
FII Forest Research Program 2003/04 Annual Progress Report 

The purpose of this Annual Progress Report is to communicate progress and achievements of your research project over the funding period and 
identify impacts or outcomes of the project.  Information from this progress report is required to assess the final progress of the project in relation 
to the Recipient Agreement and to provide information required for FII Ltd. to report on annual achievements and funding investments for the 
Forest Research Program.  Complete the required information in the unshaded text boxes for Parts A to C, (text boxes will expand). 

 

Part A:  General Project Information 
The information provided under Part A will be available for immediate posting on the Internet in a project repository on the Natural 
Resources Information Network (NRIN) website. 
 
Project No: R04-063 
Organisation: University of British Columbia 
Project Contact: B.J. van der Kamp 
Address: 3041 – 2424 Main Mall, Vancouver, B.C. V6T 1Z4 
Phone No. (604) 822-2728 
Email: vdkamp@interchg.ubc.ca 
Project Title: 
Biological control of western hemlock dwarf mistletoe 
 
Final Project Abstract: 
 

Virulent isolates of two candidate fungi for biological control of hemlock dwarf mistletoe (Colletotrichum gloeosporioides 
(Penz.) Penz. & Sacc., a parasite of dwarf mistletoe shoots and fruit, and Neonectria neomacrospora (Booth & Samuels) Mantiri & 
Samuels, a parasite of mistletoe infected hemlock bark and possibly the endophytic system) were selected and tested for efficacy in 
a field trial at Spider Lake near Parksville. Conidia were produced in culture and applied in either a Stabileze formulation or in a 
sucrose-gelatin solution in late August.  Mistletoe shoot, fruit and swelling characteristics were recorded before treatment and at 
0.5, 1, 2, 3.5, 5, 6, and 9 months after treatment.  C. gloeosporioides reduced the current seed crop by >50% with virtually no 
difference between formulations.  Analysis of shoot loss associated with C. gloeosporioides is in progress.  Rapid infection of 
mistletoe parasitized bark by N. neomacrospora occurred only following wounding and resulted in extensive bark necrosis leading 
to total girdling of some infections.  Other treatments (broken mistletoe shoots and unwounded) resulted in only minor invasion by 
the bark parasite.  Nine months after establishment of N. neomacrospora the average number of aerial shoots (an index of mistletoe 
seed production) was reduced by 38%.  Evidence from dissection of experimental and naturally infected mistletoe swellings 
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suggests that N. neomacrospora, once established, will continue to spread in a swelling until mistletoe seed production is virtually 
eliminated.  

The metric Pacific Northwest variant of the FVS mistletoe model was amended to allow simulation of the effect of the two 
parasites considered in this report.  This part of the project, done under contract with ESSA Technologies Ltd., was achieved by 
allowing specification of reduced seed production as well as increased mistletoe inactivation rates for specified time periods 
following one or more applications of either or both the parasites of mistletoe under a variety of stand conditions and mistletoe 
severities. These amendments will allow some prediction of the long term effects of bio-control interventions with the degree of 
efficacy we believe to be currently achievable.  Alternatively, the model can also be used to explore the efficacy of biocontrol that 
must be achieved in order to have a significant impact on dwarf mistletoe damage, again under a variety of mistletoe severities and 
stand conditions.   

N. neomacrospora can significantly reduce spread and intensification of dwarf mistletoe.  However, since bark wounding 
appears to be required for extensive infection, the potential of this parasite for use in aerial or ground based spore suspension 
applications is limited.  C. gloeosporioides on the other hand, has a significant short-term effect, but that effect, at least with the 
isolate we selected, appears to be short-lived, and to have a relatively minor impact on the longer term development of dwarf 
mistletoe.              
 
