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Forest harvesting can influence
many aspects of stream

environments and watershed
functioning, with potentially negative 
influences on water quality and
aquatic ecology. The most common
approach to protect stream
environments is to retain forested
buffer strips. However, this strategy
incurs economic costs due to the
reduction of area available for
harvest, and can complicate
operations such as yarding.

Consequently, the retention of
forested buffer strips,

particularly along headwater
streams, has been

associated with ongoing 
debate and

controversy.

Many juris dic tions through out North
Amer ica do not require treed buff ers
along head wa ter streams, which are
often defined in rela tion to size and
(or) lack of fish pres ence (e.g., Lee et
al. 2004).

In response to these con tro ver sies, a
group of sci en tists orga nized a sym po -
sium on Small Stream Chan nels and
their Ripar ian Zones: Their Form, Func -
tion and Eco log i cal Impor tance in a
Water shed Con text in Feb ru ary 2002.
This sym po sium and an asso ci ated
work shop resulted in spe cial issues of
the Cana dian Jour nal of For est Research
(Moore and Rich ard son 2003), and
the Jour nal of the Amer i can Water
Resources Asso ci a tion (Moore 2005).
The gen eral con sen sus at the 2002
meet ing was that there was insuf fi -
cient knowl edge of the func tion ing of
small streams and their responses to
for est har vest ing to guide ripar ian

man age ment in head wa ter
areas. 

Since the 2002 meet ing, a range of
pro jects focused on head wa ter streams 
and their response to alter na tive ripar -
ian treat ments has been con ducted,
par tic u larly in Brit ish Colum bia and
the US Pacific North west. For exam ple, 
in Brit ish Colum bia, pro vin cial for est
research ini tia tives funded var i ous
research pro jects focused on small
streams, while in the United States,
the Ore gon Head wa ters Research
Coop er a tive funded a series of pro jects 
and meet ings (Danehy and Ice 2007).
To pro vide a forum for pre sen ta tion
and dis cus sion of these emerg ing
research results and their impli ca tions
for ripar ian man age ment, a con fer -
ence was held Feb ru ary 19–21, 2007,
at the Uni ver sity of Brit ish Colum bia,
titled Ripar ian Man age ment in Head wa -

Volume 11  Number 1  Fall 2007

Inside this issue:
Riparian Management in
Headwater Catchments

The Evolution of Forest
Practices Associated with
Landslide Management in 
British Columbia
Part I & Part II

Using Weather Imagery
to Identify Potential
Landslide Triggers in
Northern British
Columbia

Mountain Pine Beetle and 
Watershed Hydrology:
Workshop Summary

Update

Continued on page 2



ter Catch ments: Trans lat ing Sci ence into
Man age ment. The con fer ence was
co-spon sored by the Uni ver sity of Brit -
ish Colum bia, Fish er ies and Oceans
Can ada, Nat u ral Resources Can ada
(Cana dian For est Ser vice), BC Min is try
of For ests and Range, and BC Min is try
of Envi ron ment. The con fer ence drew
over 200 par tic i pants from through out 
North Amer ica and as far away as New 
Zea land. These sci en tists, for est and
aquatic resource pro fes sion als, and
non-gov ern ment orga ni za tions
reviewed the state of head wa ter ripar -
ian man age ment sci ence in the Pacific
North west.

The meet ing began
on Feb ru ary 19 with
a field trip to
Malcolm Knapp
Research For est.
There, par tic i pants
learned about and
dis cussed results from 
a pro ject funded by
For est Renewal BC
and For est Invest -
ment Account (BC),
titled “Ecol ogy and
man age ment of
ripar ian–stream eco -
sys tems: A large scale 
exper i ment using
alter na tive stream side man age ment
tech niques.” On Feb ru ary 20 and 21,
oral and poster pre sen ta tions high -
lighted recent research results from a
range of sites, includ ing the
sub-boreal, South ern Inte rior, and
south coastal regions of Brit ish Colum -
bia, and the Cas cades and Coast
Ranges of Wash ing ton State and Ore -
gon. Research ers work ing in the boreal 
for est zone of Ontario and the south -
east United States came to com pare
and con trast the research results from
their head wa ter stud ies. These stud ies
used var i ous study designs, includ ing
syn op tic (ret ro spec tive) sur veys, large-
and small-scale designed field exper i -
ments, and com puter sim u la tions. 

