a 

wide range of host trees, on which the beetles are no longer directly nutritionally dependent 

(Beaver, 1989). Conversely, if the fungi are substrate-specific the beetles’ host range may be 

limited. 

While enlarging the larval chambers first and second instar ambrosia beetle larvae 

swallow some of the excavated wood and pass it through the gut (Baker, 1963). It is not clear if 

the ingested wood is digested and therefore has nutritional value or whether this is simply a way 

to manage the excavated wood particles. During gallery elongation, adults also ingest wood, but 

females must feed on fungi prior to ovary maturation (Beaver, 1989; Kingsolver and Norris, 

1977). Adults may also feed on the fungi at other times, possibly as a farming practice and not for 

nourishment. Caring for the young may involve active placement of a fungal mass in front of the 

larval cradle opening (Hubbard, 1897). The presence of an active female is essential for healthy 

brood development. If the female beetle dies, and in some species either parent, the brood larvae 

die too, because they are apparently unable to control the fungal growth within the gallery 

(Beaver, 1989; Norris, 1979). 

Usually only one generation of beetles breeds in a host, because the habitat is too altered 

or degraded to support additional generations. Therefore, each generation must disperse to find a 

new host, which has implications for the association between particular fungi and their insect 

vectors (Beaver, 1989). Mature adults actively transport the fungal spores either by ingestion 

before dispersal or more commonly by gathering spores into their mycangia, glandular cuticular 

invaginations in the integument (Batra, 1963; Francke-Grosmann, 1956), where they are stored 



 

during dispersal  and overwintering diapause. It appears that only spores of certain species 

survive in the mycangia, which, in a poorly understood process, selectively eliminate “unwanted 

fungi” (Barras and Perry, 1971; Francke-Grosmann, 1967; Paine and Birch, 1983). 

Mycangia are often lined with at least two different types of secretory glands, the 

palisade glandular cells and the ductile-associated glandular cells (Barras and Perry, 1972; Happ 

et al., 1971), which produce waxy substances, fatty acids, phospholipids, sterols and amino acids, 

that provide moisture and nutrition for the stored fungus within the mycangial lumen. The activity 

of these glands varies with seasonal changes and the activity of the beetle (Schneider and 

Rudinsky, 1969), and they are most active during the flight of the beetles (Beaver, 1989) and 

during active boring (Baker, 1963). In addition to controling the growth of the essential 

mycangial fungi and suppressing other fungi, they may also stimulate transformation of the 

mutualistic fungi to the asexual form (Norris, 1979).  

The growth and multiplication of fungus inside a mycangium is positively correlated with 

the development and secretory activity of the glandular cells (Schneider and Rudinsky, 1969). 

Thus the mycangia serve not merely for transport, but also provide a culture medium for the 

fungus (Barras and Perry, 1971; Francke-Grosmann, 1967; Harrington, 1993). 

The type of mycangium is often specific to a particular genus (Beaver, 1989; Dowding, 

1969; Francke-Grosmann, 1967; Whitney, 1982). In all adult female Trypodendron spp., the 

mycangia are glandular ectodermic tube-shaped invaginations extending into the prothorax as a 

pair of u-shaped tubes opening above the base of the prothoracic coxae between the integument 

and the muscle. The tubes are finely sculptured, with strongly sclerotized spines (Abrahamson et 

al., 1967; Abrahamson and Norris, 1966; Francke-Grosmann, 1958; Francke-Grosmann, 1967). 

Adult females deposit spores on the exposed sapwood while excavating new breeding galleries. 

The adult beetles actively crop and feed on the fungal cultures and may have other mechanical 

and chemical mechanisms to keep the cultures pure (French and Roeper, 1972). For example, 

beetles and fungi produce antibiotics to ensure the growth of the right composition of 

microorganisms (Nakashima and Iizuka, 1982; Whitney, 1982). The entry of spores into the 

mycangia before dispersal to overwintering sites may to be passive, although Batra and Batra 

(1967) suggested that rocking movements of adults in the parental gallery forces spores into the 

mycangia (Batra and Batra, 1967). The expelling of spores seems to be driven by movements of 

the thoracic muscles when the female starts a gallery in a new host (Schneider and Rudinsky, 

1969). 

The fungal growth in the galleries is mycelial and the hyphae may penetrate the xylem 

and phloem, but sporulation probably only occurs in the gallery and may be stimulated as a result 



 

of the beetles, browsing activity (Batra, 1966). Around the tunnel walls the fungal hyphae form a 

stroma from which a palisade of spore-bearing hyphae projects into the lumen of the tunnel. 

These hyphae are browsed by both adults in the gallery and larvae inside their niches (Baker, 

1963; Batra, 1967). The shiny spores (originally thought to be yeast) are often arranged in tangled 

chains of moniliform cells on the gallery walls (Baker, 1963). This dense hyphal layer and the 

fungal mass on which the larvae feed are referred to as ‘ambrosia’, as are the monilioid yeast-like 

vegetative hyphal fragments, found in the mycangia and the galleries (Batra et al., 1986). 

Ambrosia fungi have a small range of optimal growth temperatures (Nakashima et al., 1987) and 

seem to develop as a result of mechanical and chemical manipulation which may involve 

secretions of the beetles and their larvae (French and Roeper, 1972). In support of mechanical 

stimulation, artificial cutting of hyphal tips of the mycelial form of Ambrosiella hartigii Batra 

produced a change from mycelia to the ambrosial form (Batra, 1967). In agar culture the 

monilioid ambrosia growth is often lost, the hyphae appear cottony, and the medium is stained 

dark either by dark hyphae or by oily exudates (Baker, 1963). The ambrosia fungi are 

pleomorphic and can easily change their morphs when the medium changes or as a result of 

mechanical manipulation (Batra and Downing Michie, 1963; Funk, 1965). Ambrosia cells 

multiply extensively in the tunnel system while the parents are present, but often fail to germinate 

when plated on artificial media (Batra, 1963). The dominant fungal species may differ according 

to location within the gallery system and the duration of occupation by the beetles (Batra et al., 

1986; Beaver, 1989). After the brood adults leave, the gallery system is rapidly overgrown with 

fungi that were suppressed and apparently not used by the resident beetles. All of these features 

can lead to misidentification based on morphological structures, and misinterpretation of which 

species are the true and essential ambrosia fungi. Isolations from the mycangia directly and 

combining molecular techniques with traditional taxonomy should allow for unambiguous 

identification. 

Fungi in more than 30 genera have been isolated from ambrosia beetles (Baker, 1963; 

Batra, 1963; Francke-Grosmann, 1967). Many ambrosia genera belong to the ascomycete group 

known as the ophiostomatoids (Ascomycetes: Ophiostomataceae) including the genera 

Ophiostoma, Ceratocystis and their associated anamorphs (Beaver, 1989; Farrell et al., 2001; 

Malloch and Blackwell, 1993; Wingfield et al., 1993). For the genus Trypodendron several 

attempts have been made to establish the range of symbiotic fungi (Table 3.1). One problem with 

previous studies is that the spores were often isolated from the beetles’ galleries or body surface, 

or from crushes of whole bodies or the digestive system (Bakshi, 1950; Batra, 1963, 1967; 

Francke-Grosmann, 1956; Hinds and Davidson, 1972), but not from mycangia, which are most 



 

likely to yield only one or two specific fungi associated with particular beetle species (Six and 

Paine, 1999). Another problem is that most isolations were done over 30 years ago, when a true 

ambrosia fungus was considered to produce “in culture the same ambrosial stages as in the 

tunnel”. It is now known that the pleomorphic ability of the fungi renders this criterion invalid 

(Francke-Grosmann, 1967). Overlooking seasonal morphological changes and altered fungal 

species composition (Bakshi, 1950; Batra, 1963; Funk, 1965; Hinds and Davidson, 1972) also 

leads to misinterpretation. 

The genus Trypodendron in B.C. includes four native and one introduced species that are 

mutually sympatric. Two species, T. lineatum and T. rufitarsus, infest a variety of conifer hosts in 

their range, while T. betulae and T. retusum inhabit the angiosperm genera Betula (Betulaceae) 

(birch) and Populus (Saliaceae) (poplar and aspen), respectively.  

The heartwood of conifers is composed of dead cells, containing large amounts of 

phenolics, and apparently is not a suitable substrate for ambrosia fungi. Thus the habitat  

 

 

TABLE 3.1  Species of fungi previously associated with Trypodendron species. 

 

Beetle 

species 
Fungal species * Notes on isolation Reference(s) 

T. retusum Ceratocystis retusi 

C. brevicollis 

Ambrosiella ferruginea 

C. leucocarpa 

C. tremoloaurea 

C. piceae 

Graphium ssp. 

C. crassivaginata 

Cytospora chrysosperma 

Isolated from adults, 

pupae, cradles and 

galleries, but not 

mycangia 

Hinds and Davidson 

(1972) 

T. rufitarsus A. ferruginea No information French and Roeper (1972) 

T. lineatum 

 

Monilia ferruginea 

Ceratocystis bicolor 

Isolated from 

galleries and 

Batra and Downing-

Michie (1963); Funk 



 

mycangia  (1965) 

 C. piceae 

Leptographium  

lundbergii 

Oedocephalum lineatum 

Isolated from adults 

and galleries, but not 

mycangia 

Bakshi (1950) 

 

 M. ferruginea No information  Mathiesen-Käärik (1953)  

T. 

domesticum 

Ceratocystis ambrosia  

M. ferruginea 

Endomycopis fasciculate 

Trichosporium tingens 

C. bicolor 

Isolated from adults 

and galleries, but not 

mycangia 

Bakshi (1950) 

T. lineatum 

T. 

domesticum 

T. retusum 

T. betulae 

T. signatum 

A. ferruginea Isolated from tunnels 

and/or mycangia 

Batra (1967) 

 

* Current placements of taxa and authors of latine names of fungus species: 

 

Ceratocystis retusi, Ceratocystiopsis retusi (R. W. Davidson & T. E. Hinds) H. P. Upadhyay; 

Ceratocystis brevicollis, Ophiostoma brevicolle (R.W. Davidson) de Hoog & R. J. Scheff; 

Ambrosiella ferruginea (Mathiesen-Käärik) Batra; Ceratocystis leucocarpa R. W. Davidson; 

Ceratocystis tremoloaurea, O. tremoloaureum (R. W. Davidson & T. E. Hinds) de Hoog & R. J. 

Scheff; Ceratocystis piceae (Münch) B.K. Bakshi, Ophiostoma piceae (Münch) Syd. & P. Syd.; 

Ceratocystis crassivaginata, Ceratocystiopsis crassivaginata (H.D. Griffin) H. P. Upadhyay; 

Cytospora chrysosperma, Valsa sordida Nitschke; Monilia ferruginea, Ambrosiella ferrugine 

(Mathiesen-Käärik) L.A. Batra; Ceratocystis bicolor, Ophiostoma bicolor R.W. Davidson & D.E. 

Wells; Ceratocystis ambrosia B.K. Bakshi; Ceratocystis pilifera (Fr.) C. Moreau; Endomycopis 

fasciculate, Pichia fasciculata (L.A. Batra) Abadie & Lehodey; Trichosporium tingens, 



 

Ambrosiella tingens (Lagerberg & Melin) L. A. Batra, Leptographium lundbergii Lagerb. & 

Melin; Oedocephalum lineatum B.K. Bakshi; Trichosporium tingens Lagerberg & Melin. 

     

in healthy conifers the sapwood may contain toxic constitutive resin in resin canals that may be 

severed by attacking beetles, or parenchyma cells in the sapwood may produce an even more 

toxic traumatic resin in response to insect or fungal invasion (Coyne and Lott, 1976; Delorme and 

Lieutier, 1990; Paine et al., 1997; Raffa, 1991). Therefore conifer-infesting ambrosia beetles 

avoid host resistance by infesting the sapwood of very weak hosts, i.e. logs, stumps and dying 

trees.  

Unlike the sapwood of conifers, the sapwood of angiosperms lacks extensive oleoresin-

based constitutive and induced resistance mechanisms, although other resistance mechanisms, 

e.g. the production of phenolics, may exist. In addition, the heartwood of many angiosperm trees 

is indistinct, and may not be nearly as toxic a habitat as conifer heartwood. Thus, because 

angiosperm-infesting ambrosia beetles are not nutritionally dependent on living phloem or 

sapwood, they can bypass potential host resistance by penetrating deep into the dead heartwood 

of a living, healthy tree.   