 
 
 
 
Keywords: 
Biological control, dwarf mistletoe, Colletotrichum gloeosporioides, hemlock silviculture, diseases of hemlock, Neonectria neomacrospora, 
Cylindrocarpon cylindroids, modelling dwarf mistletoe 
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Part B:  Project Impacts, Outcomes, Progress, and Extension 
Information provided in Part B is used to evaluate and assess the completion of the project in relation to the terms and workplan outlined in the 
Recipient Agreement and assess the impacts and outcomes of the project. 
 
B1:  Workplan and Annual Progress Summary: 

Using the table below, describe the extent to which the activities and objectives identified in the workplan (Schedule A Recipient Agreement) 
were achieved.  Indicate any changes from the original plan in bold, and indicate date of approval and brief rationale for the change.  Please list 
extension activities and deliverables in table B5 below(“Outputs, Deliverables, and Extension”) 
 
Project Component or 

Objective  Activities (Tasks)  Extent to Which Activities have been Completed and Objective has been 
Achieved  

Final assessment and analysis 
of Spider Lake trial 
(1) C. gloeosporioides. 

Final assessment Complete.  The trial was terminated 3 months earlier than planned because increasing background 
infection by both agents threatened to obscure treatment effects. 
Application of various formulations leads to great reduction in current seed crop and additional loss of 
shoots.   

Determination of ability of  C. 
gloeosporioides to colonize 
the endophytic system 

Dissection and culturing Complete.  The parasite does not enter the endophytic system except to a minor degree near basal cups. 
Persistence over time is therefore dependent on survival on colonized shoots and continued infection  of 
new shoots over time.    

Selection of virulent isolates 
of C. gloeosporioides. 

Collection, development of testing 
procedures, experiments and 
analysis 

Despite considerable efforts we did not manage to develop a protocol to keep mistletoe shoots and 
swellings alive and vigorous once removed from the host.  Without the ability to run replicated 
inoculation tests under constant conditions in vitro, the necessary experiments to detect variation in 
virulence could not be conducted.  Instead we selected isolates on the basis of spore production and 
rapid growth in culture.  

Assessment of Neonectria 
neomacrospora as a biological 
control agent for dwarf 
mistletoe. 

I  Dissection of inoculated dwarf 
mistletoe swellings. 

Complete.  N. neomacrospora infection is shown to result extensive bark necrosis. 
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 II  Estimation of shoot mortality 
associated with bark necrosis 

Complete.  Nine months after inoculation shoot mortality had reached 38%.  All indications pointed to 
continued spread of necrosis in infected swellings, leading to further death of mistletoe shoots and 
girdling of swellings themselves.  Such girdling results in death of distal host tissue.   Mistletoe can 
survive in proximal parts of such swellings, but is then incapable of producing shoots and seed. 

 III  Dissection of large old HDM 
swellings 

Complete.  N. neomacrospora is clearly perennial in HDM swellings, and produces both sporodochia 
and perithecia on infected bark.  Conidia produced by sporodocia have been shown to be capable of of 
initiating new infections.  Presumably ascospores produced by perithcia can do the same.  

Modelling the effect of 
biocontrol agents 

Amend the metric Pacific 
Northwest variant of the FVS 
mistletoe model to simulate 
biocontrol 

Complete.  The amended version is now available in the public domain. 
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B2:  Research Question:   

Restate the research question as per your original proposal and comment on the extent to which your research question has been answered 
during the current funding period. 
Can hemlock dwarf mistletoe impact be reduced to acceptable levels in coastal silvicultural systems involving partial cutting by using native 
mistletoe parasites as aerial sprays of conidial formulations? 
 
Two potential biocontrol parasites were investigated.  N. neomacrospora had a significant and long-lasting impact on hemlock mistletoe seed 
production, but infection appears to require wounding of the swelling bark. For this reason the potential of this agent, applied as a conidial 
preparation in aerial spray, is low. Natural infection may involve insect vectors.   
Aerial conidial sprays of C. gloeosporioides, on the other hand, have an immediate impact on both current fruit production and shoot survival, 
but the available evidence suggests that long-term persistence is low, and that populations of this fungus quickly return to pre-treatment levels.  
Hence the overall impact of a single aerial application is expected to be small.  The inability to screen for virulence arising from lack of 
appropriate testing protocols, hampered this work.  It may well be that certain isolates of this parasite would perform much better.     
 
