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Introduction 
 
Several features or characteristics of hemlock dwarf mistletoe (Arceuthobium tsugense 
[Rosendahl] G.N. Jones subsp. tsugense, HDM)-infected residual trees affect spread of 
HDM into young trees. A knowledge of these aspects of HDM infection is needed to 
project rates of spread of HDM and development of growth effects in young stands in 
small and in retention-harvested blocks. Components of HDM spread in retention areas 
that can be measured include: 
• Distribution and occurrence of HDM-infected residual and regenerated trees; and  
• HDM seed production on, and dispersal from HDM-infected residual trees.   
 
The infectivity and distribution of residual HDM-infected trees are important variables in 
determining infection of young trees and residual trees. Smith (1969) found that severely 
infected trees had more HDM infections with aerial shoots than moderately or lightly 
infected trees. Presumably these trees are the most virulent sources of HDM seeds. 
Although HDM seed dispersal has been intensively studied in BC (Smith 1966, 1973, 
1977), the results were derived mostly from one infected residual tree at 20 to 30 years 
after logging. Smith (1977) suggested that from his results, 200 evenly distributed HDM-
infected residuals per hectare would infect all regenerated young hemlock trees. 
 
Thomson et al. (1983, 1984) reported that the most severely infected trees in their study 
had an initial period of 20 to 80 years of suppressed growth, presumably while they were 
understory trees. Likely, these trees were infected while in the understory position and 
then became severely infected after their release. Smith (1966, 1977) reported that the 
residual HDM-infected tree in his studies was 3m height at the time of logging in 1945 
and became a virulent source of HDM seed. The importance of advanced regeneration 
trees is also indicated by the report of Pearson et al. (2003). They reported that in the 
Ucluelet area, new regenerated western hemlock in canopy gaps had originated from 
trees previously in the understory position that survived windstorm disturbance rather 
than from trees established by seed dispersal after a disturbance. Investigation and 
quantification of these features of residual infected trees are needed to determine factors 
affecting HDM spread and eventually, to develop or improve design of retention blocks 
and/or practices to reduce HDM spread.  
 
The effects and/or significance of these factors also need to be determined in HDM-
infested western hemlock under retention regimes to ensure that retention practices are 
effective in ensuring medium to long-term sustainability of forest resources. If, as appears 
likely, current retention practices actually exacerbate HDM impacts, we will have to 
develop more effective practices for managing HDM-infested forests (Muir 2004, Muir et 
al. 2004b). 
 
Recently, in lieu of data on future growth in retention stands, detailed tree growth models 
such as the Tree and Stand Simulator (TASS) have been used to project hemlock tree 
growth under various conditions, including retention-harvested stands (Goudie and 
DiLucca 2002). This model is based on detailed measurements of tree growth. However, 
TASS and most other tree growth models have deliberately excluded effects of most 
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insects and diseases, including HDM (Muir et al. 2004a). Recently, a project was initiated 
(Muir 2003) to develop an HDM component for TASS. A detailed dwarf mistletoe model 
initially developed for HDM by Bloomberg et al. (1980) and further developed by 
Robinson et al. (2002) was linked to the TASS model. However, data collection and 
analyses have not yet been completed and the prototype TASS/HDM model is not yet 
available for analyses. 
 
To facilitate analyses of HDM effects at a forest ecosystem level, and to compare effects 
on qualitative attributes of forests, detailed information and data also need to be 
incorporated into higher level, ecosystem models. The models FORCEE and LLEMS 
being developed by J.P. Kimmins and associates at the University of BC incorporate 
several features and data from TASS and other tree growth models, and are being 
upgraded to include HDM effects (Muir 2003). Data on the rate of spread and infection of 
young trees by HDM in retention-harvested forests are needed to initialize these 
ecosystem models. 
 

Background 

 
Hemlock dwarf mistletoe (Arceuthobium tsugense [Rosendahl] G.N. Jones subsp. 
tsugense) is an angiosperm seed plant that lives exclusively as  a parasite of , and is 
common and widespread in western hemlock coastal forests of western North America 
(Hennon et al. 2001). The parasite lives in the bark and sapwood of stems and branches 
of live hemlock trees. HDM absorbs water and nutrients from its host tree, producing a 
swelling of the bark and wood. Often, a proliferation of branches, commonly termed 
“witches brooms”, develops on the swelling. HDM spreads within the tree crown and 
from tree to tree by seeds explosively discharged to distances of up to approximately 10-
15m. Over a period of several years, the number of HDM infections in a tree increases 
substantially (Smith 1977, Thomson and Smith 1983), reducing the stem growth of 
severely infected, mature trees by 30 percent or more (Thomson et al 1984, 1985). Based 
on occurrence and severity of HDM in inventory plots found (Hildebrand 1995) in 
Washington and Oregon, the growth reduction impact by HDM in coastal BC mature 
western hemlock forests was estimated at 3 million cubic meters per year (Muir et al. 
2004b). 
 
From approximately 1960 to 1990, coastal forests were clear-cut harvested. Essentially 
all residual trees in harvested areas were destroyed by felling and/or prescribed burning. 
Consequently, HDM was largely eliminated from forest areas and now is generally 
believed to be of little concern in second-growth hemlock forests. 

 
However, in approximately 1990, forest practices in coastal British Columbia began to 
change from predominantly clear-cut harvesting of large blocks to harvesting smaller 
blocks under biodiversity guidelines and retention harvesting (Beese et al. 2003). Most 
current harvesting in coastal forests is designed to remove trees from small blocks and 
retain scattered trees or clumps of trees from the previous forest. These new practices are 
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intended to preserve attributes of mature or old growth forests (Beese et al. 2003) but the 
actual effects of these new practices on forests have yet to be determined.  
 
One consequence of these new retention-harvesting practices is that trees with indigenous 
insect and disease infestations are retained in close proximity to young, regenerated trees. 
This increases the risk of earlier and more severe damage to nearby young trees. As well, 
retention of infested trees can result in further damage, such as increased susceptibility of 
the retained defective trees to breakage and uprooting by wind.  
 
Unfortunately, many effects of insects and diseases on forest trees have not been well 
defined or quantified either under clear-cut or retention harvesting regimes. The 
additional risks of damage in retention harvested areas are unknown. These deficiencies 
raise substantial questions about the adequacy of current certification and monitoring 
programs for ensuring long-term sustainability of forest practices and suggest that more 
effective methods of measuring impacts should be developed (Muir et al. 2004).  
 
An essential component of these new practices and recent certification programs 
established to ensure sustainability of these practices is monitoring to determine that 
performance meets expectations. This entails measuring tree growth and other attributes 
and comparing results with standard data or model projections.  
 