North American Trypodendron spp. are usually described as attacking only ‘unthrifty’ 

host trees or logs (Wood, 1982), but my recent observations in the southern interior of B.C. may 

change this perception (Appendix I). Trypodendron retusum not only occurs on wind-broken 

trembling aspen, Populus tremuloides Michx., and trees damaged by vertebrates or lightning, but 

also on apparently healthy, standing aspens of various sizes. In some cases T. retusum infestation 

apparently causes patch kills that result in spindle-shaped lesions of exposed dead wood. I have 

also found T. betulae in standing paper birch, Betulae papyrifera Marsham, with no visible signs 

of stress. The ability of the beetles and fungus to attack healthy angiosperms might be facilitated 

by the potential of the fungus to grow inside a tree to such a degree that it compromises the tree 

growth and may even kill the tree. One goal of this study was to test the fungi isolated from T. 

retusum for their potential pathenogenicity to trembling aspen by inoculating them into fresh logs 

and standing trees. Because of chemical and physical differences between Betula and Populus 

spp. it is possible that the ambrosia beetles inhabiting these hosts harbour species-specific fungi 

that contribute to the reproductive isolation of their beetle symbionts. In no case have the fungi 

associated with any of B.C.’s Trypodendron spp. been investigated using currently accepted 

methodology. 

Attack by ambrosia beetles is almost invariably associated with discolouration of the 

invaded tissue which probably results from a response by the host tree to symbiotic 



 

microorganisms (Faulds, 1973). This “stain” is in addition to the dark coloration of the fungal 

mycelium itself, and implies that at least some degree of pathogenicity is needed to overcome 

even weak hosts. Although some ophiostomatoid fungi, e.g. O. ulmi (Buisman) Nannf., O. novo-

ulmi (Brasier) are important and destructive pathogens, most species of Ophiostoma are weak 

parasites or saprophytes. Even weakly pathogenic species, such as O. ips, current name 

Ceratocystis ips (Rumbold) C. Mureau, O. minus, current name Ceratocystis minor  (Hedgcock) 

J. Hunt, O. penicillatum, (Grosmann) Siemaszko, and O. piceae (Münch) H. and P. Sydow, 

impart serious economic losses by causing blue stain in harvested timber (Seifert, 1993), 

especially associated with bark beetles (Gibbs, 1993). 

The increasing frequency of observations of ambrosia beetle attack on living trees 

(Appendix 1) suggests that the pathenogenicity of ambrosia fungi warrants more careful 

examination than in the past (Bhagwandin, 1993; Browne, 1965; Costilla and Venditti, 1992; 

Finnegan, 1972; Kamata et al., 2002; Kent and Simpson, 1992; Kovach and Gorsuch, 1985; Nord 

and McManus, 1972; Wood, 1982). For example, mass attack by the exotic ambrosia beetle, 

Xylosandrus crassiusculus (Motschulsky), can kill North American ornamentals and fruit trees, 

but pathogenicity of its fungal partners has not been investigated (Chapin and Oliver, 1986; 

Deyrup and Atkinson, 1987; Kovach and Gorsuch, 1985; Wood, 1982). 

Fungi associated with bark and ambrosia beetles may kill a tree or a portion of it by 

producing toxins or occluding the xylem vessels or tracheids with mycelium, spores, or 

polysaccharides. Furthermore, tyloses may be formed by cells exposed to fungal enzymes. In 

living trees this symptomatic condition causes vascular wilt (Agrios, 1988). A mechanical 

girdling effect by ambrosia beetles only occurs with mass attack. Successful colonization of 

living wood depends largely on its moisture content. If the wood is saturated with water, oxygen 

becomes the limiting factor, while water shortage may limit solubility and metabolic activity of 

hydrolyzing enzymes and diffusion of metabolites (Zabel and Morrell, 1992). For example O. 

minus grows very slowly in fresh logs but loss of 10% of the water content allows rapid 

penetration of the fungus (Gibbs, 1993). Loss of water by the host may be necessary in general 

before invasion by ophiostomatoid fungi can occur (Gibbs, 1993). In addition, altered moisture 

content may alter competitive interactions between beetle fungal symbionts (Klepzig et al., 2004). 

In turn the beetles’ larval development is enhanced by fungal colonization which reduces inner 

bark water content (Graham, 1967). Commonly, assumptions about fungal growth in living host 

tissue and host- fungus interactions are based on in vitro experiments, with the fungi growing on 

various nutrient rich agar media, on pieces of wood maintained on agar at high humidity, or on 

natural substrates that are altered by heat, autoclaving, chemical treatment, or irradiation (Gibbs, 



 

1993; Uzunovic, 1996; Uzunovic and Webber, 1998). Because I observed T. retusum commonly 

attacking living trees, I hypothesised that one or more species of its symbiotic fungi was at least 

moderately pathogenic. Therefore, one of my objectives was to test this hypothesis by 

investigating the growth of its fungal associates in freshly cut trembling aspen billets that were 

unaltered by drying or sterilization. This was to provide insight into the ability of these fungi to 

invade and colonize living host tissue. Another objective was to explore whether the fungi 

associated with T. retusum have the pathogenic potential to kill healthy trees or to compromise 

their growth. 

Growth in vitro may sometimes reflect the pathenogenicity or ability of fungal species to 

colonize in vivo, but the logical continuation of laboratory studies is inoculation of fungi into 

living tissue. Inoculating fungi into billets freshly cut from living trees allows investigation of the 

ability of a fungus to colonize living tissue capable of defence, while maintaining controlled 

conditions in a growth chamber. Using this technique, (Uzunovic and Webber, 1998) found that 

Ceratocystis coerulescens (Münch) Bakshi grew almost three times faster longitudinally in 

woody tissue then on nutrient agar at the same temperature, contradicting common assumptions 

and indicting that this blue stain fungus is stimulated by growing on a natural substrate. 

 

3.2  Objectives 

The four objectives in this chapter were: 

1) to develop a reliable method for isolation of ambrosia fungi directly from the mycangia 

of Trypodendron spp.; 

2) to isolate and to differentiate the fungi that are associated with the four native and one 

introduced Trypodendron spp. found in B.C., based on basic morphological descriptions 

and on DNA sequence data; 

3) to investigate the ability of fungi associated with T. retusum to invade colonize host 

tissue, using freshly cut billets from trembling aspen trees; and 

4) to explore whether the fungi associated with T. retusum have the potential to kill healthy 

aspens or to compromise their growth. 

 

3.3  Methods 

3.3.1  General Culturing Methods 

Culture media were routinely autoclaved for 20 min at 121°C and 1034.1 KN m-2 (15 

psi). After autoclaving the bottles with media were left to cool to about 50°C in a laminar flow 

hood, and the media were poured aseptically into sterile 90 mm Petri dishes, approximately 20 



 

mL of agar per dish. The Petri dishes were left over night in the laminar flow hood and stored 

before use for four weeks under polyethylene plastic bag covers at room temperature. 

Two growth media were used:  

2% Oxoid Malt Extract Agar (MEA): 

33 g MEA (CM 59)  

10 g Agar, technical agar No 3 (L13)  

1000 L distilled water 

Oatmeal Agar: 

30 g “Robin Hood” large flake oats 

20 g Agar, technical agar No 3 (L13)  

800 L distilled water 

For oatmeal agar, 30 g of oats were added to 800 mL of boiling distilled water in a 1-2 L 

beaker or flask and simmered under constant stirring with a heavy stirrer for about 60 min. The 

mixture was filtered through muslin and the extract made up to 1 L of liquid by adding distilled 

water and divided into two 1 L flasks. Agar was added under stirring and then autoclaved and 

poured the same way as above. 

 A selective medium was also used: 

  Oxoid Malt Extract Agar plus Actidione and Streptomycin (A+S): 

33 g MEA (CM 59)  

10 g Agar, technical agar No 3 (L13) 

1000 L distilled water 

50 ml Cycloheximide (=Actidione) solution 

25 ml Streptomycin solution 

Malt extract and technical agar were acquired from Oxoid Ltd, Basingstoke Hampshire, 

England, streptomycin sulphate from Sigma, S-6501 Lot 22H0448, and cyoheximide from Sigma, 

C-7698 Lot 97H0474. Cycloheximide inhibits the growth of many fungi but not fungi in the 

genera Ophiostoma and their associted anamorphs Leptographium, Pesotum, and Sporothrix 

(Harrington, 1981). Cyloheximide solution is prepared by diluting 1 g of Cycloheximide in 500 

mL of water, and fifty mL of this solution is added into the agar before autoclaving. Streptomycin 

solution is  prepared by diluting 1 g of Streptomycin sulfate in 100 mL of sterile water and 

filtered into cooled autoclaved agar just before pouring. Streptomycin inhibits the growth of 

bacteria. For all experiments, each primary isolate was first grown on plates with MEA and plates 

with A+S. The subcultures were plated on MEA by centrally placing an approximately 2 x 2 mm 



 

inoculum taken from the edge of a 3-10 day old culture. Cultures were allowed to grow at room 

temperature for 3-21 days, depending on how fast they increased in size. 

Petri dishes containing cultures were stored in the dark at 3-7°C wrapped in polyethylene 

bags to maintain cultures for short periods. Isolates were stored for longer under sterile water (1-3 

years) or under mineral oil (more than 2 years) in sterile cryovials at 3-4°C. Representative 

isolates used in this study are maintained in the culture collection at Forintek Canada Corp. 

Western Laboratory, 2665 East Mall, Vancouver, B.C., V6T 1W5 and at the Department of Wood 

Science, Faculty of Forestry, University of British Columbia, Vancouver, B.C., V6T 1Z4. 

 

3.3.2  Isolations from Beetles and Galleries 

Live beetles were collected early in the spring at the time of the dispersal flight either 

from clean lineatin-baited traps upon landing or excised from host logs or trees shortly after 

attack. During the breeding phase, when excavation of tunnels and egg niches was under way, 

adults were excised from their hosts. Larvae and pupae were taken from excavated gallery 

systems as long as eggs were still being laid. For every beetle species two adult females and 

males, pupae and larvae, were individually vortexed for 1 min in 1 mL sterile water and dilution 

series of 1:5, 1:50 and 1:500 were made. A 100 µL aliquot from each dilution was spread onto 

one MEA and one A+S plate with a sterile glass rod, incubated in darkness at 20°C and assessed 

after 1-3 days. The numbers of fungal and yeast/bacterial colonies were counted to give an 

estimate of the number of spores carried by each insect. A selection of emerging single spore 

colonies were transfered onto separate MEA plates for further studies. Sampling from the 

galleries was done by picking up hyphae of superficially growing mycelia or spores with a sterile 

needle and placing them onto agar plates. Any growth that appeared after 2-10 days was 

subcultured onto MEA.  

All subcultured isolates from all sources were characterized and grouped based on their 

colour and colony growth characteristics, e.g. colony margins, pattern and rate of growth on 

plates, as well as the size, shape and colour of teleomorph and anamorph if present. Photographs 

were taken of representative colonies and structures. This work was done in collaboration with 

Dr. Adnan Uzunovic, Forintek Canada Corp. Western Laboratory, 2665 East Mall, Vancouver, 

B.C., V6T 1W5, an experienced mycologist with extensive experinence with this group of fungi. 

Representative isolates were used for DNA sequencing and phylogenetic determination. 

Sequencing analyses were performed by Dr. Jae-Jin Kim, Department of Wood Science, Faculty 

of Forestry, University of British Columbia, Vancouver, B.C., V6T 1Z4. 

 



 

3.3.3  Isolations from Mycangia 

The aim of this endeavor was to excise single mycangia and isolate the fungi contained in 

them. All instruments used were flame-sterilized and kept in 70% ethanol until use. Dissections 

were performed in sterilized glass Petri dishes lined with sterile filter paper. Each live female was 

first immersed in 70% ethanol for 10-20 sec. The legs were pulled out of the prothorax which was 

then separated from the head and the abdomen and bisected with a scalpel. Each side was treated 

separately to isolate a single mycangium, and all cuticle and tissue was carefully removed from 

the mycangial tube. A new sterile instrument was used for each manipulation. A drop of ethanol 

remaining on an instrument was allowed to spread over the dissection, maintaining a sterile work 

field. The isolated mycangial tube was carefully squeezed with forceps to expel the fungal mass, 

which was then transferred into a sterile plastic test tube and vortexed in 1 mL of sterile water. 

One µL aliquots of 1:5 and 1:50 dilutions of fungal suspensions were spread on one plate each of 

MEA and MEA+A+S media. Plates were left at room temperature and artificial light during the 

day and in the dark at night. Any growth, which appeared, after 2-10 days was subcultured onto 

MEA plates. 

 

3.3.4  Source of Beetles and Galleries 

In 2000, T. retusum were excised from a standing attacked trembling aspen tree collected 

north of Brookmere, B.C. (49°52’N, 120°55’ W), on 26 June. Eggs were still being laid, and 

larvae and pupae were present in the galleries. Trypodendron betulae were excised from a fallen 

paper birch log near Salmon Arm, B.C. (50°47’N, 119°12’ W) on 01 July. Adults, eggs, larvae 

and pupae were present. Trypodendron lineatum were collected in individual sterile vials upon 

landing on lineatin-baited multiple-funnel traps, south of Brookmere (49°48’N, 120°51’ W), B.C. 

on June 26 and July 21. In 2001: T. rufitarsus and T. lineatum were excised from a bolt cut on 12 

June 2001 near Princeton, B.C. from a lodgepole pine tree that was attacked by the mountain pine 

beetle, Dendroctonus ponderosae Hopkins, in 2000, and baited with lineatin on 18 January 2001. 

