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1.0 INTRODUCTION 

Triton Environmental Consultants Ltd. (Triton) was retained by International Forest 
Products Ltd. (Interfor) to conduct a Riparian Impact Assessment (RIA) project for 
selected streams in and adjacent to 18 harvested (1998-2002) cutblocks within the North 
Coast Forest District. 
 
This project commenced as a result of initiatives made by North Coast Forest District 
licensees (Triumph Timber Ltd. and Interfor) to increase their knowledge of forestry 
related impacts to fish bearing streams.  Forest Investment Account (FIA) funding 
facilitated the commencement of this sample based survey of streams within and adjacent 
to cutblocks harvested after the implementation of the Forest Practices Code Act of BC. 

1.1 Objectives 

The overall objective of the project was to examine S5 and S6 streams within harvested 
cutblocks to determine levels of disturbance and how that disturbance affects downstream 
fish habitat. 
 
The specific objectives were: 

• Assess S5 and S6 streams within the identified cutblocks to determine the extent 
and type of any harvesting related impacts; 

• Assess fish habitat downstream of S5 and S6 streams that have impacts due to 
harvesting; 

• Assess “control streams” outside harvested blocks to establish baseline or natural 
conditions for comparison with streams in and downstream of harvested 
cutblocks; and 

• Develop an impact rating system and assign impacts to sampled streams 
accordingly. 

1.2 Location 

The study area (Figure 1) is comprised of the North Coast Forest District, which is part of 
the Vancouver Forest Region.  The North Coast Forest District covers 1.95 million 
hectares and stretches 400 km from near Stewart in the north to Klemtu in the south.  
Sampled streams were situated in and adjacent to cutblocks in 4 geographic areas:  Work 
Channel, Surf Inlet, Fraser Reach and Big Falls Lake.  Three forest Licensees operate in 
areas identified in the tender documents.  Triumph Timber Ltd. operates in Fraser Reach 
under Forest License (F.L.) A16820, Interfor operates in Surf Inlet and Big Falls Lake 
under F.L. A16841, and Thomson Industries Ltd. operates in Work Channel under F.L. 
A16837. 
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The sampled streams were found within the Coastal Western Hemlock (CWH) 
biogeoclimatic zone (Meidinger & Pojar, 1991).  Streams within the Work Channel and 
Surf Inlet areas occupy the Very Wet Hypermaritime (CWHvh) subzone.  Streams within 
the Fraser Reach and Big Falls Lake areas occupy the Very Wet Maritime (CWHvm) 
subzone. 

2.0 METHODOLOGY  

Triton’s methodology and work plan was developed and based on personal 
communication with Davide Cuzner (Contract Coordinator, Viking Ecosystem 
Consultants Ltd.) along with a review of the tender documents and relevant literature. 

2.1 Existing Data and Literature Review 

The following presentations, technical reports, and publications were reviewed and 
incorporated into Triton’s proposed methodology: 

• Channel Assessment Procedure Field Guidebook, December 1996. (BC Forest 
Practices Code, 1996); 

• Channel Assessment Procedure Guidebook, December 1996 (BC Forest Practices 
Code, 1996a) 

• Channel Disturbance and Logging Slash in S5 and S6 Streams: An examination of 
streams in the Nitinat Lake area, Southwest Vancouver Island. (Millard, 2000); 

• Effects of Slash Retention and Removal in Small Streams near Zeballos and Gold 
River on Vancouver Island. (Rollerson et al, 1999); 

• Gully Assessment Procedure Guidebook, Fourth Edition Version 4.1, February 
2001. (BC Forest Practices Code, 2001); and  

• Monitoring Land Use on Fish Sustainability in Forest Environments, Final 
Report (Gustavson and Brown, 2002). 

2.2 Pre-Field Preparation 

Pre-field preparations entailed both office activities and logistical planning in co-
ordination with members of the project team.  The pre-field preparation included: sample 
site selection, logistical planning, pre field training, and a crew talk (project objectives, 
safety issues, and standard operating procedures). 

2.2.1 Sample Stream Selection 

The first phase of the sample stream selection was to obtain Silviculture Prescription (SP) 
documents and maps for the cutblocks identified in the tender documents.  The SP 
documents and maps were acquired from Triumph Timber Ltd., Pacific Cascade 
Consultants Ltd. (Thomson Industries Ltd.), and Interfor. 
 
The SP documents and maps were reviewed and mapped streams in and adjacent to each 
cutblock were identified for sampling based on each stream’s Riparian Class (S5 and S6) 
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as per the Forest Practices Code Fish Stream Identification Guidebook (BC Forest 
Practices Code, 1998), and its connectivity to downstream fluvial fish habitat.  Priority 
was given to streams with confirmed fish habitat downstream followed by streams that 
flow into suspected fish habitat.  Many streams were mapped within the cutblocks but the 
extent of mapping often ceased approximately 50 m outside the cutblock boundary.  At 
these points, maps typically indicate a general direction of flow into unclassified stream 
habitat.  These partially mapped streams were included in the sample as they provided 
increased sample size in order to facilitate and strengthen the impact assessment 
procedures. 

2.2.2 Control Stream Selection 

Control streams adjacent to the cutblocks were included within the sample set to 
discriminate if impacts between harvesting and natural conditions (slope position, aspect, 
gradient, soils, terrain, etc.).  Control streams provided an indication of pre harvest 
conditions. 
 