However, there are major deficiencies or unknowns in determining effects of retention 
practices, particularly when tree diseases are involved. Most long-term tree growth data 
has been measured in stands that were believed to represent usual or “normal” stocking or 
density. These conditions do not represent the forests created by retention practices. Also, 
forests that were obviously infested or disturbed by pathogens or insects were avoided 
when establishing long-term measurement plots. Often, tree growth data from long-term 
plots were discarded when tree mortality from disease or other disturbances exceeded 20 
percent of the stems. Consequently, most long-term tree growth data, and most tree 
growth models established using these data, do not represent retention conditions and do 
not include effects of forest insects and diseases. 
 
Retention-harvesting practices now being widely implemented in coastal hemlock forests 
leave small openings with scattered residual hemlock trees, many of which are infected 
by HDM. These conditions potentially increase HDM seed production and accelerate 
spread of HDM to nearby regenerated hemlock trees. A higher proportion of regenerated 
hemlock trees is situated close to residual HDM-infected trees, thus increasing risk of 
infection. Early and continuing HDM seed dispersal into young regenerated hemlock 
trees will likely cause severe HDM impacts on tree and stand growth. However, the rates 
of spread of HDM under various conditions and subsequent impacts are controversial. 
Questions are often voiced about the extent of impacts on tree and stand growth, often 
based on impressions of low occurrences and slight effects on tree growth. 
 
HDM seed dispersal and infection have been intensively studied by Shaw (1972), Shaw 
and Hennon (1991), Smith (1966, 1969, 1971, 1973, 1977), Stuart (1976) and others. 
HDM seeds are dispersed in autumn to distances of up to 10-15m (Smith 1966) from an 
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infected residual tree. Seeds are usually intercepted by foliage of residual trees and 
nearby young trees. Seeds slip down needles and lodge on the bark. In spring, a small 
root-like structure emerges from the seed and penetrates into the bark. At the site of 
penetration two to three years later, a small swelling forms and aerial shoots emerge one 
to two years after. Each dwarf mistletoe plant produces either staminate flowers or 
pistillate flowers. The amount of shoots produced depends on the exposure of the 
infection to sunlight, with most formed on the upper one-third of a tree crown (Shaw and 
Weiss 2000). One year after pollination, each pistillate flower produces a single berry 
with one seed. Several hundred to thousands of seeds can be produced on individual 
infections, but only a small fraction of the HDM seeds dispersed successfully contact 
foliage and produce new infections (Smith 1973, 1977). 
 
Over a period of several decades, a residual hemlock tree can become infected by several 
thousand dwarf mistletoe plants (Smith 1977). When one-half or more of the tree 
branches become infected, the current growth of the stem is significantly reduced, usually 
in trees older than 20 years (Thomson and Smith 1983). Older, severely infected trees had 
an overall growth reduction of 30 percent or more (Thomson et al 1984, 1985).  
 
HDM also has several other effects on tree growth that increase with severity of infection 
and tree age. These include pronounced stem and branch swellings and massive witches’ 
brooms often several hundred kilograms in weight. In addition to reduced stem growth, 
HDM infestations cause increased growth and retention of lower infected branches and 
distortion and weakening of wood strength at and near swellings. Severe infestations 
lower forest productivity and increase vulnerability of infested trees and forests to fire 
damage, windthrow, and excessive breakage of infected branches and stems.   
 
HDM also has significant effects on forest ecosystem development. Infestations affect 
long-term stand development and encourage succession of non-susceptible tree species 
such as western red cedar. HDM infestations create gaps or openings in forest canopies 
that increase biodiversity of tree species, tree ages and other vegetation (Mathiasen 
1996). Trees with large witches’ brooms create habitat apparently favourable for wildlife. 
For example, large HDM witches brooms form a flat, densely branched structure that 
could be suitable as nesting platforms for marbled murrelets (Lank et al. 2003). Marbled 
murrelet nests were often found on HDM-infected branches of western hemlock in 
Washington State (Nelson and Wilson 2002), but not in BC, where most nests were not 
associated with HDM-infected trees (Berger 2002). Squirrels and porcupines eat the bark 
of HDM swellings. Larvae of the Johnson’s hairstreak butterfly, a “red-listed” species in 
BC, feed exclusively on HDM shoots. Older HDM-infected trees frequently have dead 
tops and decayed branches that appear suitable for cavity nesting birds and animals. In 
HDM-infested stands, large amounts of fallen, HDM infected branches that accumulate 
likely provide substantial cover for small animals. In some instances, it might be 
desirable to actively manage HDM-infested trees to maintain or enhance these features. 
 
However, it is apparent that in BC coastal forests, HDM occurrences are highly variable. 
In some instances, HDM spread and infection appears slow, particularly near the upper 
elevational limits of HDM, i.e., 150m in northern and 700-800m in southern BC. In 
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southern Alaska where the upper elevational limit of HDM is 150m, spread is slow into 
young regenerated trees (Shaw and Hennon 1991). Several factors affect spread of HDM 
into and within stands of hemlock such as severity of HDM infection of residual trees, 
density (number of stems per ha) of young stands and proportion of non-host tree species 
such as western red cedar (Bloomberg and Smith 1982). Effects of most of these factors 
on HDM have been studied or measured in only a few locations that probably under-
represent the wide range of forest and ecological conditions in coastal BC. 
 
HDM seed production and seed dispersal are the first important and measurable processes 
in the spread of HDM from residual into young regenerated trees. HDM seed production 
theoretically could be measured on residual trees but in tall trees it is nearly impossible to 
determine without a large crane. HDM seed dispersal although difficult to measure could 
give an early indication of the virulence or infectivity of various residual HDM-infected 
trees. HDM seed dispersal was intensively studied for 11 years by Smith (1966, 1973, 
1977) for one residual tree at a site west of Cowichan Lake. Most HDM seeds were 
caught at a distance of 3 to 4m from the base of the residual tree. It appears highly likely 
that HDM seed dispersal varies considerably among residual trees, depending on factors 
such as tree height and severity of HDM infection. HDM seed dispersal also likely varies 
between residual trees situated in wildlife reserves, along edges of cutblocks and in 
various types of retention systems. These include small openings, retention reserves and 
dispersed retention. A more detailed knowledge of HDM seed dispersal would facilitate 
evaluation of risks of HDM spread and impacts associated with various residual trees and 
lead to better practices for designing retention blocks and selecting retention trees. 
 
We had several questions about factors and/or conditions that could affect HDM spread 
and impacts, including: 

1. Are there differences due to different variable retention systems? 
2. Are there differences between CWH biogeoclimatic subzones, localities, elevation 

and/or latitude? 
3. Are there differences due to attributes of residual HDM-infected trees such as 

HDM-infection severity rating, tree age, stem increment, tree form, and/or other 
factors? 

 
Ideally, hypotheses about disease effects and management treatments should be tested in 
a series of experimentally designed blocks replicated in several areas in coastal BC that 
should be measured repeatedly for several decades (Muir et al. 2002). However, the 
requirement of substantial, long-term commitments of funding and dedicated staffing for 
these types of studies make implementation of such studies unlikely, particularly with 
recent funding levels and staff cutbacks. 
 
