
639

Introduction

British Columbia’s forests provide a wealth of eco-
nomic, social, and environmental benefits. Over the 
last century, however, as the extent of forest devel-
opment has expanded, so too have forestry-related 
disturbances that require restoration. Ecological 
restoration1 is the process of assisting in the recovery 
of ecosystems that have been damaged, degraded, 
or destroyed (Society for Ecological Restoration 
International 2004). Initially, the principal focus 
of restoration in British Columbia was on fish and 
fish habitat. More recently, concerns have broad-
ened to encompass a wider range of ecological and 
social values (e.g., threatened or rare species, climate 
change mitigation). 

This chapter provides a review of the various wa-
tershed, riparian, and stream restoration approaches 
that have been applied over the last 20 years in Brit-
ish Columbia. Although previous habitat restoration 
and compensation programs for mining, highways, 
and hydroelectric projects also contribute to this 
body of knowledge, the focus here is on methods 
applied in British Columbia to address forest disturb-
ances. This chapter provides a history of watershed 
restoration in British Columbia, outlines watershed 

restoration planning principles, and then specifically 
discusses various hillslope, road, riparian, flood-
plain, and stream channel restoration approaches 
that have been applied in the province. The chapter 
concludes with a discussion of several emerging 
watershed restoration topics. 

Note that content for this chapter was drawn from 
many key references, as well as the personal experi-
ences of the authors and their colleagues. Further-
more, some of the generalizations in this chapter 
may not be applicable to all areas of the province. 
As with every developing science, several schools of 
thought have emerged on restoration, and thus the 
methods covered in this chapter may not be uni-
versally accepted by all practitioners. Readers are 
encouraged to review the many supporting docu-
ments cited in this chapter and to review the specific 
watershed qualities and issues discussed to deter-
mine whether the information presented applies to 
their particular watershed restoration issues. 

Historic Forest Development Disturbances 

Forest practices have evolved dramatically over the 
last 40 years. Poor logging practices in the past left 
a legacy of watershed disturbances that have been 
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the focus of many restoration efforts in the province. 
Some of the more significant historic disturbances 
included () logging of floodplains, fans, and ripar-
ian forests; (2) cross-stream yarding and removal of 
wood from within stream channels; (3) harvesting 
terrain features that were susceptible to instability 
or erosion, such as gullied slopes, escarpments, and 
steep, unstable, or marginally stable slopes; and (4) 
poor road construction practices. 

Logging of floodplains, fans, and riparian forests
In many areas, the logging of floodplains, active 
fans, and riparian forests along alluvial streams led 
to increased channel bank erosion and subsequent 
channel destabilization, widening, and sediment ag-
gradation (Figure 8.; Wilford et al. 2005). In many 

cases, logging of riparian forests also resulted in a 
loss of large wood debris (LWD) recruitment. In addi-
tion to these physical channel effects, the removal of 
riparian vegetation resulted in short-term losses of 
shade, cover, and food sources.

Cross-stream yarding and wood removal
In some channel types, the loss of LWD through 
cross-stream yarding disturbance or direct removal 
resulted in long-term loss of channel structure (i.e., 
pools, habitat features) and increased sediment 
transport, which can cause a coarsening of channel 
bed material (Figures 8.2 and 8.3).

Harvesting unstable or marginally stable terrain
Landslides occur naturally in many British Columbia 

FIGURE 8.  Historical air photos showing the changes (increased channel width and increased 
sediment loading) associated with forest harvesting along Dewdney Creek, a tributary 
to the Coquihalla River near Hope in (a) 1948 and (b) 1996. (Image compilation: M. 
Miles)

a

b
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FIGURE 8.3  Where large woody debris has been lost or removed from alluvial streams, channel 
structure is lost, the channel bed becomes uniform (planar), and the bed material 
coarsens. Stream in second-growth forest on central Vancouver Island. (Photo:  
G. Horel)

FIGURE 8.2  In alluvial streams in natural coniferous forests, large woody debris stores sediment, 
creates pools and channel structure, and provides habitat elements. Tributary in an 
unlogged area of Doc Creek watershed, mainland coast. (Photo: G. Horel)
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road ditches and diversion/concentration onto 
slopes below the road;

• inadequate cross-drain culvert design; and
• use of stream crossing structures that impeded 

fish passage, restricted streamflow, and (or) had 
unstable approach cuts and eroding fills.

As a result of these issues, landslides and erosion 
from and below old roads has been a major source of 
increased sediment to streams (Figures 8.5 and 8.6). 

Evolution of British Columbia Forest Practices and 
Watershed Restoration

The recognition that poor forestry practices were 
having negative impacts led to the development 
and implementation of restoration strategies for 
degraded sites (Carr 985). Early restoration efforts 
in British Columbia sought to control damage, and 
consisted largely of hydro-seeding and silvicultural 
plantings of cut and fillslopes and landslide scars. 
Nevertheless, it soon became apparent that many 
of the watershed problems could not be adequately 
addressed by hydro-seeding and seedling planting 
alone (Homoky 987). In 987, the British Columbia 
Coastal Fisheries/Forestry Guidelines were intro-
duced (with full implementation in 988) with the 
intention of improving harvesting practices around 
streams (B.C. Ministry of Forests et al. 988). In con-
junction with these guidelines, incentives were pro-
vided through the stumpage system to do remedial 
work on roads (e.g., Action Assessment Plans). This 
was the first broad initiative in British Columbia to 

landscapes and are important sources of coarse sedi-
ment for stream substrates and spawning gravels. In 
some regions, however, sediment supply significantly 
increased because of logging on erodible or unstable 
terrain (Figure 8.4). Increases in sediment supply 
can result in higher rates of sediment loading, which 
causes pools to infill and channel changes in alluvial 
streams, including aggradation, changes in bed ma-
terial texture, widening, and dewatering at low flows, 
which affects habitat conditions. 

Road construction
Historically, road construction practices often did 
not consider the stability of road cuts and fills on 
steep slopes. Road cuts and ditches altered drainage 
and made no provision for fish passage or sedi-
ment and erosion control around stream crossing 
structures. Key problems associated with poor road 
construction practices include:

• oversteepened, unstable fills on steep terrain;
• high, unstable cutslopes;
• surface flow and groundwater interception by 

FIGURE 8.4  Examples of landslides related to forestry development in two harvested areas on the west side of Vancouver Island. 
(Photos: T. Millard)
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manage road-related erosion and instability through 
deactivation. Also in 988, forest companies became 
responsible for reforestation, and a strong effort to 
plant backlog areas helped reduce erosion and ac-
celerate the hydrological recovery of logged sites (W. 
Warttig, Interfor, pers. comm., Nov. 2007). 

In the early 990s, public concern over forest prac-
tices heightened as it became evident that landslide 
frequency had increased as a result of accelerated 
harvesting on steep terrain coupled with poor road-
building techniques (Chatwin et al. 994). The Forest 
Practices Code Act of British Columbia, enacted in 

July 995 and implemented in 996 after a transition 
period, dramatically changed forest practices to re-
duce the need for restoration. Key changes affecting 
watershed condition included:

• establishment of specified riparian management 
zones and reserves;

• avoiding destabilization of fans on the coast;
• identification of unstable or potentially unstable 

terrain for both roads and cutblocks, and avoid-
ance of harvesting or road construction that 
would lead to a high hazard of landslides;

• higher standards for road construction, main-
tenance, and deactivation; drainage design; and 
culverts, including the introduction of full-bench 
and end-haul construction as standard practice 
for roads on steep slopes (B.C. Ministry of Forests 
2002); and

• specific guidelines for stream crossings and fish 
passage to minimize sediment introduction to 
streams, to protect against erosion at the cross-
ing site, to prevent encroachment into the stream 
channel, to provide sediment and large woody de-
bris transport through structures, and to ensure 
that fish passage2 was not impeded (B.C. Ministry 
of Forests 2002).

Recognizing that a formal program was needed 
to improve the condition of disturbed watersheds, 
the British Columbia Ministry of Forests initiated 
the Watershed Restoration Program (WRP) in the 
fall of 993. In 994, Forest Renewal BC (FRBC) was 
established with funding from the stumpage sys-
tem. The purpose of FRBC was to provide a funding 
mechanism not only for watershed restoration activi-
ties, which were expanded to include the Terrestrial 
Ecosystem Restoration Program (TERP), but also 
for a wide range of other activities related to forest 
management, including research. Watershed restora-
tion projects under these programs have mostly been 
led by forest licensees, or had a forest licensee as a 
major partner. An important role of the WRP and 
FRBC and its successor programs has been to develop 
standards and guidelines for assessments and resto-
ration activities. 

FIGURE 8.5  Misery Creek in the mid-Coast Mountains of 
British Columbia illustrates landslide and erosion 
problems that can occur from road construction 
on steep, unstable terrain. (Photo: M. Miles) 

2 The free computer program, FishXing3 (www.stream.fs.fed.us/fishxing/index.html), was developed to assist engineers, hydrologists, 
and fish biologists in evaluating and designing culverts for fish passage.

http://www.stream.fs.fed.us/fishxing/index.html
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FIGURE 8.6 Example of road fill landslide, West Coast Vancouver Island. (Photo: T. Millard)

WATERSHED RESTORATION PLANNING

Restoration Goals 

For many forms of watershed development, such as 
mines, highways, railways, hydro-infrastructure, 
agriculture, and urban development, restoration 
measures are often compensatory since facilities and 
infrastructure are frequently established for the long 
term. Forest development, however, differs in that 
only a small portion of fixtures are permanent (e.g., 
major mainlines, log sorts); most are short term (e.g., 
branch and spur roads, landings, temporary camp 
sites). Additionally, considerable opportunity exists 
to minimize disturbances in future forest develop-
ment. For example, helicopter yarding can be used 
to avoid road construction in harvesting and access 
areas where winter roads or temporary roads on 
potentially unstable terrain would have tradition-
ally been used. These opportunities are typically not 
available to other kinds of development at fixed loca-
tions, such as transportation or utility corridors. 

Significant disturbance caused by infrastructure 
developments can be substantially mitigated, or the 
infrastructure can be decommissioned altogether. 
Even with permanent infrastructure, opportuni-
ties exist to mitigate problem sites (e.g., relocating 
sections of mainline). In forested settings, it is not 
unrealistic to plan for recovery to pre-disturbance 
conditions for processes that may take decades. It is 
also feasible to consider restoration approaches that 
employ short-term measures with the objective of 
having nature take over. In other kinds of develop-
ment, particularly in urban areas, this may not be 
possible if natural processes have been permanently 
altered. Hence, the type of watershed development 
that occurs will have a strong influence on restora-
tion goals and planning. 

Restoration goals provide the purpose of restora-
tion—that is, the end points that restoration efforts 
are to achieve and the basis for project evaluation. 
For example, an overarching restoration goal may be 
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to re-establish ecological processes and functions by 
means of the following objectives:

• promoting a recovery trend toward pre-disturb-
ance conditions,

• mitigating impacts where restoration is not fea-
sible, and

• improving or developing habitat to compensate 
for habitat permanently lost or irreversibly de-
graded.

Rehabilitation treatments should not be confused 
with restoration goals (Atkins et al. 200). Rehabili-
tation measures, such as road deactivation or the 
construction of off-channel habitat, are employed 
to help reach restoration goals but are not goals in 
themselves. 

Restoration Prioritization and Planning

A watershed or sub-unit may be selected for restora-
tion because of specific interests in the watershed 
and concerns over known impacts. Landscape-level 
assessments can also be done to select watershed 
units for restoration based on criteria for watershed 
disturbance and relative fish values. A number of ap-
proaches for prioritizing watersheds for restoration 
have been developed by government agencies, forest 
licensees, and watershed specialists. One example is 
illustrated in Figure 8.7.3 Green (2005) offers another 
example of watershed risk analysis. Conducting a 
risk analysis (e.g., Wise et al. 2004) is also strongly 
recommended as part of restoration planning.

Once restoration areas are prioritized, it is im-
portant to set specific restoration goals and project 
objectives. The next step is to characterize the hy-
drologic and geomorphic processes in the watershed 
and identify sensitive areas, disturbances that have 
occurred, and current watershed trends. Selection of 
sites for treatment and rehabilitation measures to be 
employed should consider the following factors.

• the severity of the existing disturbance at the site
• the present trend—for example, is the condition 

stable, worsening, or improving?
• in the case of roads on steep slopes, the potential 

for further landslides to occur, and the downslope 
consequences thereof

• geomorphic and hydrologic risk factors associ-
ated with treatment and the likelihood of success 
of remedial measures; for example, on landslide 
headscarps or on unstable fans or alluvial streams

• for vegetation treatments, silvicultural risk factors 
associated with treatment, and the likelihood of 
success

• subsequent maintenance requirements to ensure 
that the proposed measures will continue to be 
effective for their intended design life

• potential risks to the proposed measures from 
natural or development-related events such as 
landslides, windthrow, erosion, or flooding

• the cost of the proposed measures and the ex-
pected benefits 

• the extent to which the site and the proposed 
treatments contribute to achieving the restoration 
goals

• with respect to priorities and scheduling, the 
ranking of each site and the proposed measures 
compared to other sites/measures

Plans can then be developed to systematically ad-
dress the following types of restoration (as applica-
ble) in a particular watershed (Figure 8.8):
 
• hillslope and road restoration
• riparian and floodplain restoration
• stream channel restoration, including erosion 

control, and in-stream habitat, fish passage, and 
off-channel restoration

When implementing restoration activities, it is 
generally preferred to address upslope and headwater 
conditions first and then work progressively down-
slope and downstream. This is important where 
hillslopes and roads are directly coupled to streams 
so that riparian and stream treatments are not jeop-
ardized by further landslides or sediment transport 
from these upslope sources (Hartman 2004). John-
ston and Moore (995) proposed that it made little 
sense to invest in lower sections of a valley or river if 
landslides or fluvially transported sediment continue 
to adversely affect restoration efforts. Nevertheless, 

3 Horel, G. 2007. Tree Farm Licence 37 watershed indicators. FIA Investment Schedule COTFL376654, Project No. 6654004. B.C. Min. 
For., Forest Investment Account (FIA), Land Based Investment Invest. Program. Unpubl. report.

