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Summary 
Bluestain, caused by fungi, is an important and costly problem for the Canadian forest products industry. 
Conifers, such as pines, are especially susceptible to bluestain infection and development in logs. This 
prevents the recovery of appearance-grade wood products from those logs. The original objective of this 
project was to determine what ftingi cause the greatest problems in a specific sawmill yard and to 
determine the mechanism of dispersion of these fiingi. The selected sawmill is typical of northern Alberta 
or BC practice where the logging is done almost entirely in winter. Sufficient logs are brought in to the 
mill yard to cover the year's savraiilling. However during the summer the logs become stained. We 
originally surmised that the logs would be virtually free of stain when cut in the winter months. Based on 
literature we had assumed the vector of the staining fiingi would be an insect. The spores of staining 
fiingi are normally not airborne but are sticky and adhere to insects or other arthropods that carry the 
spores on their bodies. An insect control program might thus be devised to stop the insects and thereby 
reduce stain. 

Shortly after starting the project we realised that the problem was more complex than it first appeared. 
We could not assume that the logs were largely free of infection when they reached the mill but needed to 
test that. We therefore extended the objective to determine the major sources of bluestam and the 
mechanisms of their dispersion in general in both logging sites and mill yards. This also required 
extending the length of the project. 

In project planning several action items were identified. Progress has been made on some of these. 
During 2000 a number of essential contacts including universities, government and industry were 
established. Several have already contributed to the project. A literature review of the reported insect-
flingi associations was done and is included in this report. Field trapping techniques for insects likely to 
carry stain were tested. By using a selection of commercially available lures, Lindgren fiinnel traps were 
shown to be able of attracting a variety of target insects. To determine their fungal associates, these 
insects need to be immediately isolated and put in separate clean vials for later sampling. A larger scale 
field trapping will be done in subsequent years. Techniques for isolating fungi from insects were 
investigated and refined. This work demonstrated procedures which proved efficient and which will be 
Used for larger scale work. Methods to investigate links between harvesting and fungal infection were 
also developed. A collaborative trial that is looking into dissemination of fungi by harvesters was set up 
with Forest Research (NZ) and Oregon State University. Preliminary work has tested the methods, which 
will be repeated on a larger scale in 2001. 

The project is now considerably larger in scope than originally planned. It should determine the most 
significant ways of stain dissemination. The aim is to do this work as a set of collaborative experiments 
wherein as much of the expertise on insect and fungal identification and ecology as possible is contributed 
by our partners. Forintek will organize the industrial interface of the work. 
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1 Objectives 

• To determine what fungi cause large problems in a specific sawmill yard and to determine the 
mechanism of their dispersion, (original objective April 1999) 

• To determine the major sources of bluestain and the mechanisms of their dispersion (revised 
objective December 2000). 

2 Introduction 

Softwood and hardwood logs and lumber are susceptible to sapstain from the time the tree is felled until 
the wood is dried. Pines are known to be especially susceptible. This discoloration of the sapwood is an 
undesirable attribute in wood products. Forintek's Protection Research Program attempts to deal with 
these problems by assisting the forest products industry produce clean, bright solid wood products. 
Historically research focused on the protection of green lumber from mould, stain, and decay by the use 
of good storage practices, chemical or biological technologies. However, the need for research into 
protecting green lumber has recently declined because less green lumber is being exported and the 
technology used to protect it is relatively mature. On the other hand, the increased cost of logs, and the 
need to maximise value from them, have created a greater interest in preventing degrade of fresh logs by 
staining fiingi. This need is nowhere more apparent than in the BC interior and Alberta where the most 
prevalent species is lodgepole pine. In response to growing markets for value-added products, research 
into fungal discoloration is now focused on methods of protection of freshly felled logs. 

Financial losses due to stained logs have been incurred for many years. In Forintek's 1992 survey of 
Canadian savraiills, 46 of the 73 responding mills reported substantial losses in log quality due to staining 
(Clark 1992). However it proves difficuh to quantify the dollar loss due to stain (Byrne and Uzunovic 
2000). One reason is that a degree of stain is always present at some background level and this is 
regarded as "part of the business". Stain problems become highlighted when these levels increase 
dramatically. Over the last decade decreased production of appearance-grade products, for example 
lower than usual levels of "J-grade" outturn, have indicated a problem. Even then it is not always clear 
what amount of this stain is preventable, possibly by strategies such as those we are currently researching, 
and what amount is unavoidable, for instance, because of a natural calamity. An example of the latter is 
the mountain pine beetle epidemic currently decimating lodgepole pine in the interior of BC 
(CFLA/NFPA 2001, Safranyik et al, 1974, Unger, 1993). In the case of the mountain pine beetle the 
heavily infested trees are usually stained even before they are felled. 