The meet ing closed with a panel dis -
cus sion, which pro vided an

oppor tu nity to reflect upon and
debate the impli ca tions of recent
research on the chal lenges asso ci ated
with ripar ian man age ment in head wa -
ter catch ments. Panel mem bers
included:

l Dr. Rhett Jackson, Associate
Professor, Warnell School of Forest
Resources, University of Georgia

l Dr. David Kreutzweiser, Research
Scientist, Canadian Forest Service

l Mr. Bill Beese, Forest Ecologist,
Western Forest Products

l Dr. Kate Sullivan, Director of
Research and Development, Scotia
Pacific

The pan el ists’ com -
ments and fol low-up
com men tary from the
audi ence cov ered a
range of issues. Some
key points emerged
from the panel
dis cus sion.

Study design: While
designed exper i ments
with rep li cated treat -
ments and pre- and
post-treat ment mea -
sure ments are
sta tis ti cally the most

rig or ous approach for research, they
are often chal leng ing to imple ment in
prac tice and apply in large-scale adap -
tive man age ment exper i ments.
Oper a tional con straints often mean
that treat ments are not exe cuted
accord ing to the orig i nal study design, 
and rep li ca tion can be dif fi cult, given
the dra matic vari abil ity in streams and
the often inac cu rate rep re sen ta tion of
head wa ter streams on maps. Alter na -
tive exper i men tal designs such as case
stud ies or syn op tic sur veys should not
be com pletely dis counted as means to 
gen er ate use ful sci en tific knowl edge
because of lower sta tis ti cal or infer en -
tial rig our. There is also a short age of
long-term stud ies (5 years) look ing at
long-term changes and recov ery pro -
cesses in head wa ter sys tems.
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Windthrow: In sev eral exper i ments dis -
cussed at the con fer ence, windthrow
reduced can opy cover below that
intended by the exper i men tal design.
While it com pli cates the anal y sis,
windthrow is a com mon dis tur bance
ele ment in ripar ian man age ment, and
its influ ence needs to be con sid ered.
As such, treat ments may be
better rep re sented by gra di -
ents in phys i cal vari ables
(e.g., of reduc tions in can -
opy cover) rather than
dis crete fac tors such as
buffer width. Windthrow is
a key issue for the design of
ripar ian buff ers on small
streams; it is likely to occur
and windthrown trees still
have eco log i cal func tions. In 
addi tion, we need to apply
our exist ing knowl edge of
oper a tional meth ods for
increas ing the wind-firm -
ness of buff ers, such as pre-log ging
ripar ian treat ments and prun ing, and
to test these strat e gies in research
tri als. 

Sig nif i cance of effects: At many study
sites, changes in phys i cal vari ables,
such as water tem per a ture, were near
the lim its of detectability, espe cially
given the low sta tis ti cal power asso ci -
ated with the typ i cally short peri ods of 
pre- and post-treat ment obser va tions
and the large spa tial and tem po ral
vari abil ity within and among head wa -
ter streams. This sit u a tion reg u larly
leads to the chal lenges of Type II errors 
(not detect ing a real dif fer ence
because of the lack of suf fi cient rep li -
ca tion). Beyond the dif fi cul ties in
estab lish ing sta tis ti cal sig nif i cance are
the chal lenges in assess ing the eco log -
i cal sig nif i cance of changes to the
stream-ripar ian envi ron ment. Are the
often small changes in phys i cal or bio -
log i cal con di tions eco log i cally
sig nif i cant or within the range of nat u -
ral vari abil ity? Do the type and size of
head wa ter stream mat ter? Deter min -
ing the mag ni tude of changes in
phys i cal and bio log i cal com po nents of 

a stream that are accept able to stake -
holders is fun da men tal to decid ing the 
level of ripar ian pro tec tion required on 
head wa ter streams. 

Pro cess mod els: Except for some inten -
sively stud ied research sites, there is
incom plete infor ma tion on how

changes in the 
phys i cal envi -
ron ments of
streams and
ripar ian zones
trans late into
bio log i cal and
eco log i cal
effects. The
best approach
may be to
develop and
apply pro cess
sim u la tion
mod els to link
phys i cal and
eco log i cal pro -

cesses and pre dict cumu la tive,
large-scale spa tial and future tem po ral
changes. For exam ple, the effects of
ripar ian man age ment on large woody
debris recruit ment—and the sub se -
quent changes in phys i cal hab i tat and
struc ture within streams—can only be
assessed with mod els that can sim u -
late pro cesses and pre dict con di tions
over decadal and lon ger time scales. 