 Horel, G. 2008. Tree Farm Licence 9 watershed indicators. FIA Investment Schedule COTFL96649, Project No. 664902. B.C. Min. 
For., Forest Investment Account (FIA), Land Based Investment Program. Unpubl. report.



646

n iarr eT
y tilibatS

L
M

H
2

2
1

H
3

2
1

M
3

3
1

L

dehsret a
W

ec nabr utsi
D

3
2

1
M

H
M

H
1

L
M

H
M

2
L

L
M

3

y tili batS
ecn abr u tsi

D
L

M
H

2
2

1
H

3
2

1
M

3
3

1
L

gni ta
R y tiv iti sn eS  dehsr eta

W
yti vit is neS 

maertS

g nita
R  ecnabr utsi

D deh sre t a
W

e cna bruts i
D 

ma ertS

 ytivitisneS dehsreta
W

gnita
R  ksi

R  dehsr et a
W

L  ,
M  ,

H –  yt ilibats ni arr eT

L ,
M ,

H – y t ivit is nes  
ma ertS

gnit a
R ytiv itisneS d ehsreta

W
3 ,2  , 1

L V ,L ,
M ,

H - ycneuqerf edil sdnal lanoige
R

n iarr et  pee ts fo aer a 
%

seh caer 
mae rts  laivul la fo  ht gnel  

%

mk/ .on  , se dilsdnal  la rut a
N

2

snialpdoolf fo ecneser P

knar hsiF
.atad o

N - 0   
.snur suo

morda na egral yllaitnetop ro eg ral  ,ytic apac hgih  yre v ot  hgi
H  -  1  

.yrehsi f tne diser tn at rop
mi  ro  ,y ticapa c s uo

mord ana et aredo
M  -  2   

.hsif tnediser e
mos ro ,yticapac suo

mordana tnacifingis tu b lla
mS - 3  

.h si f suo
m ordan a ro tned is er 

w ef  ;y ticapa c hs if  de ti
miL  -  4   

g nita
R ecnabru tsi

D de hs ret a
W

3 ,2 ,1

ytiv itcenn oc epols lli
H

L ,
M ,

H --  e c na bruts id yti li batS

L ,
M  ,

H  - - ecn ab ru tsi d 
ma er tS

 & sd aor  
mor f sedils fo  yc neuqe rF

mk/.on ,skcolbtuc
2

 ytil ib ats  re hg ih  ro  etaredo
m hti

w  htg nel  dao
R

m k/
mk  , detavit caed  ton dra zah

2

 hti
w s

mae rts  la iv ul la- i
mes /l aivul la fo  htgneL

 ,
D

W L ylpp us o t etau qe dan i ts ero f nairap ir
m k/

mk
2

tserof  nai rapi r  h ti
w s

ma erts  laivu lla f o  htgneL
mk/

mk  ,no is or e  k na b  lo rt noc  ot e ta uqe dan i
2

snaf fo ecneserP

scitsiretcarah
C dehsre ta

W

e cn ab rutsi D gnitsix E

y rauts e fo ec nes erP

)
wo ns-no-niar ,niar( e

m iger 
wolf kaeP

+   knar hsiF
gnit ar  ks i r dehsre ta

W

sn oitidnoc gnitsixe fo ecn assia nnocer ile h ,stce ffe & stn ev e f o  edu tinga
m ,n oit arots er ,y re voc er   : noit a te rp re t nI

gni ta r ksir  deh sret a
W

s tc effe  ycag el

d ner t d ehsreta
W

l aru tan  ht i
w tne ts is noc 

R
O  elb atS .A

de bru ts id eb llits  ya
m se ti s e

mos ,gniv o rp
mI .B

nrecnoc  fo llit s tub gnivo rp
m I .

C
d eb ru tsi d y lh gi

H .
D

d ne rT de hs reta
W

sei tir oir P noi taro tse
R

knar hsi f +  k sir d eh sreta
W

kn ar hs if + d nert d eh sreta
W

a ire tir c  et iS

setis et adid na
C

s dehsre ta
w etadid na

C

Fi
gu

re
 8

.7
  O

ve
rv

ie
w

 r
is

k 
ra

tin
g 

an
d 

tr
en

d 
fo

r 
pr

io
rit

iz
in

g 
w

at
er

sh
ed

s 
(U

se
d 

w
ith

 p
er

m
is

si
on

. W
es

te
rn

 F
or

es
t 

Pr
od

uc
ts

 In
c.

 w
at

er
sh

ed
 in

di
ca

to
rs

 p
ro

je
ct

s 
20

06
–2

00
84 )

.

4 
H

or
el

, G
. 2

00
8.

 T
re

e 
Fa

rm
 L

ic
en

ce
 9

 w
at

er
sh

ed
 in

di
ca

to
rs

. F
IA

 In
ve

st
m

en
t S

ch
ed

ul
e 

CO
TF

L
96

64
9,

 P
ro

je
ct

 N
o.

 6
64

90
2

. B
.C

. M
in

. F
or

., 
Fo

re
st

 In
ve

st
m

en
t A

cc
ou

nt
 (F

IA
), 

 
La

nd
 B

as
ed

 In
ve

st
m

en
t P

ro
gr

am
. U

np
ub

l. 
re

po
rt

.



647

a need may exist to improve stream channel condi-
tions or enhance fish habitat in the short term before 
all identified upslope work can be completed or the 
beneficial effects of restoration activities (e.g., conifer 
growth along riparian areas) are realized. Decisions 
on scheduling rehabilitation measures should con-
sider the urgency of short-term needs in conjunction 
with the level of hazard to which in-stream measures 
could be exposed if implemented in advance of the 
upslope work.

It is also important to integrate restoration plan-

ning with other planning processes, especially in 
multi-use watersheds. Failure to do so can result 
in rehabilitation measures that compromise, or 
are compromised by, other activities. For example, 
when forest development is ongoing or when other 
requirements for regular access exist, restoration 
approaches and rehabilitation activities require 
planning in conjunction with these other land uses. 
A good example is where roads were permanently 
deactivated at considerable expense under watershed 
restoration projects, only to be re-opened a year or 

Figure 8.8  Overview of watershed restoration implementation sequence (Johnston and Moore 
1995).
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two later for forest harvesting. Restoration activities, 
such as deactivation, planned in conjunction with 
other forest development can take advantage of op-
portunities—for example, the salvaging of logs from 
wood culverts or buried in fills, or the scalping of 
road ballast for use elsewhere.

Once rehabilitation activities are completed, 
the site information should be integrated into data 
sets that are regularly used for forest management 
and other planning processes. This is necessary to 
protect the restoration investment in site works. If 
rehabilitation measures will require maintenance, 
then planning needs to ensure that future site access 
is possible.

Rehabilitation Measures and Approaches

The incorporation of science is a key underpinning 
of all successful watershed restoration programs 
(Hartman 2004). Rehabilitation measures generally 
fall into two main categories: () process-based—
those that facilitate natural recovery processes 
(Polster 989; Walker and del Moral 2003; Walker et 
al. 2007); and (2) structure-based—those that utilize 
engineered works (see Slaney and Zaldokas [editors] 
997). These measures are discussed further in subse-
quent sections of this chapter.

Examples of process-based measures (Atkins et al. 
200) include:

• vegetation re-establishment to promote natural 
succession processes on gravel bars;

• riparian treatments to enhance conifer growth 
in second-growth stands, to promote conversion 
from disturbance-generated deciduous stands to 
conifer stands, or to establish a natural mix of 
species in single-species managed stands;

• revegetation of denuded slopes and escarpments 
using bioengineering techniques; and

• bioengineering measures in scoured gullies to 
create channel roughness, trap sediment, and 
promote revegetation.

Examples of structure-based measures include:

• armoured catchment basins to contain landslide 
material or eroded sediment;

• engineered logjams used for erosion control or 
flow deflection;

• rock armouring or rock groins to control bank 
erosion; and

• engineered fills or retaining structures to mitigate 
road instability.

Some practitioners see these two measures as 
competing philosophies, whereas most others con-
sider them as complementary, particularly at sites 
where the implementation of both is possible. Well-
designed plans for watershed restoration generally 
use both approaches, as a need often exists to address 
physical conditions (which may favour structure-
based measures) and facilitate ecosystem restoration 
(which may favour process-based measures). Fur-
thermore, the lines between the two approaches can 
be blurred because remedial works at an individual 
site may incorporate elements of both.

Regardless of the approach used, a thorough 
understanding of the watershed’s hydrologic and 
geomorphic processes and the scale (e.g., landscape, 
watershed, or site) at which these act is critical to de-
velop effective and achievable restoration goals and 
rehabilitation measures. Treatments that accommo-
date rather than attempt to change or control natural 
watershed processes are more likely to be successful 
(Kellerhals and Miles 996).

Numerous rehabilitation treatments have been 
developed through restoration efforts conducted 
in British Columbia and elsewhere (see Slaney and 
Zaldokas [editors] 997; Atkins et al. 200). Reha-
bilitation measures may be intended for short- or 
long-term reasons, and may have specific objectives 
that include:
• preventing further disturbance, such as remediat-

ing unstable or eroding roads;
• re-establishing structures to mimic natural condi-

tions that were lost through disturbance, such as 
the placement of LWD in streams where recruit-
ment of natural LWD has been reduced or delayed 
by loss of sources;

• enhancing or creating habitat, such as construct-
ing habitat in flooded gravel pits connected to 
streams to offset habitat loss through disturbance; 
and

• creating conditions that would allow natural 
processes to approach targeted levels of function, 
such as riparian treatments promoting the growth 
of a natural mix of species in the riparian forest.

An example of a measure with a short-term objec-
tive is the construction of artificial habitat features as 
an interim measure until natural recovery processes 
have re-established. Many long-term restoration 
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objectives entail the re-establishment of natural suc-
cessional trajectories on disturbed sites. These will 
differ depending on the site (i.e., restoration treat-
ments in riparian areas will differ from those applied 
to hillslopes). Permanent deactivation of steep, 
unstable roads is an example of a measure with both 
short- and long-term objectives. The greatest benefit 
is achieved by reduced landslide occurrence in the 
short term; further benefit is achieved in the long 
term when the deactivated sites become reforested.

At the planning stage, note that some rehabilita-
tion measures may require ongoing maintenance 
for the duration of the measure’s design life. The 
long-term success of these measures may hinge 

on the availability of funding for ongoing mainte-
nance, which is often uncertain. An example is the 
anchoring of LWD structures in areas of a stream 
where these features would not occur naturally (e.g., 
transport zone). Without maintenance, these types 
of structures are unlikely to persist and will ulti-
mately be lost; however, interim measures such as 
LWD placement can provide enhanced fish habitat 
and increased fish densities in degraded sites over 
the short term (e.g., Cleary 200; Slaney et al. 200). 
An important consideration in choosing these types 
of measures is whether continued site access will be 
available for maintenance purposes. 

HILLSLOPE AND ROAD RESTORATION

Hillslope and road restoration is an integral part of 
watershed restoration in British Columbia (Atkins 
et al. 200), and must be co-ordinated with other 
forestry or restoration activities. Hillslope and road 
restoration is normally used to reduce the sedimen-
tation in streams that results from disturbance-re-
lated increases in hillslope instability and erosion 
(see Chapter 8, “Hillslope Processes” and Chapter 9, 
“Forest Management Effects on Hillslope Process-
es”). In some cases, the primary purpose of this work 
is to protect downslope infrastructure or other high-
consequence sites from the effects of these events. 
Another purpose is to restore natural drainage 
patterns that have become disrupted, for example, 
by the diversion of water in road ditches; however, 
restoration of drainage, in the absence of instability 
or erosion, is rarely a primary goal. Hillslopes that 
do not exhibit these other hazards are rarely targeted 
for rehabilitation measures for drainage alone be-
cause of cost–benefit considerations and other higher 
priorities. For example, if road cuts, ditches, and 
altered drainage courses have substantially reveg-
etated, reopening these roads to re-establish natural 
drainage patterns can create more disturbance than 
the intended remedial measures would offset.

Hillslope features identified for rehabilitation 
measures can include:

• unvegetated or eroding landslide tracks,
• eroding or scoured gullies,
• excessive wood accumulations (logging slash) or 

debris jams in gullies,

• unvegetated or eroding escarpments,
• unstable road cuts,
• oversteepened unstable road fills (Figure 8.9), and
• eroding road ditches.

As mentioned previously, access management is a 
critical factor when developing hillslope restoration 
plans. Old roads have been a major source of water-
shed disturbance (Chatwin et al. 994), but many are 
vital infrastructure for long-term forest management 
and often provide access for recreation activities or 
to remote facilities (e.g., communications towers, 
weather stations, research and monitoring sites). In 
most cases, it is paramount to co-ordinate hillslope 
restoration and access management with forest plan-
ners, other restoration efforts, and other forest users. 
It is often necessary to weigh the benefits of main-
taining access against the hazard of further disturb-
ance from landslides. Some considerations include:

• the hazard of an event (landslide or severe ero-
sion), either from the road itself or initiated by 
drainage off the road, or from events upslope of 
the road that would render the road unsafe or 
unusable;

• the downslope consequences of maintaining ac-
cess;

• the degree to which hazard or risk can be reduced 
while retaining access;

• other alternatives for access;
• cost comparison of the access alternatives and 

remedial measures proposed; and
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• subsequent maintenance requirements for meas-
ures employed to retain road access or to protect 
the road.

Maintaining road access across hillslopes can 
also have implications for other hillslope restora-
tion plans (e.g., treatments of gullies and landslide 
tracks). Rehabilitation measures may need to accom-
modate not only the road prism but also incorporate 
protection of the road (e.g., from upslope sediment 
or debris sources). Landslide or gully treatments in 
proximity to the road should occur concurrently 
with remedial road treatments. This can involve 
structure-based elements such as debris catchments 
or rock buttressing of cutslopes (Figure 8.0), in 
addition to process-based elements such as revegeta-
tion or bioengineering measures (Figure 8.).