Trypodendron domesticum were collected in individual sterile vials upon landing on  multiple-

funnel traps baited with ESR- and ZRR-tirathol at Simon Fraser University (49°17’N, 122°55’ 

W), in March. Trypodendron domesticum and T. betulae were excised from a bolt cut on 20 June 

from a standing paper birch log in Richmond Nature Park, BC (49°9 ’N, 123°0’ W). Adults, eggs, 

larvae and pupae were present.  

When fungi were transferred from beetle-infested host material directly, samples were 

taken from the fungal mass lining the beetles’ tunnel walls and from the adjacent stained wood of 

freshly exposed gallery systems. Also split wood pieces containing gallery walls were incubated 



 

at room temperature in humid chambers for up to one week and visible fungal growth was 

subcultured on MEA. 

 

3.3.5 Growth Rate Procedures 

Inoculum plugs approximately 2 x 2 mm were taken from the edge of growing colonies. 

They were placed in the center of Petri dishes containing 20 mL of MEA dispensed 1-2 days 

earlier to let the surface dry and to check against contamination. Inoculated plates were incubated 

in the dark at 20-21°C. The first growth measurement was taken 2-3 days later along two 

perpendicular diameter lines marked with a diamond pen on the Petri dish base. A second 

measurement was made after 2-3 additional days along the same diameters. Growth rates were 

calculated as the mean radial increment per day with two replicates per isolate. Photographs were 

taken after 10 and 25 days of growth. 

 

3.3.6  Mating Procedures 

A mating test was used to test if isolated fungi were Ophiostoma piceae (Münch) H. and 

P. Sydow. Ophiostoma piceae is heterothallic and opposite mating types must be brought together 

to produce the sexual fruiting bodies referred to as perithecia. For this test, two confirmed 

Canadian opposite mating types (OpA AU 122-5 and OpB AU135-4) (Uzunovic et al., 2000) 

were mated on sterile lodgepole pine sapwood wafers against representative isolates from T. 

retusum, T. betulae and T. lineatum. The plates with wood wafers were incubated at 20°C in 

darkness until the colonies met, then placed at room temperature and in diffuse light for a further 

2-4 weeks. Drops of sterilized water were added when needed to replace moisture in wood pieces 

and to keep a humid environment in the Petri dishes. To confirm mating, the meeting lines 

between colonies were checked after approximately 4 and 6 weeks for perithecia using a 

dissecting microscope with substage illumination. 

Pairs of randomly chosen isolates from individual beetles were also mated as above 

against the remaining isolate from the same beetle to check for perithecial production, significant 

taxonomic features in identifying Ophiostoma species. In addition, two isolates were tested for 

self mating to determine if the fungal species were homo- or heterothallic. These mating tests 

were performed on an approximately 2 x 3 cm pieces of sterile wood from the host tree species, 

which were placed on MEA and on oatmeal agar. Prior to the test the wood pieces were 

submerged in 70 % ethanol for 2 min then air dried under a laminar flow hood and surface 

flamed. 

 



 

3. 3. 7  M o r p h ol o gi c al St u di es, D N A S e q u e n ci n g a n d P h yl o g e n eti c A n al ysis  

T h e m or p h ol o gi c al i d e ntifi c ati o ns a n d D N A a n al ysis fr o m c ult ur es ori gi n at e d fr o m si n gl e 

s p or e is ol ati o ns w as p erf or m e d b y Dr. J a e-Ji n Ki m, D e p art m e nt of W o o d S ci e n c e, F a c ult y of 

F or estr y, U ni v ersit y of Britis h C ol u m bi a, V a n c o u v er, B. C., V 6 T 1 Z 4.  F or r ef er e n c e p ur p os es,  

t y p e str ai ns w er e o bt ai n e d fr o m t h e C e ntr a al b ur e a u v o or S c hi m m el c ult ur es (C B S ), Utr e c ht, T h e 

N et h erl a n ds,  a n d t h e c ult ur e c oll e cti o n of U ni v ers it y of Britis h C ol u m bi a, V a n c o u v er, B. C. 

M or p h ol o gi c al f e at ur es w er e o bs er v e d o n f u n g al str u ct ur es pr o d u c e d o n 2 % M E A ( 2 0 g Dif c o  

m alt e xtr a ct, 1 5 g Dif c o a g ar, a n d 1 0 0 0 m L distill e d w at er)  a n d o n st eril e l o d g e p ol e pi n e s a p w o o d 

w af ers. Is ol at es f or i d e nt ifi c ati o n w er e or g a ni z e d i nt o gr o u ps b as e d o n d es cri b e d c ult ur al 

c h ar a ct eristi cs ( H arri n gt o n et al., 2 0 0 1; J a c o bs a n d Wi n gfi el d, 2 0 0 1; U p a d h y a y, 1 9 8 1). F or li g ht 

mi cr os c o p y, f u n g al str u ct ur es w er e m o u nt e d i n w at er a n d o bs er v e d usi n g a Z eiss A xi o pl a n li g ht 

mi cr os c o p e. T w o or t hr e e r e pr es e nt ati v es of e a c h gr o u p w er e p urifi e d  usi n g si n gl e s p or e is ol ati o n 

m et h o ds ( U z u n o vi c et al., 2 0 0 0). 

F or g e n o mi c D N A pr e p ar ati o ns, f u n g al is ol at es w er e i n o c ul at e d o n 2 % O M E A m e di a  

( 3 3 g O x oi d m alt e xtr a ct a g ar, 1 0 g O x oi d t e c h ni c al a g ar, a n d 10 0 0 m L distill e d w at er) o v erl ai d 

wit h st eril e c ell o p h a n e s h e ets ( Bi o -R a d) a n d gr o w n f or 7 d a ys  at r o o m t e m p er at ur e. D N A 

e xtr a cti o n w as c arri e d o ut usi n g t h e m et h o d d es cri b e d b y Ki m  et al . ( 1 9 9 9). 

T h e I T S r e gi o n a n d p arti al L S U r D N A w er e a m plifi e d usi n g t h e  pri m ers I T S 5/I T S 4 

( W hit e et al., 1 9 9 0) a n d L R O R/ L R 3 ( Vil g al ys a n d H est er, 1 9 9 0). T h e β -t u b uli n g e n e w as 

a m plifi e d usi n g t h e pri m er T 1 0  a n d B T 1 2 ( Ki m et al., 2 0 0 3). P C R a m plifi c ati o n w as c arri e d o ut 

wit h a t ot al v ol u m e of 2 5 µ L i n 0. 6 m L r e a cti o n t u b es a n d a T o u c h d o w n T h er m o c y cl er ( H y b ai d).  

T h e r e a cti o n mi x c o nt ai n e d 1 x r e a cti o n b uff er ( 1 0 m M Tris -Cl [ p H 8. 0], 1. 5 m M M g Cl 2 , 5 0 m M 

K Cl), 8 0 µ M of e a c h d e o x y n u cl e oti d e, 2 0 p m ol of e a c h pri m er, 0. 5 U T a q D N A p ol y m er as e ( R os e 

S ci e ntifi c) a n d 1 0 0 n g g e n o mi c D N A.   T h e st a n d ar d r e a cti o n c o n diti o ns w er e as f oll o ws: i niti al 

d e n at ur ati o n at 9 4 ° C f or 4 mi n, 3 0 c y cl es of d e n at ur ati o n at 9 4 ° C f or 3 0 s e c, pri m er a n n e ali n g at 

5 2 ° C f or 5 0 s e c a n d D N A el o n g ati o n at 7 2 ° C f or 5 0 s e c, a n d a fi n al c y cl e of D N A el o n g ati o n at 

7 2 ° C  f or 1 0 mi n. P C R pr o d u cts w er e vis u ali z e d b y el e ctr o p h or esis o n a 1. 4 % a g ar os e g el 

c o nt ai ni n g et hi di u m br o mi d e.  

T h e P C R pr o d u cts w er e g el -p urifi e d usi n g a Qi a q ui c k G el E xtr a cti o n Kit ( Qi a g e n).  G el 

p urifi e d P C R pr o d u cts w er e s e q u e n c e d usi n g t h e pri m ers d es cri b e d a b o v e. S e q u e n ci n g w as  

p erf or m e d o n a n A BI 3 7 0 0 a ut o m at e d s e q u e n c er ( P er ki n -El m er I n c. U S A) at t h e D N A S y nt h esis 

a n d S e q u e n ci n g F a cilit y, M A C R O G E N, S e o ul, K or e a.  

 



 

3.3.8  Inoculum Preparation 

Approximately 600 organically grown whole, large wheat kernels were soaked in tap 

water at 4°C overnight and then approximately 60 grains were put in 100 mL conical flasks. 

Surplus water was removed, and the flasks were plugged with cotton wool, covered with tinfoil 

and autoclaved for 20 min at 15 psi and cooled for 1 h. Five discs approximately. 6 mm in diam. 

of inoculum taken from actively growing on MEA were inserted into each flask and mixed with 

the grain.  The flasks were incubated at 20°C in the dark for 20 days until the grains were 

thoroughly colonized. Drops of sterile water were added to the flask when needed to maintain a 

moist environment. Sample kernels were placed on MEA before and after the inoculation 

experiment to verify that the fungus was alive and uncontaminated. To check the consistency of 

inoculations two different isolates of the same species of each of the three test fungi were used: 1) 

SK 6 and SK 10, described as  "brown with pesotum anamorph” with a typical Ophiostoma 

morphology (fungus A) and later (after the experiment was completed) identified as O. piceae, 

isolated from pupae and female adults, respectively; 2) SK 12 and SK 21 described as  “large 

white fluff” (fungus B) and later identified as O. piliferum (Fries) Sydow & Sydow, both isolated 

from mycangia; and 3) SK 2 and SK 4 described as “small white fluff” (fungus C) and later 

identified as O. quercus, isolated from larvae and pupae, respectively. 

 

3.3.9  Inoculation Procedure 

Three trembling aspen trees were felled just east of Manning Park, B.C. (49°10’N, 120° 

35’ W), one on 14 February and two on 2 March 2001, wrapped in polyethylene bags and held 

outdoors at Forintek Canada Corp. Western Laboratory, 2665 East Mall, Vancouver, B.C., V6T 

1W5. Each tree was cut into 6-7 straight billets at least 35 cm long and 15 cm diam. Immediately 

after cutting, the exposed ends of each billet were sealed with paint sealer (Instant Patch, Tremco 

Ltd, Canada) to prevent moisture loss and microbial contamination. Two discs approximately 2 

cm thick were cut from each tree to measure the moisture content. Each billet was wrapped in a 

new polyethylene bag and held at 0°C until 6 March, when the billets were inoculated with fungi 

isolated from T. retusum. On each billet, fungi were inoculated alone or in combination, and into 

two types of holes, deep (3 cm) or shallow (the depth of the phloem-xylem interface) equally 

spaced around the log circumference 10-15 cm from the bottom end of each billet. Fungal isolates 

were inoculated as two pieces of pre-colonized wheat grain inoculum into holes drilled with a 5 

mm diam. electrical drill bit sterilized in 70% ethanol and flamed before use. The bark surface 

around the holes was sterilized with an ethanol wipe and quickly flamed prior to inoculation. For 

single species inoculations, two kernels of the same isolate were used, and for combined 



 

inoculations, one kernel of each species was used. Each billet received four treatments out of 

seven possible (AA, BB, CC, AC, AB, BC, and OO for control) randomly assigned to the billets 

and to each treatment depth. Inoculated holes were covered with a piece of sterile gauze and with 

electrical tape placed around the billet over the holes protecting against desiccation. Control holes 

were treated the same as treatment holes except no inoculum was transferred. The logs were 

incubated for 27 days in a growing chamber running at17°C and 80% RH. 

 

3.3.10  Determination of Moisture Content 

 Moisture content was determined as a percentage of oven-dry weight (% odw), indicating 

the total amount of water present in the wood and as a percentage of saturated weight (% 

saturation), as given below. 

 

 

 

 

 

 

 

Comparison of the two values allows the amount of free water to be separated from the 

amount of bound water held in the wood in cell walls. The latter measure takes into account the 

density of the wood. Moisture content (mc) was estimated from two freshly cut discs, which were 

immediately wrapped in polyethylene bags and kept at = 5°C until sampled. Each disc was split 

with a chisel and mallet giving eight small sapwood blocks of various sizes across the diameter of 

each. For determination of odw, each block was individually weighed for fresh weight, dried at 

103°C for 24 h to constant weight, cooled for approximately 1 h in a desiccator over silica gel and 

then re-weighed. For determination of % saturation, freshly weighed blocks were boiled in water 

for 2 h, left in the water-filled container to cool overnight, during which they sank to bottom 

indicating full saturation, surface dried by blotting on filter paper, and re-weighed. 