 
 
 
B3:  Impacts and Outcomes: 

Describe the impacts and outcomes of the research and how the research has benefited or improved sustainable forest management.  Where 
possible, provide quantifiable outcomes associated with this research (i.e., volume gain in terms of m3; cost savings due to improved access, 
etc.). 
 
This project did not result in a fully developed biocontrol techniques for western hemlock dwarf mistletoe.  Full development of such a 
technique will require that several obstacles be overcome.  Mistletoe continues to be a major problem in partial cutting situations, and ways of 
dealing with it must be found if productivity is to be maintained.  In view of the fact that there are no alternative, competing proposals for 
dealing with dwarf mistletoe, further work on biological control may be justified.  Perhaps the most promising lines are the use of insect 
vectors to carry N. neomacropsora.  Virulence and persistence testing of C. gloeosporioides isolates should also be pursued.  This can be done 
on potted, mistletoe infected hemlock, but it would take at least three years to produce the required experimental materials before testing can 
even begin.  Clearly decision makers can no longer rely on the promise of a biological control technique to deal with the very real dwarf 
mistletoe problems.  
The project did produce two highly qualified forest pathologists.      
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B4:  Users and Application of Results: 

List the user group and describe the realised or expected benefit of your research (eg, researchers, technical experts, planners, foresters, 
practitioners, regulators, decision makers, public). If results or information derived from the research have been used, provide the name of the 
individual and organisation and describe how the information has been applied. 
 
User/User Group Realised/Expected Benefit 
 
None 

 

 
 

 

 
 

 

 
 

 

 
 
B5:  Outputs, Deliverables, and Extension 

List the deliverables or extension products developed from the research during the 2003/04 funding period.  Please identify a) the type of 
deliverable (TYPE), b) the deliverable citation, and c) whether it is (Y) or is not (N) included as part of this Annual Progress Report submission 
(INCL). 
 
TYPE CITATION INCL (Y/N) 
POS Assessment of Colletotrichum gloeosporioides as a biological control agent for management of western 

hemlock dwarf mistletoe (Arceuthobium tsugense).  British Columbia Regional Meeting, 2003, the 
Canadian Phytopathological Society (October 2003) 

N 

ORA Is Neonectria neomacrospora an efficacious biological control agent for hemlock dwarf mistletoe 
(Arceuthobium tsugense)? British Columbia Regional Meeting, 2003, the Canadian Phytopathological 
Society (October 2003) 

N 
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POS 1.) Assessment of Colletotrichum gloeosporioides as a biological control agent for management of western 
hemlock dwarf mistletoe (Arceuthobium tsugense).  2.) Investigating Neonectria neomacrospora as a 
biological control agent for management of western hemlock dwarf mistletoe (Arceuthobium tsugense). 
University of British Columbia University of British Columbia-Forest Research Forum-Poster Display (February 
2003) 

N 

EXT 1.) Is Neonectria neomacrospora an efficacious biological control agent for hemlock dwarf mistletoe 
(Arceuthobium tsugense)? 2.) Assessment of Colletotrichum gloeosporioides as a biological control agent 
for management of western hemlock dwarf mistletoe (Arceuthobium tsugense). Abstracts published in British 
Columbia Regional Meeting Newsletter, the Canadian Phytopathological Society (September 2003) 

N 

TEC 1.) Assessment of Colletotrichum gloeosporioides as a biological control agent for management of western 
hemlock dwarf mistletoe (Arceuthobium tsugense).  2.) Investigation into the Biology and Potential use of 
Neonectria neomacrospora as a Biological Control Agent. Proceedings of Fiftieth Western Forest Disease 
Conference. (April 2003) 