Although maintaining road access may be a 
complicating factor in hillslope restoration plans, it 
provides opportunities for treatment options at other 
hillslope sites (gullies, landslide tracks), which oth-
erwise might not be feasible (e.g., machine removal 
of debris jams in gullies). In selecting and prioritiz-
ing hillslope sites for treatment, the following factors 
should be considered, especially where site access is 
limited.

• likelihood of continued disturbance (e.g., ongoing 
erosion of landslide tracks or escarpments, fur-
ther sediment-generating events in gullies, release 
of debris jams)

• downslope consequences of the treatment
• existing state of recovery and trend
• likelihood of success of the treatment
• options and costs for attaining site access
• the extent of new disturbance if access is re-

opened weighed against the level of hazard reduc-
tion expected from the proposed measures

Road Rehabilitation Measures

The type of rehabilitation measures to be used on 
roads will depend on:

• whether the road is to be retained or permanently 
deactivated;

• the degree of access to be maintained; and 
• the specific terrain, soil, and drainage conditions 

along the road.

In this context, permanent deactivation means 
decommissioning of the road with no provision for 
future access.

Figure 8.9 An example of landslides caused by logging road development. (Photo: M. Miles)
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Figure 8.0  A retaining basin was constructed to capture materials that will fall from the slope 
above. (Photo: D. Polster)

Figure 8.  Soil bioengineering was used on this landslide to initiate the natural successional 
processes that will maintain a vegetation cover on this slope. The rock basin shown in 
Figure 18.10 can be seen on the left in this photo. (Photo: D. Polster)
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Typically, on roads that are to remain accessible 
for vehicle traffic, remediation of unstable fills in-
volves partial rather than complete fill retrieval, with 
endhaul of excavated material trucked to a spoil site. 
If significant endhaul is required and spoil sites are 
not located close by, then hazard mitigation may be 
very costly. In some cases, potential instability can 
be substantially mitigated while still maintaining vi-
able road access (Figure 8.2). This is most often the 
case where cutslopes are fairly stable. Even partial fill 
retrieval can result in a narrower road surface. The 
required road surface width depends on the class 
of road and volume and type of traffic; minimum 
drivable road widths may be acceptable for branch or 
spur roads but not for mainlines. 

To achieve sufficient road width after pullback, 
road widening into the cutslope is possible if the 
cutslope is sufficiently stable. Other options include 
using engineered fills and (or) retaining measures 
for fills and cutslopes; however, these measures can 
become very costly. Therefore, retaining old roads on 
steep slopes for future use often involves a trade-off 
with hazard mitigation. Some level of hazard may 
be acceptable, but in cases of severe cutslope insta-
bility or instability in the road bench, it may not be 
practical to keep the road safe for use or to mitigate 

stability hazards by means other than permanent 
deactivation. 

Mainlines
Many mainline roads in British Columbia were built 
decades ago and are part of the active long-term for-
est road infrastructure. Mainlines also serve remote 
communities, public campgrounds, and popular rec-
reation areas or are used regularly by public traffic. 
Mainlines were often built along lower valley slopes 
or valley floors. Common problems associated with 
old mainline roads include: 

• sections located along eroding streambanks,
• roads located in areas with unstable fills and cut-

slopes,
• drainage structures that impede fish passage, and
• sections that cross fans and debris flow channels.

Restoration for mainlines usually requires pro-
viding sufficient road width or turnouts and sight 
distance for two-way traffic, which may include both 
public vehicles and large industrial vehicles. Pub-
lic safety and liability can be significant issues on 
mainlines that are required to accommodate large 
industrial vehicles and/or the mix of traffic and an-

Figure 8.2  Fillslope instability has been substantially reduced by fill retrieval and endhaul; however, the remaining 
road surface is narrower. (Photo: D. Ostapowich)
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ticipated vehicle speeds. Certain options, such as ar-
moured fords or extended single-lane sections, may 
not be acceptable in these cases. In general, remedial 
measures for mainlines are of a higher standard 
than for other forest roads, and frequently involve 
engineered works. Because mainlines are regularly 
inspected and maintained, it is feasible to consider 
remedial measures that may require maintenance—
for example, sediment catchment basins (VanDine 
996), debris racks in front of drainage structures, 
and settling basins for ditchline sediment. For works 
in or adjacent to streams, such as drainage struc-
tures or streambank erosion measures, fish passage 
requirements and timing restrictions (fish windows) 
may apply.

Mainline realignment can be a viable restora-
tion option if requirements for grade and curvature 
can be met; however, in many cases alignment is 
constrained by control points (such as major stream 
crossings) and grades. The cost of realignment may 
also be prohibitive. Consequently, remedial meas-
ures on mainlines often involve accepting either 
some level of hazard or maintenance requirements  
at problem sites. 

Armoured fords are occasionally used as an 
alternative to pipe culverts or bridges at sites that 
experience regular debris flows or avalanches. On 
mainlines, the factor limiting ford use is usually 
vertical curvature—the dip required for the drainage 
way may not accommodate mainline traffic safely. 
Other alternatives on mainlines, such as low-level 
bridges designed to overtop in severe storms or de-
bris flows, may be preferred (Figure 8.3). Armoured 
fords normally require inspection and may need 
periodic maintenance. Therefore, these structures 

may be practical along actively used mainlines but 
may not be an option on other forest roads.

For mainlines that receive continuous use, deac-
tivation measures are usually not an option. Main-
lines that access remote valleys may be deactivated 
for periods of time or may have limited traffic other 
than logging-related vehicles. In more remote loca-
tions, options such as single-lane sections and ford 
crossings can also be viable in areas with reduced 
vehicular traffic. 

Other roads to be retained
For roads that are not regularly maintained and 
inspected, remedial measures that require main-
tenance, such as catchment basins or debris racks, 
have limited success and are likely to fail (Figure 
8.4). 

When not in active use, these roads are typically 
deactivated to some degree. Access requirements 
might be two-wheel drive, four-wheel drive, all-
terrain vehicle (ATV), or restricted vehicle access. 

Figure 8.3  Low-level bridge on active mainline, designed to be overtopped during major floods or debris flow events. Tyler Creek, 
south central Vancouver Island. (Photos: G. Horel)
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Deactivation of these roads usually involves partial 
fill retrieval, removal of drainage structures, con-
struction of cross-ditches (Figure 8.5), and armour-
ing, especially at the outlets of cross-ditches. Some 
landslides may occur from the residual fills on these 
roads (Forest Practices Board 2005).

In some cases, leaving drainage structures in 
place and backing them up with downgrade cross-

ditches (fail safes) is also an option. The steeper the 
grade, however, the more difficult it is to construct 
drivable cross-ditches, and at very steep grades (> 5–
20%), it becomes impractical to do so. Regular traffic 
through cross-ditches can make maintenance of the 
structures problematic, especially if coarse material 
for armouring is scarce or unavailable. With regular 
traffic, downgrade berms in fine-textured soils can 
become rutted. Regular traffic also retards vegeta-
tion growth, leaving the cross-ditch susceptible to 
erosion. Road users may compromise the function of 
cross-ditches by filling them with wood or stones to 
facilitate access. Combined with ruts in the down-
grade berm, this can cause the cross-ditch to fail. In 
these cases, other alternatives include leaving drain-
age structures in place and maintaining the road, 
constructing alternative drainage structures (such as 
cattle guards) instead of cross-ditches, or closing the 
road to vehicle access.

Outsloping is occasionally used as an alterna-
tive to constructing cross-ditches, particularly if 
specific drainage channels have not been disrupted 
and the intent is to disperse drainage across the road 
rather than concentrate and discharge it onto areas 
of potential downslope instability. This technique is 
limited to fairly flat grades (less than about 8%); at 
steeper grades, the water tends to run down the road 
rather than across it. Additionally, outsloped roads 

Figure 8.4  Debris rack upstream of culvert on unmaintained road. Debris rack had completely 
filled in and was starting to collapse. (Photo: D. Ostapowich)

Figure 8.5 Typical cross-ditch (sketch by G. Horel).
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may be acceptable for pickup-truck traffic but may 
be dangerous for large vehicles or for vehicle traffic 
during periods of snow or ice cover. 

Permanent deactivation
Permanent deactivation affords the greatest oppor-
tunity to mitigate hazards on unstable roads. The 
specific deactivation measures chosen will depend 
on:

• the potential hazard of further landslides or ero-
sion,

• the downslope consequences on specific values,
• the existing state of recovery, and 
• the existing access condition.

For substantially overgrown and inaccessible 
roads, the level of existing hazard should be weighed 
against the disturbance created by deactivation 
and the cost of reopening the site. Where stability 
hazards are not a concern, permanent deactiva-
tion measures may be limited to removing drainage 
structures, restoring channel alignments and gradi-
ents, and protecting exposed banks from erosion.

Where a significant hazard of instability exists 
from road fills or cuts, restoration generally involves 
completely de-building the road by retrieving all fill 
and drainage structures, and contouring the site to 

conform to the adjacent hillslope and channel align-
ments (Figures 8.6 and 8.7). Excavated fill mate-
rial is typically placed against the cutslope, although 
this may not be possible if upslope erosion or land-
slides have deposited material on the road. Where 
the road cut is unstable and regressing upslope, it 
may not be possible to place retrieved fill on top of 
the cutslope. In this case, any excess fill may require 
endhauling or transport to a suitable spoil site. Nev-
ertheless, slope drainage and soil strength may be 
irrevocably changed even with full road removal and 
complete contouring. Using measures such as scari-
fying the old road surface to ditch-bottom depth 
may not restore natural drainage conditions. 

Figure 8.6  Sketch illustrating full fill retrieval and  
contouring (sketch by G. Horel).

Figure 8.7  Permanent deactivation and hillslope contouring on a road in south-central Vancouver 
Island. (Photo: D. Ostapowich)
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With deep fills or long fillslopes, it is often neces-
sary to make two, or in some cases several, passes to 
retrieve most of the unstable fill. In these situations, 
using two machines in a double-bench configuration 
can improve the safety and the efficiency of the work 
(Figure 8.8).

The extent to which retrieval of all fill can be ac-
complished depends on the type and size of equip-
ment, operator expertise, and the ability to bench 
down. The latter can be limited by the presence of 
bedrock in the bench, instability of the bench itself, 
and hazardous conditions below the bench, such as  
a landslide scarp, which makes fill retrieval unsafe.

In practice, fill retrieval can be performed us-
ing several excavator types, sizes, and configura-
tions. The choice of machine and configuration 
will depend on topography, road geometry, soil 
conditions, footing conditions, other local site fac-
tors, and equipment availability as dictated by local 
construction activity. Although machines with 
extended booms have been used to reach farther 
down fillslopes, bucket loads must be smaller so that 
the machine does not overbalance, thus making the 
process slower and possibly creating delays in project 

completion times. An extended-boom machine can, 
however, allow fill to be safely retrieved when the 
ability to bench down is limited.

Large excavators (equivalent to the Hitachi 400 
series) can be effective on very wide roads with 
large fill volumes. On narrow roads, effectiveness is 
limited by the width required to swing the machine. 
Large, heavy machines require support on stable 
benches, and thus are usually not suitable when 
benching down is involved. Machines equivalent in 
size to the Hitachi 300 series are common in road 
construction and are generally practical for fill 
retrieval. A combination of a 200 series and a 300 se-
ries machine has yielded good results in deactivating 
roads with deep fills on steep slopes on south-central 
Vancouver Island (D. Ostapowich, Ostapowich Engi-
neering Services Ltd., pers. comm., March 2008).

The most important factor affecting the quality 
of deactivation is the expertise of the operator. Road 
deactivation on steep slopes is hazardous work that 
should be done only by highly experienced opera-
tors. Inexperienced operators cannot be expected to 
do the same work safely, which means that either the 
resulting work will not meet expectations, or worse, 

Figure 8.8  Two excavators using a double-bench approach to deactivate a road with deep fills on south-central 
Vancouver Island. The lower machine passes material to the upper machine, which places it against 
the cutslope. (Photo: D. Ostapowich)
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that the operator will imperil themselves. Safety 
plans, including rainfall shutdown thresholds where 
applicable, should always be in place for deactivation 
projects.

Despite good equipment and the most diligent 
work by highly skilled operators, it is often not pos-
sible to fully mitigate stability hazards on old roads. 
Many of these roads were built on naturally unstable 
or marginally stable terrain. Under today’s forest 
practices, roads would not be built in these types 
of locations. On these sites, the aim of deactivation 
should be to mitigate stability and erosion hazards 
to the extent that it is safely possible. Road deactiva-
tion, especially full deconstruction, has dramatically 
reduced landslide occurrence. Construction stand-
ards implemented under the Forest Practices Code 
significantly reduced the occurrence of landslides 
associated with new road construction (Horel 2006).

Use of explosives for deactivation
In some situations, deactivation using explosives is 
a viable option where vehicle access does not exist 
or would not be practical to re-establish. Explosives 
have been used for excavating cross-ditches, re-
moving wood and metal pipe culverts, dismantling 

timber cribs, dislodging wood debris in debris jams, 
removing sidecast fill, and resloping landslide scarps 
(Figures 8.9a and 8.9b). Because of the inherent 
danger associated with the use of explosives, blasting 
for deactivation measures should be done only under 
the supervision and control of a highly experienced 
explosives expert.

Blasting equipment and supplies may be carried 
in on foot or airlifted by helicopter. Blasting methods 
have involved various explosive products used in 
several configurations, including downhole load-
ing, surface loading, and attachment to individual 
features such as logs, stumps, or culvert pipes. Since 
access for normal drilling equipment is not usually 
available, downhole loading is limited to hand-drill-
ing methods.