The selection of control streams followed the same procedure as a potential sample site. 
A number of control streams were identified as potential candidates for sampling with the 
final list being developed from streams unaffected from upstream harvesting. 

2.2.3 Field Card Development 

As part of the project, Triton developed a field card (Riparian Impact Assessment Field 
Card) to ensure standardized data collection in the field.  The data fields identified on the 
Riparian Impact Assessment Field Cards were derived from standards of the Resources 
Information Standards Committee (RISC) and Forest Practices Code guidebooks where 
considered relevant and applicable.  A sample field card along with a detailed breakdown 
of the standards and guidebooks used to generate the fields on the field card is presented 
in Appendix I.  The following standards and guidebooks were considered when 
developing the field cards. 
 
RISC Standards 

• Reconnaissance (1:20,000) Fish and Fish Habitat Inventory: Standards and 
Procedures.  Version 2.0 RIC April 2001 

 
Forest Investment Account – Aquatic Resources Standards 

• Monitoring Land Use Impacts on Fish Sustainability in Forest Environments, 
Final Report. March 2002 

 
Forest Practices Code Standards 

• Channel Assessment Procedure Guidebook, December 1996 
• Channel Assessment Procedure Field Guidebook, December 1996 
• Fish-stream Identification Guidebook.  Second Edition.  August 1998 
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2.2.4 Logistics 

All cutblocks were accessed via helicopter over the period of March 10-31, 2003.  Road 
access from an offshore logging camp was possible for 3 of the 4 geographic locations 
(Surf Inlet, Fraser Reach, and Big Falls Lake).  No other means of access was considered 
practical given the long distances to sample locations, closed logging camps, and 
compressed timeframe of the project. 

2.3 Field Assessments 

Details of activities conducted in the field and sampling methods used are described 
below. 

2.3.1 Field Site Selection 

Streams identified in the pre-field planning phase of the project were located with 
reference to SP maps and In-House Harvesting Plan Maps (Triumph Timber Ltd.)  The 
In-House Harvesting Plan Maps were used because they were accurate given they 
reflected actual logging activities, which were not always shown on SP maps.  Falling 
corners, stream locations, road locations, cutblock topography, culvert/bridge locations 
were used to ensure that the streams identified for sampling were correctly located and 
referenced. 
 
Sample streams had a sample site located within the harvested block and another sample 
site was located downstream of the harvested cutblock.  A preliminary ground survey of 
identified streams was conducted in order to select sample sites that were representative 
of the habitat and conditions present within the stream.  Streams over 100 m were 
surveyed for a minimum of 100 m.  Streams that were less than 100 m in length were 
surveyed over their entire length.  Portion of streams (<100 m) within the cutblocks or 
streams (<100 m) tributary to larger systems were also surveyed for their entire length.  
 
If small portions of streams were not suitable to represent the overall stream, the 
upstream (cutblock) and downstream characteristics were grouped onto one field card. If 
no impacts were identified within the cutblock there was no sampling downstream of the 
harvested cutblock. 
 
If no stream classification break was identified or the stream did not flow into fish 
bearing water, the downstream portion of stream outside the cutblock received a default 
classification (no fish sampling) as per the Forest Practices Code Fish Stream 
Identification Guidebook (BC Forest Practices Code, 1998).  For example if a section of 
stream below the cutblock received a default classification of fish bearing (gradient and 
potential access) this stream was treated as containing fish habitat.  Default classifications 
allowed crews to incorporate the use of downstream sample sites where fish presence was 
unknown. 
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2.3.2 Field Data Collection 

Field data was collected as per Chapter 4 of the Reconnaissance (1:20,000) Fish and Fish 
Habitat Inventory Standards and Procedures (Resource Inventory Committee, 2001), 
Channel Assessment Procedure Field Guidebook, December 1996  (BC Forest Practices 
Code, 1996), and Monitoring Land Use Impacts on Fish Sustainability in Forest 
Environments, Final Report. March 2002 (Gustavson and Brown, 2002).  Outlined in 
Appendix I is a list of the standards used to collect field data along with descriptions of 
collection techniques that deviate from the above listed standards.  All field data was 
recorded on Triton’s Riparian Impact Assessment Field Card and entered into a Microsoft 
Access 97 database.  Field data cards and representative site photographs are presented in 
Appendix II. 

2.3.3 Site Impact Rating 

An impact rating system was employed to establish a numerical basis for evaluating sites 
surveyed in the field.  Indicators of stream and channel disturbance were evaluated in the 
field to determine the extent and severity of each indicator compared to a natural stream 
channel (control stream).  Each indicator of disturbance was scored based on a 2 point 
scoring system.  A major impact to the stream channel was given a score of 2 points.  A 
minor impact to the stream channel was given a score of 1 point.  No score was given in 
cases were no impact to the stream channel was observed.  The rating system was based 
on 5 parameters (disturbance indicators): 

• Instream sediment, 
• Stream banks, 
• Morphology changes, 
• Logging debris, and 
• Length of disturbance. 

 
Instream Sediment 
 
Instream sediment and sedimentation was observed in the field and assigned a level of 
impact.  Major sedimentation represented visible occurrences of sediment deposits 
throughout the sample site or localized sedimentation that visibly alters the structure and 
function of the natural stream channel.  Minor sedimentation represented visible 
occurrence of sedimentation, which did not occur throughout the sample site or notably 
change the structure and function of the natural stream channel. 
 
