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the hill slope crest to the valley bottom (Fig.2).  The instrumentation monitors fluctuations in water 
table elevation and the hydraulic gradient along each hill slope transect.  A series of the groundwater 
wells are continuously recorded using Campbell Scientific data logging system.  All piezometers are 
monitored manually.  In addition, soil moisture levels and soil temperature are recorded at the same 
time.  Two site visits were conducted in 2002-2003 to establish hydraulic properties of catchment soils 
and aquifers including hydraulic conductivity in the vadose and phreatic zones (Kfs, Ks) and infiltration 
capacity.  Water samples are collected on a regular basis from the various piezometers and groundwater 
wells.  In addition throughfall samples are collected from various locations representing different 
forest covers within each watershed.  Water samples are returned to CNFER in Thunder Bay and filtered 
immediately. 
 

Sub samples from each sampling event are split and one fraction analyzed for pH and specific 
conductance at CNFER.  A second sub sample is submitted to Lakehead University Chemical 
Analytical Services (LUCAS) and analyzed for total nitrogen (TN), total phosphorus (TP), silica (Si), 
dissolved organic carbon (DOC) and metals including iron (Fe), manganese (Mn), Copper (Cu), 
Cadmium (Cd), Zinc (Zn) and Aluminum (Al).  A third series of sub-samples is frozen and sent to 
UNC Charlotte for ion chromatograph analysis for major ions calcium (Ca2+), magnesium (Mg2+), 
sodium (Na+), potassium (K+), sulphate (SO4

2-), chloride (Cl-) and nutrients ammonium (NH4
+), nitrate (NCV) 

and ortho phosphorous (P(V).   Monthly samples analyzed for total mercury (THg) and methyl 
mercury (MeHg) are collected using "ultra clean" sampling protocols.  These samples are sent to Dr. 
Andrew Heyes at the University of Maryland for analysis.  Supporting information is being gathered by 
CNFER’s Full Tree Project, which has installed vegetation survey plots and resin bags for ion analysis so 
that a nutrient budget for the site can be constructed. 
 
Data Analysis 

 
Data from the first year at the BACI site has been used to characterize the hydrogeologic and 

hydrochemical characteristics of the two study watersheds.  The pretreatment period (March 2003 to July 
2004) will be used to establish regression relationships for water table elevations between the two study 
watersheds.  The piezometric data will be used to develop flow webs and to quantify the hydrochemical 
fluxes along each hill slope transect. 
 
Master’s Thesis Projects 

 
University science partners and MNR submitted a proposal to the Sustainable Forest 

Management Network of Centres of Excellence (SFM-NCE), to measure fire disturbance rates in 
boreal shoreline forests and forest succession in old shoreline reserves.  This work was closely 
integrated with the Living Legacy Trust activities and lead to Master’s degree research projects.  
Three Master’s degree theses provided results complimentary to the Forest Co-op “Shoreline 
Forestry Project”.  Logistic support and coordination was provided by the Forest Co-op “Shoreline 
Forestry Project” where possible.  The first of these theses examined rates of disturbance in shoreline 
areas under both harvest and fire regime.  Using satellite imagery, events of disturbance were 
identified, ground truthed and examined to determine whether rates of disturbance found in shoreline 
forest associated with harvest differed from those found in a fire driven landscape.  The second and 
third theses were involved with examinations of remaining riparian vegetation communities 
following either harvest or burn events.  (These theses are discussed further on pages 9-10.) 
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Figure 2. Sampling well layout at BACI site.
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RESULTS 
 
Extensive site surveys 
 

A total of seventy-two assessments of separate shoreline harvest sites occurred in the 
Northwest Region, while an additional 35 were completed in the Northeast and 2 in the South 
Region of the province.  Efforts were made to balance sample size equally in the three regions but 
site availability in the South Region was limited.  Year 3 included assessments of burned areas to 
allow comparison between fire origin disturbances and harvested areas (Fig.3).  At the end of the 
2003 field season, a total of 108 sites were assessed within 9 Forests of Ontario (Fig.4, Fig.5).  
 

Figure 3.  Proportion of burned and harvested sites. 