Turning to potentially preventable stain, 1998 was a particularly severe year for stain problems in Alberta, 
probably as a result of warm dry weather that year. In the fall of 1998, we visited three sawmills and 
woodlands operations in Alberta in order to investigate the situation due to stain. For 1998 these mills 
reported losses due to stain of $14.3 million in product outturn over and above "normal" levels of stain, 
and the estimate for the whole province was estimated to be at least $30 million (Byme 2000). Some of 
the staining appeared to be associated with harvesting damage. 

Because of the high impact of the problem, Forintek reassessed its Protection Research program. We 
analyzed what was known about bluestain, what was not known, and what strategies might be used to 



combat the problem. Research projects were then put in place to target key strategic knowledge gaps, one 
of which is the source of the stain. A critical knowledge gap was specifically how fimgi spread into 
otherwise uninfected, winter-felled pine logs in sawmill yards. In 1998, we identified one mill where 
almost all the logging is done in the winter months and the logs are brought shortly after to the mill. This 
inventory carries the mill through until late summer. Stain sometimes develops in these logs at some 
point in spring or summer, becoming obvious when the logs are sawn. This was evident in 1998. We 
first assumed that the winter-felled logs came into the sawmill yard free of fimgal stain or inoculum as the 
trees were well frozen when felled onto clean snow overlying frozen ground. Under these circumstances 
development of stain in the mill yard might be expected to have resulted from subsequent infection in the 
yard, and development of the fiingi within the logs during the spring and summer following felling. The 
spores of staining fungi are normally not airborne, but are sticky and adhere to insects and mites that carry 
the spores on their bodies (Dowding, 1969, Seifert, 1993). A number of associations between specific 
Scolytid beetles and specific fungi have been described in literature. The project was initiated to look into 
these associations. We planned to sample insects in this mill yard and determine which staining fungi 
they carried. The longer term objective was to determine if an insect control program could thereby 
control stain. 

3 Staff 

Adnan Uzunovic Mycologist, Durability and Protection Group 
Tony Byrne Wood Protection Scientist, Durability and Protection Group 

4 Materials and Methods 

4.1 Project Scope and Plan 

The first season of fieldwork was lost because of other research priorities during the key summer season 
for this work. We began this project late in 1999 by drawing up an experimental plan to obtain the 
following deliverables. 

1) Information on the development of stain in a mill yard (by March 2001). 
2) Information on which fungi are implicated in stain problems and what insects are present (by March 

2001). 
3) Information on the feasibility of an insect trapping program to control stain (by March 2002). 

The key objective was to determine what fiingi cause the largest problems in a specific sawmill yard and 
to determine the mechanisms of their dispersion. At the time, we had assumed that insects were the main 
sources of staining fiingi, and planned experiments around this hypothesis. Early in the project we 
realized that the scope would need to be larger than investigating insects alone, and the plan therefore 
needed to be revised. As other fieldwork continued, we realized that vectoring by insects alone was 
unlikely, and that our earlier assumption that winter-felled trees would be free of inoculum needed to be 
verified. We also did not know whether stain inoculum is already on the tree bark when harvested, 
whether it comes from forest litter, or is carried by wind. There is evidence in patterns of stain found on 



sawn lumber (reflecting the location of spikes from equipment rollers) that stems can be inoculated by 
mechanical harvesters during felling, and this also needed to be confirmed. Water splash has also been 
reported to be a source of spores, but its practical significance is unknown (Dowding, 1969). 
Consideration needs to be given to changing log handling, harvesting and storage strategies as well as 
deployment of environmentally acceptable control methods such as biological control or insect 
management with semiochemicals (naturally occurring 'message-bearing' bio-chemicals which can be 
either insect pheromones and/or host volatiles). To reflect the wider scope of the project, the title was also 
changed from "Spread of Staining Fungi in Sawmill Yards" to "Source and Spread of Bluestain Fungi". 
Additionally, witii the hiring of the first author of this report at Forintek Canada Corp., the project 
leadership was changed in January 2001. 