Stream Banks 
 
The integrity of the stream banks was observed in the field and assigned a level of 
impact.  Major bank erosion or failure represented a visible occurrence of degraded banks 
throughout the sample site or localized bank failures that result in loss and function of the 
natural stream banks.  Minor bank erosion or failure represented a visible occurrence of 
bank degradation that did not occur throughout the sample site or notably change the 
structure and function of the natural stream banks. 
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Morphology changes 
 
Changes to stream morphology, pattern, and confinement were observed in the field and 
assigned a level of impact.  Major morphology changes represented a visible change in 
channel confinement, pattern, and morphology throughout the sample site or a localized 
impact that caused the channel to be diverted from its natural watercourse.  Minor 
morphology changes represent a visible occurrence of change in channel confinement, 
pattern, or morphology that did not occur throughout the sample site or notably change 
the structure and function of the natural stream channel. 
 
Logging Debris 
 
The interaction and amount of introduced logging debris, including large woody debris 
(LWD) and small woody debris (SWD), to the stream channel was observed and assigned 
a level of impact.  Major logging debris impacts represented a significant amount (covers 
>40% of the channel) of introduced debris within the stream channel or a localized 
introduction of debris that results in a visible alteration of the stream channel and 
function.  Minor logging debris impacts represented a small amount of logging debris 
(covers <40% of the channel), which does not significantly alter the function of the 
stream channel.  
 
Length of Disturbance 
 
The length of disturbance to the stream channel was observed and assigned a score based 
on extent of disturbance within the surveyed length.  Sample sites with more than 40% of 
the channel disturbed were considered major impacts and received a score of 2.  Sample 
sites that had between 40% and 5% of their channel disturbed were considered minor 
impacts and received a score of 1.  Sample sites with less than 5% of their channel 
disturbed were not assigned a score. 
 
The overall site impact rating was then determined by calculating the total score for the 5 
parameters within each site.  A site impact rating of severe, moderate, low, or none was 
then assigned for the following range of total scores: 

• 8-10 points-severe,  
• 5-7 points-moderate,  
• 2-4 points-low, and  
• 0-1 point-no meaningful impact. 

 
Overall site impact ratings are presented in Appendix II along with annotated SP maps, 
Riparian Impact Assessment Field Cards, and site photographs. 

3.0 RESULTS AND DISCUSSION 

The results, observations and findings described below are derived from the field data 
and annotated SP maps presented Appendix II. 



Triton Environmental Consultants Ltd.  3420.01/WP#T-1454 
  Page  8  

3.1 Cutblock Impacts 

A total of 153 sample sites were completed inside the harvested cutblocks within the 4 
geographic areas outlined in Figure 1.  All of the sites sampled inside the harvested 
cutblocks were completed on streams classified as S6 (non fish bearing).  No S5 streams 
were sampled.  Figure 2 shows the breakdown of sample sites inside the harvested 
cutblocks by geographic area.  The majority of streams sampled had average channel 
widths <1.5 m and an average gradient between 20 and 50%.  Histograms of average 
channel width and gradient are presented in Figures 3 and 4.  
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Figure 2.   Sample sites completed within harvested cutblocks by geographic  
  area (n=153). 
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Figure 4.   Average gradient of sampled streams within harvested cutblocks  
  (n=153). 
 
Each of the sample sites inside the harvested cutblocks was given an overall site impact 
rating based on the parameters defined in the site impact rating methodology (Figure 5).  
An occurrence rate of the overall site impact rating by geographic area is presented in 
Figure 6.  These data provided an understanding of the nature and extent of physical 
impacts to streams in harvested cutblocks and was considered critical in order to evaluate 
impacts on downstream fish habitat. 
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Figure 5.   Overall site impact rating of sample sites within harvested cutblocks  
  (n=153). 
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Figure 6.   Overall site impact rating of sample sites within harvested cutblocks 

by geographic area  (n=153). 
 
Figure 7 summarizes the percentage and ranked level of impact for each disturbance 
indicator in all sample sites completed within harvested areas.  The overall length of 
disturbance and logging debris impacts had the greatest impact on the stream channels 
within harvested areas.  Impacts caused by instream sediment, stream bank, and 
morphology changes were generally consistent in harvested areas. 
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all geographic areas  (n=153). 
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3.1.1 Logging Debris Impacts 

Each site within the harvested cutblocks was examined for the amount of introduced 
logging debris and the interaction it had on the stream channel.  Introduced logging 
debris was found to be the most prevalent of the impacts and had the greatest impact on 
the stream channel.  Within harvested blocks, introduced logging debris was present in 
98% of the sites surveyed.  Figure 8 outlines the level of impact and occurrence of 
logging debris within each of the 4 geographical areas. 
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Figure 8.   Occurrence and level of impact of logging debris within harvested 
cutblocks by geographic area (n=153). 

 
Three of the 4 geographical areas (Big Falls Lake, Surf Inlet, and Fraser Reach) were 
harvested with conventional logging techniques (grapple yarder with stump hold or 
mobile tail spar) and the cutblocks in Work Channel were harvested via aerial logging 
(heli-logging) techniques.  The occurrence and severity (Figure 8) of logging debris 
impacts was higher in the cutblocks harvested with conventional logging techniques 
verses those harvested by heli-logging.  This is due, in part, to the fall and yard across 
practices employed in the cutblocks over stream channels. 
 