Generally, the energy required to blast masses of 
soil or wood is very large and the outcome can be 
uncertain. Wood and soil tend to blast “dead” (i.e., 
they absorb much of the explosive energy). As such, 
downhole configurations are preferred because the 
blast is confined and more energy is transferred to 
the soil mass. If difficult hand-drilling conditions 
preclude downhole loading, then surface blasting 
may be an option, although the energy is largely un-

FIGURE 8.9  (a) Unstable fills and steep escarpments along 
a road section above Kennedy Lake on  
Vancouver Island. Road access to site was cut 
off by a large landslide (not visible). (b) Surface 
blast used to remove fill and trim landslide 
scarps. Photo shows site after blasting. (Archive 
photo from MacMillan Bloedel Limited, Kennedy 
Lake Division)

a b
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confined and enormous explosive power is required 
to dislodge large soil masses. Thus, surface blasting 
should be used only where equipment access is not 
possible and a strong justification exists for the deac-
tivation measures. Typically, an ammonium nitrate 
and fuel-oil (ANFO) combination is used for surface 
blasts because of its high gas expansion, whereas 
dynamite with high “crack” is used for downhole 
applications. 

The use of explosives has its limitations. In 
removing sidecast fills, for example, it is difficult 
to control blasting results, and some material may 
remain after blasting. Blasting can have effects at 
considerable distances from the site, and can create 
hazardous sites if unexploded charges remain be-
cause of misfires or lack of ignition.

Revegetation of deactivated roads
Numerous forest roads in British Columbia have 
been successfully reforested after deactivation. Spur 
roads are often planned as temporary roads that 
will be reclaimed and reforested soon after logging 
is complete to reduce site losses (Figures 8.20 and 
8.2). Revegetation methods used for deactivated 
roads will depend on site conditions after deactiva-
tion is complete, and on the objectives for revegeta-
tion, which may include:

• controlling surface erosion of newly exposed fine-
textured soils, 

• re-establishing conifer root networks to improve 
slope stability on steep slopes, 

• re-establishing forest stands as part of broader 
forest management objectives, and 

• re-establishing natural vegetation successional 
pathways. 

In deciding whether to plant deactivated roads, 
forest professionals may consider the following 
points (Scott Muir, Western Forest Products Inc., 
pers. comm., June 2008).

• What is the age of the adjacent stands? Will a 
merchantable crop of trees be established by 
the time the surrounding stand is available for 
harvesting (e.g., a time lag of 5–20 years may 
preclude simultaneous harvesting of the replanted 
and adjacent stands)?

• Will natural regeneration (e.g., by species such as 
alder) be sufficient to provide erosion and sedi-
ment control?

• Will shading of the road from the adjacent stands 
impair conifer growth if the road is planted for 
silvicultural objectives?

Figure 8.20  The culvert was removed at this crossing and the drainage course restored with an  
armoured swale. Pocket planting was used to establish vegetation in the riprap. 
(Photo: D. Polster)
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If fill retrieval has not been done and the ballasted 
road surface remains, the most appropriate revegeta-
tion approach depends on the objective. If no refor-
estation will occur, then revegetation may be limited 
to seeding cross-ditches for erosion control, with the 
rest of the site left to regenerate naturally. If refor-
estation is intended, then the road would usually be 
scarified to loosen the compacted surface; the ballast 
would either be removed (ideally for use elsewhere) 
or mixed with underlying soil material. In some situ-
ations, suitable spoil from other sites (e.g., endhaul 
road sections) may be placed on the deactivated road 
sections to enhance growing conditions, and then 
seeded or planted.

Where fill retrieval has been performed, revegeta-
tion approaches will depend largely on the surface 
condition. If the site is favourable for planting and 
reforestation is an objective, then revegetation may 
include both conifer planting and seeding to control 
soil erosion. If the contoured surface is unfavourable 
for planting (e.g., composed mainly of coarse rock), 
revegetation may be difficult (Atkins et al. 200). 

Seeding may be limited to cross-ditches where soil 
is exposed. If no reforestation will occur, then the 
site may be left to revegetate naturally. On sites such 
as steep gully sidewalls where crossings have been 
removed, soil bioengineering techniques can be used 
to stabilize shallow soils before seeding or conifer 
planting.

Hillslope Rehabilitation Measures

Measures to rehabilitate hillslope disturbances can 
include headscarp and sidescarp stabilization, runoff 
management and revegetation of landslides, clear-
ance of woody debris, installation of check dam 
structures, and revegetation and construction of 
catchment or deflection structures for destabilized 
gullies. Methods to stabilize landslide headscarps 
and sidescarps can include mechanical contouring 
(where equipment access is possible), installation of 
soil bioengineering structures (where the instability 
is relatively shallow), or possible removal of unstable 
material by blasting. 

Figure 8.2  This road section is undergoing full deconstruction by retrieving sidecast fill material and placing it against the cut, 
removing drainage structures, and placing salvaged wood on the regraded slope. (Photo: D. Ostapowich)
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Soil bioengineering treatments have been widely 
applied to restore degraded forest sites in British 
Columbia (see Polster 997).5 Soil bioengineering is 
the use of living plant materials to perform defined 
functions (Atkins et al. 200). This differs from bio-
technical treatments, such as vegetated riprap or live 
crib walls, which use both living and dead materi-
als to perform defined functions (Gray and Leiser 
982). Biotechnical treatments are commonly applied 
in situations where revegetation alone is unable to 
stabilize the stresses and degrading forces.

In some approaches, stabilization is achieved by 
rerouting upslope water and (or) re-establishing 
historic drainage patterns on the hillslope. Runoff 
management to reduce surface erosion on landslide 
tracks can be accomplished by:

• channelling surface flow (where channels have not 
yet developed naturally); 

• armouring existing surface channels with rock or 
bioengineering structures, such as live pole drains 
or live silt fences; or

• diverting surface flow off the landslide track and 
onto adjacent stable and non-erodible areas. 

In specific cases, containment of surface runoff 
within closed pipes is also practical. To control ero-
sion, landslide tracks can be revegetated by hydro-
seeding on steep slopes with harsh soil conditions, 
dry seeding on more gentle slopes where some 
organic material and (or) mineral soils remain, or in-
stalling soil bioengineering structures, such as brush 
layers and wattle fences (Figures 8.22 and 8.23). 

Figure 8.22  Modified brush layers have been developed to treat forest landslides and unstable 
slopes where normal tree planting would not provide effective stabilization. Cuttings 
are placed in position 1 under normal conditions, position 2 is used for very dry sites, 
and position 3 is used when soils are damp (D. Polster, unpublished course materials).

5 Polster, D.F. 2006. Soil bioengineering for land restoration and slope stabilization. Course materials for training professional and 
technical staff. Polster Environmental Services Ltd. Unpubl.

 Polster, D.F. 2008. Soil bioengineering for land restoration and slope stabilization. Course materials for training professional and 
technical staff. Polster Environmental Services Ltd. Unpubl.
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Soil bioengineering treatments are designed to 
avoid the need for maintenance, as these methods 
typically re-establish natural successional trajecto-
ries (Atkins et al. 200); however, where extreme sites 
are treated, some measure of inspection and main-
tenance is recommended. Modified brush layers 
(Figure 8.22) provide an initial treatment of forest 
landslides where slope and soil conditions preclude 
normal tree planting as a restoration treatment. 
Wattle fences (Figure 8.23) are effective for treating 
wet slides and slumps where ample moisture will 
ensure good growth of the cuttings. Where sites are 
very wet, live pole drains (Figure 8.24) are used to 
provide a preferred flow path for soil water, which 
enhances stability of the site. Properly applied soil 
bioengineering treatments can be very effective in 
treating disturbed sites where conventional planting 
and (or) seeding are likely to be unsuccessful.

 Several measures can aid in gully stabilization. 
At some sites, the restoration of natural drainage 
patterns to reduce the concentration of flow can be 
effective (i.e., where a gully is receiving additional 
surface or groundwater that has been diverted from 
its natural drainage). In some areas, reducing flow 
velocities by installing check dam structures is an 
effective option to reduce sidewall and channel ero-

sion. For large gullies, engineered check dams con-
structed of steel and concrete may be required. For 
smaller gullies, soil bioengineering structures such 
as live gully breaks (Figure 8.25) can be appropri-
ate, especially where previous events removed all of 
the vegetation and much of the soil material, leaving 
poor conditions for the growth of trees. To reduce 
the volume of possible future debris flow events and 
(or) to reduce the potential for sidewall erosion, 
excessive woody debris introduced during harvest-
ing activities (e.g., logging slash) can be removed 
manually or with the aid of a helicopter and grapple. 
Hydro-seeding to revegetate sidewall soils is another 
option if the potential for additional debris flows 
or floods is low. Structure-based options include 
debris flow control structures, such as catch basins 
or deflection berms (VanDine 996). These types of 
structures, however, are usually feasible only at sites 
that can be regularly inspected and maintained, such 
as on mainline forest roads or at other permanent 
facilities. Planting is also used to enhance vegeta-
tive coverage and provide deeper soil reinforcement. 
See Atkins et al. (200) for more information on the 
rehabilitation of landslide and gullies, including the 
application of various soil bioengineering tech-
niques.

Figure 8.23  Wattle fences can be used to treat steep slopes where surface ravelling is preventing plant growth.  
(Photo: D. Polster)
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Figure 8.24  Live pole drain schematic (D. Polster, unpublished course material).

Figure 8.25  Live gully breaks can slow flows down gullies and promote recovery. Right photo shows treatment with water flows. 
(Photos: D. Polster)
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RIPARIAN AND FLOODPLAIN RESTORATION

Riparian and Floodplain Function and Disturbance

Riparian and floodplain area function
Riparian and floodplain areas provide the connec-
tion between upslope areas and aquatic ecosystems. 
The importance of riparian and floodplain ecosys-
tems to the health of aquatic communities has long 
been recognized (Poulin et al. 2000). Floodplains in 
watershed systems may vary in size and degree of 
ecological importance depending on the size of the 
system and the relative amount of habitat. Stream 
and riparian ecology is discussed comprehensively in 
Chapters 3 and 4 of this compendium, and riparian 
management and effects on function are covered in 
Chapter 5. 

Riparian vegetation has both geomorphic and 
ecological functions. In alluvial streams, a complex 
relationship exists between the riparian forest, the 
large wood debris and litter it supplies, and channel 
morphology, substrate, and structure. The riparian 
forest is important for maintaining microclimate 
as well as channel integrity and structure, which in 
turn affect the physical quality of aquatic habitat. 
The root systems of riparian vegetation also provide 
critical erosion resistance and structural support to 
streambanks that are in erodible alluvial deposits. 
Trees falling into the stream but remaining par-
tially rooted in the streambank act as flow deflec-

tors, which slow bank erosion. Downed trees create 
habitat features and provide cover for fish (Hartman 
and Bilby 2004; Figure 8.26), and root networks 
can provide habitat features such as undercut banks 
(Figure 8.27). 

The character and role of the bank-rooting 
system, and the presence, mobility, and function 
of wood in streams varies with the type of natural 
forest that occurs in riparian areas across British 
Columbia. For example, northern aspen forests have 
a different rooting structure and bank influence 
than coastal conifers. The structural role of wood 
in the channel is also different for an aspen riparian 
forest than for a riparian forest of large conifers. The 
size and type of riparian forest that will effectively 
control bank erosion on alluvial streams depends 
on the size and energy of the stream. For example, 
along some small alluvial streams, alders or conifer 
saplings may be sufficient to stabilize the banks (see 
Figure 8.3). Large alluvial streams may need fully 
mature conifer riparian forests with old-growth root 
characteristics to provide adequate bank erosion 
resistance and maintain channel stability. Second-
growth riparian forests are typically even-aged, 
high-density stands of tall trees with small rooting 
masses (Bancroft and Zielke 2002); therefore, these 
stands lack the necessary root network to resist bank 
erosion along large alluvial channels (Figure 8.28).

Figure 8.26  Downed trees in streams act as flow deflectors and provide habitat features.  
Old-growth riparian forest along reach of Nimpkish River, Vancouver Island. (Photo:  
G. Horel)
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Figure 8.27  Root networks sustain undercut banks, which provide habitat features. Tributary in 
unlogged area of Doc Creek watershed, Mainland coast. (Photo: G. Horel)

Figure 8.28  Even-aged thrifty (second-growth) conifer stands do not have the root network 
needed to control bank erosion along large alluvial streams (compare to Figure  
18.26). (Photo: G. Horel)
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On the British Columbia coast, different tree 
species have different rooting characteristics, and 
therefore perform differently in providing bank 
strength and large woody debris in stream chan-
nels (depending on channel size). Indeed, the debate 
amongst restoration practitioners over the role of red 
alder versus conifers in riparian areas has become 
polarized. Much of this debate focusses on the func-
tional role and desired densities of red alder. Some 
practitioners view red alder as an important species 
for early stages of recovery where conifer regenera-
tion is delayed or unsuccessful. This is because red 
alder naturally and quickly revegetates disturbed 
areas and hosts nitrogen-fixing species, which play 
an important role in the soil nutrient cycle. Other 
practitioners believe that red alder has a limited 
effect in nutrient-rich areas (e.g., floodplains), but 
acknowledge that it is quite beneficial on severely 
disturbed, nutrient-poor sites such as slide tracks. 
Red alder may not be as effective as larger conifers in 
controlling bank erosion because it has a compara-
tively shallower (and hence weaker) rooting system 
(Figure 8.29). Furthermore, in many cases, red alder 
will not provide near-term or long-term functioning 
LWD because these trees are more easily undercut 
and broken up, rot more quickly, and are transported 
more readily than conifers. 

Silvicultural perspectives on red alder are also 
mixed. Some practitioners state that, once estab-
lished, red alder can suppress conifer growth and 
delay conifer regeneration, which results in poor 
vigour, small crowns, inadequate rooting, and poor 
height-to-diameter ratios (Poulin and Warttig 2005). 
As well, in certain cases, vigorous competition be-
tween alder and conifers may lead to suspended seral 
states with limited conifer colonization for 200 years 
or more (W. Warttig, pers. comm., Nov. 2008). Con-
versely, other practitioners maintain that red alder is 
an important early seral species, which can enhance 
the growth of conifers. For example, shade-tolerant 
species such as western redcedar and hemlock can 
benefit significantly from a canopy of alder during 
the early years of growth. 