 
Data and models are needed to predict spread and effects of the parasite, but these are 
lacking or under development. In 2003-04, a research project was funded by Forest 
Innovation Investments Ltd to develop detailed tree growth and ecological models to 
project hemlock dwarf mistletoe effects (Muir 2003). In 2005, studies to develop a 
monitoring procedure for hemlock dwarf mistletoe were funded by FIA (Muir 2005). The 
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current project is intended to complement and extend these studies by further developing 
a draft monitoring procedure for HDM that could be used in support of certification 
programs for sustainability. The goal of this study is to develop procedures to monitor 
HDM in retention-harvested forests that will provide data on the occurrence, rate of 
spread and infection of young trees by HDM. These data will be useful to initialize tree 
growth and ecosystem-level forest models. 
 

Objectives 
 
This project was undertaken to continue development of a monitoring system for 
determining HDM spread and growth impacts in retention forests. In 2005, a procedure 
was developed (Muir 2005) to monitor spread of HDM into young regenerated hemlock 
trees. HDM spread was recorded in one retention block UC5C near Ucluelet around two 
severely infected trees. More monitoring plots for HDM were needed to sample a wider 
range of HDM severity, other CWH ecological subzones and other geographic locations. 
In 2005-06 objectives for further development work on monitoring HDM included: 

1. Sample/measure HDM spread into regenerated young hemlock adjacent to HDM-
infected trees in two new locations on Vancouver Island; and 

2. Develop and install HDM seed traps to collect HDM seed from residual infected 
trees. 

3. Examine harvested blocks in coastal hemlock forests and establish additional 
monitoring plots to determine spread of dwarf mistletoe into young trees 

4. Review scientific literature, determine knowledge gaps and draft text for hemlock 
dwarf mistletoe impacts and management in retention systems in BC. This is to 
supplement a proposed review of literature and synthesis of information for a US 
Forest Service station paper being prepared by Dr. Paul Hennon, Research 
Pathologist, Alaska, and Dr. John Muir;  

5. Develop a method for determining the occurrence and severity of residual 
mistletoe-infected trees and regeneration in a retention-harvested block; and 

6. Select and characterize potential residual infected trees for a study of mistletoe 
seed dispersal. 

 
The work for objectives 1 and 2 was initiated in September 2005 and completed in 
November 2005. In January 2006 we received funds for additional work indicated by 
objectives 3 to 6 that was substantially completed by March 31, 2006. 
 

Methods 

1) HDM spread into young hemlock trees 
The reconnaissance work for suitable sites was continued in September. We contacted 
industry and government personnel to determine potential study areas, e.g., sites 
harvested in 1999 or earlier, at less than 800m elevation, in CWH zone and with a large 
component of regenerated western hemlock. With the co-operation of forestry staff, we 
traveled to, and inspected areas for HDM infection and suitable residual trees at Jordan 
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River (Western Forest Products Inc. TFL 25), Nimpkish Lake and Beaver Cove 
(Canadian Forest Products TFL 37), Port McNeill (Cascadia Forest Products TFL 39, 
Western Forest Products Inc. TFL 6), Port Alice, Coal Harbour and Holberg (Western 
Forest Products Inc. TFL 6). 
 
At two areas, we established an 11.28m-radius monitoring plot as previously outlined 
(Muir 2005) around the base of a residual HDM-infected tree. We tagged and recorded 
data on all hemlock trees 0.3m height and taller in the northeast quadrant, and 1.3m 
height and taller in the other quadrants. The approximate position of each tagged tree was 
sketch-mapped. Due to the large number of trees in the plot (IV) at Waukwass Creek, 
near Port McNeill, we tagged and sketch-mapped only trees 1.3m height and taller only 
in the northeastern quadrant. The residual tree was rated for severity of HDM infection, 
and data on HDM infections were recorded for all of the smaller infected hemlock. 
Photographs were taken to illustrate residual trees and general appearance of the plots. 
The tabulated data and sketch maps are shown in Appendix 1 and 2.  
 

2) HDM seed traps and seed collections  
HDM seed traps had to be installed by early September to capture most of the HDM 
seeds during the HDM seed dispersal period of early September to late October (Smith 
1966, 1973, 1977). Due to the late August allocation of funding for the work, only an 
interim set of seed traps was installed in early September. 
 
We utilized plastic tubs provided by Warren Warttig, InterFor. Sixteen traps were 
installed approximately 5m from the base of each of two HDM-infected residual trees at 
InterFor TFL 25, block UC5C, near Ucluelet, where we had established HDM monitoring 
plots in February, 2005 (Muir 2005) (Figure 1). At each of the cardinal and intermediate 
(northeast, southeast, southwest, northwest) compass points, two traps were set 
approximately 1 m apart. Traps were supported using two 3 cm x 5 cm stakes driven into 
the ground or attached to stumps so that traps were approximately level at 1-1.5 m above 
ground. Trap dimensions were approximately 38 x 54 cm. Each trap was covered with 
white cotton-polyester fabric. Traps were oriented with the long side of each trap towards 
the base of the residual tree. Traps were inspected September 25, and on October 24, 
were collected and HDM seeds counted. 
 

3) Additional monitoring plots 
 As work progressed, we realized that HDM incidence in young stands was scarce. As a 
result, using the methods previously developed (Muir 2005), we were spending 
disproportionate and considerable time and effort in collecting routine measurements of 
young non-HDM-infected trees. Accordingly, I decided to reduce the amount of data 
collected by deleting tagging, stem mapping and detailed measurements of non-infected 
trees. We counted the number of hemlock trees 1.3 m height and taller on the plots and 
determined individual measurements of tree height only for HDM-infected trees. 
Flagging tape, general description of distance and bearing from the residual HDM-
infected tree at plot centre and in some instances, a sketch map were judged to be 
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sufficiently accurate and were used to designate the position of young HDM-infected 
trees.  
 
In addition to the 11.28-m radius plots around selected residual trees, we established 
“half-plots” around residual HDM-infected trees on the margins of blocks at UC5C and 
at Waukwass Creek area. We used an 11.28 m radius from the base of each infected 
residual in a 180 degree sweep from the border of the block and tallied young hemlock 
1.3 m height and taller. Data for the additional monitoring plots are shown in Appendix 3 
for Ucluelet block UC5C and the Waukwass Creek area near Port McNeill. 
 
 

 
 
Figure 1. Mistletoe seed traps around tree 2, block UC5C, Ucluelet.  
 

4) Review of scientific literature. 
A review of the scientific and technical literature was undertaken and a draft review for 
HDM in BC was prepared as a separate document (see “Knowledge gaps and research 
needs for hemlock dwarf mistletoe in British Columbia” attached as “Additional text 
March 11 2006.doc”). 
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5) Occurrence and severity of HDM-infected trees in retention-harvested blocks 
We intended to establish a systematic grid of strip plots and circular plots in a 
regenerated young stand to determine HDM incidence adjacent to HDM-infected residual 
trees.  
 