Introduced logging debris plays a key role in the severity of impact and influences the 
degree to which other disturbance indicators may have been affected.  Figure 9 outlines 
the occurrence and severity of impact where impacts from logging debris were 
considered minor or not present.  When logging debris impacts were considered minor or 
none a noticeable reduction in severity of instream sediment and stream banks was 
observed.  The occurrence of major instream sediment impacts was reduced from a 17% 
to 4% and the occurrence rate of major stream bank impacts was reduced from 21% to 
6%.  A 10% reduction in the occurrence of morphology changes was noted corresponding 
to a minor reduction in severity was observed. 
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Figure 9.   Occurrence and level of impact of disturbance indicators where 

impacts from logging debris were considered minor or not present 
(n=47). 

3.1.2 Stream Bank Impacts 

Approximately 71% of the impacts to stream banks within harvested cutblocks were 
considered minor.  Minor stream bank impacts were most commonly associated with 
SWD and LWD jams where the channel was forced to move laterally resulting in 
increased flow and velocities leading to increased erosion.  Other minor stream bank 
impacts were associated with localized areas of disturbances caused by yarding or falling 
in the stream channel.   
 
Major stream bank impacts were most commonly associated with longitudinal yarding 
within the stream channel as well as falling and yarding across streams.  Another 
contributing factor to major impacts on stream banks was erosion caused by extensive 
logging debris blocking and re-direction of flow within the channel.  Longitudinal 
yarding often caused extensive disturbance to the bank integrity including streamside 
stumps, boulders, existing SWD/LWD, and substrates.  Extensive logging debris often 
increased the magnitude of small bank disturbances by concentrating flow over exposed 
areas that are subject to erosion.  None of the SP or In House Harvesting Plans showed 
longitudinal yarding as part of planned harvesting methods. 
 
In most cases, streamside vegetation was removed through harvesting leaving stream 
banks exposed to the thus increasing their vulnerability to erosion and increased loadings 
of suspended solids.  Bank degradation was also a contributing factor in morphological 
changes.  The relationship between stream bank integrity and the occurrence of major 
sediment impacts and morphological impacts within harvested cutblocks is demonstrated 
in Figure 10.   
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Figure 10.   Relationship between stream bank integrity and the occurrence of 

major sediment and morphology impacts in harvested cutblocks. 

3.1.3 Morphology Changes 

Approximately 70% of observed morphology changes were considered minor and were 
most commonly associated with logging debris blockages where the channel was re-
directed.  Increased logging debris and instability of stream banks are key contributors to 
the increased potential for morphology changes (Figures 9 and 10).  Other minor 
morphology changes were associated with localized areas of disturbances caused by cross 
stream yarding and falling in unconfined sections of stream channel.  These unconfined 
sections usually occur on small benches within the cutblock and at the toe of the slope 
where gradient declines. 
 
Major morphology changes were most commonly associated with extensive logging 
debris blockages and/or channel diversions.  Extensive logging debris blockages caused 
channel expansion, diversions, and braiding.  Channel diversions were often a result of 
logging debris blockages in unconfined sections, damage due to mobile backspar 
crossings, or failure to maintain natural drainage patterns at road locations. 

3.1.4 Instream Sediment 

Approximately 74% of observable instream sediment impacts were considered minor.  
Minor instream sediment impacts were most commonly associated with overland 
transport and areas of stream bank erosion as evident in Figure 10. 
 
Major sediment impacts were most commonly associated with mobile backspar damage 
as well as extensive ditchline, road, and stream bank erosion.  Sedimentation directly 
linked to bank erosion accounted for 44% of all sediment impacts.  Road and ditchline 
erosion was linked to 32%, and mobile backspar damage accounted for 24% of sediment 
impacts. 
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Instream sedimentation within the cutblock results in the formation of sediment wedges, 
pool infilling and changes in morphology.  Where no sediment impacts within the 
cutblock were observed major morphology changes occur in 15% of the sample sites 
compared to 35% of the sites when major sediment impacts are observed. 

3.1.5 Length of Disturbance 

Approximately 86% of the sample sites within harvested cutblocks had disturbances in 
more than 40% of their length.  Thirteen percent had between 5 and 40% of their channel 
disturbed and 1% had less than 5% percent of their channel disturbed.  A histogram 
providing the length of disturbance for sample sites within harvested cutblocks is 
provided in Figure 11. 
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Figure 11.   Length of disturbance for sample sites within harvested cutblocks 
(n=151*). * 2 sample sites did not have a specified length of disturbance 

3.2 Downstream Impacts 

A total of 102 sites were sampled downstream of harvested cutblocks within the 4 
geographic areas outlined in Figure 1.  Approximately half (47%) of the sites sampled 
downstream of the harvested cutblocks were completed on streams classified as fish 
bearing.  Two of the fish bearing streams were classified as S2, 11 were classified as S3, 
and 35 were classified as S4.  All of the non fish bearing streams were classified as S6.  
Figure 12 shows the breakdown of sites sampled downstream of the harvested cutblocks 
by geographic area. 
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Figure 12.   Sample sites completed downstream of harvested cutblocks by 
geographic area (n=102). 