 

 

3.3.11  Sampling for Stain and Recovery of Inoculum 

The billets were sampled destructively by transverse sectioning using a bandsaw into 

approximately 1 cm thick discs starting at the inoculation point and then at pre-marked intervals 

up the billet. The discs were used to estimate the extent of fungal growth by measuring the area of 

fresh weight – dry weight 
dry weight 

x 100 %  odw   = 

fresh weight – dry weight 
saturated weight – dry weight 

x 100 %  saturation   = 



 

discolouration, and sampling to recover fungi from discoloured areas to estimate the ability of the 

different species of fungi to colonize the wood. Using Uzunovic and Webber’s (1998) techniques, 

longitudinal growth was estimated as the distance from the inoculation point to the last disc with 

visible discolouration. The extent of the radial (depth) and tangential (lateral) growth from the 

point of inoculation was determined by the stain visible on the distal face of the first disc. 

Isolations to recover inoculated fungi were attempted from both visibly stained areas and areas 

adjacent to the stain. A sterilized scalpel was used to shave off the surface of the wood and 2-3 

mm3 wood chips were removed from the exposed wood and placed onto agar plates. After 2-3 

days any colonies were subcultured onto MEA. Positions of all attempted isolations were 

recorded. Fungus A alone was sampled 15 times, B alone 24 times, C alone 30 times, AB 

combined 11 times, AC combined 14 times, BC combined 8 times and control drill holes 7 times. 

Five different billets and 25 discs were sampled. 

 

3.3.12  Inoculation of Living Trees 

Inoculations with fungi isolated from T. retusum were performed on 18-20 April, 2001, 

on apparently healthy intermediate-aged trembling aspen trees before bud flush 0.5 km east of 

Manning Park, B.C. (49o10’N, 122o55’W), along the first 500 m of East Gate Forest Road. The 

experimental trees were surrounded by a mixed stand of mature lodgepole pine and trembling 

aspen trees. The trees were 10-15 m tall and had a mean diameter at breast height (dbh= 1.3 m) of 

12.9 ± 1.5 cm. 

Inoculum was prepared as in Section 3.3.8 and the same three fungal species from T. 

retusum were used, each represented by two different isoaltes. Sample wheat kernels were placed 

on MEA before and after inoculations to verify that the fungal cultures were alive and 

uncontaminated after being stored in sterile water for one year after isolation from the beetles. 

The night before the experiment wheat grains were put in sterile Eppendorf tubes in groups of 8-

10 kernels for transportation to the field site.  

Sixteen inoculation holes were drilled 3 cm deep at 45o with a 5 mm diam. electrical drill 

sterilized in 70% ethanol and flamed before use and between holes. A basal ring of four holes was 

made at approximately 1.3 m above ground, equally spaced around the tree circumference. The 

next three sets of four holes each were placed at 5 cm intervals up the bolt, alternately rotated by 

45° or in line with the basal ring. The surface around the holes was sterilized with an ethanol wipe 

and fast flamed prior to inoculation. Fungal isolates were inoculated as three kernels of pre-

colonized wheat grain inoculum. Fungi were inoculated alone (isolate A, B, or C) or all fungi in 

combination. Ten replicates of each treatment including an uninoculated control were prepared 



 

and assigned in a randomized block design to 50 trees spaced at least 5 m apart. Inoculated holes 

were protected against desiccation with a sterile cotton wad and sterile natural corks or sterile Q-

tips with the ends cut close to the bark surface. Uninoculated control trees were otherwise 

identical to treatment trees. 

Trees were observed throughout the following two years and all trees of one randomly 

chosen replicate were felled on 10 October, 2001 and bolts encompassing the inoculation area 

were taken to Forintek Canada Corp. In the laboratory the bolts were examined for beetle attack, 

the presence of the corks or Q-tips and discolouration and shape of the bark indicating lesions. 

Three lesions per tree were sampled for fungal presence by using a sterile scalpel to excise 3 or 4 

small wood chips from discoloured wood tissue around the drilled holes or from the adjacent 

unstained wood. The chips were plated individually on MEA and incubated at room temperature. 

Tissue was also sampled from discoloured areas inside the trunk and in a longitudinal direction 

away from the inoculation holes. 

 

3.4  Results 

3.4.1  Isolations 

During the sampling process, approximately 200 isolates were subcultured and studied. 

In general, larvae and pupae bore more viable fungal spores than adults or mycangia. Mycangia 

yielded the fewest cultures, and sometimes none, even when the female was reproductively 

active. No isolates were obtained from the mycangia of females that had completed reproduction 

with only pupae or callow adults in the gallery, or from young adults ready to emerge from the 

natal gallery. If the mycangial content was deposited directly on media, no growth occurred. Also 

females captured in pheromone traps yielded fewer isolates than females excised from logs. If 

captured or excised adults were frozen for 2-14 days no isolations could be obtained. Most 

cultures had very little or no contamination, especially those generated from mycangia, which had 

no growth of bacteria or contaminating fungi and only occasionally moulds. 

The white fungal layer lining the larval cradles (which become pupal cells) consistently 

yielded isolates that grew on media and were given the descriptive term “white fluff” (Table 3.2, 

Figure 3.1), a term used also by Batra and Downing Michie (1963). The majority of isolates from 

mycangia had a similar “white fluffy” appearance. Another frequent type of isolate given the 

descriptive term “brown with pesotum anamoph” consistently produced pesotum anamorphs with 

a dark colouration of the agar plates appearing after 10 days, possibly the fungus responsible for 

the dark colouration of the gallery walls. Trypodendron rufitarsus and T. lineatum excised from 

same lodgepole pine tree, may have the fungi of the heterospecific beetle as contaminants, 



 

although there was no morphological evidence that would confirm this hypothesis. In contrast, 

wood from the tree that had been attacked the previous year by the mountain pine beetle and 

isolations from the adults of both species of ambrosia beetles revealed Leptographium-like 

anamorphs (Whitney, 1971) (not included in Table 3.2) typical of Ophiostoma associated with 

mountain pine beetles (Wingfield et al., 1993). 

Pairing of two randomly chosen isolates from one beetle against the remaining others 

from the same beetle resulted in some successful matings, with perithecia being produced after 4-

6 weeks. Isolates from T. retusum described as “brown with pesotum” (Table 3.2) were 

determined to be O. piceae because they produced perithecia with the known O. piceae testers. 

Nine of 11 isolates tested produced perithecia with either OpA or OpB type, and one produced 

very small and immature perithecia with both testers. No isolates from any other beetle species 

mated with these testers. Although later DNA analysis showed that the exotic T. domesticum is 

also associated with O. piceae, no mating test was performed with fungi isolated from T. 

domesticum. Most isolates were in the genus Ophiostoma (Wingfield et al., 1993) based on the 

following criteria: growth on cycloheximide, characteristic anamorphs (either pesotum or 

sporothrix ananmorphs), and 



 

 

TABLE 3.2  Characterization of fungal isolates obtained from four native and one exotic Trypodendron species in BC. DNA analysis was 

performed by Dr. Jae-Jin Kim, Department of Wood Science, Faculty of Forestry, University of British Columbia, Vancouver, B.C., V6T 1Z4. n.t 

= not tested,  n.c. = result not clear. 

 

 

Beetle species 

Morphological 

description of 

fungal colony 

Source(s) 

Growth 

rate 

(mm/day) 

Mating with   

O. piceae 

mating types 

Mating with 

other isolates 

from same 

beetle 

Self- 

mating 

Identification based on 

DNA analysis and 

morphology 

T. retusum brown with 

pesotum, 

typical 

Ophiostoma 

larvae, pupae, 

females, 

galleries, 

mycangia 

2.5 ± 0.2    

(n = 12) 

50% 

perithecia (n 

= 11) 

50% perithecia 

(n = 18) 
homothalli

c 

Ophiostoma piceae 

 large white fluff mycangia 3.0 ± 01     

(n = 10) 
0% perithecia 

(n = 3) 

0%  perithecia   

(n = 10) 
n.c. O. piceae  

O. piliferum 

 small white 

fluff 

larvae, galleies 1.2 ± 0.1    

(n = 8) 
n.t 50%  

perithecia (n = 

8) 

homothalli

c 

O. piceae 

O. quercus 

T. betulae brown with 

pesotum, 

typical 

larvae, pupae, 

females, males, 

mycangia 

2.5 ± 0.2    

(n = 7) 

0%  

perithecia    

(n = 3) 

0%  perithecia    

(n = 13) 
n.c. O. quercus 

O. sp-2 



 

 

typical 

Ophiostoma 

mycangia (n = 3) 

 white fluff larvae, female, 

mycangia 

4.0 ± 0.4    

(n = 10) 
n.t 100% 

perithecia (n = 

11) 

homothalli

c 

O. sp-1 

Ambrosiella sp-1 

T. lineatum small white 

with small grey 

pesotum 

mycangia 0.9 ± 0.1    

(n = 6) 

one with 

perithecia       

(n = 6) 

100% 

perithecia (n = 

8) 

homothalli

c 

Ceratocystiopsis retusi 

O. quercus 

Ambrosiella ferrugine 

 large white mycangia 1.6 ± 0.08  

(n = 7) 
n.t 100% 

perithecia 

homothalli

c 

Ceratocystiopsis retusi 

O. quercus 

 

T. rufitarsus large white fluff mycangia, 

galleries 

4.3 ± 0.2    

(n = 7) 
n.t n.t n.t 

Ambrosiella sp-1 

Ambrosiella sp-2 

Ceratocystiopsis minuta-

like 

T. domesticum brown with 

pesotum 
mycangia 4.0 ± .01    

(n = 8) 
n.t n.t n.t 

O. piceae 

O. sp-1 

O. sp-2 
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the formation of perithecia teleomorphs in mating experiments or on subculture plates. The fungal 

growth forms varied markedly in their linear growth rates on agar media (Table 3.2). Comparison 

of morphological characteristics and growth rates combined with the DNA analysis indicated that 

three and (in one case) four different fungal isolates, most likely all distinct species, were 

consistently associated with each beetle species. Ophiostoma piceae, O. quercus (Georgev.) 

Nannf. and O. piliferum (Fries) H. & P. Sydow were isolated from T. retusum. Ophiostoma 

quercus and two other Ophiostoma species that were not further identified named Ophiostoma sp-

1 and Ophiostoma sp-2, as well as an Ambrosiella species, Ambrosiella sp-1, were isolated from 

T. betulae. Ophiostoma quercus, Ambrosiella ferruginea (Math. Käärik) L. R. Batra and 

Ceratocystiopsis retusi (R. W. Davidson & T. E. Hinds) H. P. Upadhyay were isolated from T. 

lineatum. Ambrosiella sp-1, Ambrosiella sp-2 and a fungus that resembles Ceratocystiopsis 

minuta-like (Siemaszko) H. P. Upadhyay & W. B. Kendr. were isolated from T. rufitarsus. 

Ophiostoma piceae, Ophiostoma sp-1 and Ophiostoma sp-2 were isolated from T. domesticum. It 

is not yet clear if the species that are only identified to the generic level are unidentified new 

species. The low success of mating of isolates from one beetle with all others from the same 

beetle and the negative results from self mating do not entirely rule out the possibility that a 

species is homothallic. Only positive results allow for confident conclusions. 

 

3.4.2  Inoculations in Freshly Cut Trembling Aspen Billets 

Mean values (± SE) for water content in billets from the three experimental trees were 

122.2 ± 0.1% dry weight and 57.8 ± 1.3% saturation. Samples from the inner heartwood and 

outer sapwood had similar values. Cultures that grew from kernels placed on MEA plates before 

and after inoculation grew with the same shape and growth characteristics as the cultures of the 

original isolates, indicating that the inocula were viable and uncontaminated. No contamination or 

detectable colonization occurred from the ends of the logs. A reaction zone coloured dark green 

to brown with a dark yellow edge was visible on the bark up to approximately 4 cm in diameter 

surrounding the entrance of all drill holes including uninoculated controls. Stains in the wood 

associated with control drill holes were a faint brown in colour and extended only a short distance 

from the holes, far less than the stain surrounding inoculated holes. Ophiostoma piliferum, which 

grew fastest in laboratory cultures (Table 3.2), grew slowest in the wood (0.62 ± 1.0 mm/day 

longitudinal growth), while O. quercus, the slowest growing species in the laboratory cultures, 

grew at the same rate as O. piceae in the wood (0.81 ± 0.5 and 0.81 ± 0.7 mm/day longitudinal 

growth, respectively). The growth of treatment combinations AB, AC, and BC was not measured. 

Radial growth from the deep holes never extended beyond 1 cm into the wood, and there was no 



 

 

detectable tangential growth. There was little visible stain associated with shallow wounds, 

indicating that none of the fungi colonized the phloem. Recovery of the fungi used as a single 

inoculum was 66% (N=15), 33% (N= 18), 30% (N=30) for isolates A, B and C, respectively. No 

attempt was made to recover fungi from treatment combinations AB, AC and BC. Successful 

recovery was accomplished up to 6 cm from the inoculation point. On MEA plates, recovered 

isolates grew in the shape and growth characteristics as in the original cultures. No contaminating 

fungi were cultured. 

 

3.4.3  Inoculations of Living Trees 

Cultures that grew from pre-colonized wheat grains placed on MEA before and after 

inoculation grew with the same shape and growth characteristics as the cultures of the original 

isolates, indicting that they were viable and uncontaminated.  

