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1.0 Background

In British Columbia, 80 species of birds, mammals and amphibians depend on wildlife trees (dead
or dying trees with special characteristics such as size, condition and species) for nesting,
denning, feeding, perching or roosting.  Some of these species, including the Williamson’s
Sapsucker (Sphyrapicus thyroideus) the Vancouver Island Pygmy-Owl (Glaucidium gnoma
swarthi) and the QCI Hairy Woodpecker (Picoides villosus picoideus), are on the provincial
endangered or threatened status lists. Our largest primary cavity excavator, the Pileated
Woodpecker (Dryocopus pileatus), is considered an  important keystone species in forested
ecosystems throughout the province (i.e., its nest and roost cavities provide habitat for numerous
secondary cavity using birds and mammals).  

High value wildlife trees have attributes that are generally associated with older trees (e.g., large
size, heavy branching, internal decay).  These traits are often not available in second-growth
stands that have previously been managed without objectives for wildlife tree retention.  In
particular, a lack of trees with wood softened by heart rot will result in primary cavity dwellers
not being able to excavate nests in the area. This is especially true for the larger Pileated
Woodpecker and Hairy Woodpecker (Picoides villosus), which generally require trees greater
than 40 cm diameter at breast height (dbh) with heart rot. This lack of cavities in turn restricts the
availability of habitat for secondary cavity using species that depend on wildlife trees (e.g.,
various owls, flying squirrels, cavity nesting ducks, etc.).

In some areas of B.C., especially where forest harvesting has been practiced for many years and
second-growth stands are predominant, or where ecosystem restoration may be required (e.g.,
riparian rehabilitation), there is often a shortage of suitable wildlife tree habitat. Healthy, second-
growth stands containing trees from 50-100 years of age can still take many decades before
developing the primary wildlife tree attribute of heart rot.  However, this natural process can be
significantly accelerated through fungal inoculation. In these situations, artificial creation
methods may be warranted in order to recruit wildlife trees more quickly than would otherwise
occur through natural cycles. In Oregon, fungal inoculation trials have achieved trees with heart
rot suitable for cavity excavation in 4-6 years, much earlier than natural fungal colonization and
decay rates (C. Parks, USDA For. Service, pers. comm. 2000; Parks 1996).

Consequently, an operational trial to create wildlife trees in second-growth Douglas-fir stands
using fungal inoculation was initiated in TFL 44 (southwest Vancouver Island, B.C.) during
2002. Partial cutting (variable retention) silvicultural systems are being implemented, where
biodiversity and retention of stand structure are among the management objectives.

2.0 Study Area

A field site for conducting operational trials of fungal inoculation was selected in TFL 44 within
Weyerhaeuser Coastal Group’s West Island Timberlands operation, near Port Alberni, British
Columbia. This site was located in harvest block Hawthorne 700 (Figure 1), off the Bamfield
mainline. The block itself is found within the Coastal Western Hemlock CWHxm biogeoclimatic
subzone, at an elevation of approximately 310 m above sea level. This subzone is described as
“very dry maritime”, with the study site dominated by second-growth stands (approximately 70
years age) of Douglas-fir (Pseudotsuga menziesii), with minor components of western hemlock
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(Tsuga heterophylla), western redcedar (Thuja plicata), red alder (Alnus rubra) and bigleaf maple
(Acer macrophyllum).

The total area of block Hawthorne 700 is 55.2 ha (total area under prescription). It was harvested
in 2001, using a variable retention silvicultural system. This system includes the retention of
stand structure as one of its management objectives. Consequently, Hawthorne 700 consists of a
combination of open harvested areas, small treed retention patches, dispersed individual leave
trees, and larger timbered leaves and wildlife tree patches located between openings and adjacent
to riparian management areas (Figure 2).