Figure 4. Proportion of extensive site surveys by Forest Management Unit  (n=109) 
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Preliminary data analysis indicates that soils were primarily coarse loamy textures (40% of 

all sites), followed by sands and clays.  Soils were generally fresh (moisture regime 2) and well-
drained (drainage class 3) in the riparian harvest areas.  These areas showed disturbance in 38% of 
sites (Fig.6), primarily related to occurrences of rutting and windthrow.  Disturbance rates in the 
Area of Concern were either similar or significantly lower (T-test, p<.05) when compared with 
disturbance in upland harvest areas.  Greater than half of all sites surveyed for mechanical 
disturbance demonstrated intact conditions.  A mixing of the litter layer and soil was the primary 
disturbance type followed by rutting.  Linear regression revealed no relation between levels of 
disturbance and slope in cases where slope was less than 30%.  However, a relation between slope 
and disturbance may exist in areas of increased slope.  Additional analysis, to further characterize 
the sites, continues, and data synthesis will be finalized after the post-harvest assessment at the 
intensive site. 

 
    Figure 5. Location of extensive survey sites 

 
BACI Site 
  
 A system of biweekly water sampling in combination with on site data loggers has provided 
extensive pre-harvest data at the Escape Lake Road intensive site.  One year of pre-harvest data has 
been gathered and sampling will continue following the harvest of the shoreline area, scheduled for 
July of 2004, to quantify effects on groundwater parameters at the site.  Once sampling is complete, 
analysis to determine any disruption of hydrogeologic and hydrochemical characteristics will be 
undertaken. 
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Figure 6. Disturbance by type in both upland (red) and riparian AOC (blue). 
 
Master’s Theses 

 
As companions to the Forest Co-op project, this group of theses examined disturbance rate in 

shoreline areas and vegetation community structure following disturbances such as fire and harvest.    
 
Landstrom, Janet 2004. Shoreline forest disturbance rates in natural and managed forests in 
Northwestern Ontario. M.Sc.F. thesis, Faculty of Forestry and the Forest Environment, 
Lakehead University. 
 

This project involved a broad scale approach to the assessment of shoreline disturbance at a 
variety of scales using satellite imagery.  M.Sc. student Janet Landstrom undertook the project and 
the thesis was successfully defended in February 2004.  Guided by Ontario Ministry of Natural 
Resources Natural Disturbance Emulation Pattern Guidelines, the research examined shoreline and 
upland disturbance rates within both watersheds and disparate disturbance ‘events’ caused by either 
forest fire or forest harvest.  The research determined that shoreline areas were less disturbed than 
non-shoreline areas in both fire and harvest contexts.  However, harvest events demonstrated a 
greater variability than did fire events when considering disturbance rate within the shoreline areas.  
These results suggested that perhaps a greater level of disturbance might be indicated if the goal of 
forest management is the emulation of the rate of disturbance evidenced in a fire driven system.  
Similarly, the data suggested that a tighter aggregation of harvest patches could be one tool used in 
the layout of harvest to increase this disturbance rate on a watershed basis.  Though the thesis did 
indicate a higher level of disturbance was found in fire data than in harvest data, this project 
described a small portion of the landscape and may not apply to all landscapes.  Additionally, natural 
and harvest disturbances are different mechanisms affecting the landscape and thus, any application 
of the findings should be approached with caution.   
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Stewart, Katherine 2004. Edge effects of clearcut, fire and riparian buffers in the Boreal forest 
of Northwestern Ontario. M.Sc thesis, Dept. of Biology, Lakehead University. 
 
Lamb, Eric 2002. Ecology and management of riparian zone vegetation along small coldwater 
streams in Northwestern Ontario. M.Sc. thesis, Dept. of Biology, Lakehead University. 
 

These two theses examined the vegetative community found at the both harvest imposed and 
fire origin edges found in the boreal forest.  Stewart (2004) examined riparian areas to determine any 
influence of the removal of upland vegetation on these transitional areas.  This thesis follows similar 
work performed by Lamb (2002) examining plant community structure within the transition and 
riparian zones following instances of fire and harvest.  In contrast with riparian reserves, shoreline 
forest cover that has developed after wildfire displays no significant trend towards the presence of 
shade tolerant species or a lower stocking rate caused by blowdown.  Analysis of data gathered 
during examination of both burned and harvested sites indicated that the harvest of upland areas had 
no significant effect on vegetation community of the riparian area.   
 