Initially, we contemplated establishing a strip plot immediately adjacent and parallel to a 
margin of a cutblock to determine HDM incidence. However, residual HDM- infected 
trees were scattered along the margin, interspersed with large western red cedar, Pacific 
silver fir (Abies amabilis) and uninfected western hemlock. As outlined above in 1), 
HDM was scarce in the young trees and we decided that a more effective method was to 
establish either half- or full-sized circular plots around individual HDM-infected residual 
trees.  
 

6) Select and characterize trees for HDM seed dispersal 
We searched for sites with several HDM-infected residual trees to characterize attributes 
of residual infected trees and determine if there were correlations between these attributes 
and incidence of infection in nearby young trees. However, we were unable to find a 
suitable block or sites with a range of residual and young HDM-infected trees. 
 

Results 

1) HDM spread into young hemlock trees  
On northern Vancouver Island, there were few retention-harvested blocks suitable for 
establishing HDM monitoring plots. In many harvested areas, licensees had purposely 
removed most residual trees 3 m height and taller, and almost all HDM-infected residual 
trees. Consequently, most blocks generally had only few HDM-infected trees scattered 
around the margins. The few HDM-infected trees that were observed commonly were 
situated in riparian reserves along small and/or intermittent streams. In narrow strips of 
trees in riparian reserves that were affected by wind, HDM-infected trees often survived, 
many with broken tops (Figure 2). 
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Figure 2. Hemlock dwarf mistletoe in a riparian reserve affected by wind damage at 
Waukwass Creek, near Port McNeill. 
 
We found two suitable areas for monitoring plots: one near Beaver Cove, east of 
Nimpkish River, approximately 10 km southeast of Port McNeill.  The other was at 
Waukwass Creek, east of Highway 30, approximately 15 km west of Port McNeill. The 
HDM-infected trees are in or near riparian zones beside small intermittent streams. Data 
for the monitoring plots and stem maps are shown in Appendix 1 and 2.  
 
All of the HDM-infected trees at Nimpkish River were advanced regeneration 
(established before logging) and two of the trees were infected. The residual tree at plot 
center is shown in Figure 3. The site was planted with Douglas-fir seedlings. 
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Figure 3. Residual mistletoe-infected tree at plot centre at Nimpkish River site. 
 
 
At the Waukwass Creek plot, none of the 79 trees tagged in the northeastern quadrant 
were infected, but one infected young tree was noted in the northwest quadrant, 
approximately 5 m from the residual tree. The residual tree used at plot center is shown in 
Figure 4. 
 
 

 
 
Figure 4. Residual mistletoe-infected tree at plot centre at Waukwass Creek site. 
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2) HDM seed traps and seed collections  
At Ucluelet, no (0) HDM seeds were caught in the traps at tree 1 and 14 seeds were 
caught in the traps at tree 2. HDM seeds were firmly attached to the white cloth used for 
the traps, and were often distinguished by a brown stain from the viscin around each 
HDM seed.  
 
At tree 1, four traps were disturbed, and six were disturbed at tree 2. Usually the cloth 
had been removed and was left hanging from the trap. Five of the disturbed traps at tree 2 
had HDM seeds on the cloth. One of the disturbed traps at tree 2 had punctures and tears 
in the plastic tub that suggested bear teeth or claw marks. A few coarse black hairs were 
lodged around a screw that was used to attach the trap to the stake support. Most of the 
HDM seeds at tree 2 were caught in traps on the south side of the tree (Figure 5). 
 

 
Figure 5. Hemlock dwarf mistletoe seed caught at tree 2, InterFor block UC5C, Ucluelet, 
BC. 

3) Additional monitoring plots 
At block UC5C near Ucluelet and at the Waukwass Creek area near Port McNeill, very 
little HDM infection was found in young trees in plots that were established around 
HDM- infected trees either “dispersed” through the cutover areas or at the margin of 
cutblocks (Table 1).  
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Table 1. Summary of data for additional HDM monitoring plots  
 

Location and plot 
type 

Plot 
area 
(m2) 

No. 
plots 

No. trees No. HDM-infected 
Regen   residuals

UC5C Ucluelet 
   Dispersed tree 
   Margin tree 

 
500 
250 

 
9 
9 

 
  402 
  247 

 
3 8 
1            5 

Waukwass Creek  
   Dispersed tree 
   Margin tree 

 
500 
250 

 
2 
9 

 
  442 
  926 

 
2            0 
0            0 

Totals  29 2017 6           13 
 
Most of the HDM-infected young trees were residual understorey trees or small saplings 
that were infected before logging, judging by the size of HDM swellings. Most of the 
hemlock trees that regenerated after logging were 1 to 2 m in height and HDM infections 
on these trees were small and inconspicuous. Many residual trees had swollen branches 
and/or proliferation of branches that resembled HDM infections apparently as a result of 
logging injuries.  

4) Review of scientific literature  
A review of the scientific and technical literature was undertaken and a draft review for 
HDM in BC was prepared as a separate document (see “Knowledge gaps and research 
needs for hemlock dwarf mistletoe in British Columbia” attached as “Additional text 
March 11 2006.doc”). 

5) Occurrence and severity of HDM-infected trees in retention-harvested blocks 
As explained in the Methods section 5) above, we had intended to develop and/or test a 
systematic grid of strip plots and circular plots to determine HDM infection sources, i.e., 
residual HDM-infected trees, and the corresponding incidence in young regenerated trees. 
However, we found that residual HDM- infected trees and infected young trees were very 
scarce (Table 1). I decided that a more effective method was to establish either half- or 
full-sized circular plots around individual HDM-infected residual trees. This approach 
does not give representative samples or unbiased estimates of the number of HDM 
infection sources and amount of HDM infection of young trees. However, the method 
will provide useful data on HDM spread into young trees from various HDM-infected 
residual trees. Hopefully these data will provide some insights on factors that influence 
HDM spread over a wider range of ecological conditions than is currently known. 

6) Select and characterize trees for HDM seed dispersal 
We were unable to find a block or sites with a range of residual HDM-infected trees that 
had a range of HDM incidence in nearby young trees. All of the areas we inspected had 
few residual HDM-infected trees and the 20 plots that we established had a very low to 
nil incidence of young infected trees. We found a promising area on Denman Island with 
scattered residual trees, some of which appeared severely infected. However, this area is 
on the East Coast of Vancouver Island in the drier CDF zone.  We inspected 
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approximately 200 residual trees in an area of approximately 1km x 0.5km to determine 
the range of HDM infection and the attributes of the residual infected trees, but found 
only one clump of 20 residual infected trees (Fig. 6) with prolific HDM shoots (Fig. 7). 
Many residual trees in the area had branching that at a distance resembled HDM witches’ 
brooms (Fig. 8) but close inspection of these trees did not reveal any sign of HDM 
infection.   
 