The plan covering the first two years and the additional three years of the project includes the following: 
1) Identificafion of suitable collaborators and contacts 
2) Literature review of insect/fungal associations, and testing methods of trapping insects 
3) Determining methods of isolating fiingi from insects and selecting the most effective ones for larger 

scale work 
4) Obtaining insects from harvesting sites and mill yards, isolating and identifying the associated fungi 
5) Investigating links between harvesting and fungal infection 

This report covers progress made on some of these action items. 

4.2 Identification of Collaborators 

In April 2000 the co-authors participated in a seminar in Whitecourt AB organized by Bugbusters Pest 
Management Inc. Attendance at the meeting comprised 15 industry representatives (mainly Forintek 
Canada Corp. members) and four Alberta Lands and Forests employees. The meeting largely 
concentrated on insect biology and management, but we made a presentation on staining fungi, their 
importance, and what we knew about their interactions with insects. This established with the 
entomologists present that fiingi play a critical role in the ecology of freshly-felled trees. In the process 
we made contact with insect-control fieldworkers and discussed possible collaborations. Simon Fraser 
University (SFU) Professor John Borden, and PhD student Susanne Kuhnholz, were identified as ideal 
university collaborators. We also established contact with Phero Tech Inc. and Bugbusters Pest 
Management Inc., who specialize in mass-trapping programs of different wood degrading insects. 
Discussions with Phero Tech and Bugbusters enabled us to understand the trapping technology they have 
commercialized and the programs they offer. They also offered to collaborate with us in determining the 
feasibility of insect trapping as a means of controlling bluestain and also in obtaining insects for 
laboratory study to determine what fiingi they might be carrying. 

Other potential partners were approached to discuss collaboration, or approached us with requests for our 
expertise or suggestions for collaboration. We have assisted the University of Northern BC (UNBC) in 
isolation and identification of fiingi associated with Dryocoetes confusus (the balsam bark beetle) and are 
advising an MSc. student how to run field inoculation experiments using the same fungi. A collaboration 
with Oregon State University (OSU) and Forest Research (NZ) has also been developed to focus on 
harvester inoculation. The University of BC (UBC) and Universite Laval applied for an NSERC strategic 
award to work on the molecular diagnostics of Ophiostoma sp. and this was awarded in November 2000. 
One PhD student recently started work at UBC isolating fimgi associated with several bark beetles. 
Forintek staff trained the student in techniques for isolating fiingi from insects and we are providing 



taxonomic advice. UBC/Forintek interaction will continue through the project. The Canadian Forest 
Service (CFS) is particularly interested in the interaction between Ophiostomatoid fungi and insects 
because of the need to understand more about potentially pathogenic fiingi transmitted by both native and 
exotic insects. The senior author also visited another federal govemment collaborator in Ottawa (Eastem 
Cereal and Oilseed Research Centre (ECORC), Agriculture and Agri-foods Canada) to initiate 
identification of fungal isolates that have already been generated and to discuss plans for future 
collaboration. 

The list of collaborators is: 
Sundance Forest Industries Ltd. 
Weyerhaeuser Company Ltd. 
Tolko Industries Ltd 
Universities: UBC, SFU, UNBC, OSU, Universite Laval. 
CFS (Pacific Forestry Centre), Agriculture and Agri-foods Canada (ECORC) 
Forest Research (NZ) 
Phero Tech Inc. 
Bugbusters Pest Management Inc. 

4.3 Literature Review and insect Trapping Fieidworl( (2000) 

A literature review was done in parallel with the field work. A compilation of various insect-fungi 
associations reported in literature sources was updated (Uzunovic 1997) and is summarized in Appendix 
1. The fungi commonly isolated from stained logs and lumber in Canada are not well represented in the 
literature and this is therefore a large knowledge gap. The limited information in the literature is largely 
that of bark beetle-fungi associations. It was recognized that there was little information on ambrosia 
beetle associates and in particular whether they can cause significant staining of wood beyond the brood 
tunnels. This area was therefore a good starting point for research. Ambrosia beetles are common in 
forested environments and in mill yards. They are also commonly controlled by mass trapping programs 
in order to prevent damage to wood products. 