 
MILESTONES AND COMPLETION DATES:   
 

The following provides an overview of Forest Co-op “Shoreline Forestry Project” 
achievements by milestone and year of completion.  It summarizes Project activities for the three-
year project funded through the Forest Co-op partnership and Living Legacy Trust.  A follow-up 
year of work will be undertaken by CNFER, as part of its commitment to this project, to complete 
post harvest assessment of the intensive site, to complete data analysis, and to complete transfer of 
the results to the Forest Co-op partnership.  The workplan for this next year (April 1, 2004 - March 
31, 2005) is also outlined. 
 
A variety of milestones and achievements were outlined in the original proposal, as well as a 
schedule for their completion.  The following provides the timeline, by project year, during 
which each milestone was achieved and details of the final product. 
 
Year 1 (2001-2002): 
 
1. Shoreline Forestry Workshop (November 2000) – Hosted by OMNR/CNFER to catalyse 

industry-led adaptive management tests of shoreline forestry practices in representative regions 
of northern Ontario. 

2. Protocol review and development (April 2001)– literature review of existing protocols to 
survey similar data (aquatic, shoreline, soil and vegetation) completed. 

3. Development of post-harvest monitoring protocol and training guide of field methods 
(April 2001)- Synthesis of field procedures including instructions and data forms, the draft 
“Forest Co-op Shoreline Forestry Post-Harvest Survey Protocol” outlines field procedures and 
includes data forms.  This document is designed to be detailed enough to allow for use by 
partners and interested agencies. 

4. Post-Harvest Surveys (Fall 2001) – Initial effort was focused on sites in the Northwest Region 
identified for shoreline harvest in Forest Management Plans.  A total of 37 sites were assessed 
using the ‘extensive’ survey protocol.  

5. Selection and Instrumentation of intensive sites – Despite considerable effort to locate suitable 
sites, initial difficulties in finding a suitable location resulted in this Milestone being met in Year 
2 of the project. 
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6. Field guide for assessing shoreline forestry (April 2001)– Initial guide completed in 2001 and 

refined throughout the project.  “Forest Co-op Shoreline Forestry Post-Harvest Survey Protocol” 
outlines field procedures and includes data forms available to interested agencies.  A custom 
designed Microsoft Access database compatible with the protocol and data forms also 
constructed and tested. 

7. First Annual Report (Feb 2002) – An interim report was written in the fall of 2001 with a  
detailed summary of Year 1 activities produced in February 2002.  These Year 1 (2001-02) 
results were also presented to at the Forest Co-op Annual General Meeting in June 2002.     

 
Year 2 (2002-2003): 
 
1. Selection and instrumentation of intensive site (February 2003) – Carried over from Year 1 

of the Project, the site was established and instrumented in Year 2.  Pre-harvest surveys, 
including elevation mapping, was completed and scientific monitoring equipment installed. 

2. Field survey workshops (July, September, October 2002)– A total of three Field 
Tour/Workshops were conducted in 2002 and included representatives of MNR, Ducks 
Unlimited, Domtar Forest Products and Department of Fisheries and Oceans staff to transfer 
survey protocols and to encourage further data gathering efforts. 

3. Post-Harvest Surveys (October 2002) - In collaboration with industry and MNR Planning 
Teams, a total of 45 sites across three regions (15 NW, 28 NE and 2 SC) were selected and 
assessed using the ‘extensive’ survey protocol.  Small samples sizes in the South Central Region 
were due to lack of potential candidates.   

4. Field guide for assessment of shoreline forestry (October 2002) – Field procedure manual 
completed, including data forms and custom designed database structures. 

5. ‘Intensive’ site harvest planning (March 2003) – Negotiations to enable harvest to shoreline of 
the intensive site undertaken with CNFER, Thunder Bay District MNR and Bowater.  Tentative 
harvest timing of summer 2004 set.  Site was fully instrumented in spring 2003 to gather pre-
harvest data.      

6. Second Annual Report (February 2003) – This report detailed the Year 2 (2002-03) field 
activities and provided an update on the progress of the intensive monitoring site.  The Year 2 
results were also presented to the Forest Co-op membership and guests at the Forest Co-op 
Annual General Meeting in May 2003.   