 
The majority of streams sampled had average channel widths <1.5 m and an average 
gradient between 0 and 20%.  Histograms of average channel width and gradient are 
presented in Figures 13 and 14.  
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Figure 13.   Average channel width of sampled streams downstream of harvested 
cutblocks (n=102). 
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Figure 14.   Average gradient of sampled streams downstream of harvested 
cutblocks (n=102). 

 
Each of the sample sites downstream of harvested cutblocks was given an overall site 
impact rating based on the parameters defined in the site impact rating methodology 
(Figure 15).  The occurrence of the overall site impact rating by geographic area is 
presented in Figure 16.  A notable decrease in the severity of impact and occurrence rate 
was observed between the level and extent of disturbance inside the harvested cutblocks 
(Figure 6) and the impacts observed downstream of the harvested cutblocks (Figure 16).  
The decrease in overall impact rating was primarily due to a reduction in harvesting 
related impacts (cross stream yarding and falling) and naturally occurring levels of 
woody debris. 
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Figure 15.   Overall site impact rating of sample sites downstream of harvested 
cutblocks (n=102). 
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Figure 16.   Overall site impact rating of sample sites downstream of harvested 

cutblocks by geographic area  (n=102). 
 
The percentage and level of each disturbance parameter’s occurrence for all sample sites 
completed downstream of harvested areas is presented in Figure 17.  An overall decrease 
in the occurrence and level of severity for specific indicators of disturbance in 
downstream habitat was observed for all parameters.  A decrease in occurrence and 
severity of stream bank, morphology changes, and logging debris impacts was observed 
compared to their occurrence and severity within the harvested cutblocks (Figure 7).  The 
occurrence of stream bank impacts decreased by 50% and the severity of major impacts 
decreased by 20%.  The occurrence of morphology changes decreased by 45% and the 
severity decreased by 16%.  A large reduction in the severity of observed length of 
disturbance was noted (86% to 15%). 
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cutblocks in all geographic areas  (n=102). 
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3.2.1 Sedimentation 

Some level of sedimentation was observed in 51% of the sample sites downstream of the 
harvested cutblocks compared to 65% in harvested cutblocks.  Approximately 88% of the 
observed instream sediment impacts were considered minor and were most commonly 
associated with deposits of sand (0.05 to 2.0 mm) or finer particles (<0.05 mm).  Minor 
deposits of sand or fines were not extensive enough to change the structure or function of 
the stream channel.  These deposits were often distinguished from natural sedimentation 
from the particle size, shape, color and location.  For example road materials were 
observed to be lighter in color and angular when compared to naturally occurring 
particles.  Often the sediment transported from the cutblock would be larger than the 
naturally occurring deposits. 
 
Major sediment impacts in sites downstream of cutblocks were most commonly 
associated with upslope streams with major sedimentation associated with ditchline and 
road erosion.  Sites with mobile backspar damage or extensive stream bank erosion 
within the harvested cutblock often resulted in major sediment impacts in the sites 
downstream of the cutblock.  Major sedimentation downstream of the harvested 
cutblocks resulted in sediment wedges, pool infilling, siltation, and changes in 
morphology.  The downstream length of major sedimentation impacts was generally less 
than 50 m from the harvested cutblock boundary.  The severity of impact was higher 
immediately downstream of the harvested cutblock and decreased as the distance from 
the harvested area increased.  In only one case was the downstream sedimentation noted 
greater than 50 m downstream of the harvested cutblock boundary. 

3.2.2 Logging Debris Transport 

Sample sites downstream of harvested cutblocks were examined for the amount of 
introduced logging debris and the interaction the introduced logging debris has on the 
stream channel.  Introduced logging debris was present in 63% of the sites surveyed 
downstream of harvested cutblocks compared to 98% in harvested cutblocks.  
Approximately 94% of the logging debris impacts downstream of the harvested cutblocks 
were considered minor. 
 
In most cases minor logging debris impacts were associated with SWD transport from the 
harvested cutblock into the first 30 m downstream of the harvested block.  Extensive 
logging debris transport was not observed mainly due to the lack of transport potential in 
harvested streams.  The abundance of logging debris in the channel decreases as the 
distance away from the harvested cutblock increases. 
 
Major logging debris impacts were most commonly associated with falling from within 
cutblock into riparian areas of streams outside the cutblock.  These impacts were most 
severe when felled trees broke apart upon impact.  Large amounts of woody debris were 
deposited in the stream channel leading to damaged banks and changes in channel 
morphology.  Other major impacts from logging debris were associated with the transport 
and integration of logging debris into existing SWD/LWD jams.  In these cases, the 
introduced debris increased the magnitude of the observed impacts. 
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3.2.3 Stream Bank Integrity 

Impacts to the stream banks were present in 21% of the sites surveyed downstream of 
harvested cutblocks compared to 71% in harvested cutblocks. Approximately 95% of the 
observable stream bank impacts were considered minor.  The reduction in occurrence and 
severity is primarily due to the lack of harvesting impacts, reducing exposure to physical 
damage.  The retention of streamside vegetation provided additional protection against 
erosion and reduced the severity of stream bank impacts. 
 
Minor stream bank impacts were noted when downstream channels failed to handle high 
flows.  This was often a result of flow focusing in ditchlines subsequently into stream 
channels after they have intercepted and concentrated surface runoff and subsurface flow 
(groundwater).  The only major impact to downstream bank integrity was a direct result 
of road ditchlines concentrating flow into a channel that did not have the ability to handle 
the increased flow.  In this case, increased flow resulted in channel expansion through 
stream bank erosion. 