In June 2000 we consulted with Phero Tech Inc. staff to help us set up an initial trapping protocol. The 
intention was to determine the range of insects flying in the field where test logs from other projects on 
bluestain were being stored and monitored for stain development. During biocontrol field tests in 1999 
we had obtained and set "sticky" traps obtained from Phero Tech. These were unsuccessfiil because they 
trapped anything blowing, or flying onto, or attracted by, the sticky yellow surface. This included 
windbome dust. In general, insects (mainly flies and mosquitoes) stuck on the surface were unsuitable 
for subsequent isolation work because they disintegrated or became dirty from soil particles. 

4.3.1 Experimental 

Following Phero Tech's advice, we obtained five Lindgren funnel traps and used five different sets of 
semiochemicals for the 2000 fieldwork. These target different insects as follows: 
• Mountain pine beetle (trans-verbenol; myrcene; exo-brevicomin) 
• Ips (ipsenol/butanediol) 
• Large wood borer (ethanol; a-pinene) 
• Spruce beetle (frontalin; a-pinene) 
• Striped ambrosia beetle (ethanol; a-pinene; lineatin) 



During June 2000 field work we set the traps on stands close to test logs being stored in the Brazeau 
River Valley, south of Edson, Alberta. We then arranged for a forester from our industrial collaborator 
(Sundance Forest Industries Ltd.) to check these traps every two days, collect the trapped insects and 
send them, refrigerated, to our Vancouver laboratory every two weeks. Once they arrived we sorted them 
by insect type (striped ambrosia beetles, other ambrosia beetles, Ips beetles, other bark beetles, large 
wood borers, clerids, other insects), assessed their approximate numbers, and experimented with 
techniques for sampling fungi fi-om a few that were alive and recently trapped. Susanne Kuhnholz and 
other entomologists from SFU advised on identification of these insects. 

4.3.2 Results and Discussion 

Sundance Forest Industries collected several thousand insects from the five funnel traps. Some insects 
deteriorated during storage and transport to Vancouver but most were still alive and in good condition on 
arrival. Traps with mountain pine beetle and large wood borer lures captured only a few insects. As 
expected, we did not find any mountain pine beetles, which are rare in Alberta, limited by the cold 
climate. The few captured cerambycid (longhom) beetles were identified as Asemum and Spondylis 
species. According to SFU entomologists, few large wood boring beetles are usually trapped by such 
methods because the traps and lures are not very effective. Research to develop more specific lures for 
them is underway at SFU. However the trap containing the striped ambrosia beetle lure was clearly 
specific and efficient and resulted in a high number of captures of this beetle plus a few other ambrosia 
beetle species. For example, on just two days (26 and 27 June, 2000) Sundance's forester collected about 
1000 striped ambrosia beetles {Trypodendron lineatum) from the traps. The Ips and spruce beetle lures 
were also effective, attracting different species of both genera. In the Ips trap the majority of captures 
were species from the Ips genus. In the spruce beetle trap the following genera were identified: 
Dryocetidis, Dendroctonus (valens), Polygraphus and Ips. Other beetles that were collected in smaller 
numbers from all five traps included : Rhagium spp (cerambycid beetle), Tharsimus spp, Hylurgops spp, 
Enoclerus spp, and specimens from families of Elateridae, Staphylinidae and Melandrydae. 

It became apparent that sampling for fungi from mass-trapped insects was not feasible because the 
specimens cross contaminate each other. It would therefore be difficult to correlate the isolated fungi and 
the insects carrying them. For future sampling we need to ensure that insects are immediately placed in 
separate vials, or alternatively, we could collect live beetles and larvae from within infested wood. Our 
collaborators have offered assistance in collecting individual insect specimens in the field, keeping them 
uncontaminated in individual vials, and shipping them to our laboratory. This would enable us to be more 
certain that fungi identified were associated with the specific insects. We therefore plan to use their 
assistance in future experimental work. Techniques to sample fiingi from some of the collected insects 
were further tested (see 4.4). 