The timing of inoculation coincided with the first observation of attack by T. retusum on 

a living tree at the experimental site, providing inferential evidence that the inoculated trees 

should have been in a susceptible phase (Smalley et al., 1993). I observed one female T. retusum 

boring into an apparently healthy standing aspen tree on 18 April, 2001. After one day the female 

had excavated a hole and rested inside that hole with her abdomen or her head visible. For the 

next three days I periodically observed a male outside the female’s hole continuously drumming 

her abdomen with his antennae, interrupted only by intervals every few minutes during which he 

raised his front legs onto the end of her abdomen and shook her in a sequence of pushing 

movements. It was impossible to determine if it was always the same male, but only one was 

present at a time. On the fourth day the male was inside the hole and frass was pushed outside the 

hole. The tree was ultimately attacked by seven pairs of T. retusum that season. I dissected five of 

those the seven galleries on 20 July, 2001 and found therein 0-4 eggs (mean 0.8), 2-12 larvae 

(mean 6.8), 1-16 pupae (mean 7.4), and 0-2 callow adults (mean 0.4). This tree had a few wilted 

branches and moderately sparse foliage. 

The inoculated trees showed no sign of stress like wilt, dieback or discoloration of 

foliage, and had a full crown well into the second autumn after fungal inoculation. Within-

treatment variation in the formation of lesions on the bark surface and stained wood at the 

inoculation points was at least as great as was the variation between treatments. Several lesions 

per treatment were measured on the outside of the bark and were estimated to be 2-4 cm in diam. 

The colour changed from the light grey-green of a typical young aspen tree to a brownish green 

with a narrow yellow boundary. Typically the insides of the drilled holes were black except for 

the control trees, in which the inside was tan or light brown. The black coloration sometimes 



 

 

penetrated radially into the surrounding wood for a few millimetres, but the main discolouration 

extended longitudinally up to 9 cm in both directions, and only 1 cm tangentially. The wood from 

5-20 mm in a longitudinal direction from an inoculation point was often greyish to dark brown, 

and appeared dead; beyond this tissue, the wood was brighter rusty yellowish Figure 3.2a shows a 

typical staining pattern on an aspen log inoculated with either fungus A, B, or C, here it is fungus 

A, O. picea, Figure 3.1b shows stain caused by mechanical damage in a control treatment, and 

Figure 3.1c shows stain from a natural attack by T. retusum. All three species of fungi grew from 

wood chips taken from both the discoloured wood in the sample tree discs and from wood 

adjacent to the discoloured area. 

 

3.5  Discussion 

3.5.1  Isolations and Characterization of Fungi 

My results reveal that each Trypodendron beetle species in B.C. is associated with at least three 

species of fungi. They indicate overlap in species-host association, but sufficient specificity in 

species complexes exists to potentially contribute to the reproductive isolation of their beetle 

hosts. To determine if any one beetle species could complete its’ life cycle on the group of fungal 

species associated with any other species would have required labourious axenic rearing or 

antibiotic treatments  

(Hunt and Borden, 1989) followed by introductions of authentic cultured fungi. It is also unclear 

if different fungi have different functions for the beetle, a question that could only be answered if 

microbe-free ambrosia beetles could be forced to rear their brood on only one introduced fungus. 

Successful isolation was primarily dependent on the life history stage of the female 

beetle, especially isolations from mycangia. The mycangia of a post-reproductive female in a 

completed gallery system with no eggs appeared to be empty, as also described by Schedl (1964). 

The restriction of successful isolation only from females that were laying eggs could be explained 

by three possible hypotheses: 1) the fungus is not viable after the female has reproduced, 2) the 

mycangia are not replenished with fungi following reproduction, or 3) the fungi are inert and 

altered in some way that precludes germination and growth on standard media. Fungal vigour 

might be regulated according to seasonal changes in the activity of secretory glands and 

corresponding changes in activity of the beetle (Schneider and Rudinsky, 1969). Fatty oil 

produced by specialized hydrodermal cells or by glandular hairs (Baker, 1963) in mycangia just 

before hibernation in young adults (Batra, 1963) may deny the spores assess to oxygen. Together 

with other compounds that could be secreted into the mycangial lumen the oil may maintain the 

spores in a dormant-like state during hibernation, and reactivate them when growth and 



 

 

proliferation is required. The lack of contamination of isolates, especially when generated from 

the mycangia, is further indication of an active mechanism that eliminates all but the significant 

symbiotic fungi. 

Francke-Grosmann (1958) described the mycangial tube, the type of sculpturing and the 

size and arrangement of the spines as species-specific forms in various Trypodendron spp. For 

example, the mycangium of T. lineatum is a fine thin tube with isolated spines thinner and shorter 

than that of T. domesticum which also has especially thick sculptured pouches. Francke-Grosman 

(1958) did not state the beetles’ life cycle stage at the time of fungus isolation, and some of her 

examples were from museum specimens or from overwintering beetles, neither of which allow 

for an interspecific comparison of fungal species. I found the size of the mycangium to be 

dependent on the size of the female, with the largest species, T. retusum, having the largest 

mycangia. The mycangia were also largest in beetles taken from their tree hosts early in the 

gallery excavation period.  

Under natural conditions the fungi may never encounter freezing temperatures, because 

host trees are infected in the spring and summer and the beetles hibernate deep enough in the 

litter and duff to escape freezing in the winter. The corresponding lack of selection pressure to 

evolve freezing tolerance might explain why culturing was not successful after freezing the 

beetle. Alternatively the fungal spores might not be killed, but knowledge is lacking on how to 

reverse the effects of the cold temperature in laboratory cultures. Fungi that are closely associated 

with the insects may possibly require more complex or specific culture media and growing 

conditions than those less closely associated with insects hosts (Mathiesen-Käärik, 1960), which 

might explain why O. piceae and O. quercus, two common fungi on coniferous and deciduous 

trees, were frequently cultured. 

A typical gallery of Trypodendron sp. darkens during offspring production to a deep 

brown to black in the main tunnel system as the walls get covered with dark hyphae, while a 

‘white fluffy’ fungus grows in larval and pupal cradles. If the former fungus is plated on media it 

turns brown and the hyphae blacken with age, as also observed by Baker (1963) and Francke-

Grosman (1958), corresponding to the brown isolates of T. retusum and T. betulae (Table 3.2). 

The eggs of Scolytoplatypus shogun Blandford (Coleoptera: Platypodidae) develop in extremely 

pure white fungi also found in the mycangia (Nakashima and Iizuka, 1982). A fungus identified 

as Ceratocystis retusi (R.W. Davidson & T.E. Hinds) was isolated from T. retusum, and described 

as a white layer of ambrosia fungi found only inside the cradle and upon which the larvae feed 

(Hinds and Davidson, 1972). This fungus could be either O. piliferum or O. quercus (Table 3.2). 

After exposing and incubating a gallery or after the young adults leave, the walls of the cradles 



 

 

darkened, but still might have contained some ‘white fluffy’ fungal mass. 

Franke-Grosmann (1958) illustrated these two growth forms for Trypodendron ssp. and 

species in the tribe Xyloborini. The white fluffy form might be most easily digested, or even 

required by the larvae, while the dark form may be better able to sustain adults in the main tunnel 

system. It may also contribute to maintaining a favourable microclimate, may spread more 

efficiently in the host tree to overcome residual resistance, or may be antagonistic to 

contaminants that enter the gallery system. One form might also alter the wood to optimise the 

growth of the second form. 

Symbiotic fungi essential to an ambrosia beetle may not all be carried exclusively in the 

mycangia. Some might be passively disseminated on the exoskeleton. Alternatively, as with 

Ophiostoma minus (Hedgc.) Syd. & P. Syd. associated with the southern pine beetle, the beetles 

may carry the asexual form and phoretic mites may carry the sexual ascospores (Bridges and 

Moser, 1983; Moser and Marcia-Samano, 2000; Moser and Roton, 1971; Moser et al., 1974). 

However, there is very little evidence of fungi transmitted by mites associated with ambrosia 

beetle galleries, although some mites are present on Trypodendron beetles (Borden, 1988). 

Dowding (1984) suggested that the relationship between the ophiostomatoid fungi and bark 

beetles is in fact a relationship between the fungi and fungus-feeding arthropods that live on the 

beetles. The role of the fungi carried by mites in the Trypodendron-fungi relationship is unknown. 

Several factors have contributed to an incomplete understanding of the fungi associated 

with ambrosia beetles. Fungi in general exhibit only slight morphological differences between 

related species (Brasier and Kirk, 1993). Although the chemical environments of fungi in the host 

tree may differ, the physical environments within the host tree tissues are similar. Therefore, 

selection pressure for morphological changes might not be strong, and may act to conserve 

physical structures, while acting more upon physiological traits (Six and Paine, 1997). Hence it is 

not surprising than that several morphologically similar species of fungi associated with scolytid 

beetles were overlooked in the past, while DNA analysis provides a tool to separate species. Thus 

the O. piceae-1 and O. piceae-2, distinguished to be associated with T. retusum (Table 3.2) are 

only slightly morphologically distinct, but could have greater differences in physiological and 

biochemical characteristics. Furthermore, because the sexual states are sometimes difficult to 

produce in culture, and may be formed only at a certain time in the beetles’ life cycle, often only 

asexual stages are identified as being associated with beetles. The ascomata (ascocarps) of 

Ophiostoma spp. are sometimes, and under certain conditions very small and may have been 

overlooked (Six and Paine, 1997). One growth form could be the pleomorphic form of another as 

in the three species reportedly associated with the live-tree-attacking Columbian timber beetle, 



 

 

Corthylus columbianus Hopkins (Coleoptera: Scolytidae): Ambrosiella xylebori Brader ex von 

Arx & Hennebert, Pichia sp. and Fusarium sp. However, A. xylebori is probably the pleomorphic 

form of F. solani, which is associated with other tree-killing ambrosia beetles, Xylosandrus 

compactus (Eichoff.), X. germanus (Blandford), and Xyleborus ferrugineus F. (Beaver, 1989). 

The majority of ambrosia beetles, like Trypodendron spp., seem to be primitively polyphagous, 

with monophagy evolved rarely and probably secondarily as in T. retusum and T. betulae 

(Atkinson, 1988). 

Ophiostoma piceae is a ubiquitous sapstain fungus and weak parasite on a wide variety of 

holarctic coniferous and hardwood trees. In Canada it is the most common in sapstain of conifer 

logs and lumber in sawmills (Seifert, 1993; Uzunovic et al., 1999). It is economically important 

because of its role in bluestaining timber, and possibly in contributing to wide-spread oak decline 

in central and eastern Europe, although the pathenogenicity of this species has yet to be 

established (Harrington, 1993). In addition, O. piceae is believed to be closely related to O. ulmi 

(Buisman) Nannf. and O. novo-ulmi Brasier, and it has been suggested that it may have been 

involved in their relatively sudden appearance in Europe during the 20th century (Brasier, 2001; 

Brasier and Kirk, 1993). It is also closely related to O. quercus which is almost exclusively found 

growing on hardwoods (Brasier and Kirk, 1993; Kim et al., 1999). Ophiostoma piceae is so 

commonly found on wood substrates that one might doubt its importance in the insect-fungus 

relationship. It might be an evolutionary vestige of an ancestral insect-fungal relationship and was 

an easily accessible fungus when beetles evolved from a xylophagous to a xylomycetophagous 

habit, because it is very substrate tolerant. It could also be important in combination with other 

fungi. Alternatively it might be an omnipresent contaminant that is not used by the beetles but 

‘hitch hikes’ a ride to a new host. Many Ophiostoma including O. piceae, O. piliferum and O. 

quercus are categorized as sapstain fungi (Gibbs, 1993; Harrington, 1993) although I have not 

observed the typical blue-stain characteristics. 

Mathiesen-Käärik (1960) and Franke-Grossman (1967) provided evidence in favour of 

the hypothesis that ambrosia fungi are highly specialized, supporting Hubbard’s (1897) statement, 

that “So far as we yet know the food of each species of ambrosia beetle is limited to a certain kind 

of ambrosia, and only the most closely related species have the same food fungus.” My results 

(Table 3.2) suggest that this specialization occurs not because each fungal species is exclusively 

associated with only one beetle species, but because each beetle has its unique fungal community. 

The natural food of the beetles and their larvae is probably a mutualistic microbial complex 

(Haanstad and Norris, 1985), although the proportions of the various fungi and bacteria in the diet 

may vary with stage of development of the beetles and the age of the gallery system (Batra, 



 

 

1966). Ambrosia beetles that are host specific either live in an environment with very few host 

trees and attack the most abundant trees species, or habitually attack living trees. The high host 

specificity of the latter species is presumably associated with the necessity to overcome the host 

defenses and to attack and grow in living trees (Beaver, 1989). Only the two host specialists 

among the native B.C. Trypodendron species, T. retusum and T. betulae on aspens and on 

birches, respectively, have been observed to attack standing apparently healthy trees. 