N 

TEC Hawksworth et.al. Dwarf Mistletoe impact modelling system UserGuide and Reference Manual – March 2004 
Update USDA Forest Service, Forest Pest Management Methods Application Group, Fort Collins, CO 

N 

ORA Cartwright, C., S. F. Shamoun, S. Askew, and L. Rietman (2003). Provenance variation in susceptibility of 
western hemlock (Tsuga heterophylla) to hemlock dwarf mistletoe (Arceuthobium tsugense). Western 
Forest Genetics Association- Genomics and Adaptation, July 28-31, 2003, Whistler, B.C. 
 

N 

 
Deliverable Type Legend 
TYPE OUTPUT DESCRIPTION TYPE OUTPUT DESCRIPTION 
TEC Technical Report FGM Field Guide or Manual 
JOU Peer Reviewed Journal Article ORA Oral Presentation 
EXT Extension Note or Newsletter Article POS Poster Presentation 
NEW Newsletter WEB Website 
BOK Book or Book Chapter OTH Other 
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Part C:  Additional Project Information 
Information provided in Part C will be used to report out on the overall investments of the Research Program during the 2003/04 funding period. 
 
C1:  Multi-year Projects: If the project is part of a multi-year research initiative, indicate in the statement below where the current funding period 
(2003/04) lies within the longer term research program: 

The 2003/04 fiscal period represents year ____ of a ____ year research program/project. 
 
 
C2:  Research Focus:  Select (by placing an X in the preceding box) the primary category that would best categorize the focus of research 

 Silvicultural Systems - (harvesting systems – 
shelterwood, clear-cut, etc.) 

  Natural Disturbance Dynamics (fire, 
wind, etc.) 

  Site Rehabilitation and 
Restoration 

 Growth and Yield (modeling, site index work)   Ecosystem Dynamics (classification, 
inventory, PEM, ecosystem research) 

  Forest Genetics 

 Biodiversity/Habitat Management (SAR, 
habitat requirements, habitat supply modeling) 

  Wood Quality (assessment, wood 
properties and potential applications) 

  Other – Please specify 

X Forest health (pests and pathogens)   Soil Conservation, Health, and 
Productivity 

   

 Riparian and Aquatic Management (buffers, 
CWD) 

  Integrated Resource Management (land 
use planning) 

   

 
 
C3:  Biogeoclimatic Ecosystem Classification:  Identify (by placing an X in the preceding box) the BEC zone(s) to which the research applies. 
 
 Alpine Tundra  Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce  Interior Cedar-Hemlock  Spruce-Willow-Birch 
 Bunchgrass  Interior Douglas-Fir  Sub-Boreal Spruce 
 Coastal Douglas-Fir  Montane Spruce  Not applicable 
X Coastal Western Hemlock  Mountain Hemlock   
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C4:  FII’s Objectives and Strategies:  With respect to FII’s objectives and strategies listed below, identify (by placing an X in the preceding box) 
which of the following strategies best represents the overall objective and approach of your research project. 
 
Objectives and Strategies 
Objective:  To support more effective policies, regulations, and guidelines  

 Support policy, regulatory and guideline development, evaluation and adjustment 
 Enhance quality of decision making through improved knowledge base 
 Empowered decision makers to employ practical adaptive management approaches 
 Support greater certainty in planning and decision making for all forest resources values  

Objective:  To enhance the value of timber and forest land assets  
 More effective and efficient use of forest resources 
 Reducing costs of timber production 
X Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
 Increasing available volume and value through productivity enhancements, increased utilisation and better realisation of inherent site 

potential 
 Increasing available timber volume through management of access constraints 

Objective: To improve stewardship and market acceptability of BC forest practices and forest products 
 Promoting new or adapted forest practices which give  BC an edge in the world forest product marketplace 
 Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
 Enabling and accelerating certification practices 

 
 
 

Annual Progress Report Template – Forest Research Program 2003/04     Page 9 of 9 