3.2.4 Channel Morphology 

Channel morphology changes were present in 12% of the sites surveyed downstream of 
harvested cutblocks compared to 67% in harvested cutblocks. Approximately 82% of the 
observable stream bank impacts were considered minor.  The reduction in occurrence and 
severity compared with the harvested cutblocks is primarily due to the lack of logging 
debris in the channel and the lack of stream bank impacts.  Intact stream banks allow the 
channel to contain the flow during high water events.  A reduction in logging debris 
results in fewer debris jams which often are the cause of the channel migration and new 
channel formation. 
 
Minor morphology changes were most commonly observed when downstream channels 
failed to handle peak flows.  As with bank erosion, this was often a result of flow 
focusing in ditchlines subsequently into stream channels after they have intercepted and 
concentrated surface runoff and subsurface flow (groundwater).  The increased flow 
allows for channel migration in unconfined areas or adjacent to debris jams.   
 
Three of the 4 major morphology changes were direct results of road ditchlines 
concentrating flow into a channel that does not have the ability to handle the increased 
flow or diversion from its natural streambed.  Two of the major road related morphology 
changes involved channel diversion through poor culvert placement.  The only non road 
related major morphology change was caused by a logging debris jam in the harvested 
cutblock that caused the channel to be diverted into another drainage. 

3.2.5 Distance of Impact 

The length of disturbance for sample sites downstream of harvested cutblocks was 
evaluated based on the extent of disturbance within the surveyed length.  Approximately 
15% of the sample sites downstream of harvested cutblocks had disturbances in over 40% 
of their length.  Seventy percent had between 5 and 40% of their channel disturbed and 
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15% had less than 5% percent of their channel disturbed.  A histogram providing the 
length of disturbance for sample sites downstream of harvested cutblocks is provided in 
Figure 18. 
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Figure 18.   Length of disturbance for sample sites downstream of harvested 
cutblocks (n=102). 

 
In a majority (71%) of cases the length of disturbance does not exceed 30 m downstream 
of the harvested cutblock.  The length of disturbance is also reflective of the lack of 
transport potential found in these small (<1.5 m) streams.  Often a disturbance found in 
the downstream channel was located immediately adjacent (15 m) to the harvested 
cutblock.  Falling timber (woody debris) from the harvested cutblock into riparian areas, 
logging debris, and sediment transport are the most common disturbances within the 15 
m downstream of the harvested cutblock. 

3.2.6 Biophysical Parameters 

Several biophysical parameters of upstream (harvested areas) and downstream (non 
harvested areas) on 73 streams were compared in an attempt to identify differences 
between the upstream and downstream habitat.  The average of 6 biophysical parameters 
comparing upstream and downstream habitat is presented in Table 1. 
 
Table 1.  Comparison of upstream and downstream habitat. 
Parameter  Range 

(m) 
Upstream 

(m) 
Range 

(m) 
Downstream 

(m) 
Difference 

(m) 
Channel Width 0.42-3.87 1.38 0.48-4.03 1.37 0.01 
Wetted Width 0.29-2.62 1.04 0.48-3.85 1.15 0.09 
Residual Pool 
Depth 

0.05-0.42 0.15 0.05-0.53 0.25 0.10 

Bankfull Depth 0.05-0.50 0.27 0.08-0.62 0.33 0.06 
D95 0.01-1.0 0.29 0.01-0.90 0.28 0.01 
Gradient (%) 2-57 30 2-54 15 15 
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The comparison shows no meaningful difference between upstream and downstream 
channel width or D95.  However small differences in wetted width, residual pool depth, 
and bankfull depth are observed.  The difference in bankfull depth may be due to the 
maintenance of stream bank integrity, lack of morphology changes (channel expansion or 
braiding) and lack of sedimentation in downstream habitat.  Bank erosion, sedimentation, 
and morphology changes in upstream habitat may have caused some channel expansion 
thus reducing the measurable bankfull depth.  The difference in residual pool depth is 
most likely due to the physical location (toe) and bed substrates (fines/gravels) of the 
downstream habitat.  The difference in dominant bed substrates between upstream and 
downstream habitat is outlined in Figure 19.  The difference in wetted width could be an 
indicator of channel expansion in the upstream habitat.   
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Figure 19.   Dominant substrates in upstream and downstream habitat (n=73). 
 
Caution should be taken in interpreting the comparison between upstream and 
downstream habitat.  The measurement of the biophysical parameters was difficult within 
the harvested cutblocks due to the high level of disturbance within the cutblocks.  The 
downstream habitat was relatively undisturbed with allowed for more precise 
measurements.   

3.3 Natural Impacts to Control Streams 

A total of 43 sample sites were completed on control streams adjacent to the harvested 
cutblocks within the 4 geographic areas outlined in Figure 1.  One control stream (Site 
504) was removed from the data set because of a significant road failure upstream of the 
sample site.  Approximately 40% of the sites were sampled downstream of road crossings 
and the remainder of sites were conducted on streams with no road impacts.  A total of 15 
control streams were completed on streams classified as fish bearing.  The remainder of 
control stream sample sites were completed on non fish bearing streams.  Six of the fish 
bearing streams were classified as S3 and 9 were classified as S4.  Three of the non fish 
bearing streams were classified as S5 and the remainder were classified as S6.  Figure 20 
shows the breakdown of control stream sample sites completed by geographic area. 
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Figure 20.   Control stream sample sites by geographic area (n=42). 
 