 
Year 3 (2003-2004):   
 
1. Extensive Site selection (October 2003) - During the 2003 field season, emphasis was placed 

on data collection in the Northeast Region to improve sample size and balance with the 
Northwest Region and between aquatic habitat types.  

2. Completion of extensive site field activities (October 2003) - Worked with selected partners in 
the field to ensure smooth transfer of survey methodology.  Survey activity was concentrated in 
Northeast Region and in burned areas to balance representation within the dataset.  All surveys 
across eco-regions are complete and entered into database. 

3. Pre-harvest monitoring of ‘intensive’ site (March 2004) – Physical characterization and 
monitoring of groundwater parameters has been completed to provide pre-harvest data at the 
intensive site.  In conjunction with Bowater, preliminary planning for harvest of the site has 
begun and harvest has been planned for July 2004.  

4. Year 3 Annual & 3-Year Summary Report (April 2004) – This report detailed the Year 3 
(2003-04) results and summarized the results of the 3-year program (2001-2004).  The details of 
this report will be presented at the Forest Co-op Annual General Meeting in May 2004.   
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5. Forest Co-op Final Report and future publications (Carried over to Dec 2004) - Peer 

reviewed scientific publications, graduate student theses, technical reports and abstracts will be 
produced for the various sub-components of the project.  A final report to the Forest Co-op 
partners will describe the overall project and summarize publications on the sub-components.   

  
6. Wrap-up final workshop (Carried over to Fall 2004) - A workshop will be held to summarize 

the results of the research project, transfer information to industry and forest managers and foster 
a commitment to additional research and monitoring of shoreline forestry. 

 
As indicated, pre-harvest monitoring of the “intensive” site has occurred, providing baseline 

data in the research area (Year 3, Milestone 5).  Harvest has been scheduled, in cooperation with 
Bowater, and a post-harvest sampling plan established for this site.  Work by CNFER will continue 
in 2004 to meet its commitment to address the data analysis and science transfer components of the 
project not completed within the intended three-year term.  Final science-based reports on the project 
will be presented to the project partnership by March 2005.  CNFER is committed to a further year 
of work to obtain post harvest data at the intensive site and upon completion of this component of 
the project, scientific reports and data transfer to interested agencies will occur.  The following work 
will be undertaken to enable the Forest Co-op “Shoreline Forestry Project” to meet each of the goals 
outlined in the original project proposal. 

 
Ongoing Work for 2004-2005 
 
1. Maintain and monitor ‘intensive site’ (April-October 2004) – A two person field crew will be 

established and devoted to post-harvest surveys and ensuring data acquisition from, and upkeep 
of, scientific instruments at this site.  Negotiations with industry will include ensuring harvest 
timing and techniques are agreed upon to ensure smooth transition from pre to post harvest 
monitoring. 

2. Field survey workshops (Fall 2004) - Preliminary data analysis of extensive sites is complete.  
When post-harvest data has been analysed and the results are available, a second workshop on 
field methodology may be presented, likely in Fall 2004, if desired by project partners. 

3. Final workshop (Fall 2004) - A workshop will be held to present and discuss the results of the 
research project, transfer information to industry and forest managers and foster a commitment to 
ongoing research and monitoring. 

4. Final Reports and publications (March 2005) - Peer reviewed scientific publications, graduate 
student theses, technical reports and abstracts will be produced for the various sub-components 
of the project.  A final report to project partners will describe the overall project and summarize 
publications on the sub-components. 
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FOREST CO-OP PROJECT PARTNERSHIP AND SCIENCE TEAM  
 
 Forest Co-op partners in the Forest Co-op “Shoreline Forestry Project” include:   
 Abitibi-Consolidated Company of Canada 
 Bowater Canadian Forest Products Inc. 
 Buchanan Forest Products Inc. 
 Department of Fisheries and Oceans Canada 
 Ducks Unlimited 
 Domtar Inc. 
 Kimberly-Clark Inc. 
 Ontario Ministry of Natural Resources (OMNR) 
 Tembec Inc. 