Indi ca tors: How to mea sure the “eco -
sys tem health” of head wa ter sys tems
is unclear due to the lack of
well-under stood indi ca tors or indi ca tor 
spe cies in head wa ter streams and
ripar ian areas. Devel op ing sci en tif i cally 
defen si ble indi ca tors allows for est
man ag ers to dem on strate the
sustainability of any for est and ripar ian 
prac tices in head wa ter areas. 

Down stream effects: Head wa ter
streams export water, energy, and
mate ri als to down stream aquatic hab i -
tats (Wipfli et al. 2007), but our
under stand ing of these pro cesses is
incom plete. In par tic u lar, how do dis -
tur bances from for estry activ i ties affect 
these pro cesses, how do they prop a -

gate down stream, and how do we
best mit i gate the effects?

Cli mate change: The need to con sider
the con found ing effects of cli mate
change on head wa ter ripar ian man -
age ment was fre quently expressed.
Stream tem per a tures and hydrol ogy
will change, as will winds and insects
that may affect blowdown and impact 
ripar ian buff ers. How ever, cur rent cli -
mate mod els are poor at pre dict ing
local ized and sea sonal cli mate
changes. It was sug gested that head -
wa ter sys tems remain as intact and
resil ient as pos si ble to buffer and allow 
adap ta tion to cli mate change. 

State of knowl edge: Although there
was con sen sus that our state of knowl -
edge has grown con sid er ably since the 
2002 con fer ence, there was no con -
sen sus on the effec tive ness of
rec om mended best man age ment
prac tices (BMPs) in head wa ter sys -
tems. Some par tic i pants voiced
cau tion over our lack of knowl edge of
the long-term, cumu la tive effects of
for est har vest ing on head wa ter eco sys -
tems, the extrap o la tion from
site-spe cific stud ies to the land scape
level, the lim ited ecoregional extent of 
the stud ies to date, and the poten tial
impor tance of con sid er ing spe cies at
risk and pop u la tion con nec tiv ity. Oth -
ers believe we have enough research
to trans late the sci ence into sound
man age ment prac tices and get on
with adap tive man age ment tri als. It
was sug gested that dif fer ences in
opin ion about the state of knowl edge
may stem from the lack of agreed-
upon objec tives or benchmarks
against which we can assess the sig nif -
i cance of eco log i cal effects. For
exam ple, it is unclear what eco sys tem
com po nents we need to pro tect and
how much pro tec tion is enough or
too much. How much change in a
head wa ter eco sys tem is accept able to
stake holders? Another impor tant
short-term goal is a meta-anal y sis of
the cur rently avail able sci ence to
deter mine quan ti ta tively the scope
and lim its of our knowl edge of head -
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wa ter eco sys tem pro cesses and our
abil ity to assess the risks of man age -
ment activ i ties on stream and ripar ian
resources.

Oper a tional for estry: An impor tant
chal lenge is get ting the for estry sec tor
to buy in to rec om men da tions for
BMPs in head wa ter areas. Edu ca tion,
tax incen tives, and (or) car bon cred its
were dis cussed as ways to encour age
reten tion of ripar ian for est in head wa -
ter areas.

Summary
The con fer ence suc cess fully pulled
together much of the exist ing and
emerg ing sci ence on head wa ter ripar -
ian man age ment and pro vided a
forum for sci en tists, resource man ag -
ers, and other stake holders to dis cuss
the impli ca tions for sus tain able for est
man age ment. It also iden ti fied many
sig nif i cant knowl edge gaps and chal -
lenges that need to be con sid ered
when trans lat ing the sci ence into man -
age ment actions in head wa ter for ests. 

There is a need to iden tify and clar ify
the key eco log i cal changes asso ci ated
with har vest ing in head wa ter sys tems
and agree on meth ods to mea sure the 
changes, the rel e vant space and time
scales for mon i tor ing, and the iden ti fi -
ca tion of accept able thresh olds. More
spe cif i cally, to advance the sus tain able
man age ment of head wa ter for ests, it
will be nec es sary to:

1. define clear and quantifiable
objectives for riparian
management, as the existing
primary objectives in most
jurisdictions only identify
protection of fish and drinking
water quality, which are not
relevant in many headwater
systems;

2. propose alternative management
strategies to meet these
objectives; and

3. develop a research plan for testing 
the management strategies. 