The debate over the role of red alder (or any 
other tree species for that matter) in any restoration 
project should be tempered by the restoration goals 
and objectives, and specifically, by the time frame in 
which the near- and long-term restoration goals are 
to be achieved. In some instances, it may be possible 
to employ the opinions of both camps to reduce the 
time required for system recovery. Thus, in setting 
riparian restoration goals, it is important to consider 
the following.

Figure 8.29  Shallow-rooted alders are easily undercut in alluvial streambanks. This stream in 
south-central Vancouver Island was logged in the 1950s. (Photo: G. Horel)
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• What is the reference (or most likely) species mix?
• What were the characteristics of the pre-disturb-

ance riparian forest?
• What influence does the riparian forest have on 

stream channel stability and supply of LWD?
• What is the nature of the disturbance?
• Is channel instability or bank erosion still occur-

ring? If so, to what extent?
• What other site-specific objectives (e.g., species 

use, ecosystem representation) may be important? 

Riparian and floodplain disturbances
Valley floors and floodplains were among the earli-
est areas developed for settlement, agriculture, and 
logging because the flat terrain and river channels 
afforded easy access. Riparian forests were logged, 
which caused a critical loss of bank erosion resis-
tance; LWD was often removed from the channels; 
roads and sometimes logging railways were con-
structed on the floodplains; and streams were di-
verted or channels altered for transport (sluicing) of 
logs or other purposes (see Chapter 5, “Forest Prac-
tices”). Agricultural development also resulted in 
the logging and ditching of tributary streams within 
floodplains, and in some cases introduced sediment 
and contaminants into the streams. Riparian forests 
have also been affected by natural disturbances that 
vary from region to region. For example, large-scale 
disturbance from wildfire may be part of the natural 
regime in watersheds in dry climatic regions of the 
British Columbia interior but not in coastal water-
sheds. Consequently, alluvial streams with riparian 
forests that are inadequate or marginally adequate 
to resist bank erosion are more vulnerable to disturb-
ance from severe floods or major inputs of sediment 
than undisturbed floodplains. 

In many cases, the combined activities of set-
tlement, agricultural development, and logging 
have had profound effects on channel morphology, 
including accelerated bank erosion, channel widen-
ing, increased sediment transport (Millar 2000), and 
in some cases, abrupt shifts in channel morphology. 
For example, Figure 8.30 shows the changes that 
have occurred in Elk River in Strathcona Park on 
Vancouver Island. The valley-flat area was harvested 
in the 940s (Tredger et al. 980). A landslide in 946 
increased the sediment load in the river (Mathews 
979), and a headwater diversion in 957 increased 

the 2-year return period flow by 20% or more.6 The 
pre-diversion channel gradient and discharge plots 
are near the upper limit of conditions observed on 
single-thread, gravel-bed channels (see Church 992 
and Figure 8.3). Following the 946 landslide and 
the increase in flow, the channel plots (Figure 8.3) 
above the threshold for a stable, single-thread chan-
nel and the river shifted to a braided channel.

The effects of the combined disturbances shifted 
the channel into a braided configuration, which has 
undergone little recovery over a period of 50 years 
(Bailey et al. 2005). These impacts have significantly 
degraded riparian and channel habitats and resulted 
in a loss of fish productivity. 

Fan disturbances
Fans occur where a confined stream becomes uncon-
fined—for example, where a tributary valley enters a 
main valley floor, lake, or ocean shoreline (see Chap-
ter 8, “Hillslope Processes”). Fan stability is related 
to the relative proportion of water and sediment 
delivered to the fan. The active part of the fan may 
be all or part of the fan surface. Many fans in British 
Columbia were essentially formed during deglacia-
tion; thus, contemporary fan-building or fan-erod-
ing activity is limited to only a portion of the fan 
surface. Further information on fan characteristics 
and responses to forest development are provided in 
Wilford et al. 2005 and in Chapter 8 (“Hillslope Pro-
cesses”) and Chapter 9 (“Forest Management Effects 
on Hillslope Processes”). 

On an active fan, the forest stores and controls 
the spread of sediment (Figure 8.32), and its root 
network is critical in limiting channel bank ero-
sion and stream avulsion (Figure 8.33). Logging the 
surface of an active fan can thus cause accelerated 
channel erosion and avulsion because of the loss of 
root reinforcement and the increased spread of sedi-
ment and debris caused by the loss of standing trees. 
These sites can be difficult to revegetate because 
treatments such as planting or seeding can be buried 
by subsequent sediment deposition. Therefore, before 
any rehabilitation treatments are undertaken on 
fans, it is essential to have a thorough understanding 
of the watershed processes above the fan, the rate of 
sediment delivery, and the consequent level of fan 
activity.

6 M. Miles and Associates Ltd. 999. Preliminary assessment of the effects of the Crest Creek and Heber River diversions on channel 
morphology. Consultant’s report prepared for BC Hydro and Power Authority, Burnaby, B.C.
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Figure 8.30  The lower section of Elk River on Vancouver Island changed from a single-thread to a 
multi-thread channel following valley-flat forest harvesting and roading in the 1940s. 
(Image compilation: M. Miles)
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FIGURE 8.3  The pre-1957 Elk River channel plots near the upper limit of conditions for single-
thread channels. Riparian harvest, diversion, and increased sediment yield have 
caused the channel to “shift” into a braided configuration (M. Miles and Associates 
Ltd. 1999 [unpublished report] after Church 1992).
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Figure 8.32  On an active fan, the forest limits the spread of sediment and debris. (Photo: D. Wilford)
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Riparian and Floodplain Rehabilitation Measures

This section outlines a few of the many restoration 
approaches used for riparian forests, and the reveg-
etation techniques employed on floodplain gravel 
bars. Measures for bank erosion protection are 
discussed below in the section on “Stream Channel 
Restoration.” As previously mentioned, opinions 
about appropriate riparian rehabilitation measures 
vary among practitioners and depend on restoration 
goals. The following publications provide infor-
mation on the wide range of riparian restoration 
measures that may suit a particular application or 
watershed (Table 8.).

Riparian and floodplain rehabilitation measures 
are frequently used for the following purposes.

• Stabilizing gravel bars in streams with excess 
erosion of logged alluvial channel banks, or which 
have been affected by sedimentation from devel-
opment-related landslides and upslope erosion.

• Accelerating the trend toward old-growth char-
acteristics in second-growth coniferous or mixed 
riparian stands to provide functioning LWD and 

to restore biodiversity and ecological function in 
riparian habitats.

• Promoting conversion from disturbance-gener-
ated stands (e.g., red alder) on floodplains or fans 
to conifer-dominated stands with a species mix 
that is more consistent with the pre-disturbance 
riparian forest as a means to achieve natural levels 
of erosion resistance in alluvial streambanks and 
to provide long-term sources of functioning LWD.

If available, historic air-photo series can be used 
to identify characteristics of the pre-disturbance 
riparian forest and stream condition and the subse-
quent response to logging or sedimentation. 

Treatment of riparian stands
Where logged riparian forests have regenerated 
extensively to alder, planning of treatments to pro-
mote conversion to conifers must be done with care. 
Wholesale removal of the alder will simply recreate 
the original disturbance; therefore, it is not a recom-
mended treatment. 

Example treatments of alder-dominated riparian 
forests include the following:

Figure 8.33  The root network is critical in limiting bank erosion and channel avulsion on active fans. (Photo:  
D. Wilford)
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• Where conifers are present in the stand, a por-
tion or patch of overstorey alders can be felled or 
girdled to increase light to the conifers.

• Where few or no conifers are present in the stand, 
conifers can be planted in conjunction with fell-
ing or girdling some of the alders.

Additional measures can be used to temporarily 
improve riparian and stream habitat until natural 
recovery occurs. These include:

• placing some of the felled trees in channels that 
are deficient in LWD; and

• in thrifty conifer stands, topping or scarring trees 
to promote mortality and create standing dead 
trees for biodiversity.

Although the degree of success achieved with 
these treatments may not be fully known for many 
years, early results from treated sites are promising 
(Poulin and Warttig 2005).

Gravel bar revegetation
Live gravel bar staking (Figure 8.34) is used to initi-
ate natural successional processes on gravel bars that 

Table 8. Riparian restoration references

Reference Title

Bancroft and Zielke 2002  Guidelines for Riparian Restoration in British Columbia: Recommended 
 Riparian Zone Silviculture Treatments

Bentrup and Hoag 1998 The Practical Streambank Bioengineering Guide: User’s Guide for 
 Natural Streambank Stabilization Techniques in the Arid and Semi-arid 
 Great Basin and Intermountain West

Montgomery et al. [editors] 2003 Restoration of Puget Sound Rivers

Muhlberg and Moore 1998  Streambank Revegetation and Protection: A Guide for Alaska 

Polster 2001  Streambank Restoration Manual for British Columbia

Poulin and Warttig 2005 Learning by Doing: Post-Treatment Responses Noted at Four British 
 Columbia Riparian Restoration Sites

Taccogna and Munro [editors] 1995 The Streamkeepers Handbook: A Practical Guide to Stream and Wetland 
 Care

U.S. Department of Agriculture, Natural  Stream Corridor Restoration: Principles, Processes and Practices
Resources Conservation Service 1998 

U.S. Department of Agriculture, Natural  Stream Restoration Design
Resources Conservation Service 2007 

Washington State Aquatic Habitat Guidelines  Integrated Streambank Protection Guidelines
Program 2003  

Figure 8.34  Live gravel bar staking can be used to initiate 
natural successional processes on gravel bars 
that form from excess sediment accumulation 
associated with development-related landslides 
or erosion. (Image: D. Polster)
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7 Polster, D.F. 2008. Soil bioengineering for land restoration and slope stabilization. Course materials for training professional and 
technical staff. Polster Environmental Services Ltd.

Figure 8.35  Live gravel bar staking on the San Juan River, 
March 12, 1998. The red arrow indicates a 
reference cottonwood. (Photo: G. Switzer)

formed as a result of excessive bedload accumula-
tion. The live staking locks the gravel in place and 
provides an area where flood flows can overtop and 
deposit additional sediment. As the treated gravel 
bars become more terrestrial, the stream thalwag 
deepens. Natural successional processes initiated 
by live gravel bar staking will eventually lead to the 

development of highly productive riparian forests. 
By way of example, Figures 8.35–8.4 show a site on 
Vancouver Island’s San Juan River where live gravel 
bar staking was used to transform a bare, low-eleva-
tion gravel bar to a productive riparian habitat where 
forest species are starting to appear.7 

Figure 8.36  Live gravel bar staking starting to grow (May 
19, 1998). (Photo: D. Polster)

Figure 8.37  Live gravel bar staking traps small woody 
debris, creating a flow disruption and allowing 
sediment to collect (March 12, 1999). (Photo: 
D. Polster)

FIGURE 8.38  A total of 80 cm of new sediment was deposited 
on this gravel bar on the San Juan River (March 
12, 1999) during the first high flows following 
treatment. (Photo: D. Polster)
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Figure 8.39  The cuttings planted on this gravel bar on the San Juan River in 1998 continue to 
grow and provide habitat for later successional species (June 2, 2006). (Photo: D. 
Polster)

Figure 8.40  Live gravel bar staking on the San Juan River has resulted in the accumulation of 
substrate on the gravel bar surface (right) and a deepening of the river channel (left) 
(June 2, 2006). (Photo: D. Polster)
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STREAM CHANNEL RESTORATION

Stream channel restoration may be carried out for 
a number of reasons. For example, a need may exist 
to improve the quality of aquatic habitat or create 
additional habitat (see Chapters 3–5 for detailed 
discussions of aquatic ecology and management). In 
some cases, restoration may focus on increasing the 
extent of fish access, especially where fish passage 
has been impeded by artificial barriers. Stream chan-
nel restoration measures can also be implemented 
to protect stream-adjacent infrastructure, property, 
or sites of high ecological or cultural value that are 
threatened by channel instability or erosion.

Numerous treatments can be applied to stream 
channels, including:

• channel bank erosion control measures;
• instream works to improve fish habitat;
• off-channel works to create or enhance fish habi-

tat;
• replacement of road drainage structures that 

impede fish access; 

• removal of unneeded streambank revetments, 
which reduce floodplain connectivity or prevent 
channel shifting; and

• constructing engineered stream works to control 
streamflow, sediment, and other channel pro-
cesses.

An essential first step in planning stream channel 
restoration activities is to understand the geomor-
phic, hydrologic, and hydraulic behaviour of the 
stream system. This is paramount, as investments in 
stream treatments may be lost if treatment measures 
are inadequate to withstand stream processes or are 
inappropriate for the site. In particular, high-energy 
streams, active fans, and unstable alluvial channels 
are high-risk sites for instream treatments, which 
can result in treatment failure. For example, even 
very large boulder structures are subject to scour, 
which causes the rocks to sink and become buried in 
the channel bed (see Figures 8.42 and 8.43, below; 
also Miles 998). 

Figure 8.4  Understorey on the San Juan River gravel bar that was staked in 1998. The occurrence 
of riparian species, including cow parsnip and salmonberry, indicate that successional 
processes are occurring on the site (June 2, 2006). (Photo: D. Polster)
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Figure 8.42  Coquihalla River, 1984: these boulder structures were constructed along the  
Coquihalla River using the largest rocks that could be moved with highway  
construction equipment. (Photo: M. Miles)

Figure 8.43  Coquihalla River, 1991: Local scour associated with flood flows caused the boulders to 
sink and become buried in the channel bed. (Photo: M. Miles)
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Specific restoration objectives should be estab-
lished at the outset and should consider the follow-
ing factors.

• What is the intended life of the treatment (short 
or long term)?

• What are the potential risks to the treatment 
from geomorphic and hydrologic factors, such as 
landslides, channel instability, erosion, scour, and 
sediment deposition?