 
The science team has been comprised of a group of OMNR researchers based at  

CNFER (including Dr. Rob Mackereth (project lead), Dr. Rob Steedman, Dr. Dave Morris, Dr. Rob 
Rempel, Dr. Art Rodgers, Mr. Len Hunt, Mr. Pat Furlong, and Mr. Tim Cano), one researcher from 
OMNR Ontario Forest Research Institute (OFRI) (Dr. Jim McLaughlin) and two university 
professors (Dr. Azim Mallick, Lakehead University and Dr. Craig Allan, University of North 
Carolina).  This team has had extensive expertise and experience in the field of forest management 
guideline testing.   
 
 The Forest Co-op General Manager, Dianne Miller, provided financial and administration 
management services to the project.   
 
SUMMARY 
 

We are pleased to report that this multi-party partnership project, the Forest Co-op “Shoreline 
Forestry Project”, has continued to move forward, principally on-target and on budget.  A field guide 
to assess shoreline forest management impacts is complete and in a format that is transferable to 
agencies interested in data collection.  A total of 108 “extensive” sites have been surveyed across the 
Northwest, Northeast and South Central regions of Ontario.  A custom database has been designed to 
facilitate standardized data input from these surveys and single page report summaries have been 
generated by the database for each site.  Projects complimentary to the Forest Co-op “Shoreline 
Forestry Project” indicate that disturbance rates under the current guidelines do not replicate those of 
fire disturbance.  However, it is important to note that the riparian plant community appears to 
remain intact following fire events.  Preliminary analysis of extensive site data suggests that 
disturbance is limited in riparian areas and unrelated to slopes less than 30%.  Pre-harvest 
monitoring of the “intensive” site has occurred, providing baseline data in the BACI research area.   

 
Harvest has been scheduled, in co-operation with Bowater, for July 2004 and a post-harvest 

sampling plan established for this site.  Work by CNFER will continue in 2004 to meet its 
commitment to address the data analysis and science transfer components of the project not 
completed within the intended three-year term.  Final science-based reports on the project will be 
presented to the project partnership by March 2005. 

 
The Forest Co-op and its many partners acknowledge, with gratitude, the outstanding work 

of the OMNR-CNFER science team, and their affiliates, throughout the past three years of project 
implementation, the significant technical and fieldwork efforts of the partnering organizations and 
the support of Living Legacy Trust which, collectively, have contributed to the success of this 
initiative.   



Forest Ecosystem Science Co-operative Inc.   
“Shoreline Forestry Project”     (LLT Project No. 04-011) 
Final Report – April 19, 2004 
 

 

page 14

 
REFERENCES 
 
Lamb, E.G., Mallik, A.U. & Mackereth, R.W. 2003.  The early impact of adjacent clearcutting and 

forest fire on riparian zone vegetation in northwestern Ontario.  Forest Ecology and 
Management 177: 529-538.  

 
Lamb, Eric 2002. Ecology and management of riparian zone vegetation along small coldwater 

streams in Northwestern Ontario. M.Sc. thesis, Dept. of Biology, Lakehead University. 
 
Landstrom, Janet 2004. Shoreline forest disturbance rates in natural and managed forests in 

Northwestern Ontario. M.Sc.F. thesis, Faculty of Forestry and the Forest Environment, 
Lakehead University. 

 
Racey, G.D., Harris, A.G., Jeglum, J.K., Foster, R.F. and Wickware, G.M. 1996.  Terrestrial and 

wetland ecosites of northwestern Ontario.  Ont. Min. Natur. Resour., Northwest Sci. & 
Technol. Field Guide FG-02.  94 pp. + Append.  

 
Steedman, R.J.  2000. Effects of experimental clearcut logging on water quality in three small boreal 

forest lake trout (Salvelinus namaycush) lakes.  Can. J. Fish. Aquat. Sci. 57(Suppl. 2):92-96.   
 
Steedman, R.J., and Kushneriuk, R.S.  2000. Effects of experimental clearcut logging on thermal 

stratification, dissolved oxygen, and lake trout (Salvelinus namaycush) habitat volume in three 
small boreal forest lakes.  Can. J. Fish. Aquat. Sci. 57(Suppl. 2):82-91. 

 
Stewart, Katherine 2004. Edge effects of clearcut, fire and riparian buffers in the Boreal forest of 

Northwestern Ontario. M.Sc thesis, Dept. of Biology, Lakehead University. 