 
Figure 6. HDM-infected western hemlock residual trees on a cutover block on Denman 
Island, BC. 
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Figure 7. Prolific HDM aerial shoots on an HDM-infected western hemlock residual tree 
on a cutover block on Denman Island, BC. 
 
 

 
 
Figure 8. Western hemlock residual trees on a cutover block on Denman Island, BC with 
dense branching but not infected by HDM. 
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Interestingly, at Block UC5C near tree 1, we discovered a western red cedar (Thuja 
plicata) tree that had an HDM-infected western hemlock growing on the stem at 
approximately 15 m above ground level (Figure 9).  

 

 
Figure 9. Western hemlock with dwarf mistletoe (indicated by arrow) on western red 
cedar, block UC5C, near Ucluelet, B.C. 
 
The hemlock tree is approximately 2m in height, with several large HDM witches’ 
brooms. Of several hundred large western red cedar trees that we observed in this area, 
we found only two with small hemlock trees and only one with HDM. We found one 2m-
height hemlock tree at approximately 4m from the base of the western red cedar that had 
one small HDM infection on the stem.  
 

Discussion 

1)  HDM spread into young hemlock 
Monitoring procedures for HDM developed in this and the preceding FIA-funded project 
(Muir 2005) are intended to be applied as part of an overall certification and/or inventory 
program for a tree farm license or timber supply area. A representative sampling design is 
essential to ensure that HDM monitoring data represent the conditions of the timber 
supply area. Representative, extensive and inventory-based surveys are required to 
accurately determine HDM occurrence and severity in coastal forests. An extensive, 
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representative sample design also is necessary to determine HDM impacts and devise 
appropriate strategies to manage mistletoe-infested forests. We emphasize that the 
conditions and data reported here and in the previous report (Muir 2005) probably do not 
represent the average or potential spread and impacts of the parasite, even in the areas we 
studied.  
 
However, data from plots established here will provide further data on HDM spread and 
eventually, impacts, around infection sources. Detailed, stratified and randomized 
sampling can be used to determine occurrence and severity of HDM-infection of residual 
trees. We decided to monitor spread around single, HDM-infected residuals to simplify 
the number of infected residuals being studied. These data will facilitate comparisons 
with previous results and provide data for eventual modeling of HDM spread and 
impacts. Previous studies of HDM spread were based on a single, HDM-infected residual 
in BC.  
  
In several areas on Northern Vancouver Island near Port McNeill, HDM spread and 
impacts appear much less than reported from more southerly localities. Apparently in 
some instances, HDM spread from residual trees at the margins of cutblocks has been 
inhibited or reduced. These impressions are based on extensive surveys and need to be 
tested by experimentally designed or inventory-based sampling. Possibly, a lower 
incidence of HDM in northern Vancouver Island forests could be a result of several 
factors, e.g.: 
1) low rates of spread of HDM into young stands; 
2) rapidly growing young trees that grow faster in height than HDM can spread 

upwards; 
3) extensive blowdown in 1908 in northern island localities that destroyed many 

infected trees; and 
4) previous clearcut harvesting practices that have eliminated almost all residual trees 

from harvested areas. 
 
Possibly the effects of these factors have reduced HDM incidence below historical levels 
of occurrence. If so, in some areas on northern Vancouver Island, steps might be needed 
to reserve or conserve some areas with HDM. Possibly in some instances, we might need 
to encourage reproduction and spread of HDM in young forests. HDM-infected trees 
have been suggested to be of value in creating biodiversity and wildlife habitat.  
 
Leaving residual trees in riparian zones is a recommended and frequent forestry practice. 
Although we did not conduct formal surveys, HDM-infected residual trees appear to 
occur more frequently, and infection appears more severe, in riparian zones or nearby 
than in upslope mesic habitats. Where narrow strips of trees in riparian reserves were 
affected by wind, HDM-infected trees often survived, often with broken tops (Figure 2). 
Moist soil conditions in riparian zones probably favour growth and survival of western 
hemlock trees. Our results suggested that open conditions along streams likely enhanced 
HDM shoot production, reproduction and survival. HDM infection reduces transpiration 
of infected old-growth trees (Meinzer et al. 2004) that could enable HDM-infected 
hemlock to survive in drier microsites, but photosynthesis and carbon accumulation are 
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reduced in severely infected trees by up to 60% thus reducing their ability to grow 
competitively with nearby uninfected trees. However, Meinzer et al. (2004) state that 
their results might apply only to HDM-infected old-growth trees. Research results with 
other dwarf mistletoe species (Sala et al. 2001) indicated that severely infected trees have 
both higher rates of respiration and transpiration than uninfected trees. 
 
The epiphytic occurrence of HDM on western red cedar has not been previously reported 
to our knowledge. HDM-infected hemlock are evidently able to survive on western red 
cedar for many years because of the extremely wet, hypermaritime climate of this area. 
Many of the large western red cedar trees in these retention areas and elsewhere in BC 
are reserved as wildlife trees. The occurrence of HDM infection on a nearby young 
western hemlock indicates that old western red cedar trees can be additional sources for 
HDM survival and spread to young hemlock trees.  

2) HDM seed dispersal  
At block UC5C near Ucluelet, numbers of HDM seed dispersed from the two residual 
HDM-infected trees were much less than expected compared to previous results (Smith 
1966, 1973, 1977). No (zero) HDM seeds were caught from tree 1, which appeared more 
severely infected than tree 2, and 14 HDM seeds, approximately 4 per square meter, were 
trapped at tree 2. Numbers of HDM seed caught in traps at tree 2 were approximately 3% 
of the numbers caught by Smith (1973) at the same distance from the tree in his study. 
Interestingly, Smith (1973, 1977) found that most HDM seeds were caught on the south 
side of the residual tree, and our results from tree 2 agreed with this finding.  
 
The differences in numbers of HDM seed from the two trees in our study suggested that a 
more extensive study of HDM seed dispersal is required. It would be valuable to 
determine how differences in HDM seed dispersal between HDM-infected residuals are 
correlated with differences in infection severity or other tree characteristics and/or 
different ecological zones or geographic locations. Such differences could be useful in 
preventing or reducing spread and impacts of HDM. For example, if there were 
consistently greater amounts of HDM seed dispersed to the south of infected trees as 
determined by Smith (1966, 1973, 1977), cutblocks could be designed or treated to 
remove or minimize the number of infected residual trees along northern margins to 
reduce re-invasion of HDM. Currently, studies of HDM seed dispersal appear the most 
feasible approach to determine potential spread of HDM because it is almost impossible 
to determine HDM seed production on infected residual trees without falling the trees or 
employing expensive scaffolding or mobile cranes to inspect HDM in the upper tree 
crowns.   
 