4.4 Fungi Associated witii Ambrosia Beeties 

This collaboration with Simon Fraser University started in July 2000. Susanne Kuhnholz is working on 
the biology and phylogeny of four morphologically similar, but distinguishable, domestic ambrosia 
beetles: Trypodendron lineatum, T. rufitarsis, T. retusum and T. betulae. The beetles are thought to be 
phylogenetically close but have evolved to depend on different hosts. In order to understand how each 
beetle species successfiilly finds its host (aspen, birch or certain conifers), as well as its mate, she has 
tested various semiochemicals. Forintek became involved with the project because it gave us an 
opportunity to work with SFU to develop basic insect handling and manipulation skills, and also to 
develop techniques for sampling staining fiingi from the insects and to confirm their associations. 
Forintek's skills in fiingal identification would be useful in determining the identification of such fiingi 
and whether they had previously been collected from stained wood. As well as using these insects to 
develop isolation techniques, Forintek was also interested to determine if Trypodendron-\ectored fimgi 
caused extensive stain in logs or lumber. The collaboration added to SFU's scientific depth in better 
defining the ecological niches the different insects occupy. Prior to the laboratory work described below, 
Susanne had tested semiochemicals in the field, but there were still knowledge gaps about the ecology of 
these beetles because different Trypodendron species employed the same semiochemicals. There was a 
question about whether the fiingi associated with different beetles could play a role in communication 
between beetles as well as in the success of the beetles as forest or forest products pests. SFU was also 
interested in whether these fimgi played a role in killing, or suppressing, standing trees. 

4.4.1 Experimental 

Fungi were sampled systematically from T. retusum and T betulae aduhs and larvae as available. The 
insects were collected from within infested logs and sampled for fiingi following a protocol designed and 
further developed by the first author. This involved three methods of isolation: 

1) External washing of insects. Initially two pupae, and two female and male adult beetles of each 
species were collected from inside infested host logs which had been split to expose insects tunnels 
within. Each collected insect was then vigorously shaken (vortexed) in 1 ml of sterile water and then 
1:5, 1:50 and 1:500 dilutions were made from the wash water. A 100 \x\ aliquot from each dilution 
was spread on two plates, one containing 2% malt extract agar (MEA) and the other containing MEA 
amended with 100 ppm cycloheximide (an antibiotic that suppresses growth of most fiingal genera 
but not Ophiostoma species). The plates were incubated at room temperature and monitored daily 
during the first two weeks. Emerging single-spore colonies were picked up and subcultured onto 
separate MEA plates. 

2) Dissection of insect. Mycangia are special pouches on beetles that carry the ambrosia fiingi used for 
food by the beetle's brood. In this genus mycangia are found only in females. Two adult females of T. 
retusum and T. betulae were dissected. Their mycangia were removed, vortexed in sterile water, and 
spread onto plates of MEA or MEA/cycloheximide as in 1). 

3) Isolation from infested wood. Sampling was also done from beetle-infested wood brought from the 
field. The wood lining the beetle tunnels and adjacent stained wood were both sampled immediately 
after the wood was split and after parts of the tunnel systems had been incubated in a humid chamber 
for a week. 



All purified fiingal colonies were initially assessed by studying their colony morphologies, growth rates, 
and their sporulating structures under the microscope. Selected isolates were also mated against known 
mating types of known species to confirm if they were conspecific. Representative isolates were stored in 
a culture collection shared by SFU and Forintek. 

4.4.2 Preliminary Results and Discussion 

A number of fungal isolates have been generated and, based on their morphological characteristics and 
growth rates on laboratory media, there are two or three different fungal species consistently associated 
with each beetle species. At this stage we do not know their identities but this is being investigated by 
UBC and ECORE. The sampling techniques are still being assessed, but all three appear to be producing 
results and comparable fiingi. Sampling from larvae and pupae was found to be redundant and will not be 
used in future work. 

We also do not know the potential of the isolated fiingi to stain wood This will be determined by 
inoculating representative fungal isolates from the first two beetles sampled into logs of the host trees 
and assessing the ability of the fungi to stain the wood. Similar work will follow for the remaining 
species. Additionally, fiingi will be sampled from the remaining beetles plus Trypodendron domesticum, a 
species recently introduced to Canada. T. domesticum is originally from Europe where it attacks oak trees. 
It has spread around the Lower Mainland of BC and it has switched hosts to other hardwood tree species. 

The same techniques will be used to identify fungal associates of insects commonly found in sawmill 
yards and in forest harvesting sites. 

4.5 Investigations of Infection througli Harvesting 

Forintek has set up a collaborative experiment with Forest Research (New Zealand) and Oregon State 
University (OSU). The objective is to determine whether mechanized harvesters inoculate stain fiingi 
into logs during the harvesting process. Forintek initiated the collaboration and designed the experimental 
protocols. 