The majority of streams sampled had average channel widths <2.0 m and average 
gradients between 0 and 30% (Figures 21 and 22). 
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Figure 21.   Average channel width of all control streams  (n=42). 
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Figure 22.   Average gradient of control streams (n=42). 
 
The overall site impact rating (Figure 23) did not notably change when control sites 
downstream of roads were removed.  Therefore it was accepted that all control streams 
were included in the sample because there was no difference between control streams 
downstream of road crossings and those unaffected by roads.   
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Figure 23.   Overall site impact rating of control stream sample sites (n=42). 
 
The overall site impact rating by geographic area is presented in Figure 24 and shows that 
the level of severity of impact and occurrence between the sample sites downstream of 
the harvested cutblocks (Figure 16) and the control streams is similar for occurrence but 
the level of severity is slightly higher in the control streams.  The increase in level of 
severity may be due to the limited number of control stream sample sites, natural 
disturbance and the slightly larger average channel width and gradient present in the 
control stream sample set. 
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Figure 24.   Overall site impact rating of control stream sample sites by 

geographic area  (n=42). 
 
The percentage and level of each disturbance indicators for all control stream sample 
sites is presented in Figure 25.  The rate of occurrence and severity of stream bank, 
morphology changes, and logging debris impacts were similar to sample sites 
downstream of harvested cutblocks (Figure 17).  The level of severity was slightly higher 
within the control streams as described above.  The source of woody debris within 
control streams came primarily from windthrow and natural litter fall. 
 

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Instream Sediment Stream Banks Morphology
Changes

Woody Debris Length of
Disturbance

Indicator

%
 o

f S
ite

s 

None Minor Major

 
Figure 25.   Occurrence and level of impact for control stream sample sites in all 

geographic areas  (n=42). 

3.4 Impacts to Fish Habitat 

In 95% of the sample sites impacts to fish habitat were considered negligible or no 
impact was observed.  Negligible impacts in downstream fish habitat were observable but 
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the extent and severity of the impact was no greater than the naturally occurring impacts 
found within the sites conducted on control streams.  The distance of fish habitat 
downstream of the harvested cutblocks limited the extent to which habitat is impacted.   

3.4.1 Distance to Fish Habitat 

The level of impact to fish habitat was directly correlated to the distance that fish habitat 
was located downstream from the harvested cutblocks.  The majority (71%) of impacts to 
downstream habitat occurred within 30 m of the cutblock boundary as estimated (map 
interpretation) or measured for each sample site (stream) within the harvested cutblocks.  
The distance from fish habitat along streams for each sample site within the harvested 
cutblocks is presented in Figure 26.  
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Figure 26.   Distance to fish habitat along streams from harvested cutblock  
boundary (n=150*). * 3 samples sites had unconfirmed distances to fish habitat 

 
The severity and frequency of impacts within stream channels was the highest within the 
first 15 m downstream of a harvested cutblock and the severity of impacts was observed 
to reduce as the distance from the harvested cutblocks increased.  The majority (75%) of 
cutblock boundaries were located greater than 30 m away from fish habitat.  For these 
streams, the impacts observed within the first 30 downstream of the harvested cutblock 
had dissipated before reaching fish habitat.  Approximately 23% of the streams crossing 
cutblock boundaries were located within 25 m of fish habitat with 82% occurring within 
15 m of fish habitat.  Within these streams the level of impact to fish habitat was 
proportional to the severity of impact observed within the first 15 m downstream of the 
cutblock boundary. 

3.4.2 Sediment Transport 

Some level of sedimentation was observed in 51% of the sample sites downstream of the 
harvested cutblocks.  Approximately 88% of the observable instream sediment impacts 
downstream of the harvested blocks were considered minor.  Similar levels of 
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sedimentation were observed within the control streams with some level of sedimentation 
occurring in 50% of the surveyed streams with 81% considered as minor.  The 
comparison between the level of sedimentation between control streams and downstream 
sample sites indicates that in most cases the level of sedimentation is noticeable but not 
greater than occurring naturally.  
 
Sediment transport and sedimentation occurred in 5 of the 12 adverse impacts to fish 
habitat.  In most cases sediment was mobilized from the road cut via ditchlines and 
transported downstream through the harvested block into fish habitat.  Sediment transport 
to fish habitat resulted in pool infilling, increased turbidity, and a change in the structure 
and function of the stream channel. 
 
Examination of stream gradients and wetted perimeters show that sediment as large as 
gravel and small cobble have the potential to be transported to downstream fish habitat.  
The amount and size of particles that could potentially be transported is reflected in the 
sediment sources generated from road construction and harvesting and sediment storage 
sites (sediment wedges) in harvested cutblocks.  It is clear that sediments will eventually 
be transported to downstream habitat although the timeframe, amount, and concentrations 
are difficult to predict at this time.  There is no doubt that harvesting has led to an 
acceleration of suspended solids generation, storage, and movement downstream that 
could eventually impact fish habitat. 