Figure 1. Aerial view of Hawthorne 700

Figure 2. Ground view of Hawthorne 700 showing small retention patches
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3.0 Methods

3.1 Laboratory Methods

Local samples of the heart rot fungus Phellinus pini were obtained from mature specimens of
Douglas-fir  near the study area in February 2002. These samples, consisting of portions of the
fungal fruiting body (conk) and decayed wood extracted from the tree stem (containing visible
fungal mycelium), were returned to mycology laboratory facilities at Natural Resources Canada
Pacific Forestry Centre’s Herbarium (Victoria). Pure strains of the fungus were isolated on 2%
malt agar petri plates and grown for about 8 weeks in order to culture sufficient inoculum
material for subsequent use. During this period the plates were checked for fungal growth and
potential contamination. 

Standard wooden dowels ( ¼ inch diameter and ¾ inch diameter) were purchased commercially,
and were prepared using procedures adapted from Parks and Hildebrand (2000), as follows.
The ¾ inch dowels were cut into 4 inch (~ 10 cm) long pieces with a center ¼ inch hole drilled
through for post-inoculation aeration, while the ¼ inch dowels were cut into 0.35 inch (0.9 cm)
lengths. The 4 inch dowels were soaked in water overnight and the following day sterilized in
autoclave bags containing a mixture of vermiculite and malt-dextrose broth (as an initial nutrient
source for the growing fungus, Figure 3), and then inoculated with mycelial cubes taken from the
center of mature (8 week-old) agar cultures. The ¼ inch dowels were also sterilized and then
punched directly into the center of mature colonies on agar plates (Figure 4) which were then
resealed and incubated. Both types of cultures were then grown for 16-20 weeks, with the fungus
colonizing the wooden dowels during this period. 

In order to confirm that Phellinus pini was indeed growing on the dowels, fungal hyphae were
taken from a few samples of each type of dowel and successfully re-isolated on 2% malt agar
petri plates. In addition, a few dowels were cut into thin sections, stained, and examined with a
compound microscope in order to confirm that the hyphae were actually growing within the wood
tissue, as opposed to only on the exterior surface of the dowels.

Figure 3.  Four-inch dowels in autoclave bags prior to incubation
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Figure 4.  ¼-inch dowels placed in inoculum culture plate, ready for incubation

3.2 Field Methods

Tree Selection and Measurement

Prior to inoculation treatments in October 2002, 130 Douglas-fir trees were selected at block
Hawthorne 700. Because of future worker safety concerns as well as the physiological viability
(decay dynamics) of the heart rot fungi (Phellinus pini) used in the following methods, only live,
healthy Douglas-fir trees (class 1, free of all visible defects) were selected for inoculation.
Live trees which had any evidence of root disease, basal or stem scars, stem cracks, abnormal
stem swellings, high lean (>15%), or dead or broken tops, were not included in the field sample.
Selected trees were located along block boundaries, within small retention patches, and as
individual leaves trees located in the harvested area. Only trees which appeared to have a low risk
of windthrow and/or were located on the leeward side of patches or non-exposed block
boundaries, were selected for treatment.

All selected trees were numbered by attaching a small, soft aluminum tag at stump height
(approx. 30 cm above ground). Each tree was measured for height, dbh, and any evidence of
animal or insect activity (see sample data form, Appendix 2). The approximate location of each
tree was mapped at 1:5000 scale on a silviculture prescription map.
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Tree Inoculation Procedures

There are currently two accepted techniques for introducing endemic heart rot fungi into the bole
of trees in order to create decay suitable for cavity excavating wildlife. These are the
climbing/drilling method, and the rifle induction method. A Standard Operating Procedure is
described for each method in Appendix 1, which recommends suitable safe work practices for
conducting these procedures.

Inoculation by Climbing/Drilling

Selected trees were climbed to a height of 10-13 m (depending on tree growth form and
branching structure). Two ¾ inch (1.9 cm) diameter holes were drilled to a depth of
approximately 15 cm using a portable, gasoline powered drill, and were located on opposite sides
of the tree, separated vertically by a distance of about 1 m. A 4 inch long wooden dowel cultured
with Phellinus pini was then inserted through each hole into the heartwood of the tree. A 3 inch
(7.6 cm) long section of polyethylene tubing was subsequently inserted into each hole in order to
keep the wound from sealing off with resin and to facilitate the exchange of oxygen into the
heartwood (Figure 5). 