• What is the likelihood that the measures will 
achieve the stated objectives?

• What maintenance or retreatment activities are 
required to ensure that the measures continue to 
perform as intended?

• Will future funding be available for maintenance?
• Will the site be accessible in the future for main-

tenance and performance monitoring purposes?

Performance evaluations of instream rehabilita-
tion measures have not been routinely conducted for 
watershed restoration projects in British Columbia; 
however, a few studies conducted elsewhere have 
provided important feedback on the performance 
of these measures. For example, a study in southern 
Alberta investigated the factors that affected the 
performance of instream structures constructed 
by the “Buck for Wildlife” program (see Fitch et al. 
994). The results indicated that instream structures 
commonly failed in river reaches that were vertically 
or laterally unstable, were transporting significant 
quantities of bedload, and (or) had alluvial banks 
that were less than 2 m high. In British Columbia, 
these characteristics commonly occur on alluvial 
channels that have been destabilized by logging 
activity. Similar studies have been undertaken to 
evaluate the efficacy of the BC Habitat Conservation 
Fund’s instream restoration projects (Hartman and 
Miles 995), and to develop compensatory trout habi-
tat for mine sites (Hartman and Miles 200). 

Channel Bank Erosion Control Measures

Channel bank erosion can result from natural 
causes, removal of riparian vegetation, upstream 
changes to the channel, or a combination of these 
factors. Control measures can be used to:

• protect adjacent property or infrastructure from 
bank erosion, 

• reduce sediment input from sources that are caus-
ing channel changes or habitat degradation, and

• restore channel bank stability by re-establishing 
bank vegetation on sites where vegetation removal 
has increased the rate of erosion and sediment 
introduction to the stream. 

As previously mentioned, selected erosion control 
measures should be suitable for the stream char-
acteristics and the measures’ required design life. 
Three common erosion control measures are () rock 
armouring (also called “revetment” or “riprap”), (2) 
vegetation treatments, and (3) engineered logjams.

Rock armouring
Rock armouring is commonly used to reduce ero-
sion hazards around stream crossings or along road 
encroachments. It is an effective form of erosion 
control for high-energy streams, and if properly 
designed, is essentially a permanent installation. 
However, this treatment requires an understanding 
of potential future channel morphology evolution 
and appropriate hydraulic analysis. Rock armour can 
fail to function as intended if applied improperly, or 
it can create increased instability in adjacent sections 
of the channel. A loss of riparian function and habi-
tat complexity can also occur where rock armour 
is used over long bank lengths. These shortcomings 
can be overcome by designing rock armouring in 
conjunction with revegetation techniques and other 
habitat measures (see below). Interstitial spaces in 
the rock armouring can provide cover for fish fry 
when suitably coarse material is used. If it includes 
spurs or other hydraulically rough features, rock 
armouring can also create pools and other useful 
habitat features (see Lister et al. 995; Schmetterling 
et al. 200; Quigley and Harper [editors] 2004; Fig-
ure 8.44). Other measures can include varying the 
alignment of the streamside edge of the armour, and 
anchoring LWD into the rock mass (Figure 8.45). 

Live bank vegetation techniques for erosion control
Live bank protection (Figures 8.46 and 8.47) uses 
vegetation cuttings to support eroding streambanks. 
This measure is of use only where soil moisture 
conditions are sufficient for the cuttings to grow 
and develop into riparian cover. In addition, careful 
attention to detail at the upstream end of a soil bio-
engineering treatment is required to ensure that the 
structures are durable through periods of high flow. 

Engineered logjams
Engineered logjams (ELJs) are constructed by ca-
bling and anchoring logs in configurations that are 
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Figure 8.44  Hydraulically rough riprap formed of large rock and short spurs can be used to  
enhance fisheries habitat values along short sections of the riprap. (Photo: M. Miles)

Figure 8.45  Habitat complexity was added to this channel by varying the alignment of the 
streamside face of the revetment and by anchoring large woody debris into the  
revetment. (Photo: G. Horel)
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Figure 8.46  Live bank protection can be used to support eroding streambanks. This drawing 
shows installations without backfill. (Image: D. Polster)

Figure 8.47  Cross-section of live bank protection showing 
normal backfill. Note that the bank is trimmed 
back to provide the backfill. (Image: D. Polster)

intended to mimic natural logjams. This measure is 
becoming increasingly popular in stream restoration 
projects because it combines bank erosion protection 
and habitat features. An ELJ can also be used strictly 
for habitat applications (see “Instream and Off-chan-
nel Measures” below). As an erosion protection mea-
sure, it is often placed at the eroding outside bends 
of streams, in locations where wood accumulations 
would not be found naturally. An ELJ is not designed 
as a permanent structure because the wood even-
tually decomposes and the structure comes apart; 
therefore, the required design life and liability of the 
ELJ must be considered (see discussion below). If the 
value to be protected is permanent infrastructure, a 
more durable treatment (e.g., rock armour) may be 
more appropriate.

In a review of ELJ performance in Washington 
State, Southerland and Reckendorf (2008) found that 
of 43 installations reviewed, 8 failed completely and 
another 22 were compromised in some way. When 
ELJs are intended primarily for erosion control, these 
structures should be engineered to resist shear forc-
es, scour, buoyancy, and flanking (eroding behind 
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the structure). An ELJ for erosion control can be 
effective when it is intended only as an interim meas-
ure until other processes take hold (Figure 8.48). 

In streams used for recreational purposes, liabili-
ties can be associated with ELJ construction. An ELJ 
may pose a hazard to swimming, tubing, and rafting, 
as can the cable and other materials left behind in 
the stream when the wood decomposes.  

Instream and Off-channel Measures

Numerous instream and off-channel measures can 
be used to achieve specified restoration goals in Brit-
ish Columbia. Common instream measures include: 

• adding habitat elements such as LWD or boulders;
• constructing features such as undercut banks and 

ponds;
• rearranging or removing existing logjams to im-

prove fish passage;
• widening choke points where debris jams regu-

larly occur and impede fish access;

• removing old dams or other artificial barriers;
• realigning channels that were previously ditched 

or diverted;
• altering beaver dams to allow fish passage where it 

has been impeded by the dam;
• providing enticements to beavers to build dams at 

certain locations, to store water for habitat, or to 
avoid damming up drainage structures;

• removing excess sediment in aggraded channels; 
and

• placing gravel in streams that are sediment-de-
ficient (e.g., where natural sediment supply is 
cut off by dams, works associated with drainage 
structures, or other barriers). 

Off-channel measures are frequently used to cre-
ate additional habitat. Common treatments include:

• reopening and enhancing abandoned flow chan-
nels on fans or floodplains;

• creating new channels or ponds on a floodplain or 
a fan; and

Figure 8.48  A series of engineered logjams placed to reduce flow velocities at the base of the embankment allows 
vegetation to become established on the slopes. (Design by M. Sheng; site supervision by M. Wright; 
photo: G. Horel)
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• constructing ponds or opportunistically reme-
diating features such as flooded gravel pits or 
quarries on adjacent terrain where it is feasible to 
construct fish access from the stream.

Extensive information is available on approaches 
to instream and off-channel restoration measures 
(see Tables 8.2 and 8.3). Many case studies of in-
stream and off-channel projects have also been used 
in British Columbia to rehabilitate or create replace-
ment fish habitat (e.g., Underhill [editor] 2000; 
Cleary and Underhill [editors] 200).

When designing and constructing instream and 
off-channel rehabilitation measures, it is impor-
tant to fully understand the behaviour and habitat 
requirements of the fish (and [or] other species) in 
the restoration area of interest, as well as the natural 

processes that shape and maintain the habitat and 
the frequency of disturbances. Different species and 
different life stages of fish require different habitat 
features within the stream. A particular kind of fish 
at a particular age may use different habitats dur-
ing the day and night. For example, during winter, 
- and 2-year-old steelhead in the lower reaches of 
the Chilliwack River were observed to occupy large 
collections of rootwads during the day but move into 
wide, shallow riffle sections adjacent to the rootwads 
at night (G. Hartman, field observations). Conse-
quently, built habitats must fit the age of, and critical 
time periods for, the species of interest in the restora-
tion area. In a multi-species situation, it may be most 
desirable to restore a stream channel to conditions 
that mimic a productive natural stream section. 

Table 8.2 Stream restoration references

Authors Title

Alberta Transportation and Utilities 2009  Fish Habitat Manual: Guidelines and Procedures for Watercourse Crossings 
 in Alberta

Biedenharn et al. 1997 The WES Stream Investigation and Streambank Stabilization Handbook

Fischenich 2001  Stability Thresholds for Stream Restoration Materials

Hunter 1991  Better Trout Habitat: A Guide to Stream Restoration and Management

Newbury and Gaboury 1993  Stream Analysis and Fish Habitat Design: A Field Manual

Saldi-Caromile et al. 2004  Stream Habitat Restoration Guidelines

Slaney and Zaldokas 1997  Fish Habitat Rehabilitation Procedures

The River Restoration Center 2002  Manual of River Restoration Techniques

U.S. Department of Agriculture 2007 Stream Restoration Design

TABLE 8.3 Stream restoration web resources

Title URL

eWater CRC Catchment Toolkit www.toolkit.net.au/

National Center for Earth Surface Dynamics  www.nced.umn.edu/content/tools-and-data
Stream Restoration Toolbox  

River Restoration Northwest www.rrnw.org

Streamline Watershed Management Bulletin www.forrex.org/streamline/streamline.asp

The Nature Conservancy www.nature.org/initiatives/freshwater/conservationtools/ 

U.S. Army Corps of Engineers. Engineer  http://el.erdc.usace.army.mil/publications.cfm?Topic=TechNote&
Research and Development Center Technical Code=emrrp
Notes 

U.S. Forest Service Stream System Technology  www.stream.fs.fed.us
Centre 

U.S. Natural Resources Conservation Service  www.nrcs.usda.gov/
(National and Oregon) www.or.nrcs.usda.gov/technical/technology.html

http://www.toolkit.net.au/
http://www.nced.umn.edu/content/tools-and-data
http://www.rrnw.org
http://www.forrex.org/streamline/steamline.asp
http://www.nature.org/initiatives/freshwater/conservationtools/
http://el.erdc.usace.army.mil/publications.cfm?Topic=TechNote&Code=emrrp
http://el.erdc.usace.army.mil/publications.cfm?Topic=TechNote&Code=emrrp
http://www.stream.fs.fed.us
http://www.nrcs.usda.gov/
http://www.or.nrcs.usda.gov/technical/technology.html
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Instream treatments
Many kinds of instream treatments are used to 
improve habitat. In coastal streams, woody struc-
tures (LWD) or boulder groups are commonly used 
to provide cover and mimic channel conditions 
found in old-growth streams. Remedial measures 
may incorporate other engineered stream works to 
address site-specific problems; for example, instream 
treatments are used to maintain flow to drainage 
structures, to split stream flows, to create channel 
bed roughness that reduces flow velocity, or to limit 
bedload mobilization and transport.

Large woody debris in a stream reach can come 
from several natural sources depending on the 
physical processes that occur in the watershed and 
on the transport capacity of the stream. Natural 
sources of LWD include adjacent streambanks, areas 
upslope from landslides or debris flows that deposit 
into the stream, and transport from stream reaches 
farther up the watershed (see Chapter 0, “Channel 
Geomorphology: Fluvial Forms, Processes, and For-
est Management Effects”).

To achieve the greatest long-term success of in-
stalled LWD structures, it is necessary to understand 
the source of wood that is deposited in streams and 

the manner in which the wood functions in different 
stream types. Several information sources are avail-
able on designing stream rehabilitation structures. 
For example, D’Aoust and Millar (999, 2000) pro-
vide guidelines for determining ballasting require-
ments, and Herrera Environmental Consultants Inc. 
(2006) provides additional advice on constructing 
multi-level or complex engineered logjams.

Installations that conform to natural LWD occur-
rence are most likely to achieve success in provid-
ing habitat and influencing geomorphic processes. 
In small streams, LWD may extend partially into or 
fully across the channel, or may form steps or flow 
diversions. In low-energy streams, LWD can per-
sist until it decomposes and breaks apart. In large 
alluvial streams, natural LWD typically forms jams 
that aggregate on bars and then become mobile to 
disperse and reform farther downstream. These jams 
create channel complexity and form habitat features 
such as scour pools. If the jams persist for periods 
of time, they may also protect gravel bars, and allow 
revegetation to occur downstream of the jam (Figure 
8.49). In high-energy streams confined by non-allu-
vial banks, LWD may be highly mobile and have little 
influence on channel morphology or habitat features. 

Figure 8.49  Large woody debris accumulations deflect flow, which can create scour pools. Large 
woody debris also protects the gravel bar behind, allowing revegetation to occur. 
(Photo: G. Horel)
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Large woody debris installations are likely to be 
most durable in streams with low transport capacity. 
Additional considerations in using LWD for instream 
treatments are the source of natural LWD supply 
and the length of time that the installation may be 
required to function before natural LWD recruitment 
can take place. For example, if the main source of 
LWD to a stream reach is the adjacent banks, then 
the LWD installation will need to persist until the ad-
jacent riparian forest is of sufficient size and species 
composition to provide functioning LWD.

Depending on the characteristics of the stream, 
maintenance or retreatment may be necessary to 
keep the LWD installation functioning for the in-
tended design life. Figures 8.50 and 8.5 show LWD 
structures that have been cabled to trees growing on 
the bank or anchored in place using cables and large 
rocks. 

Similar to ELJs (see “Engineered logjams” above), 
liability issues may be associated with cabled LWD 
structures and with leaving cables and other non-
natural material in the stream when the structures 
decompose. For example, concern surrounds the 
possible movement of introduced wood downstream 
to bridges, reservoirs, control gates, or other struc-

tures. In these cases, other instream measures may 
be more appropriate, such as placing individual 
boulders or drilling and cabling boulders together in 
strings to mimic LWD function.