The regularity with which blue stain fungi in the genus Ceratocystis have been found in 

ambrosia beetle tunnels was originally taken as an indication of a close association with the 

beetles, even though there is no evidence for their being primary ambrosia fungi (Baker, 1963). 

My finding of Leptographium sp. (Ophiostoma) associated with T. lineatum and T. rufitarsus in a 

tree attacked the previous year by D. ponderosae suggests that this hypothesis can probably be 

rejected. Moreover, previous reports paid no attention to the presence of other beetles in the host 

trees. I found Ceratocystiopsis retusi only in association with T. lineatum although it was first 

identified as a specialized fungus on T. retusum (Hinds and Davidson, 1972). A study on the 

frequency of fungi on various beetles should give an indication of the significance of the 

association (Gibbs, 1993; Mathiesen-Käärik, 1953; Six and Bentz, 2003). Furthermore 

interpopulation differences in the frequency of fungal associates have been noted for several 

species of bark beetles (Six and Bentz, 2003; Viiri, 1997). In some diseases the Ophiostoma fungi 

involved did not prove to the causative agent, and in other examples they perhaps contributed 

only in a minor way to the disease symptoms (Harrington, 1993). Harrington (1993) also states 

that Ophiostoma fungi are not the primary inhabitants of well-developed mycangia with secretory 

cells in bark beetles. Thus, the significance of the Ophiostoma fungi associated with 

Trypodendron ambrosia beetles remains unclear. 

 

3.5.2  Fungal Growth in Freshly Cut Billets of Trembling Aspen 

My results showed that fungi isolated from T. retusum and their galleries are capable of 

colonizing the living tree tissue of freshly cut trembling aspen billets. The growth of all three 

fungi was most pronounced longitudinally following the alignment of xylem vessels and was 

limited in other directions. This probably reflects in part the greater physical barriers to 

penetration in these directions (Gibbs, 1993).  Pathogenic potential is suggested by the ability to 

grow from holes drilled 3 mm deep into living woody tissue, and by retrieval from the tree tissue, 

well removed from the point of inoculation, even in the absence of ambrosia beetle associates that 

normally tend the fungi. Based on the relatively limited extent of growth, the fungi appear to be 

weak pathogens that might kill a tree only when it is severely mass attacked. However “patch” 



 

 

kills associated with even single galleries would be consistent with field observations. These 

findings are in agreement with the ability of other ambrosia fungi to penetrate the wood adjacent 

to the tunnels, filling the cells, particularly the parenchyma, with a tangled mass of dark hyphae, 

and possibly exuding fruit esters that might be also responsible for the dark coloration of the 

wood (Neger, 1908a, 1908b, 1909). The relative lack of visible stain associated with shallow 

wounds, indicates that none of the fungi colonized the phloem tissue, reducing the potential for 

these fungi to girdle trees. In comparison with my results, the stain caused by fungi associated 

with T. domesticum in birch occurred only around the tunnels, while stain in conifers attacked by 

T. lineatum extended up to 2-3 cm into the sapwood (Bakshi, 1950). 

The relative absence of stain around the aseptically drilled control holes demonstrates 

that staining associated with inoculated holes was due to the presence of microorganisms. The 

discolouration around the control holes is probably a wound response (Faulds, 1973) expressed 

by the oxidation of phenols that are subsequently polymerized to darkly-colored polyphenols 

(Shigo, 1965).  

Althought moisture content of the billets was recorded, the role of varying moisture 

content was not studied. The moisture content of conifer wood colonized by blue stain fungi was 

substantially lower than in non-colonized regions(Uzunovic, 1996). The potential role of 

attending beetles in reducing host moisture content and enhancing the pathogenicity of its 

associated fungi has also not been investigated. 

 

3.5.3  Fungal Growth in Standing Trees 

The longitudinal growth in living trees of fungi isolated from T. retusum confirmed the 

observation of a similar pattern of growth in trembling aspen billets. In conifers, the growth 

pattern is somewhat different, with both radial and longitudinal mycelial growth rates being rapid, 

while the tangential growth rates are much slower (Langerberg et al. 1927 as cited in (Dowding, 

1984). All three species of fungi were still present and alive six months after they were inoculated 

into the trees, but caused no wilt or any other visible indications of stress over two successive 

summers. Also no inoculated tree was attacked by T. retusum, which would have been a symptom 

of stress.  The literature is somewhat equivocal on this point. Successful attack and brood 

development of the southern pine beetle and death of the host tree have been observed without 

blue stain fungi (Hetrick 1949). In contrast some authors claim that ambrosia fungi can not grow 

in the absence of the insect (Batra and Downing Michie, 1963; Meiffen and Belin, 1960). In 

support of this claim experiments in which young shoots of Coffea sp. were infected artificially 



 

 

with pure cultures of the ambrosia fungi of X. compactus Eichhoff gave negative results 

(Francke-Grosmann, 1958; Francke-Grosmann, 1967). 

The inoculation density was estimated to simulate natural attack by T. retusum, and I 

assumed that the transferred inoculum exceeded the amount present in the mycangia of one 

beetle. However, the amount of fungus transferred in either case is difficult to estimate, because 

the females carry spores while the inoculum consisted mostly of mycelium. Doubling the number 

of inoculum points of the vascular stain pathogen, Ophiostoma polonica Siem. (is now placed in 

Cerotocystis polonicum (Siemaszko) C. Moreau), on Norway spruce produced an almost eight-

fold increase in symptoms (Webber and Gibbs, 1989). The establishment of an infection is also 

dependent on the physiological condition of the fungus and the environment and on the effects of 

the competing microorganisms. However, lodgepole pines will survive a higher density of 

artificial fungal inoculation than natural beetle attack (Raffa and Berryman, 1982). 

The rusty yellow colour underneath the bark of lesions surrounding the points of 

inoculation may indicate successful fungal colonization (Reid et al., 1967). Because stained wood 

extended the same distance below the wounds as above, the upward movement of water did not 

have an apparent effect on fungal growth. Although sapwood can appear stained after mechanical 

damage alone (Gries and McManus, 1965), and there was some discolouration of the control trees 

that were mechanically wounded, the recovery of fungi from more strongly discoloured areas of 

the sapwood from inoculated trees suggests that the stain in inoculated trees was a result of the 

fungal invasion, instead of a wound response of the tree. Resistance barriers such as starch-filled 

parenchyma or swollen ray parenchyma cells are stimulated by phytoalexins, and can be part of 

induced resistence to fungal invasions, e.g. in elms attacked by O. ulmi (Smalley et al., 1993). It 

is possible that a similar induced resistance limited fungal growth in the inoculated trees. In any 

case the production of brood by T. retusum in the naturally attacked tree suggest that successful 

attack of living trees requires fungal invasion to extend only slightly beyond the beetles’ gallery 

system. 

Restriction of water transport by parenchyma ray cells caused by fungi associated with 

the mountain pine beetle can result in desiccation of sapwood (Reid, 1961; Yamaoka et al., 1990). 

Slight changes in water relations caused by fungal infection in one year may cause the death of a 

tree in the following year. I have observed other trembling aspens that were dead in the year 

following mass-attack by T. retusum, and it was most likely fungal infection that killed the trees 

(Solheim et al., 1993). I suspect that the tree killing capacity of the fungus might be contingent on 

the participation of the beetle. The beetles influence the condition of both the fungus and the host 



 

 

tree and boring activity is an effective way of spreading the spores and or hyphae over a large 

area. 

If a tree is below the optimal water status, because of wind throw, root disease, drought 

or suppression by neighbors, or if supply of photosynthate to the bole is inadequate because of 

defoliation, water shortage, toxins, or shading, tree’s resistance mechanism may weaken or fail 

entirely (Dowding, 1969). Forestry activities that promote a high density of suppressed and 

drought-susceptible trees, may lead to future increases in attack of standing trees. 
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Abstract 
Interest in the role of insects in bluestain transmission and in the potential for outbreaks of insects 
vectoring plant disease organisms has resulted in a large volume of literature on insect-fungi 
relationships. In particular, bark and ambrosia beetles have been studied as they are known to be closely 
associated with several microorganisms, especially bluestain fungi. Novel approaches in stain and disease 
control aim to trap insects that carry fungi of significance using semiochemicals (“message-bearing” 
biochemicals). As an aid to manage the data that has arisen from published papers and allow fast access to 
this critical information, Forintek Canada Corp. has developed a relational database that houses 
information from these articles and is regularly updated. The database currently contains fields that 
include citation information and abstracts of scientific papers, along with fields that link insect vectors to 
specific fungi or other microorganisms. A recent modification to the current database included an 
additional field to link insects-fungi relationships to particular host tree species. Search and reporting 
functions are also discussed. To date, 200 articles, selected from peer-reviewed journals, conference 
proceedings, and technical books are housed in the database, with additional articles being added on a 
regular basis. 
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1 Objectives 
To develop a relational database that will house information from peer-reviewed articles and allow 
regular updates.  
 
 

2 Introduction  
Various insect genera visit, breed and feed on the same woody material in which bluestain and other 
microorganisms are commonly found. It is in this environment that the insects and fungi meet and 
interact. Ophiostomatoid fungi are well adapted to dispersal by arthropods (Malloch and Blackwell, 
1993). Both sexual and asexual spores are coated with an adhesive material or come in slimy masses that 
help them adhere to the insect. Ascospores have multiple shapes to allow multiple contact points with the 
insect body and can easily disperse in resin, but not in water (Whitney and Blauel, 1972). Most wood 
infesting insects could play a casual role in bluestain dissemination. The association between insects and 
fungi can be very complex and the most highly developed relationships exist between bark and ambrosia 
beetles and bluestain fungi. Spores of bluestain fungi may be carried both in the intestinal tract and on the 
exoskeletons of insects. During the evolution of insect-fungus mutualism some insects (especially 
phytophagous and mycetophagous beetles) have developed special spore carrying structures called 
mycangia (Batra, 1963). Some mycangia are associated with secretory glands and produce substances 
which can control the growth and form of the mycangial fungi (Norris, 1979; Käärik, 1973; Harrington, 
1993). These are examples of some of the most complex and highly co-evolved associations.  
 
The beetle-fungus associations are seldom limited to one fungus per beetle species; more often there are 
two or more fungal species per beetle. The fungi isolated from bark/ambrosia beetles are not always 
mutualistic; these fungi may be purely saprotrophic or virulently pathogenic.The effect of these non-
mutualistic fungi on the beetles, as well as ability to stain wood, remains poorly understood.  
 
Most bark beetles are not known to cause tree mortality. Six (2003a) reported that only 2% of the nearly 
500 species of bark beetles described in North America can kill trees. Often the beetles that first attack 
trees carry more pathogenic symbionts. These fungi have been more extensively studied than the fungal 
associates of the beetles involved in secondary attack. However, since the beetles involved in secondary 
attack would normally attack logs or long dead trees they might be associated with significant staining 
species. The first important pathogenic association between insect and fungus was recorded by 
Spierenberg (1922) between Ceratocystis(Ophiostoma) ulmi and Scolytus bark beetles causing Dutch elm 
disease in Europe. Some other well known associations include Ceratocystis polonica and the European 
spruce beetle Ips typographus  (Krokene and Solheim, 1998), Leptographium wingfieldii associated with 
European pine shoot beetle Tomicus piniperda (Solheim et al, 2001), and Leptographium wageneri (black 
stain root disease) associated with several insect genera including Dendroctonus, Hylastes and Ips (Jacobs 
and Wingfield, 2001, Paine et al, 1997, Harrington, 1993). In British Columbia the most well known 
bluestain vector is the mountain pine beetle (Dendroctonus ponderosae). It is currently reaching epidemic 
proportions and threatening to extend further into boreal forests in other provinces. It carries several 
bluestain fungi including Ophiostoma clavigerum and O. montium in specialized mycangia and, apart 
from causing heavy bluestain in standing trees, these fungi are also helping the beetle to overwhelm the 
healthy tree by interrupting water translocation (Solheim and Krokene 1998, Six, 2003b).  
 
With the large and increasing volume of literature examining insect-fungus relationships, Forintek 
Canada Corp. has recognized the need for a system of linking research projects and available information 
in such a way as to enable researchers to determine quickly and accurately which insect species are likely 
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to vector which fungi and on which substrate. It is important to strive to fully understand the diversity 
within insects-hosts and their associated fungi. There are already several recently published syntheses of 
such knowledge. Jacobs and Wingfield (2001) wrote about Leptographium  species and associated insects 
and hosts. Lieutier et al (2004) has a chapter by Kirisits on Fungal associates of European Bark beetles 
with special emphasis on the Ophiostomatoid fungi. However, there is a continuous need for updates as 
new information becomes available. Therefore, in January 2004, Forintek began developing a relational 
database linking insect vectors to specific microorganism and focusing on bluestain fungi.  
 