Figure 5. Polyethylene tubing inserted into drilled hole in tree trunk

Inoculation by Rifle Induction

The boles of selected trees were shot 3 times each at 12-14 m height, from a distance of
approximately 20 m with a 45-70 calibre rifle slug (Figure 6). Each slug had been previously
modified (drilled out) to carry one of the small wooden ¼ inch dowels cultured with Phellinus
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pini. All shots were placed within a relatively tight-grouped position within this height range in
order to increase the likelihood of inoculation success. Some shots were directed just beneath
branch stubs, since wounds here are common entry points for fungal pathogens (Allen et al.
1996).

A Marlin model 1895, 45-70 Govt. caliber rifle was used to deliver the “inoculated slugs”. 
405 grain lead soft point (copper jacket) slugs were used. This mass of slug was necessary in
order to accommodate drilling and insertion of the ¼ inch dowels, while still maintaining ballistic
integrity. Cartridges were loaded with 48.0 grains of powder (IMR 4320) and Winchester large
rifle primers. These specifications were recommended by Baker et al. (1996) as being the
optimum load for conducting rifle induced fungal inoculation trials. 

Prior to beginning field treatments, test rounds loaded to the above specifications and containing
wooden dowels, were fired at a block of Douglas-fir from 22 m in order to evaluate slug
penetration and accuracy. Successful penetration depths of 10-15 cm inside bark were observed.

Figure 6. Shooting trees with inoculated ¼-inch dowels
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3.3 Study Design

A total sample size (N) of 130 Douglas-fir trees were selected for treatment. N was determined by
conducting an analysis of statistical rigour (Power P = 0.80, alpha = 0.10, Snedecor and Cochran,
1980), plus recognition of time and budgetary constraints.  Five treatments were conducted as
follows:

#1 n=25. Tree climbed and drilled. 4 inch dowel cultured with Phellinus pini and polyethylene
tube inserted.

#2 n=25. Tree climbed and drilled. Only polyethylene tube inserted. This will serve as a control
treatment for the climbing/drilling inoculation method.

#3 n=30. Tree shot with slug containing ¼ inch dowel cultured with local source Phellinus pini.
Five additional trees were inoculated with this treatment, and will be destructively sampled
in autumn 2003 in order to check the viability of the inoculum in the tree.

#4 n=25. Tree shot with slug containing ¼ inch dowel cultured with non-local source Phellinus
pini. This culture of P. pini was collected from the same forest type near Woss, British
Columbia, and will test whether different geographic strains of the same fungal species are
differentially viable when used for fungal inoculation.

#5 n=25. Tree shot with slug containing ¼ inch non-cultured dowel. These dowels were “plain”
and had not been cultured with fungus. This will serve as a control treatment for the rifle
induction inoculation method.

Future Monitoring and Work Required

� October 2003: fell and destructively sample 5 trees from treatment #3. Check for any
evidence of initial decay (e.g., wood staining). Retrieve heartwood tissue samples from near
inoculation points and re-isolate fungus in the laboratory. A positive result will indicate that
Phellinus pini is viable within the inoculated tree stem.

Also check all trees for evidence of wildlife activity and any change in tree condition (e.g.,
breakage, cracks, windthrow, etc.)

� 2004-2006: periodic monitoring of trees (n=125) for evidence of wildlife activity and any
change in tree condition (e.g., breakage, cracks, windthrow, etc.)

� 2007: destructively sample 50% of the treated trees (n=62). Describe visible tree condition
prior to felling; document extent and pattern of internal decay; record evidence of wildlife
use

� 2007+: monitor remaining trees (n=63) for evidence of wildlife use and any change in tree
condition (e.g.,  windthrow, stem breakage, etc.)
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4.0 Results

Tree Condition

130 Douglas-fir trees were selected, tagged, measured, mapped and treated with one of the above
treatments, in November 2002 at Hawthorne 700. All trees were live and defect-free, with no
evidence of animal or insect activity, root disease, poor rooting conditions, or windthrow damage.
The mean overall height and dbh of the treated trees were 38.1 m and 48.4 cm, respectively.

Inoculation Time and Costs

The average time to inoculate trees using the climbing/drilling method (including walking time to
the tree) was approximately 25 minutes/tree. The location of the tree and it’s branch structure
influenced climbing time, which in turn affected total time to complete each tree.