The HDM-infected residual tree studied by Smith (1973, 1977) was somewhat unique. It 
was a relatively small residual (advanced regeneration) at the time of harvest, and his 
studies took place 20 to 30 years after harvest. The trees we studied at Ucluelet were 
much taller and were left after harvest approximately 10 years ago. Possibly with time, 
the residual HDM-infected trees at Ucluelet will become more virulent sources of HDM 
seed. However, our observations of the lack of HDM shoots on residual trees and the low 
incidence of HDM in young trees suggest that in the next few years HDM infection 
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adjacent to residual trees will be much less than reported by Smith (1977). The most 
severe HDM infection and growth repression result from HDM infection of trees at a 
young age (Bloomberg et al. 1980, 1982; Thomson et al. 1983, 1984, 1985). Thus, at 
Ucluelet and possibly other localities, HDM spread to young trees in small and/or 
variable retention blocks could be less or develop slower than expected based on previous 
reports. If so, then HDM growth impacts could be less severe than expected. Further 
monitoring studies are required to test these possibilities. 

3) Sampling HDM-infected residual and young trees 
We undertook this monitoring project with several questions about factors that could 
affect HDM spread including: 
1) Are there significant differences in HDM spread, infection of young trees and 

subsequent impacts on tree growth in different variable retention systems? 
2) Are there differences in HDM spread and infection between coastal western hemlock 

biogeoclimatic subzones, localities, elevation and latitude? 
3) Are there significant differences in HDM spread and infection from residual HDM-

infected trees based on factors such as HDM-infection severity rating, tree age, stem 
increment, tree form, and other factors? 

  
Our casual observations, surveys and results indicate that there are very few HDM-
infected trees or stands that are available and suitable for sampling to determine the 
effects of factors outlined in objectives 1 to 3. We suspect that other approaches will be 
necessary to determine effects of these factors. One method that appears feasible but 
entails a more long-term study is to experimentally inoculate trees with HDM seed in 
selected locations or sites.  However, this type of project would require more funding and 
time than was available for the work reported here. 
 
We believe that incidence of HDM was low in our study areas because most of the areas 
have been harvested within the last 10 years and have relatively young trees. Mathiasen 
and Daugherty (2005) used circular plots around the base of residual HDM-infected trees 
to determine infection but they sampled trees 25 to 30 years or older to ensure that a 
substantial proportion of the young trees were infected. Repeated inspection of the plots 
with young trees established at Ucluelet and near Port McNeill will be needed to give 
comprehensive data on spread of HDM into young stands. Both the stem-mapped and 
tallied-only plots will be useful for re-measurements. Establishment of more monitoring 
plots in other areas would be desirable. We still need to develop sampling and monitoring 
methods for individual retention blocks and forest-level tree farm licenses and timber 
supply areas to determine the occurrences of HDM-infected trees that serve as infection 
sources and HDM impacts on tree growth and forest ecosystems. 
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Appendix 1. Stem map and tree data for plot at Nimpkish River 
 
 
 
 

 
 

Figure 1. Stem map for plot at Nimpkish River, CanFor TFL 37, block BC 220.  
Note that measurements are approximate. 
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Table 1. Nimpkish Plot and tree data 
 
Monitoring hemlock dwarf mistletoe   John Muir Consulting  
Location:__CanFor  TFL 37 block BC 220_______________Date:_Sep 13 2005____ 
Plot:_Nimpkish_reference location:_N 50 deg 30.783 min, W 127 deg 0.613 min____ 
  
Residual tree height:_50m_dbh:_50cm  
DMR 1(bottom 1/3):_2_DMR2:_2__DMR3:_1__ 
Defects:_numerous HDM-infected large, non-foliated branches on lower trunk below 
green crown__ 
Comments:_80 m elevation. In shallow draw of intermittent stream. Riparian zone for 
potential fish (less than 20% gradient). Logged 2004, planted Fd, Cw 2005. All Hw regen  
recorded below are advanced regen.______ 
 
Plot trees 

No. quad radius dbh ht HDM Comment:  
1 NE 2  2.5  All Hw regen  recorded are advanced regen 
2 NE 2  2.5   
3 NE 5 10cm 5   
4 NE 10.5  3  clump 
5 NE 10.5  1  clump 
6 NE 10.5  1  clump 
7 NE 10.5  3  clump 
8 NE 10.5  2.5  clump 
9 NE 10.5  3  clump 
10 NE 9.5  1   
11 NE 10.5  0.3   
12 NE 10  0.3   
13 NE 4  1.5   
16 NE 6  0.4   
14 SE 3  2   
15 SE 3  2   
17 SE 6 3 3.5   
18 SE 10  1   
19 SE 10  2   
20 SE 10.5  1   
21 SE 10.5  1   
22 SE 10.5  1  clump 
23 SE 10.5  1  clump 
24 SE 10.5  2  clump 
25 SE 10.5  1  clump 
26 SE 10.5  1  clump 
27 SE 10.5  1  clump 
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No. quad radius dbh ht HDM Comment:  
28 SE 10.5  1  clump 
29 SE 11.2  1.2   
30 SE 10.5  1   
31 SE 8  1   
32 SE 6  1.8   
33 SE 9  3   
34 SE 11 12cm 5 yes Broken top Clump 34 to 60 
35 SE 11  3 yes Clump  
36 SE   3  clump 
37 SE   2  clump 
38 SE   1  clump 
39 SE   2  clump 
40 SE   1  clump 
41 SE   2  clump 
42 SE   1  clump 
43 SE   2  clump 
44 SE   1  clump 
45 SE   2  clump 
46 SE   1  clump 
47 SE   2  clump 
48 SE   1  clump 
49 SE   2  clump 
50 SE   1  clump 
51 SE   1  clump 
52 SE   2  clump 
53 SE   2  clump 
54 SE   1  clump 
55 SE   2  clump 
56 SE   2  clump 
57 SE   1  clump 
58 SE   1  clump 
59 SE   2  clump 
60 SE 11  1  clump 
61 SE 10  2   
62 SE 9  2   
63 SE 7  1.5   
64 SW 10  2   
65 SW 8  2   
66 SW 8  2   
67 SW 10  1   
68 SW 10.5  3  Clump 68 to 76 
69 SW 10.5  1.5  Clump 
70 SW 10.5  1.5  Clump 
71 SW 10.5  2  Clump 
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No. quad radius dbh ht HDM Comment:  
72 SW 10.5  2  Clump 
73 SW 10.5  1.2  2 leaders; Clump 
74 SW 10.5  2  Clump 
75 SW 10.5  2  Clump 
76 SW 10.5  2  Clump 
77 SW 11  2   
78 NW 11 7cm 4 No  
79 NW 11  1.5   
80 NW 6  1-2m  No. 80 to 98 along a rotted log – see figure 
81 NW 6  1-2m  Clump 
82 NW 6  1-2m  Clump 
83 NW 6  1-2m  Clump 
84 NW 5  1-2m  Clump 
85 NW 5  1-2m  Clump 
86 NW 5  1-2m  Clump 
87 NW 5  1-2m  Clump 
88 NW 4  1-2m  Clump 
89 NW 4  1-2m  Clump 
90 NW 4  1-2m  Clump 
91 NW 4  1-2m  Clump 
92 NW 5  1-2m  Clump 
93 NW 5  1-2m  Clump 
94 NW 5  1-2m  Clump 
95 NW 5  1-2m  Clump 
96 NW 8  1-2m  Clump 
97 NW 8  1-2m  Clump 
98 NW 8  1-2m  Clump 
99 NW 9  1-2m  Separate clump on rotten log/hummock. 