Research plans will need to con sider
both phys i cal and bio log i cal responses 

and their inter ac tions, down stream
prop a ga tion of dis tur bances, and
post-dis tur bance recov ery. The last
two con sid er ations are nec es sary for
extrap o lat ing from sites to land scapes. 
In addi tion, research plans should inte -
grate field mon i tor ing and pro cess
mod els. 

Despite the knowl edge gaps, a solid
foun da tion cur rently exists to pro pose
par tial answers to the ques tion of how
to bal ance the pro tec tion of head wa -
ters with sus tain able for est
man age ment. For exam ple, reten tion
of some level of mer chant able ripar ian
for est is clearly required to pro vide
shade and main tain inputs of organic
mat ter, both lit ter and large woody
debris. The impor tant chal lenges lie in
deter min ing how much reten tion is
required, in what spa tial pat tern, and
on which par tic u lar stream reaches, as
well as how to address windthrow.
Rec og niz ing that there is con sid er able
uncer tainty in the cur rent state of
knowl edge, it will be impor tant to
adopt an iter a tive approach to set ting
BMPs. As new infor ma tion accu mu -
lates from ongo ing research and
eval u a tion of pro posed BMPs, revi sions 
to for est man age ment prac tices
around head wa ters will be needed
(i.e., adap tive man age ment). 

The con fer ence pro gram and abstracts 
are avail able at 
http://fac ulty.for estry.ubc.ca/
rich ard son/RiparianManagement
Con fer ence/ConferenceProgram.pdf

Acknowledgements
We grate fully acknowl edge finan cial
sup port from our spon sor ing agen cies
men tioned in the arti cle. Devon
Knight Events pro vided excel lent con -
fer ence orga ni za tion and ensured a
high-qual ity expe ri ence for par tic i -
pants. We espe cially thank the panel
mem bers, who helped inte grate the
rich set of research results and apply
them to the chal lenge of ripar ian man -
age ment along head wa ter streams. 

For further information, contact: 

Erland A. MacIsaac 
Head, Fish–For estry Research Pro gram
Fish er ies and Oceans Can ada
School of Resource and Envi ron men tal
Man age ment
Simon Fra ser Uni ver sity 
Burnaby, BC  V5A 1S6
Tel: (604) 986-1695
Email: macisaace@pac.dfo-mpo.gc.ca 

R.D. (Dan) Moore
Pro fes sor
Depart ments of Geog ra phy and 
For est Resources Man age ment
Uni ver sity of Brit ish Colum bia
Van cou ver, BC  V6T 1Z4
Tel: (604) 822-3538

Email: rdmoore@geog.ubc.ca

John S. Rich ard son
Pro fes sor
Aquatic and Ripar ian Area Ecol ogy
Depart ment of For est Sci ences
Uni ver sity of Brit ish Colum bia
Van cou ver, BC  V6T 1Z4
Tel: (604) 822-6586
Email: john.rich ard son@ubc.ca

References

Danehy, R.J. and G.G. Ice. 2007.
Introduction to special issue on
headwater streams. Forest Science
52:101–103.

Lee, P., C. Smyth, and S. Boutin. 2004.
Quantitative review of riparian buffer
width guidelines from Canada and the
United States. Journal of Environmental
Management 70:165–180.

Moore, R.D. 2005. Small stream channels
and their riparian zones in forested
catchments of the Pacific Northwest:
Introduction. Journal of the American
Water Resources Association
41:759–761.

Moore, R.D. and J.S. Richardson. 2003.
Progress in understanding the structure, 
function and ecological significance of
small stream channels and their
riparian zones. Canadian Journal of
Forest Research 33:1349–1351.

Wipfli, M.S., J.S. Richardson, and R.J.
Naiman. 2007. Ecological linkages
between headwaters and downstream
ecosystems: Transport of organic
matter, invertebrates, and wood down
headwater channels. Journal of the
American Water Resources Association
43:72–85.

4 Streamline Watershed Management Bulletin  Vol. 11/No. 1 Fall 2007

Continued from page 3

http://faculty.forestry.ubc.ca/richardson/RiparianManagementConference/ConferenceProgram.pdf