The average inoculation time using the rifle induction method was approximately 4 minutes/tree,
also including walking time.

Inoculation costs for the climbing/drilling method included the cost of purchasing and preparing
the wooden dowels and polyethylene tubes, rental and fuel for the gasoline powered drill, and the
tree climber’s labour to climb and drill each tree. Average cost per tree using these variables was
$40.30.

Inoculation costs for the rifle induction method included the cost of preparing the small wooden
dowels, the purchase cost and preparation of rifle slugs and ammunition, labour to precision drill
the slugs in order to accept the ¼ inch dowels, rental for the Marlin rifle, and labour to shoot each
tree in the field. Based on these variables, the average cost per tree was $21.03. 

Laboratory costs associated with the above techniques were primarily in-kind labour from
Canadian Forest Service personnel. Lab material costs for agar, petri plates, vermiculite and
various aqueous solutions were not calculated, but were relatively small.

5.0 Discussion

Fungal inoculation of trees with endemic heart rot fungi has been tried experimentally in the
Pacific Northwest states over the past 10 years. This technique has shown to have the following
advantages:

� Inoculation is cost effective. The inoculation cost (using climbing/drilling method) from a
series of contracts in Washington state (Lewis 1998), cited average costs of US$23.81/tree
(~$38 Cdn/tree) for fungal inoculation. This compares closely with the $40.30/tree cost
found in TFL 44. 

The $21.03/tree cost of rifle inoculation found in TFL 44 represents a 48% reduction in
cost over the climbing drilling/method, and compares very favorably with the rifle induction
costs of US$12.85 per tree (~$20.40 Cdn) cited from an Oregon study by Bull and Partridge
(1986). Costs in the current project are based on labour rates for the tree climber and rifle
shooter for a full day (8 hours), which includes travel time to and from the field location.
Consequently, adjusted costs for on-site time only, would be less expensive. Costs will also
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vary slightly depending on labour rates. 

� The rifle induction method is approximately 6 times faster per tree in terms of treatment
time, as compared to the climbing/drilling method. Consequently, it is a very time efficient
method of inoculating trees.

� Inoculation produces a tree with defined decay columns (i.e., the location of internal heart
rot decay can be selected and placed in various positions on the tree bole --- this is in
contrast to the single top-down locus of decay which results from tree topping)

� Inoculated live trees are still vigorous in growth and form, retaining their full foliage and
function as a seed source, in conjunction with having internal decay characteristics suitable
for cavity excavating/dwelling wildlife. Preliminary results from U.S. studies show
development of internal decay and subsequent use by wildlife within 5-6 years

� Live trees which have been inoculated present few worker safety problems for logging or
other forestry activities scheduled around them, and should function as valuable wildlife
trees for many years

� Because they look like a healthy green tree, inoculated trees are less likely than dead trees to
be lost to firewood cutters. 

Applications

The use of fungal inoculation has obvious relevance to managed second-growth forests where
there is a lack of current wildlife tree structure. 

� Readily applicable to partial-cutting silvicultural systems, such as variable retention, selection
and shelterwood/seed tree, where retention of stand structure is a management objective 

� Can be used to create and enhance habitats that require restoration or rehabilitation.  For
example:

- riparian management areas
- large areas of immature forest that resulted from past clearcutting practices
- accelerating the production of mature forest elements (e.g., snags and coarse woody

debris) in younger second growth stands. This can be useful for management of some
species which require these forest elements either directly or indirectly, as habitat
(e.g., Identified Wildlife species, including woodpeckers, owls, goshawks). 

� Wildlife tree creation techniques have the advantage of creating or enhancing habitat in a
relatively short period of time (i.e., 5-10 years), as opposed to otherwise recruiting similar
stand structure through natural cycles (i.e., usually 100+ years are required to naturally recruit
trees of sufficient size and condition to function as useful wildlife trees)
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6.0 Conclusion

Fungal inoculation trials initiated in 2002 proceeded as scheduled. Five treatments of 130
Douglas-fir trees were conducted which will facilitate comparison of inoculation methods, fungal
decay dynamics, tree condition and wildlife use. Two inoculation techniques (climbing/drilling
method and the rifle induction method) were specifically compared for ease and efficiency of use.
The rifle inoculation method was significantly faster and less expensive when averaged on a per
tree treatment basis, in comparison to the climbing/drilling method. 