Stream crossings
Road deactivation at stream crossings most often 
includes full removal of the crossing structure. In 
the case of wood bridges or log culverts, this includes 
removing sills and cribs that form part of the footing 
structures. In some cases, it may be preferable to 
leave all or part of the footing structures in place, 
especially if the stream channel has adapted to the 
structure and beneficial habitat features have devel-
oped. Figure 8.52 shows an example of an old log 
crib that has collapsed into the stream. A scour pool 
developed in front of the structure and a gravel bar 
developed on the downstream side. Removing the 
structure would cause the gravel bar to remobilize 
and might also result in the loss of the scour pool. 

Where existing drainage structures impede fish 
passage, it is sometimes possible to create fish access 
by constructing fish ladders around the structure 
or creating stepped ponds up to the outlet. Often, 
restoring fish access requires replacing the struc-

Figure 8.50  This large woody debris structure was constructed to narrow and deepen a degraded 
channel and provide fish habitat. (Photo: M. Miles)
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Figure 8.5  Large rocks and cables can be used to anchor large woody debris placed in channels for 
habitat improvement. (Site work by W. Pollard; photo: G. Horel)

Figure 8.52  An old crib has distorted and settled, creating a scour pool in front of the logs; a gravel 
bar has developed on the downstream side of the collapsed crib. (Photo: G. Horel)
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ture altogether. Fish access can also be improved 
by removing or modifying natural barriers. Before 
undertaking any work of this nature, the ecologi-
cal implications of providing certain species (e.g., 
invasive species) with increased access should be 
thoroughly considered.

Off-channel measures
Off-channel habitat measures (e.g., Figure 8.53) 
located away from high-energy flows in the main 
stem provide refugia for fish and other organisms 
during high flows and reduce the likelihood of flood 
damage to the remedial measures. These structures 
are typically excavated in areas of floodplains where 
tributary inflow or valley wall seepage can provide a 
source of suitable water (e.g., groundwater). One of 
the benefits of using groundwater as a water source 
for off-channel habitat is that it is frequently cooler 
in the summer and warmer in the winter than water 

in adjacent main-stem channels. Groundwater or 
tributary water may also be, at least seasonally, less 
turbid than main-stem river water. In some situ-
ations, it can be possible to construct gravel plat-
forms in off-channel areas to provide spawning 
habitat. Woody debris can also be incorporated into 
these structures to provide refuge cover, and gravel 
introduced to stream channels8 to provide spawn-
ing habitat if, for example, the upstream supply has 
been cut off by dam construction. Sometimes, with 
the use of sites such as old quarries or gravel pits, it 
is possible to develop off-channel habitat if suitable 
groundwater conditions exist (Figures 8.54, and 
8.55). Before developing such off-channel habitat, 
however, it is important to determine the site’s suit-
ability by using test excavations or pump tests to 
confirm water availability and quality (particularly 
dissolved oxygen levels).
 

Figure 8.53  Off-channel development has the benefit of providing useful habitat in areas with some protection 
from flood damage. (Photo: M. Miles)

8 This type of project requires hydrologic and hydraulic calculations to determine the size of the bed material the 
stream can move (i.e., substrate), and potential transport rates. Free programs are available to assist with this  
analysis, such as WinXSPRO (available at www.stream.fs.fed.us/publications/software.html) or HEC-RAS (available  
at www.hec.usace.army.mil/software/hec-ras/).

http://www.stream.fs.fed.us/publications/software.html
http://www.hec.usace.army.mil/software/hec-ras/
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Figure 8.54  Off-channel habitat created in groundwater-fed gravel pit and connected to Taylor 
River, south-central Vancouver Island. (Site work by M. Wright; photo: G. Horel)

Figure 8.55  Channel excavated to connect gravel pit to 
Taylor River. (Site work by M. Wright; photo:  
G. Horel)
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 MONITORING AND EFFECTIVENESS EVALUATIONS

The final component of restoration is monitoring. 
This step enables the incorporation of adaptive 
management into the restoration process and is es-
sential to achieve success in watershed restoration 
projects (Hartman 2004). Assessing the performance 
of projects over relevant time periods also provides 
important information for use in future projects 
designed to protect aquatic resources (Hartman 
and Miles 995; Harper and Quigley 2000; Gustav-
son and Brown 2002;). Techniques to evaluate the 
performance of projects can be varied and complex. 
Koning et al. (998) provided a review of the tech-
niques available up to 998. Gaboury and Wong 
(999) provided a discussion of monitoring and effec-
tiveness evaluations within the context of watershed 
restoration. See Corner et al. (996), Wilford and 
Lalonde (2004), and the references listed in Table 
8.4 for discussions of various monitoring strategies.

Providing information on experimental designs, 
techniques, and monitoring is an important part of 
improving restoration projects (Keeley and Walters 
994). Ideally, monitoring strategies and effective-
ness evaluation criteria are determined at the project 
outset and incorporated throughout the planning 

and implementation phases. The identification of key 
field indicators and the frequency or level of detail 
to be monitored is of critical importance. Unfortu-
nately, although effectiveness evaluation may be the 
greatest source of restoration information9 for adap-
tive management, few funding agencies are willing 
to commit to years of monitoring.

To truly understand the effectiveness of restora-
tion projects and rehabilitation treatments, it is criti-
cal to evaluate the effectiveness of the work against 
the original objectives and overall goal(s). For 
example, if the objective is to increase the number 
of fish in a system or stream reach, then this is the 
variable that should be quantified (before and after 
treatment).

In general, monitoring of restoration projects 
should:

• be done independently of the original design and 
construction;

• check the physical integrity of the works against 
the intended design life;

• determine whether the works are meeting the 
original objective; and 

Table 8.4 References for monitoring and effectiveness evaluations

Authors Title

Bryant 1995  Pulsed Monitoring for Watershed and Stream Restoration

Gaboury and Wong 1999 A Framework for Conducting Effectiveness Evaluations of Watershed Restoration 
 Projects

Harper and Quigley 2005 No Net Loss of Fish Habitat: A Review and Analysis of Habitat Compensation in 
 Canada

Harris 2005  Monitoring the Effectiveness of In-stream Substrate Restoration

Kondolf 1994 Learning from Stream Restoration Projects

MacDonald et al. 1991  Monitoring Guidelines to Evaluate Effects of Forestry Activities on Streams in the 
 Pacific Northwest and Alaska

Palmer et al. 2005  Standards for Ecologically Successful River Restoration

Pearson et al. 2005 Monitoring and Assessment of Fish Habitat Compensation and Stewardship 
 Projects: Study Design, Methodology and Example Case Studies

Roni [editor] 2005  Monitoring Stream and Watershed Restoration

Roni et al. 2005 Habitat Rehabilitation for Inland Fisheries: Global Review of Effectiveness and 
 Guidance for Rehabilitation of Freshwater Ecosystems

9 Polster, D.F. 2008. Soil bioengineering for land restoration and slope stabilization. Course materials for training professional and 
technical staff. Polster Environmental Services Ltd.
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• determine whether unintended consequences 
have occurred as a result of the rehabilitation 
treatments (e.g., unanticipated scour associated 

with instream measures, or unanticipated wind-
throw in riparian treatments).

EMERGING TOPICS IN WATERSHED RESTORATION

Several topics of interest or concern have emerged in 
the field of watershed restoration. This section briefly 
examines six such emerging topics: () alien invasive 
species, (2) rehabilitation of areas affected by wild-
fire, (3) rehabilitation of areas affected by the moun-
tain pine beetle infestation, (4) restoration designs 
for long-term site nutrient balances, (5) liability, and 
(6) inconsistencies in design methodologies.

Alien Invasive Species

The introduction and spread of alien invasive species 
is a critically important issue in most restoration 
projects (Polster et al. 2006). Although non-native 
fish can be introduced to streams (not necessarily 
by restoration activities), the following discussion 
focusses on invasive plants. Invasive plant species 
can be introduced to a site by using poor-quality 
seed during revegetation of road cuts and fills, by 
using equipment or vehicles that have been working 
in infested areas, or by using contaminated hay. The 
use of poor-quality seed during revegetation (grass 
seeding) is particularly problematic. Species such 
as Canada thistle (Cirsium arvense) are often found 
in low-quality seed. Therefore, many practitioners 
purchase “customer specified Canada No.  mix” 
seed from reputable dealers and avoid using seed 
labelled “forage” or “ground cover,” as the standards 
of purity associated with those designations are often 
significantly lower. 

Some species that are commonly used for recla-
mation of disturbed sites can also become invasive. 
Orchardgrass (Dactylis glomerata), crested wheat-
grass (Agropyron cristatum), and reed canarygrass 
(Phalaris arundinacea) can all become serious 
pests in some parts of the province. Care should be 
exercised where these species are used so that these 
plants do not establish and outcompete other species 
that would compose a balanced ecosystem. The In-
vasive Plant Council of BC (www.invasiveplantcoun-
cilbc.ca/) provides detailed information on invasive 
species and treatments that are available throughout 
the province.

Invasive species can also be moved onto a res-
toration site by contaminated equipment that has 
worked in infested areas. Seed of species such as 
marsh plume thistle (Cirsium palustre), knapweeds 
(Centaurea spp.), and oxeye daisy (Leucanthemum 
vulgare) is easily transported in the mud on the 
tracks of excavators or other equipment. Sometimes 
weed seeds are moved by ATVs and other motor 
vehicles. Where ATVs are used on deactivated roads, 
care must be taken to ensure the vehicle is clean (i.e., 
no weed seeds in any mud on the vehicle or flower 
parts containing seed caught on the vehicle). Where 
hay is used for sediment control or as mulch (e.g., 
erosion mitigation after wildfires), care must be 
taken to ensure that it is weed-free. Inexpensive hay 
can be seriously contaminated with various invasive 
species. For example, toadflax (Linaria spp.), orange 
hawkweed (Hieracium aurantiacum), and scent-
less mayweed (Matricaria perforata) are commonly 
found in low-quality hay. Once established in an 
area, invasive species are difficult to control.

The management of alien invasive plants can 
be difficult and costly, and rarely has a successful 
conclusion. Millions of dollars are spent annu-
ally in controlling alien invasive species in British 
Columbia. In planning restoration projects, the 
most effective strategy is to prevent alien invasives 
from establishing. Part of this strategy is to become 
familiar with the common invasive species that 
might occur on local sites, and to then use appropri-
ate eradication methods if these plants appear (www.
invasiveplantcouncilbc.ca; see the Targeted Invasive 
Plant Solutions [TIPS] series on “Resources” web 
page). The Invasive Plant Council of BC provides 
information on common invasive species by region. 
Where invasive species have been established for 
several years, restoration plans often include the 
eradication of plants in the least-infested areas first, 
and then work towards areas of greatest infestation. 
By controlling the spread of these plants, the harm-
ful effects can be minimized. Persistence is the key 
to effective invasive species management.

http://www.invasiveplantcouncilbc.ca/
http://www.invasiveplantcouncilbc.ca/
http://www.invasiveplantcouncilbc.ca
http://www.invasiveplantcouncilbc.ca
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Rehabilitation of Areas Affected by Wildfire

The province of British Columbia has a legal require-
ment to repair damage resulting from fire-fight-
ing operations. Therefore, post-fire rehabilitation 
is commonly taken to mean the rehabilitation of 
fireguards, camps, access routes, and other scars 
left by fire-fighting operations. Rehabilitation also 
includes re-seeding fireguard zones after contouring 
and drainage restoration activities. In 2004, the B.C. 
Ministry of Forests Protection Branch (now Wildfire 
Management Branch) updated its fire site rehabilita-
tion manual to better plan for and address post-fire 
rehabilitation. Pike and Ussery (2006, 2007) also 
published two documents that address key points to 
consider when planning for post-wildfire rehabilita-
tion.

From a broader perspective, the risk of erosion 
and flooding after a watershed has been burned 
should be considered. In the aftermath of wildfires, 
large areas may be left bare and vulnerable to erosive 
forces. Under certain circumstances, these burned 
areas have a greatly increased hazard of overland 
flow occurring during rain events, and an associated 
hazard of flooding, erosion, and sedimentation from 
the catchment as a whole. Considerable experience 
with wildfire effects in the United States has led to 
the general recognition of a “fire–flood–erosion” 
sequence. Consequently, assessments are undertaken 
immediately after the fire on sites determined to be 
at risk from floods and erosion, and rehabilitation of 
burned hillslopes is prescribed. 

Numerous rehabilitation measures have been 
used over the last couple of decades (see Napper 
2006). Robichaud et al. (2000) documented and 
assessed the usefulness of these methods; however, 
many rehabilitation efforts are applied in haste, so a 
full assessment of the costs and effectiveness is not 
possible. 

The more intensive post-fire rehabilitation 
methods involve installing contour barriers across 
steep hillslopes. The barriers are intended to slow 
overland flow and trap eroded soil. Contour logs are 
created by felling trees, fixing them in place on the 
contour using wooden stakes, and filling the gaps 
beneath the logs by excavating above the log. The 
installation of contour barriers requires significant 
financial resources and effort, and involves consider-
able disturbance of the hillslope. Alternatively, straw 
wattles (long “sausages” of straw) may be used. These 
barriers mould to the slope surface easily and can 
filter water that flows slowly through them.

Another very expensive rehabilitation method, 
used on highly vulnerable slopes close to roads, is 
hydro-mulching or hydro-seeding. This involves 
spraying a slurry of seeds, mulch, and a sticking 
agent (or tackifier) onto the soil surface. Probably 
the least expensive rehabilitation method (aside 
from doing nothing) involves simply seeding with a 
mixture of quick-growing grass and pasture seeds, 
often of annual cover crops. These mixtures are ap-
plied from the air by fixed-wing aircraft or helicopter 
at rates of 5–0 kg of seed per hectare. This option 
is quick and cheap but may be of little use if rains 
arrive before a good cover crop establishes. The seed 
mixtures are also a possible source of alien invasive 
species (see discussion above).