4.5.1 Experimental 

Logs from freshly-felled trees that had visible wounds caused by harvesters were brought in from the field 
and assessed to determine how much of the development of stain in those logs was associated with the 
bark damage. In the laboratory, areas were sampled within and around the damaged areas on several logs. 
After repeating the sampling a few times, and analyzing the resuhs, the sampling protocol was finalized 
for the main collaborative experiment to be carried out in 2001 by OSU, Forest Research (NZ) and 
Forintek's eastem and westem laboratories. The resuhs will then be compared. 

Critical to this experiment is obtaining freshly harvested and processed logs. In the initial experiment the 
harvesting contractor mechanically felled and delimbed trees, then cut a i m long piece from the top part 
of selected test logs. The top logs were used because they usually show more damage, and are easier to 



handle than butt logs. We took care to ensure that the test logs for laboratory use did not fall on the 
ground and get dirty. They were immediately sealed in clean polyethylene bags and brought to the 
laboratory. For the preliminary testing it was suggested that each collaborator take two top logs from two 
different trees and assess them to test the method. Once in the laboratory, the logs were carefully 
sectioned with a sterilized handsaw (to limit dust) into four sections labeled A, B, C and D as shown in 
Figure 1. Each section was sampled using different techniques: 

Figure 1: Stylized log with bark/harvester roller damage andfour section sampling 

Section A was intentionally left as a longer piece (30-40 cm), loosely wrapped in clean Kraft paper, and 
left to incubate in a conditioning chamber at 20°C and 80% RH. After four weeks, the section was 
examined for stain by taking several discs along the length of the piece and assessing the stain on the 
surfaces of the discs. Care was taken to ensure insects of any kind did not visit the logs and that the logs 
were kept away from airborne sawdust and dirt. Any stain found in the section after incubation was 
therefore assumed to have originated from fungal inoculum that was already present on the log (either in 
the bark or inoculated by the harvester during harvesting). 

Section B (10-20 cm): Visible wounds (penetrations through bark, bark crushing, areas with damaged 
wood) were washed with sterile water (by squirting water out of a sterile pump). The dripping water was 
caught in a sterile vial. A dilution series was then made spreading approximately 2 ml of 1:1; 1:5; 1:50 
and 1:500 solutions on agar plates. After two days the plates were assessed and emerging colonies 
subcultured onto new plates. 

Section C (10-20 cm): Pieces of crushed bark, wood from within the indentations, and chiseled-out wood 
tissue containing wounded areas, were put into separate vials filled with sterile water, vortexed for 2 
minutes, dilution series made as in section B, then aliquots spread on plates. 

Section D (10-20 cm): Wood tissue from each section was carefiilly sampled using a sterile scalpel and 
plated on agar plates. Samples were taken first from outer dead bark (Da), concentrating on the regions of 
bark that were crushed by the harvester. Samples were then taken from underneath the crushed bark (Db). 
Pieces of bark with visible damage were peeled off first and the samples taken from the phloem around 
wounds that had already changed color indicating dying of the tissue. Fungi from these were compared to 
those isolated from the light-green colored live phloem in the areas where bark damage had not occurred. 
Finally, after complete removal of these loosened and crushed pieces of bark, the wood underneath (Dc) 
was sampled. Special attention was paid to samples from within indentations made by the harvester, 
taking wood/bark chips that were pushed into the stem by the harvester spikes as well as wood chips from 
the bottom of the indentations. 



All the work described in sections B, C and D was done in parallel on two type of media: 2% malt extract 
media amended with streptomycin (to suppress bacterial growth) and 2% malt amended with 
streptomycin and cycloheximide (an antibiotic selective for bluestain fungi from the genus Ophiostoma) 

4.5.2 Results 

At Forintek's Westem laboratory, harvested logs were sampled on two occasions. Two logs, brought from 
Alberta (Brazeau River Valley near Robb), had been processed with a harvester head fitted with chain-
over-rubber rollers or with spiked-rollers, modified by welding strips of metal between the rows of spikes 
to reduce spike penetration into the logs (Figure 2). Two logs brought from a BC site (Skookumchuck 
river valley, near Canal Flats) were processed with a similar modified spiked harvester head. The initial 
results showed the procedures involving sections B and C to be redundant because they yielded only 
bacteria. Handling of these sections was therefore dropped from the final protocol. From the D sections 
we isolated around 50 bluestain isolates, mainly Ophiostoma minus. A few O. piceae isolate 
identifications were made as were a few unidentified species. This confirmed that stain infestation can 
start when the harvester inoculates logs by pressing rollers and bark into the wood 

Figure 2: Harvester heads used during harvesting at the Alberta site 

Following the protocol developed above, Forintek's Eastern laboratory sampled four (two top, two 
bottom) jack pine logs from two trees which had been harvested by chainsaw. Fungi isolated from these 
logs thus illustrate at least some of the mycobiota present in standing jack pine trees before harvesting. A 
number of isolates were identified as Hormonema dematiodes/Aureobasidium pullulans. A few isolates 
with Leptographium and Pesotum anamorphs were also obtained. Incubation of the sections A at room 
temperature for four weeks did not produce much stain (only up to 4% of sapwood). 