Only 1 tag used for trees 99 to 107 
100 NW 9  1-2m  Clump 
101 NW 9  1-2m  Clump 
102 NW 10  1-2m  Clump 
103 NW 10  1-2m  Clump 
104 NW 10  1-2m  Clump 
105 NW 11  1-2m  Clump 
106 NW 11  1-2m  Clump 
107 NW 11  1-2m  Clump 
108 NW 9  2   
109 NW 10  3  1m-long dead top; lying on ground 
110 NW 11    Clump 110-113 
111 NW 11    Clump 
112 NW 11    Clump 
113 NW 11    clump 
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Table 1b. HDM infection data CanFor  TFL 37 block BC 220 
Mistletoe infection data     John Muir Consulting (Feb 19 2005) 
 
Location:_BC 220_________Date:_Sep 13, 2005__ 
 
No. Stem ht1 Branch 

ht2
Distance Shoots Berries Comment 

34  2.3m 1.6m 4@10cm -- male 
  2.6 1.6 3@3cm -- Several buds on swelling 
  2.6 1.4 4@3cm -- On secondary branch 
  2.6 1.4 none  Swelling only 
35  1 0.3 20@3cm   
 
 
 
 

                                                 
1 Height for stem infections only 
2 Symbol (ditto) in branch ht column means infection is on same branch as preceding entry 
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Appendix 2. Stem map and tree data for monitoring plot at Waukwass Creek  
 
 
 

Figure 2. Stem map for hemlock mistletoe monitoring plot at Waukwass Creek, Western 
Forest Products Inc., TFL 6.  
 
Note that locations are approximate. 
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Table 2. Waukwass Creek Plot and tree data 
 
Monitoring hemlock dwarf mistletoe   John Muir Consulting (Feb 19 2005) 
Location:__WFP  TFL 6_______________Date:_Oct 20 2005                             _ 
Plot:_reference location:_N 50 deg 33.640 min, W 127 deg 21.049 min____ 
  
Residual tree height:_50m_dbh:_50cm  
DMR 1(bottom 1/3):_2_DMR2:_2__DMR3:_1__ 
Defects:_________________________________________________ 
Comments:_90 m elevation. In shallow draw near stream. Only tallied regen trees in NE 
quadrant > 1.3 m height. One inf. tree in NW quadrant approx 5 m from residual.
 
Plot trees 

No. quad radius dbh ht HDM Comment:  
1 NE 10  3   
2 NE 10  3   
3 NE 10  3   
4 NE 7.5  1.4   
5 NE 8  1.3   
6 NE 7  2   
7 NE 3  2   
8 NE 2.5  2   
9 NE 0.5  1.4   
10 NE 1.8  2   
11 NE 1.8  2   
12 NE 1.8  2   
13 NE 2  3   
14 NE 2  3   
15 NE 2.6  2   
16 NE 3  3  Broken top 
17 NE 3.2  3   
18 NE 3.2  3   
19 NE 3.2  3.5   
20 NE 3.2  3.5   
21 NE 4  2   
22 NE 4  2   
23 NE 5.1  2   
24 NE 5.1  2.5   
25 NE 5.3  5   
26 NE 6  2   
27 NE 6  2   
28 NE 7  2.5   
29 NE 7  2.5   
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No. quad radius dbh ht HDM Comment:  
30 NE 8  2   
31 NE 9  2   
32 NE 9  5   
33 NE 9  3   
34 NE 9  3   
35 NE 9  2   
36 NE 9  2   
37 NE 9  2   
38 NE 9  2   
39 NE 9  3   
40 NE 10  2.5   
41 NE 10  2.5   
42 NE 11  4  Flagged yellow at perimeter of plot 
43 NE 7  4   
44 NE 7  3   
45 NE 7.5  3   
46 NE 8  4   
47 NE 8  2   
48 NE 9  2.5   
49 NE 9  3   
50 NE 9  3   
51 NE 9.5  2   
52 NE 9  2   
53 NE 9  2   
54 NE 9  2   
55 NE 9  2   
56 NE 10  1   
57 NE 10  2   
58 NE 10.5  2   
59 NE 10.5  2   
60 NE 8.5  2.5   
61 NE 7.5  3   
62 NE 7  3   
63 NE 7  2.5   
64 NE 5.5  2   
65 NE 5  2   
66 NE 5  2.5   
67 NE 5  3.5   
68 NE 5  2   
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No. quad radius dbh ht HDM Comment:  
69 NE 5  4   
70 NE 4.5  2   
71 NE 7  2   
72 NE 7  2   
73 NE 7  2   
74 NE 5.5  4   
75 NE 5  2   
76 NE 5  2   
77 NE 5  2.5   
78 NE 5  2.5   
79 NE 5  2.5   
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Appendix 3. Additional HDM-monitoring plot data 
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Table 3. HDM-monitoring plot data for Interfor Ucluelet Block UC5C 
       

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen. 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

½ plot 
est. 
24/10/05 

15 30  N 49° 2.574′  
W125° 38.593′ 

50 5 at 2m 0 0 
 

0  East side of road 
(Trestle Mainline). 
WP at rd. 50m N of 
C  tree with 
Hw/HDM 

½ plot 
24/10/05 

 40 6  30  0 2 
(included 
in regen 
count) 

2 4 W side of rd. Two 
large swellings at 
2m height 

1 
est. 
18/03/06 

30 30 4 N 49° 2.446′  
W125° 38.255′ 

25 1.3-2(3) 0 4 1 
possible 

7 Approx. 100m S of 
tree plot II. Large 
stem swelling at 6m 
on source tree 

2   1 N 49° 2.419′  
W125° 38.267′ 
 

29  1 (2m 
ht) 3m S 
of 
residual 
tree 

2 0 4, 30 Approx 100m SW 
of plot 1. Only a 
few lower branches 
infected.  
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Table 3 (cont’d). HDM-monitoring plot data for Interfor Ucluelet Block UC5C  

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen. 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

3 12 – 
dead top 

30 6 N 49° 2.412′  
W125° 38.232′ 
 

57  0 5 5 - no 
HDM 
shoots 

 100m E of plot 2. 
25m from margin 
of block. 
Hawthorne sapling 
and thorny shrubs. 