3.4.3 Logging Debris Transport 

Some level of logging debris was present in 63% of the sites surveyed downstream of 
harvested cutblocks and approximately 94% of those impacts were considered minor.  
Impacts from woody debris (SWD/LWD) in control streams were present in similar 
percentages.  Control streams for example had woody debris impacts in 64% of the sites 
surveyed with 81% of those impacts considered minor.  The comparison between woody 
debris in control streams and logging debris in downstream sites indicates that the level 
of logging debris transport is similar with the natural amount of woody debris in the 
channel.  In most cases, streams within harvested cutblocks did not have the potential to 
transport large amounts of logging debris that would impact downstream fish habitat. 

3.4.4 Channel and Ditchline Diversion 

Channel and ditchline diversion were the primary cause of 7 out the 12 non negligible 
impacts to fish habitat.  The concentration of ditchline flow (focusing flows) or the 
interception of multiple streams into one stream crossing resulted in increased flow to 
downstream habitat creating morphology changes and erosion problems, ultimately  
destabilizing the natural stream channel.  Channel diversion impacted fish habitat in all 
cases where culverts did not maintain the natural drainage pattern.  A reduction in stream 
flow was observed where culverts were not installed or where the channel was diverted 
into an adjacent drainage. There were no sample sites where fish habitat was dewatered 
due to not maintaining natural watercourses. 
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4.0 CONCLUSIONS 

4.1 Harvesting Related Impacts 

The impact of harvesting activities on non fish bearing streams was evident with over 
98% of the sample sites within harvested cutblocks.  Approximately 75% of these sample 
sites within the harvested area were assigned an overall impact rating of moderate or 
higher.  The length of the disturbances within the harvested blocks was also extensive 
with 86% of the disturbances being greater than 40% of the sample site length. 
 
The primary source of impacts within harvested cutblocks was due to logging debris 
within the stream channel.  A reduction in logging debris impacts was found to reduce the 
severity of instream sediment and stream bank impacts.  Reduced logging debris was also 
found to lower the occurrence of morphological changes. 
 
Secondary causes of impact within harvested cutblocks included introduced sediment, 
loss of stream bank integrity, and morphology changes.  Degradation of stream banks 
(bank destabilization) through cross stream falling and yarding as well as longitudinal 
falling and yarding within riparian areas resulted in increased sedimentation and 
morphology changes within the harvested cutblock.  The concentration of overland flow 
into ditchlines combined with erosion from road construction resulted in major 
introductions of sediment and changes in morphology. 
 
A reduction of introduced logging debris in the stream channel and maintaining natural 
drainage patterns along the road right-of-way would most likely reduce the majority of 
harvesting related impacts to stream habitat.  Small streams (<1.5 m channel width) 
within harvested blocks have low transport potential, suggesting the majority of instream 
sediment and logging impacts within the cutblock have not be transported to downstream 
fish habitat. 

4.2 Impacts in Non Harvested Areas 

A reduction in the level of severity and occurrence rate of impacts was observed 
downstream of harvested cutblocks.  The low transport potential of upslope streams 
results in mostly minor impacts over a limited distance in downstream habitat.  The 
majority of downstream impacts were located in the first 30 m downstream of harvested 
cutblocks, supporting the observation of low transport potential observed within the 
harvested cutblock.  The severity of downstream impact was highest adjacent to the 
cutblock boundary and a reduction of severity was observed as the distance away from 
the cutblock boundary increased.  In most cases the cutblock boundary was located 
greater than 30 m away from fish habitat, consequently most impacts occurred within non 
fish bearing portions of the stream.   
 
The natural sediment and debris characteristics of control streams were similar to impacts 
observed in fish habitat downstream of harvested areas.  The majority of impacts in 
downstream habitat were considered minor and were considered to have a negligible or 
no impacts to fish habitat.  The majority of non negligible impacts to fish habitat were 
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associated with sediment transport and deposition as well as channel diversion due to 
road crossings and ditchline erosion. 

4.3 Limitations of the Results 

The findings and observations within this project are limited to describing the site 
conditions present at the time of the field survey.  Each sample site provides baseline 
information for specific sites, which are dynamic and constantly changing with time.  The 
cutblocks incorporated into the sample were harvested between 1998 and 2002.  Due the 
recent harvest dates the results in this project should only be applied to describe the short 
term (0 to 5 years) impact of forest harvesting activities on downstream fish habitat.  
Water quality testing was not conducted as part of this project, which limits the project to 
describing the physical impacts to non fish bearing streams in cutblocks and downstream 
fish habitat.  The level of impact that harvesting may have had on invertebrate 
populations or fish populations was not measured or assessed. 

5.0 RECOMMENDATIONS 

Based on a review of the conclusions and results presented above, are the following 
recommendations are proposed: 

• Review and adjust harvesting practices to avoid and mitigate adverse impacts to 
streams within and adjacent to cutblocks and riparian zones (reserves and 
designated management areas); 

• Maintain natural drainage patterns (flow, direction and water quality), avoid 
consolidating and focusing flow, and provide adequate drainage on deactivated 
roads; 

• Determine how to evaluate/assess longer term sediment and debris delivery to 
downstream habitat and if these potential impacts would result in reduced 
productive capacity; 

• Consider expanding these methods and procedures to include additional cutblocks 
from heli-logging, other landscapes, prescriptions, and varying times post harvest; 
and  

• Identify candidate fish habitat downstream of cutblocks for longer term 
monitoring of harvest-related activities and rate of habitat recovery. 
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