Our collaborator in New Zealand subsequently sampled 1-m long section from mechanically harvested 
logs of radiata pine. The section was sampled following the procedures for sections A and D only. 
Section D procedures yielded isolates of Sphaeropsis sapinea, decay fungi and other unidentified isolates 
with pigmented hyphae. This confirmed our observations that wood-decaying fungi can also develop in 
logs shortly after harvesting (unpublished data). Isolations obtained from section A were not satisfactory 



due to heavy mould contamination during four weeks incubation. For future work it is recommended that 
all collaborators use the A and D approaches repeated twice. 

5 Conclusions 

• During 2000, essential contacts were established and several have already contributed to the project. 

• A literature review of the reported insect-fiingi associations was done but little information about 
insect relationships with fiingi which cause stain problems on Canadian logs and lumber was 
revealed. 

• Field trapping techniques for insects likely to carry stain have been tested. Using a selection of 
commercially available lures, Lindgren fiinnel traps can attract a variety of target insects. To 
determine flingal associates these insects need to be immediately isolated and put in separate clean 
vials if later sampling is to prove isolated fiingi are associated with the insects. 

• Techniques for isolating fungi from insects were investigated and refined. We have demonstrated 
efficient procedures which will be used for larger scale work. 

• Methods to investigate links between harvesting and fungal infection were developed. A collaborative 
trial set up with Forest Research (NZ) and Oregon State University is looking into dissemination of 
fiingi by harvesters. 

6 Recommendations 

The revised project is now larger in scope than originally planned. It should determine the most 
significant ways of stain dissemination. The aim is to do this work as a set of collaborative experiments 
wherein as much of the expertise on insect and fimgal identification and ecology as possible is contributed 
by our partners. Forintek will organize the industrial interface of the work. 

The revised deliverables for fiiture work will be as follows: 
1) Information on the source and spread of stain in a logging site (by March 31, 2002). 
2) Information on the source and spread of stain in a mill yard (by March 31 2003). 
3) Report on the major source and the ways of spread of bluestain fimgi (by March 31 2004). 
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Appendix 1: Reported associations between bluestain fungi and insects 

Vector Associated Fungus Author(s) Comments 
Blastophagus minor Ceratocystis canum Rennerfelt(1950) 

Dendroctonus adjunctus Leptographium pyrinum 
Ceratocystis adjuncti 

Davidson (1978) 
Six & Paine (1996) 

Fungi isolated from Dendroctonus 
adjunctus mycangia 

Dendroctonus brevicomis Ceratocystiopsis 
brevicomi 

Tang-Wung Hsiau & Harringtor 
(1997) 

Ceratocystiopsis brevicomi is a 
mycangia! fungus 

Dendroctonus jejfreyi Ophiostoma clavigerum Six & Paine (1997) Dendroctonus jeffreyi colonizes only 
Pinus jeffreyi 

Dendroctonus monticolae Ceratocystis montia Robinson (1962) 

Dendroctonus frontalis 
D. brevicomis 
D. ponderosae 

Ophiostoma minus 
(Ceratostomella pint) 

Rumbold(1931) 
Barras and Perry (1972) 
Bridges & Moser (1983, 1986) 
Paine e/a/. (1988) 

O. minus found on phoretic mites 
carried under the beetle elytra. 
Breeding was more successful in the 
absence of O. minus. D. frontalis 
fairly casual association, D. 
ponderosae was not. 

D. ponderosae Ophiostoma clavigerum 

Ophiostoma montium 

Rumbold(1941) 
Robinson (1962) 
Whitney (1971) 
Solheim (1995) 
Six & Paine (1997) 

Symbiotic relationship 
D. ponderosae colonizes up to thirteen 
Pinus spp., but not P. jeffreyi 

Dendroctonus engelmanni Leptographium sp. Davidson (1955) Found on Engelmann spruce, 
causing a grey stain 

Dendroctonus terebrans Leptographium 
terebrantis 

Lewinsohn d. etal. (1994) Beetle affects loblolly pine {Pinus 
taeda L.) 