4  30 1 N 49° 2.484′  
W125° 38.251′ 
 

36  0 1 0 20 
(30cm) 

E of plot II on E 
side of road. One 
30cm dbh resid on 
hummock tipped 
over/uprooted but 
still alive. Two 
others with 
stems/branches in 
plot but not rooted 
in plot 

5 30 40 1 N 49° 2.490′  
W125° 38.228′ 
 

46  1 – 5m 
E of 
tree, 2m 
ht; 
1 – 5m 
N of 
tree 

3 0 20 
(30cm ) 

Inf. regen N of 
resid has inf on 
stem with 2 HDM 
shoots 2cm length. 
150m E of plot II 

6 20 30 1 N 49° 2.499′  
W125° 38.238′ 
 

30  1 –4m 
from 
tree (2m 
ht)  

6 2  30m E of plot 5. At 
2m ht old swelling 
with no shoots 
(photo) 
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Table 3 (cont’d). HDM-monitoring plot data for Interfor Ucluelet Block UC5C  
 

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen 
(resid)3

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

7  
½ plot 

   N 49° 2.506′  
W125° 38.257′ 
 

26  0 3 2 (10, 
30cm) 

60m from pullout E 
side of road. N of 
plot II 

8    N 49° 2.568′  
W125° 38.499′ 
50m W of road, 
N of plot 1. 

81  0 1 0 (30cm) Large swollen 
branch at 8m height 
on source tree with 
fan-shaped 
branches but might 
not be HDM! 

9 
½ plot 

Broken 
top 

30 2 N 49° 2.445′  
W125° 38.352′ 

24  0 1 0 7 W of plot II. Est. 
March 19, 2006 

10 
½ plot 

30 
leaning 
N 

60 3 N 49° 2.495′  
W125° 38.335′ 

6  0  0  100m N. 

11 
½ plot 

30  1 N 49° 2.506′  
W125° 38.296′ 

14  0 8 1  3-8 50m W of road, 
100m N of plot II. 
Inf. resid. 
windthrown but 
still alive 

 
 
 

                                                 
3 Many residuals have “brooming” or proliferation of branches that resemble HDM witches’ brooms but many are likely reactions to logging injuries 
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Table 3 (cont’d). HDM-monitoring plot data for Interfor Ucluelet Block UC5C  
 

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen 
(resid) 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

12 
½ plot 
 

15 20 1 N 49° 2.496′  
W125° 38.281′ 
At roadside 
pullout 100m N 
of plot II. 

35  0  0  Resid. source tree 
has 2 lower non-
foliated branches 
with HDM 
swellings 

13 10 
broken 
top 

15 2 N 49° 2.760′  
W125° 39.179′ 

85  0 1 1 top 
swelling 

10 Small block 
(UC5A?) N of 
UC5C W of road. 
De-activated road 
200m to W. 

14 
 ½ plot 

30 35 2 N 49° 2.754′  
W125° 39.181′ 

37  0  0  30m S of plot 13 at 
margin of block 

15 
½ plot 

Broken 
top with 
HDM 

5  N 49° 2.656′  
W125° 38.985′ 

25 2m→ 1 -3m W 
of source 
tree 

 0  On main road, E at 
margin. Plot in 
front of fallen large 
C log. Stem 
inf+shoots+chlor. 
foliage  

16    N 49° 2.596′  
W125° 38.949′ 

13  0 2 0 10m 20m W off road.   
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Table 4. HDM-monitoring plot data for Western Forest Products at Waukwass Creek, Pt. McNeill 
 

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen 
(resid) 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

IV (4) 
NW 
quad 

   N 50° 33.640′ 
W 127° 21.049′ 

84  No. 80 
(tagged) 
6m NW 
of source 
tree 

   Only NE quadrant 
stem mapped (79 
trees). Tree count 
only for remaining 
quads. Jan 21/06 

IV SW 
quad 

    188  2?? (not 
tagged) 

   Lots of Abies regen 
not counted. 2 
possibly inf 
regen(swellings 
only on stem or 
branch), 9m W of 
plot centre 

IV SE 
quad 

    79  0    40cm dbh Hw 
windthrown into 
plot since last visit. 

5   4   91  1 – 
1.3m, 
6m SE 
of source 
tree 

1 1 (2inf – 
1 at 3m, 
1 at 4m, 
2m from 
stem) 
10m SE 
of tree 

8 
(20cm) 

300m E of plot 4 in 
creek bottom. 2 of 4 
main branches 
infected. Regen tag 
81, with stem inf. at 
1m. photo. 5x2cm 
shoots 
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Table 4 (cont’d). HDM-monitoring plot data for Western Forest Products at Waukwass Creek, Pt. McNeill 
 

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen 
(resid) 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

6 
½ plot 

40 100 2  268 1.3-3m 0    Approx 1km E of 
plot 4 and 5, at 
edge of 300m-wide 
reserve block, 
uphill from road jcn 

7 
½ plot 
(not 
flagged) 

35 90 2  26  0    Plots 7 to 14 
established Jan 
22/06. Plots 7 to 9 
on S margin of 1st 
small block from 
hwy, 100m from 
road 

8 
½ plot 

35 90 2 N 50° 33.617′ 
W 127° 21.194′ 

43  0    25m from plot 7 

9 
½ plot 

20 30 2  38  0    HDM-inf Abies 
with dead broom on 
lower branch at 8m 
height 

10 
½ plot 

50 100 1  111  0    At creek 100m 
along main road 
halfway between 2 
side roads. 
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Table 4 (cont’d). HDM-monitoring plot data for Western Forest Products at Waukwass Creek, Pt. McNeill 

Plot/ 
plot size 

Residual 
height 
(m) 

 
Dbh 
(cm) 

 
DMR 

ref. location No. 
regen 

 
Ht (m) 

 
No. 
infected 

No. Adv. 
Regen 
(resid) 

 
No. inf. 

 
Ht. (m) 
(Dbh 
cm) 

Comments 
 

11 
½ plot 

50 60 1 N 50° 33.127′ 
W 127° 20.998′ 
 

69  0    10m off M/L. 90-yr 
second growth N 
margin. Inf. boles 
with few low inf. 
branches. Very 
light incid. HDM. 
Swelling at 3m at 
base of tree. E 
exposure 

12 
½ plot 

 80 1 lots 
of 
bole 
inf. 

N 50° 33.004′ 
W 127° 20.697′ 

76 1.3-3m 0    200m up branch rd 
W87J11. At base of 
Ba fallen towards 
road. 

13 
½ plot 

50 80 1  126  0    100m W of plot 12. 
Photos 6 to 9. One 
to two stem inf. 
and/or inf. branches 
per tree. Inf. Ba at 
6m from Hw source 
tree, DMR1. 

14 
½ plot 

50 40 1  169  0    Same margin uphill 
from plots 12,13. 
Open at margin 
with suppressed 
regen strip 5-6m-
wide  
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