The most successful and cost-effective rehabili-
tation methods involve mulching. The quickest of 
these is straw mulching, in which large stocks of 
straw are chopped and then dropped from a heli-
copter, with the downdraft helping to spread the 
mulch across the landscape. As with seeding, this 
method carries the risk of introducing alien plant 
and weed seeds. Another mulching method involves 
chipping trees on-site and distributing the mulch 
across the burned slope. These methods mimic the 
effect of needle-fall, which occurs naturally when 
trees are killed by a ground fire but the foliage is not 
consumed. In the weeks and months following the 
fire, the dying foliage falls from the canopy and cre-
ates an even ground cover, which is highly effective 
in protecting slopes from erosion (Robichaud et al. 
2000; Giest and Scott 2006). 

Rehabilitation of Areas Affected by the Mountain 
Pine Beetle Infestation

The mountain pine beetle (Dendroctonus ponderosae 
Hopkins [MPB]) has killed and will continue to kill 
pine trees over huge tracts of forest across British 
Columbia. This has the potential to both directly and 
indirectly affect watershed processes and values. For 
example, if affected pine trees are located within the 
riparian zone, tree mortality can directly increase 
the risk of windthrow into streams, resulting in LWD 
loading and possibly decreased bank strength and 
increased sediment delivery. Furthermore, if dead 
pine stands are salvaged, there are risks associated 
with conventional forest harvesting and road con-
struction practices. Indirectly, pine mortality (with 
or without subsequent salvage harvesting) reduces 
overall evapotranspiration losses, which at the wa-
tershed-scale is likely reflected in increased annual 
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water yield, increased groundwater levels, and pos-
sibly increased peak flows (Uunila et al. 2006). 

Strategies to address the impacts of MPB are 
evolving, although some suggest that the best 
strategy for MPB sites is just to leave them alone. 
Active rehabilitation of streams and riparian areas 
affected by MPB involves two principal objectives: () 
to reduce the potential increase in the amount and 
rate of runoff generated by the watershed; and (2) to 
ensure that the drainage network (including streams 
and stream crossings) has adequate capacity to 
handle potentially higher flows or water levels in the 
future without causing adverse effects (e.g., channel 
instability and increased turbidity). The increase in 
flows may be considerable (Uunila et al. 2006), and is 
a topic of active research (e.g., Luo et al. 2006). 

Achieving the first objective involves the accelera-
tion of hydrologic recovery through stand rehabilita-
tion, but only where this is justified (Burton 2006). 
This likely would include conventional planting 
strategies, but attempts should be made to minimize 
impacts on (live) understorey vegetation and to 
encourage the establishment of rapidly growing pio-
neer species (e.g., cottonwood). Achieving the sec-
ond objective involves the identification of areas and 
(or) sites that are sensitive to increased streamflows 
or groundwater levels, followed by the development 
of specific strategies to pre-emptively address any 
issues that could arise. This may include upgrading 
stream crossings and ditches, stabilizing vulnerable 
streambanks, or selectively removing dead trees and 
(or) LWD. Although many of these strategies have 
been used successfully over the years, it may take 
time to determine how effective these measures are 
in MPB-affected watersheds, as the full hydrologic 
impacts of MPB have yet to be observed in much of 
British Columbia.

Long-term Site Nutrient Balances

Working with nature to rehabilitate areas in which 
undesirable conditions have been created can be 
more successful and cost-effective than engineer-
ing approaches that work against natural processes. 
The restoration of long-term site nutrient balance 
focusses on re-establishing patterns of ecological 
succession. This involves establishing physical eco-
system conditions that facilitate succession (creating 
an appropriate “ecological stage” using the metaphor 
of ecological theatre10; Figure 8.56). Unless the spe-

cies to be established match the physical and chemi-
cal conditions present, the establishment efforts may 
fail.

 One of several conditions that must be met for 
the successful re-establishment of succession is the 
availability of soil resources—moisture, soil aeration, 
and nutrients. The first two components are a func-
tion of topography, slope hydrology, and soil texture 
and architecture, some of which may have been de-
graded, although some of these are a relatively fixed 
site feature. The third component, the soil nutrient 
legacy and its pattern of change over time, can be the 
most affected by ecosystem disturbance; therefore, 
the nutrient requirements of the successional stages 
to be established require consideration. If nutritional 
reserves are thought to be inadequate for the species 
being established, then some management actions 
(e.g., fertilization, organic matter amendments, or a 
change in species) may be needed.

One of the challenges of site nutritional assess-
ment is the dynamic nature of nutrient availability. 
The relatively short “assart period” of increased 
nutrient availability following disturbance can 
mask long-term biogeochemical issues related to 
significant disturbance-induced losses of nutrient 
legacies. These legacies are important for ecosystem 
productivity and for the success of seral vegetation 
in providing slope stability and the re-establishment 
of hydrological function. Young trees have relatively 
high requirements for nutrient uptake. Once trees 
have accumulated sufficient nutrients to support the 
leaf biomass and to provide the nutritional require-
ments for foliage and fine root replacement through 
internal nutrient recycling, the tree population or 
community can prosper with reduced levels of soil 
nutrient availability. If the assart period ends before 
this critical accumulation of nutrients is reached, 
then tree growth, foliage production, and litter fall 
will decline and the desired plant community func-
tion may not be achieved.

Fortunately, many early-seral tree species have ad-
aptations that help maintain the supply of soil nitro-
gen, the nutrient normally most depleted following 
erosion and other forms of soil disturbance. Alders, 
and to a lesser extent cottonwoods and some early-
seral conifers, have nitrogen-fixation adaptations 
that increase the availability of nitrogen, acidify the 
soil, and thereby accelerate mineral weathering. This, 
in turn, increases the availability of other nutrients.

Qualitative assessments of long-term site nutri-

0 For an elaboration of this conceptual approach, see Kimmins 2005, 2007.
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ent balance can be undertaken by a soil scientist or 
ecosystem ecologist. When a quantitative assessment 
of long-term nutritional inventories and dynamics is 
deemed critical to the success of restoration efforts, 
ecosystem management models can be used that 
incorporate biogeochemical processes and tree spe-
cies nutritional requirements (see Figure 8.57; www.
forestry.ubc.ca/ecomodels/; Kimmins et al. 999).

Liability

Another emerging topic related to watershed restora-
tion is the need to better specify design criteria for 
restoration projects (Slate et al. 2007) and to deter-
mine liability associated with such projects. Table 
8.5 shows the probability of exceeding design crite-

ria as a function of project lifespan. Many restora-
tion (or compensation) projects require considerable 
investment of time and resources. Therefore, a need 
exists to better define the expected lifespan of the 
restoration measures, the acceptable risk of failure, 
and the liability that will accrue to the proponent /
design team if project objectives are not achieved 
because of unforeseen events.

By way of example, while floating down a placid 
stream, a child drowned after becoming entangled 
in an instream LWD structure. Who accepts respon-
sibility for this tragedy and what qualifications and 
(or) insurance should the designer or sponsoring 
agency be expected to possess? These issues can sig-
nificantly affect who undertakes restoration projects 
and the liability that is assumed.

  

Figure 8.56  Diagrammatic representation of the concept of “ecological theatre.” Only one or a few 
plant species (“actors”) are shown for each “act” (seral stage and its biotic community) of 
the ecological “play” (the successional sequence of communities/seral stages), whereas in 
reality many species (“actors”) are “on stage” in each “act.” This diagram implies that the 
“script” or “storyline” for the “ecological play” is constant and will be repeated exactly  
following ecosystem disturbance. In reality, it can vary according to different types,  
severities, spatial scales and timing of disturbances, differences in ecosystem character  
and condition, differences in the availability of species to colonize the area, and the 
resultant variation in the processes of ecosystem development. For watershed restoration 
efforts to be successful using natural process–based approaches, species must be closely 
matched to the present physical and chemical conditions and ecosystem processes (after 
Kimmins 2007). Note that the ecosystem condition “old growth” can occur as each seral 
stage evolves into the next—not only as ancient, late successional, or climax communities. 
(Kimmins 2007, after Kimmins 2005)
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Table 8.5  Probability of exceeding design criteria (%) as a function of project lifespan. (Table prepared by M. Miles and Associates 
Ltd. using a formula in Kite 1976)

Average 
return
period Anticipated project lifespan (years)

(years) 2 5 8 10 15 20 25 30 40 50 60 70 80 90 100 150 200

2 75 97 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
5 36 67 83 89 96 99 100 100 100 100 100 100 100 100 100 100 100
10 19 41 57 65 79 88 93 96 99 99 100 100 100 100 100 100 100
20 10 23 34 40 54 64 72 79 87 92 95 97 98 99 99 100 100
25 8 18 28 34 46 56 64 71 80 87 91 94 96 97 98 100 100
30 7 16 24 29 40 49 57 64 74 82 87 91 93 95 97 99 100
40 5 12 18 22 32 40 47 53 64 72 78 83 87 90 92 98 99
50 4 10 15 18 26 33 40 45 55 64 70 76 80 84 87 95 98
60 3 8 13 15 22 29 34 40 49 57 64 69 74 78 81 92 97
100 2 5 8 10 14 18 22 26 33 39 45 51 55 60 63 78 87
200 1 2 4 5 7 10 12 14 18 22 26 30 33 36 39 53 63
500 0.4 1 1.6 2 3 4 5 6 8 10 11 13 15 16 18 26 33
1000 0.2 0.5 0.8 1 1.5 2 2 3 4 5 6 7 8 9 10 14 18
1500 0.1 0.3 0.5 0.7 1 1.3 1.7 2 3 3 4 5 5 6 6 10 12
2000 0.1 0.2 0.4 0.5 0.7 1 1.2 1.5 2 2 3 3 4 4 5 7 10

Figure 8.57  The major elements of production ecology. These elements should be incorporated 
into assessments of potential biogeochemical limitations on the success of restoration 
activities. The competition for resources includes herbs and shrubs, as well as all the 
tree species present. The FORECAST ecosystem management model is one decision- 
support tool used for this purpose (Kimmins et al. 1999; Seely et al. 1999, 2004). 
(Modified from Kimmins 1993)
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Design Methodology

Restoration is an emerging science; consequently, 
the most appropriate techniques for accomplishing 
desired objectives are the subject of many active de-
bates. The difference in opinion among practitioners 
over the importance and role of red alder in restor-
ation is discussed above; however, the combined 
approach of both “sides” can provide very effective 
treatments. For instance, the Aquatic Conservation 
Strategy of the Northwest Forest Plan, as applied in 
the U.S. Pacific Northwest by federal land manage-
ment agencies, provides an example of an integrated, 
whole-watershed approach in which multiple goals 
are achieved by using a variety of treatments (Reeves 
et al. 2006). 

As this chapter indicates, stream restoration 
methodologies are becoming increasingly sophisti-
cated, and the engineering profession is beginning 
to see this type of work as within their regulated 
scope of practice. Some conflicts may be unavoid-
able, given that stream restoration work is currently 
designed mainly by community “stream keepers”—
environmentally concerned citizens or biologists 
who have varying levels of “classic engineering” 

training. This disparity in background and outlook 
also applies at the professional level. For example 
a well-known stream classification system (Rosgen 
996) is commonly employed to define “reference 
reaches” and identify suitable restoration strategies 
(see Rosgen and Fittante 986). In contrast, many 
fluvial geomorphologists and river engineers base 
their analyses on hydraulic geometry relationships, 
hydraulic and sediment transport calculations, and 
numerical models (e.g., Kondolf 995; Ashmore 999; 
Walker et al. 2005). Again, this particular disparity 
in approach is actively being debated.

The liability issues described previously may 
inevitably lead to increasingly sophisticated design 
procedures and an evolution in both the methods 
by which these are derived and the qualifications of 
the people who prepare them. In addition, increas-
ing demands by regulatory agencies (e.g., Fisher-
ies and Oceans Canada, Transport Canada [i.e. 
Navigable Waters Protection Act], B.C. Ministry of 
Environment, B.C. Ministry of Forests and Range) 
and standards set by these agencies will lead to an 
increased sophistication of design. In the future, en-
suring that this transition is achieved in an amenable 
manner will likely require considerable effort.

SUMMARY

In British Columbia over the last 20–25 years, and 
especially since 993, substantial experience has 
been gained in physical watershed assessments and 
rehabilitation treatments to address impacts from 
historic forest development. The success of restora-
tion projects depends on setting clear goals for the 
project and specific objectives for individual reme-
dial measures. It is critical to understand the physi-
cal and ecological processes at work in the watershed 
and to work with these processes in designing and 
implementing restoration measures.

Some measures, such as reducing sediment sourc-
es to streams by deactivating roads on steep slopes, 
have achieved considerable success in the short term. 
Other rehabilitation measures, such as promoting 
conversion to conifers in disturbance-generated 
alder riparian forests, will take many years to realize 
the full benefits. Perhaps the most daunting chal-
lenge involves the destabilization of large alluvial 
streams by riparian logging and other development. 
Decades later, little recovery is evident in some of 

these streams, and no short-term solutions are avail-
able to achieve floodplain stability.

As with many fields of developing science, there 
are divergent views on restoration approaches and 
treatment methodologies. For this reason, it is essen-
tial to set specific objectives and select the approach 
most likely to achieve those objectives and the 
overarching restoration goal. The type of treatment 
selected may also depend on other factors, such as 
legislated requirements for site remediation or refor-
estation and the expected time frames for different 
approaches to achieve the desired results.

An important consideration in restoration 
planning is the availability of future funding for 
measures that require ongoing maintenance or re-
treatment to meet project objectives. The availability 
of long-term funding for monitoring rehabilitation 
treatments may be uncertain, yet monitoring needs 
to critically evaluate performance. As well as con-
firming successful strategies, monitoring identifies 
cases where treatments did not work, either through 
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a loss of integrity of the measures or through a 
failure to achieve the desired results. Lessons learned 
from these cases will inform future restoration ac-
tions. Forest development (as well as many other 
activities) continues in many watersheds in which 

restoration projects were undertaken. An important 
goal for current forest management is to manage 
ongoing development in a manner that allows for 
continued recovery from past impacts.
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