 

3 Staff 
Adnan Uzunovic  Mycologist, Project leader 
Betty Reballato  Mycological Technologist 
Danny Siu  UBC Co-op student, temporary mycological technologist 
Federico de Giuli Database consultant 

 
 

4 Materials and Methods 
Research articles were chosen from peer-reviewed journals, conference proceedings and technical books. 
Criteria for including an article in the database originally required that the text specifically linked an 
insect to a particular fungus or microorganism. A detailed screening process was used to screen numerous 
literature sources to find ones that met the above criterion. However, as the database grew, papers on 
pathogenicity of insect-vectored fungi were also included, as they were recognized as useful information 
for describing the effects of these fungi on the host trees. The sources for these publications included the 
initial collection of papers, follow up of the secondary references from this selection of papers, abstracts 
of mycology, and online searches. The online searches mainly included the selection of e-journals 
obtained through Web of Science and ingenta.com. The searches included the use of keywords like 
Ophiostoma, Ceratocystis, Leptographium, Pesotum, Ambrosiella, Graphium, bark beetles, and ambrosia 
beetles.  
 
Where possible, articles were skimmed through from start to finish to check the methods used in the paper 
and to extract information on insect-fungus relationships. If a full text copy of a research report was not 
available, then only the abstract was used to extract this information. Articles were first input into 
Microsoft Excel and then transferred over to the database, which was compiled by outside database 
consultant, Federico de Giuli in Microsoft Access.  
 
 

5 Results 
The insects-fungi rational database has been implemented and we developed an initial and functioning 
structure. To date, there are 200 papers included in the Insects-Fungi database, with new papers being 
added on a regular basis. Articles in the database examine the relationship of 158 insect vectors identified 
at the species level and an additional 41 vectors identified at higher classification levels (i.e. genus, 
family, or order). These vectors are linked to 228 records of fungal species, 173 of which are identified to 
the species level.  
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The fields used for each database record are described in Table 1. The appearance of the resulting 
database is displayed in Figure 1. 
 
Table 1 Description of fields used in records of the Insects-fungi database. 
 

Field Name Description 
  
Article Title Title of paper 
Reference Type Scientific journal, conference proceedings, book 
Date Published Date paper was published 
Source Title Title of journal, conference or book 
Volume, Page Journal/conference/book volume and page numbers of article 
Author Multiple fields for the addition of each author, in order of authorship 
Abstract Abstract of paper, if available 
Vector Specific species of insect, organized into Order, Family, Genus and Species. 

Database requires entries to be linked to a fungus. 
Fungi Specific species of fungi, organized into Division, Order, Genus and Species. 

Database requires entries to be linked to a vector. 
Location Captures how specific is the association by specifying if fungus is isolated 

form mycangia or from exoskeleton or is found on wood frass or in tunnel 
system etc. 

Notes Any additional comments relevant to the article are added here and this field 
may be searchable for a key words 

 
The database is presently being revised to include a field for Host, which will link fungi and their vectors 
with the specific host tree species that they attack. Hard copies of each of the database articles and 
abstracts are filed and stored in Vancouver on the Forintek Canada Corp. premises. 
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Figure 1 Configuration of Insects-fungi database. 
 
Searches for relevant articles can currently be carried out using one of two methods. The first is simply to 
browse through the database records one by one. The second is to query the database using one or more of 
the fields Author, Vector, Fungi, and Location. Each of these fields is equipped with a drop-down menu 
(Figure 2), which a user can either scroll through or type in the information that he or she is targeting. 
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Figure 2 Search window for querying articles in the Insects-fungi database (top) and 
example of drop-down menu (bottom). 
 
 

6 Discussion 
The search window is somewhat limited in its application at this time, as the user can only choose an 
insect or fungus according to the species rather than conducting a broader search using genera, families, 
orders or divisions of the organisms. Therefore, we are currently in the process of modifying the search 
function into a system that breaks down each field into separate drop-down menus, allowing the user to 
choose as broad or as specific a search as she or he is interested in. For example, Vector will be divided 
into separate drop-down menus for Order, Family, Genus and Species. A user can choose to fill out only 
these fields to search for one particular species of insect or leave the species field blank in order to select 
for all insects of a particular genus, family or order. Once the field Host is added to the database, 
provisions will be made to include this field as one of the search options. The five fields (Author, Vector, 
Fungi, Host and Location) will be linked based on Boolean logic which allows the user to choose AND, 
OR, or NOT for including or excluding additional fields in a search. The configuration of the proposed 
search function is displayed in Figure 3. 
 
Since fungal species entered into the database are entered using the names given in the scientific papers, 
and since the taxonomic classifications of fungal species changes frequently, it is difficult to determine 
exactly how many distinctly separate species are included in the database. In addition, many fungi have 
an anamorph (asexual) and teleomorph (sexual) stage, each of which is given a separate taxonomic name. 
One of the current limitations of the Insects-Fungi database is that it does not account for changes in 
species names over time, so if a user is looking for papers with information on a specific fungal species, 
he or she must choose each of the older and current names for the particular species separately. Some 
provisions for standardizing the names of species to their current classification scheme, rather than those 
given in older papers, are being considered for the future. However, it is hoped that searching for fungal 
species will be made easier with the new search function that is being added to the database. This function 
should aid in at least narrowing the search, as families of fungi do not usually change and include both the 
anamorph and teleomorph stages of each fungus. 
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Figure 3 Conceptual design of proposed search function for Insects-Fungi database. 
 
The information from the database may be used to determine if particular problem insects in particular 
geographical areas are significant vectors of bluestain. Once this information is available then the next 
step may be to assess if semiochemicals (message bearing chemicals) are available to control this 
particular insect and set up experiments to determine if staining can be limited by such control. The 
information from the database may also be used to create necessary documentation that might be required 
in potential trade disputes or phytosanitary risk assessments. This database is complementary to the 
Ophiostmatoid fungi database (containing detailed information on the taxonomy and biology of 
Ophiotomatoid fungi) that has been recently developed by UBC’s Department of Wood Science and in 
collaboration with Forintek and researchers around the world.  
 
The Insects-Fungi database is currently only available internally for use by Forintek staff as a research 
tool. Although there are no provisions in place to make the database available to the general public, there 
is potential in the long-term for it to be made available online as a web-accessible database for use by 
natural resource managers and researchers around the world that will also assist with information updates. 
 

7 Conclusions 
The Insects-Fungi database holds 200 articles to date. With updates and modifications being added to the 
database on a regular basis, the Insects-Fungi database is a useful tool for storing and organizing 
information on insects-fungi relationships and their potential impacts on host tree species. Attempts to 
limit database entries to peer-reviewed journals, conference proceedings and published scientific books 
will help to ensure that the information provided by the database is relevant and accurate. 
 

8 Recommendations 
Continue development of database search capabilities, reporting function and developments of host field, 
which will link fungi and their vectors with the specific host tree species that they attack. There is also a 
need to capture, in a searchable way, information on the nature of association (e.g. if it is common or rare, 
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found always, loose, specific, if it is a weed fungus in a system, detrimental to the beetle etc.), available 
semiochemical information for each insect, staining ability, and pathogenicity of associated fungi. 
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Abstract 
In early February 2004 the Forintek team went to two BC mills that process bluestained, mountain-pine-
beetle-attacked logs and sampled extensively air and airborne sawdust at six locations in the mills, as well 
as from sawmill machines and surrounding snow. Stain fungi were rarely found in the air, accounting for 
up to 0.4 % of the total amount of fungal propagules in the dustiest areas of the mills. Live stain fungi 
were found in the snow (1-2 % of total cultured organisms), but the largest counts of stain fungi were 
found near machines with the dust settling method, and directly on the mill machines (up to 20.5% of 
total cultured organisms). This suggests that machinery may play the most significant role in stain 
inoculation to clean wood, while large sawdust pieces may play a significant role only for short distances. 
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1 Objectives 
To determine if the air in a sawmill, surrounding snow and sawmill machines carry significant amounts of 
bluestain inoculum  
 
 

2 Introduction 
The majority of wood discoloration in the Northern hemisphere is caused by bluestain fungi, particularly 
ophiostomatoid fungi that include the genera Ophiostoma (including its anamorph genus Leptographium) 
and Ceratocystis. In order to spread and find suitable substrate, bluestain fungi produce spores that are 
often dispersed by insects. Insects have been reported to be important vectors for bluestain fungi (Leach 
et al, 1934; Mathiesen-Käärik, 1953, Six, 2003). Bark beetles and ambrosia beetles (Coleoptera: 
Scolytidae) carry fungi either in specialized pouches, called mycangia, or externally on their bodies. 
When these insects attack trees, logs, or lumber, the fungi associated with them are inoculated into the 
sapwood, and staining often develops. Other insect genera that visit, breed and feed on the same woody 
material in which bluestain and other microorganisms are commonly found may also play a role in 
bluestain dissemination to other wood substrates. Ophiostomatoid fungi are well adapted to dispersal by 
arthropods (Malloch and Blackwell, 1993) and both sexual and asexual spores are coated with an 
adhesive material or come in slimy masses. Ascospores have multiple shapes to allow multiple contact 
points with an insect body. The adhesive part of ascospores can easily disperse in resin, after an insect 
brings the spore into contact with wood tissue, but not in water (Whitney and Blauel, 1972). 
 
Insects are not the sole dispersal mechanism of bluestain fungi. Rain, snow, wind, and various logging 
and sawmill equipment are some of the vectors that can aid in the spread of bluestain fungi. There is 
limited knowledge regarding the relative significance of each transmission path, especially in real life-
situations. Some limited past research has suggested that the spores of Ceratocystis pilifera and C. ips 
were seldom carried via air currents to new substrata in a sawmill (Verrall, 1941). Dowding (1969) also 
proved experimentally that the spores of bluestain fungi are rarely dislodged by dry air currents and 
concluded that this type of dissemination did not play any important role, especially over long distances. 
He did, however, find that conidia of bluestain fungi could be readily dislodged in mist and by the splash 
of rain droplets and suggested that this was important for local dissemination. Simeray et al., 1997 in their 
studies of mycoflora in several French sawmills observed lack of bluestain propagules in the air. They 
isolated 61 species among which none were typical bluestain fungi.  
 
The major aim of this project is to gain an insight into the importance of some of these alternate modes of 
bluestain transmission, with a particular focus on the significance of bluestain transmission via air. A mill 
that processes mountain pine beetle-stained wood represents an ideal, worst-case scenario where bluestain 
propagules might be dislodged into the air during wood processing. Previous studies (Uzunovic et al. 
1999 and Uzunovic et al. 2004) showed that mechanically harvested logs were more susceptible to stain, 
and bluestain fungi were regularly isolated from the metal parts of the harvester head, indicating that 
harvesters may directly inoculate bluestain into logs. The present work also investigates the possibility of 
bluestain being transmitted via machinery used inside a sawmill. In addition, sampling of the lumber 
yards for inoculum presence in the snow was conducted to determine its role in the dispersal of bluestain 
fungi.  
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3 Staff 
Adnan Uzunovic  Mycologist, Project leader 
Dave Minchin  Wood protection Technologist 
Danny Siu  UBC Co-op student, temporary mycological technologist 

 
 

4 Materials and Methods 
4.1 Sample Locations 

Two sawmill sites were chosen in central BC; one is an old mill (1970’s) and the other is a more modern 
mill (1990’s). Both mills process mostly lodgepole pine from mountain pine beetle affected areas. 
Sawmill staff estimated that bluestained pines constituted approximately 10-15% of their processed wood. 
The older mill had some central ventilation systems, but the conditions there were dusty, with chips flying 
everywhere around the machines. Most machines in the newer mill had their own ventilation system, the 
air was much cleaner, and chips were effectively transported underground from most of the machines. 
The machines were largely automated at the newer mill and no personnel were needed to maintain their 
operations. 
 
Sampling was conducted on Feb 3 and 4, 2004. Four pieces of machinery at each mill site were chosen 
for sampling to reflect the different conditions that exist in the mills in regards to dust level: the debarker, 
the canter, the sorting unit, and the planer. The canter was also sampled a second time at each mill when it 
was idle, and an additional site was sampled outside in the storage area to get control-background sample. 
In total, six locations were sampled in each mill. The debarker and canter were the dustiest parts in both 
mills; wood chips can fly up to 6 m in the air, and there were visible clouds of sawdust in these areas. The 
planers appeared to be the cleanest and produced the least dust since they processed kiln-dried wood. 
There was no significant air movement during our sampling in any of the areas we observed. During the 
sampling at one of the mills, we recorded temperatures of 17 oC inside and -12 oC outside.  
 