Over the next five years, destructive sampling of a subsample of the above trees will permit
comparisons between inoculation treatments and controls, with the objective of comparing fungal
colonization success (i.e., presence/absence, extent of decay columns) and wildlife use of the
treated trees. 

In conclusion, fungal inoculation as a method of creating decay in trees and subsequent use by
wildlife has excellent potential. It is particularly applicable to partial cutting silvicultural systems
which have biodiversity and retention of stand structure as one of their management objectives. It
is also potentially useful in restoring or enhancing habitats where there may be a lack of suitable
wildlife trees (e.g., riparian management areas, wildlife habitat areas, recruitment old growth
management areas). 
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Appendix 1.  Standard Operating Procedure (SOP) for Inoculating
Trees with Heart Rot Fungi

Because of worker safety concerns as well as the physiological viability (decay dynamics) of the
heart rot fungi (Phellinus pini) used in the following methods, only live healthy trees (class 1)
should be selected for inoculation.

A. Climbing/Drilling Method

Safety Procedures

� Only an experienced tree climber should be used to climb and drill trees
� Tree climbers must wear suitable protective head gear, and eye and hearing protection
� Tree climbers must wear sturdy boots, suitable for tree climbing and/or attachment of

climbing spurs
� Tree climbers must wear suitable nylon mesh or leather gloves for hand protection from

abrasions
� Tree climbers must wear a high visibility vest 
� Tree climbers must always use a 2-rope attachment system (safety lanyard/flip line) to act as

a falling restraint
� A spotter must be in position on the ground to offer assistance if needed, to the tree climber
� No tree climbing shall be conducted if wind speeds exceed 40 km/h (or observe local

windspeed work shutdown criteria if this velocity is posted at < 40 km/h)

B. Rifle Induction Method

Safety Procedures

� Any person conducting rifle induced tree inoculation (the shooter) must hold a valid
Possession only License or Possession and Acquisition License for non-restricted firearms,
issued by the Chief Firearms Officer of British Columbia

� Only one person may shoot trees at a given time and in any given location, unless the
distance between inoculation/shooting sites is > 4 km

� All firearms and ammunition must be transported to and from the inoculation/shoot site in a
suitable secure case or container

� The shooter must wear suitable protective head gear, including eye and hearing protection
� The shooter must wear a high visibility vest
� Any person who wishes to observe or assist the shooter must also wear a high visibility vest,

and suitable protective head gear (including eye and hearing protection)
� Any person who wishes to observe or assist the shooter must stand at least 5 m behind the

shooter
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Appendix 2.  Field Data Collection Form
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Fungal Inoculation Trials – Field Data Form

Licensee _____________________ Location ________________________________

Block # ______________________              Date _______________                   Observer ______________________________                   
Page___of___

Tag
 no.

GPS
(UTM
location)

Tree
species

DBH
(cm)

Tree Ht
(m)

Treat-
ment

Tree
Condition

Beetles Conks Number of foraging
holes

Number of
cavities
>15cm
deep

Bark
Removal
(>100cm2)

Comments

<5cm deep 5-10
cm
deep



March/03 2

Inoculation Treatment: D = manually climbed and drilled with dowel insertion; DB = manually drilled and climbed with no dowel insertion, polyethylene tube only;
RB = rifle inoculation with wooden blank dowels; R = rifle inoculation with 3 shots(local source fungi); RA = rifle inoculation with 3 shots (alternate-location source
fungi) 

Condition: L = live; D = tree dead; DT = tree top dead or dying; BT = tree top broken; O = other damage or disease (e.g., stem scarring, frost cracks, root disease, etc.)

Beetles: record identity (if known) of beetle species; record  qualitative estimate of beetle bore holes (L, M, H)

Conks: record identity and number of visible fungal conks

Bark Removal: estimated area (cm2) of bark removed (if > 100 cm2 total) by insectivorous birds
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