Dendroctonus valens Leptographium 
terebrantis 

Lewinsohn d. etal. (1994) 

Hylobius abietis Leptographium 
procerum 

Levieuxera/. (1994) Very strong association 

H. angustatus (S. Africa) 
H. ater (New Zealand) 
H. ligniperda (N. Zealand) 

Leptographium 
truncatum Wingfielde/a/. (1988) 

Hylastes ater Ceratocystis penicillata Dowding (1973) Occurs in Hylastes tunnels 

H. angustatus (S. Africa) Leptographium serpens Gambogi & Lorenzini (1977) 
Wingfieldetal. (1988) 

Causes root disease of pines in Italy 
and South Africa 

Ips cembrae Ceratocystis laricicola Redfemetal. (1987) 

Ips sexdentatus Ophiostoma minus Levieuxe/a/. (1991) Found occasionally in pronotal 
punctures around the setae on the side 
of pronotum 

Ips acuminatus 
Tomicus minor 
Hylastes ater 

Ophiostoma minus Mathiesen-Kaarik(1953) 

Ips typographus Ophiostoma polonicum Moser etal (1989) 
Solheim (1988) 

17 species of mites associated with 
adults beetles attacking Norway 
spruce. The ascospores found on 
mites in special spore carrying 
structures. 

Ips sp. Ophiostoma ips Davidson (1935) 



Vector Associated Fungus Autlior(s) Comments 
Ips typographus japonicus Ophiostoma bicolor 

Ceratocystis polonicum 
Mosere/a/. (1997) Ips typographus japonicus carried 12 

species of phoretic mites and their 
hyperphoretic fiingi 

Ips typographus Ceratocystis penicillata 
Ophiostoma europhioids 
Graphium sp. 
Leptographium sp. 
O. ainoae 
0. bicolor 
O. piceae 
O. tetropii 
C. polonica 

Grossmann(1931) 
Siemaszko(1939) 
Rennerfelt( 1950) 
Viiri(1997) 

Ips sexdentatus Ophiostoma brunneo-
ciliatum 

Levieuxe/a/. (1989) 
Mathiensen-Kaarik (1953) 

Found commonly on mites associated 
with the beetle 

Ips acuminatus Ophiostoma clavatum Heiiningson & LundstrOm 
(1974) 

O. clavatum can only colonise trees if 
inoculated through the bark beetles 

Ips grandicollis 
Ips caligraphus 

Ceratostomella ips 
{Ceratocystis ips) 

Rumbold(1931) 
Leach a/. (1934) 

Pissodes sp. 
Hylobius sp. 

L. wagneri Levieuxe/a/. (1994) 

Pissodes sp. 
Hylobius sp. 

Ophiostoma minus Levieuxe/a/. (1994) 

Pissodes sp. 
Hylobius sp. 

Leptographium 
procerum 

Wingfield, (1983) 
Levieux et al. (1994) 

Located mainly in thoracic circular 
rounded wells on the insect vector 

Tomicus piniperda Leptographium 
lundbergii 

Mathiesen-Kaarik (1953) 
Dowding (1970) 

Tomicus piniperda L. wingfieldii Solheim & LiangstrOm (1991) 
Wingfield &Gibbs (1991) 
Lieutier e/a/. (1989) 
Gibbs& Inman(1991) 

This fungus seems to play an 
important role in overcoming the 
resistance of trees under beetle attack 
(together with associated yeasts and 
Ophiostoma minus) 

Tomicus piniperda 0. minus Solheim & LangstrOm (1991) 
Mathiesen-Kaarik (1953) 
Grossmann (1934) 
Siemaszko (1939) 
MacCallum (1922) 

Plays a role in overcoming tree 
resistance. Isolated fi-om the trees 
attacked by T. piniperda.. 

Tyrophagus putrescentiae Ceratocystis ulmi Brasier (1978) 

Trypodendron lineatum O. piceae Bakshi(1950) 

Note: Fungal names are quoted as per the authors' designation. Given recent advances in the Ophiostomatoid taxonomy, it is 
likely that some of the fungi are misidentified or the names have been changed. Identifications need to be clarified using a 
combination of traditional taxonomic and molecular techniques. 
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