4.2 Sample Collection  

A total of five sampling methods were used: sampling with an Andersen 6 Stage Sampler, a dust settling 
method, machine swabbing, snow sampling, and incubation of stained wood pieces. The Andersen 6 
Stage Sampler (commonly used in conjunction with agar plates for the collection and assesment of 
aerosol samples) was used to capture spores hanging in the air. It uses an air pump, which sucks in the 
surrounding air and passes it through six stages inside the sampler, where each stage has a nutrient plate 
that captures fungal propagules of different size. The dust settling method was used to capture large 
particles, e.g. flying sawdust and wood chips and the bluestain spores that may be associated with them, 
by placing nutrient plates near the machines in operation and leaving them open to the air for one minute. 
Both air sampling methods were done at the six locations mentioned earlier. Two methods were used for 
machine sampling: one was to swab the saw teeth and rollers of the canter and then roll the swab against 
the nutrient plates; the other method was to press the agar medium of the plates directly onto the teeth and 
rollers of a canter. Snow samples were taken randomly outdoors at several locations around the mill 
yards. To avoid surface and soil contamination, only the middle layer of settled snow was collected. Snow 
samples were placed in a 1L glass jar and stored in a cooler until we reached the laboratory. Finally, 
stained wood cut from scrap pieces were collected throughout the day around the canter and sorting unit, 
and stored in coolers until brought to the lab to determine if the stain would still be viable in the 
processed wood.  
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Six plates were required for each location sampled with the Andersen 6 Stage Sampler, which was run for 
five minutes for each set of plates. Three replicates of three types of media were used at each location, for 
a total of 54 plates for each sampling site. The three types of media used in the Anderson Sampler were: 
 

1. MEA + chloramphenicol (MEA + C) – MEA is a general nutrient medium which supports the 
growth of a plethora of fungi including bluestain, mold, and decay fungi, and chloramphenicol 
suppresses bacterial growth, 

2. MEA + cycloheximide (actidione) + chloramphenicol (MEA + A + C) – the addition of 
cycloheximide selects for Ophiostoma species, and  

3. DG-18 + chloramphenicol (DG-18) – selects for xerophilic (dry tolerating) fungi, mostly molds.  
 

The plates used in the Andersen Sampler were dispensed at 45 ml per plate, while plates used in the 
remaining sampling methods were dispensed at 20 ml per plate. 

 
For the dust settling method, the plates were exposed to the air for one minute.  Three replicates of each 
of two types of media (MEA +C and MEA +A+C) were used on two separate occasions to sample each 
location, for a total of 12 plates per sampling site. Eighteen plates in total were used for machine sampling 
per mill.  
 
 
4.3 Analysis of Microorganisms 

Assessment of all plates started after a week of incubation at 20oC. Plates waiting the assessment were 
refrigerated to prevent further growth and masking of slow growing fungi by faster growing molds.  
 
Assessment of the Andersen 6 Stage Sampler, dust settling and machine sampling plates included visual 
total overall counts of all fungal colonies on the plates. A set amount of air volume was sampled (141.4L) 
by the Andersen Sampler; thus, we could calculate the corresponding colony forming units (cfu)/m3 after 
doing a positive-hole correction to adjust colony counts for the possibility of collecting multiple particles 
through the same hole (Macher, 1989). Where possible fungi were identified by using a stereomicroscope 
to key familiar fungi to a genus level and to subculture unknown fungi and key them to a species level 
using a light microscope. Snow sample plates were prepared by filtering the melted snow in the lab using 
vacuum suction through a 0.45-micron sterile filter with a 3x3 mm grid. Either 25 or 50 ml of melted 
water per sample was filtered depending on the total volume of the melted snow (to make up 6 filters per 
media type, or twelve filters per mill site). The filter paper was then placed directly on agar plates 
consisting of MEA + A + C and MEA + C with the grid facing up, and incubated. Emerging fungal 
colonies were assessed and counted using a dissecting microscope.  
 
Collected stained wood pieces were assessed by first washing each piece with a strong jet of water to 
clear it of any surface contamination before incubating each piece in a damp chamber for a week.  After 
one week, the pieces were assessed in terms of the viability and type of fungi growing out of the wood. 
 

5 Results 
The total amount of all fungi (colony forming units) captured by the Andersen 6 Stage Sampler in all 
locations in both mills is shown in Table 1. The sampling sites are represented in the first column in order 
of decreasing visible dust levels. In most cases, the MEA + C medium had the most fungal growth. It was 
difficult to obtain real counts of cfu on some of the plates where there was too much growth and distinct 
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colonies were not evident. In addition, some of the plates were completely covered by Trichoderma 
species, so a total count on these plates was not feasible.  
 
Table 1. Total mean count of fungi in the air (colony forming units (cfu)/m3) sampled by the 
Andersen 6 Stage Sampler on three separate occasions at six locations in each of two sawmills 
(old and new) 
 

Old Mill New Mill
Location Media cfu/m³ cfu/m³
Debarker MEA+A+C 10827 2383

MEA+C
DG-18 50903 8656

Canter MEA+A+C 8798 2159
(Active) MEA+C

DG-18 44847 18017
Canter (Idle) MEA+A+C 177 530

MEA+C 262 757
DG-18 509 705

Sorting Unit MEA+A+C 2666 1172
MEA+C 2909 4154
DG-18 3211 2826

Planer MEA+A+C 108 372
MEA+C 229 68
DG-18 205 71

Outside MEA+A+C 71 184
Storage MEA+C 146 57

DG-18 71 47

Trichoderma  Covered

Trichoderma  Covered

 
 
 
The colonies captured by the MEA+A+C and DG-18 plates were easier to assess, especially those 
collected from dusty locations as both media contain chemicals that suppress growth of fast growing 
molds (e.g. Trichoderma and Zygomycetous fungi) thus allowing slower growing species to emerge. DG-
18 plates had large counts and can present a maximum possible count that can be encountered in a 
particular location. There was clearly a lot more cfu on the plates used to sample the air in the older mill 
(50,903) than on the ones used in the newer mill (8,656). In relation to the total amount of fungi, the 
relative amounts of stain fungi, bacteria/yeasts and Penicillium are shown in Table 2. The genus 
Penicillium was the most common mold found in all plates from air samples; followed by bacteria and/or 
yeast-like colonies. Stain was usually found in low concentrations, constituting only 1-2% of the total 
counts  on MEA+A+C plates or only up to 0.4% if the stain count from MEA+A+C plates is related to 
larger total counts found on DG-18 plates (MEA+A+C suppresses growth of number of species including 
Penicillium). 
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Table 2. Relative amount of bluestain fungi in the air compared to other mold species sampled 
by the Andersen 6 Stage Sampler on three separate occasions at six locations in each of two 
sawmills (old and new) 
 

Total count 
cfu/m3 

Stain% of Total  
(% of count on DG-18) 

Bacteria/Yeast 
% of Total 

count 

Penicillium 
% of Total count 

Location Media 

Old New Old New Old New Old New 
MEA+A+C 10827 2383 0.9 (0.2) 1.4 (0.4) 3.5 12.9 95.1 79.0 Debarker 
DG-18 50903 8656 0 0 1.4 11.7 79.8 80.0 
MEA+A+C 8798 2159 1.5 (0.3) 2.4 (0.3) 7.6 42.6 89.8 49.9 Canter 

(active) DG-18 44847 18017 0 0 1.7 13.7 89.7 67.0 
MEA+A+C 177 530 1 (0.2) 0.7 (0.6) 11.2 51.8 71.4 36.5 Canter 

(idle) DG-18 509 705 0 0 12.5 36.3 67.3 43.7 
MEA+A+C 2666 1172 1.7 (1.4) 2.3 (0.9) 31.2 31.6 43.2 60.0 Sorting 

unit DG-18 3211 2826 0 0 24.1 19.6 69.7 74.9 
MEA+A+C 108 372 0 0 25.3 53.1 62.3 46.9 Planer 
DG-18 205 71 0 0 36.1 36.1 41.8 42.8 
MEA+A+C 71 184 6.3 (6.3) 0 18.8 63.9 70.1 35.5 Outside 

storage DG-18 71 47 0 0 5.3 13.1 60.4 33.3 
 
In snow samples, both mills yielded similar total counts (Table 3), with more colonies captured using the 
MEA + C media. In contrast to air sampling, yeasts, including black yeasts, predominated, with 
Penicillium being the second most common genus. Stain was found in relatively low quantities of only 1-
2% of total counts in samples from both mills. 
 
Table 3. Total count of fungi collected on six plates in snow outside of two sawmills and 
relative amount of bluestain fungi compared to other fungi 
 

Total Count 
 

Stain 
% of Total 

Bacteria/Yeast 
% of total 

Penicillium 
% of total 

Media 

Old New Old New Old New Old New 
MEA+A+C 835 782 2 1 86 98 12 1 
MEA+C 1634 1676 0 0 85 95 13 1 

 
The dust settling method yielded a higher proportion of stain colonies (ranging from 7 – 12% of total 
counts) than that found in the Andersen Sampler captured around the debarker and canter (Table 4). Other 
sampling locations yielded fewer cfu in total counts (or none) so the stain data for these are not 
mentioned. As for sampling of machines in the new mill, the swabbing yielded 372 colonies on 
MEA+A+C plates among which 51 were stain (13.4 %) and the direct sampling method yielded 127 
colonies among which 26 were stain (20.5%). Samples from the older mill were discarded due to 
contamination. 
 
The incubation of the collected stained wood pieces from both mills proved that the stain fungi were alive 
in the sawmills. Twenty-six out of thirty-seven incubated pieces had active bluestain fungal growth.   
 



Stain Fungi in the Air, Snow and on Machinery in Sawmills Processing Mountain Pine Beetle-Affected Wood 

 
 

 
 
  6 of 8 

 

Table 4. Total concentration of fungi collected by the dust settling method around the 
debarker and canter and the relative amount of bluestain fungi in the sample 
 

Total Count Stain 
% of Total 

Location Media 

Old New Old New 
Debarker MEA+A+C 317 28 6.9 7.1 
Canter-active MEA+A+C 763 38 12.4 10.5 

 
 
6 Discussion 
Over 70% of randomly picked stained pieces contained live stain, indicating that there was a significant 
amount of stain present in or on the wood that had been processed by the two sawmills. Despite the large 
potential source of stain, it was found that stain propagules were not easily carried in the air. Penicillium 
accounted for up to 95% of the total flora counted at some locations, such as the debarker. This is 
probably due to the widespread occurrence of Penicillium found naturally in the environment, coupled by 
its association with the bark of trees, where the genus is commonly encountered (Uzunovic, A, 
unpublished field data)   
 
Similarly, snow did not appear to be a significant vector of staining fungi, as only 1-2% of the 
microorganisms sampled from the snow were staining fungi. There was substantially more Penicillium 
and bacteria and/or yeast propagules than stain in the snow.  
 
The proportion of stain in sawdust and air as sampled by the dust settling method was higher than for the 
Andersen air sampling method. The dust settling method captures large stained sawdust pieces as they 
become airborne for short periods of time before settling near the processing machines. This indicates that 
stain is more likely vectored over shorter distances via larger wood particles than by simply floating in the 
air over longer distances. Furthermore, this suggests that the stain requires an organism or substrate as a 
mechanism of transport.  
 
Machine parts that were in contact with the processed woods carried relatively high amounts of bluestain 
propagules. This is not surprising as the saw teeth and rollers are in constant contact with stained wood 
increasing the chance of picking up and transmitting stain. The saw mill machines could push the 
bluestain inoculum into the sapwood of lumber thus inoculating bluestain into unstained lumber pieces. 
This is similar to what was observed with harvesters that inoculate stain in logs (Uzunovic et al, 2004). If 
these pieces are still green and maintain a high moisture content, there is a chance that they may develop 
stain after being run through the machinery. This is, however, unlikely in situations where lumber is 
planed and dried (either air dried or kiln dried) following sawmilling to moisture levels that are not 
supportive of bluestain development. In situations where the green lumber is delayed going into the kiln 
and remains stored at temperatures conducive to fungal growth, the fungi may grow. The extent to which 
the developed stain can be attributed to inoculation, from machining, as opposed to subsequent insect 
attacks, remain unknown. 
 
The planer yielded no viable bluestain spores and very small counts of other living microorganisms. This 
is likely due to the fact that the wood was kiln dried before being passed through the planer, killing the 
majority of organisms that were present on or inside the wood prior to drying. 
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The older, dustier mill had 2.5 times more spores carried in the air than the newer mill. This indicated that 
the local ventilation systems on machines and the modernized machines operating at the newer mill were 
more effective at creating a cleaner environment for work. Even though the proportions of stain were the 
same, the smaller total count in the new mill further reduces the chance that the staining spores would be 
vectored to other lumber and logs through the air. 
 
 

7 Conclusions 
Staining fungi are not readily vectored through clean air and snow. Airborne sawdust and machines are 
the most likely sources of spread of bluestain fungi in sawmills. 
 
 

8 Recommendations 
Work on the likelihood of stain spores being carried by the air is still incomplete. Additional sampling 
during other seasons (e.g. during summer) are needed to compare with the data obtained in the winter. 
Special filters should be used in the Andersen 6 Stage Sampler to prevent large sawdust particles from 
getting into the plates in the sampler and thus clearly separate airborne spores from airborne fungal 
propagules (including sawdust). This would help to determine if spores alone have any significant role in 
spreading stain via air. Field sampling during and after a rainfall would also be helpful to assess what 
kind of fungi rain can deposit on the stored wood and if it can pick stain from the air. In addition the 
effects of rain splashing on stain transmission within log piles should be determined. It will, however, be 
challenging to develop a test and sampling protocol to clearly show this.  
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