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high streamflows, and dropped 
during summer, in some cases to 
very low levels when streamflow 
also dropped to very low levels. 
No harvesting treatment had any 
significant effect on dissolved oxygen 
concentrations or percent saturation, 
possibly because the streams were 
generally well aerated as a result of 
gradients of 4–25% and had only 
portions of their lengths affected.

Electrical Conductivity
Streamwater electrical conductivity 
was affected by forest harvesting, 
particularly when buffer strips were 
not retained (0-m buffer) or were 
only 10 m wide, for the first 4 years 
following harvesting (Figure 7). 
Partial cutting increased streamwater 
electrical conductivity very slightly, 
and only in the fall. Increases in 
streamwater electrical conductivity 
were least pronounced in spring. 

pH
No harvesting treatment had any 
statistically significant effect on 
streamwater pH levels. Thus, acid 
generation and use within the 
watersheds was not greatly affected 
by the harvesting.

Nutrient Chemicals
Harvesting impacts on streamwater 
nutrient concentrations varied 
depending on the chemical. Changes 
were most pronounced with 
elevated potassium (K) in summer 
and fall, lasting approximately 
5 years (Figure 7). Sodium (Na) and 
calcium (Ca) concentrations were 
elevated for approximately 1 year 
after harvesting, and magnesium 
(Mg) concentrations were unaffected 
by harvesting. Concentrations of 
nitrates (NO3) exhibited short-term 
(3 year) increases, primarily in fall and 
winter (Figure 8). For the subsequent 
3 years, NO3 concentrations were 
lower than before harvesting, 
consistent with previous studies that 
reported increased uptake of NO3 
by rapidly growing biomass (Feller 
2005). Streamwater dissolved silica 
(Si) concentrations were unaffected 
by harvesting, sulphate (SO4) 
concentrations declined, and organic Continued on page 8

Figure 7.  Examples of seasonal differences in streamwater chemical parameters between 
streams in harvested watersheds relative to an undisturbed control stream during the first 
6 years after harvesting. Data are summarized by season. Note that “water year” begins in 
autumn, and there are four points per year. 
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nitrogen (N) concentrations increased 
following partial cutting, but were 
unaffected by the different buffer 
strip treatments for at least 5 years 
after harvesting. In general, nutrient 
concentration changes tended to 
decrease in the order:

no buffer > 10-m buffer > 30-m 
buffer > partial cut.

Study Constraints
The partial cutting treatments cannot 
be directly compared to the buffer 
strip treatments because:

they occurred at a different time •	
when the post-harvesting climate 
was warmer and drier than after 
the buffer strip treatments, and 

they involved less tree basal area •	
removal than did the buffer strip 
treatments (6–15% basal area 
removal vs. 16–26% for the three 
buffer strip treatments).

Forest harvesting impacts on stream 
chemistry depend on the extent of 
a watershed harvested (Feller 2005, 
Figure 8). Since less basal area was 
removed from the partially cut 
watersheds, harvesting impacts in 

these watersheds would be expected 
to be less than in the buffer strip 
watersheds, regardless of the type 
of cutting.

Conclusions
For the study area, it can be 
concluded that:

Forest harvesting caused slight •	
changes in stream chemistry that 
generally decreased as the buffer 
width increased.

Harvesting impacts on stream •	
chemistry depend strongly on the 
degree of removal of tree basal 
area within a watershed.

Stream chemistry changes were •	
generally greatest in summer 
and fall.

Stream chemistry changes •	
generally lasted up to 3 years, 
with changes in K concentrations 
lasting up to 5 years. Changes 
in NO3 concentrations from 
pre-harvest baselines may be quite 
prolonged if the initial increase is 
followed by a decrease.

Careful harvesting with 10-m •	
buffer strips can result in only 
slight changes to stream chemistry.

The current guidelines for S4 •	
streams (channel width < 1.5 m), 
which require no buffer strips, 
may not always protect such 
streams from adverse changes in 
stream chemistry.

 For further information, contact:
▼
Michael Feller
University of British Columbia, 
Vancouver, BC
Email:  michael.feller@ubc.ca

Stream Temperature 
Response to Clearcut 
Forest Harvesting With and 
Without Riparian Buffers
R. Dan Moore, Takashi Gomi, and  
Amod Dhakal

Stream temperature has been called 
the “master variable” in aquatic 
ecosystems because it influences 
community structure, rates of growth 
and development of organisms, and 
biogeochemical processes (Moore 
et al. 2005a). It has been well docu-
mented that forest harvesting along 
streams normally results in higher 
water temperatures, particularly in 
summer, with potentially negative 
influences on salmonids and other 
species. This warming results primarily 
from increases in incident solar radia-
tion, leading to recommendations for 
retention of riparian forest to maintain 
stream shading, conventionally in 
the form of buffers. The objective of 
this component of the study was to 
compare headwater stream tempera-
ture response to clearcut harvesting 
with no buffer to that for clearcutting 
with buffers with different widths (10 
m and 30 m). Each treatment was 
replicated at least three times.

A challenge in conducting 
experimental studies is that 
ecohydrological variables typically 
exhibit serial correlation (also known 
as autocorrelation); that is, the value 
of a variable at one time depends 
on the value at earlier times. This 
problem is particularly acute when 
dealing with monthly, weekly, or daily 
data, and violates the assumption 
that observations are statistically 

Continued from page 7

Figure 8.  Relationship between average first-year summer-fall streamwater NO3 concentration 
changes induced by harvesting and percentage of basal area removed per watershed within 
the MKRF study area (M. Feller, unpublished data). 
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independent, which underlies 
conventional statistical tests such 
as ANOVA. To address these issues, 
Moore et al. (2005b) introduced 
the use of generalized least-squares 
regression to the analysis of daily 
time series of minimum, mean, and 
maximum stream 
temperatures. 
This approach 
explicitly accounts 
for temporal 
autocorrelation, 
and provides 
information on 
the variability of 
stream temperature 
response among 
seasons and in 
relation to prevailing 
conditions 
of weather 
and streamflow. 

The responses in the no-buffer 
treatments varied substantially, with 
maximum temperature increases 
ranging from roughly 2°C to 8°C 
(Gomi et al. 2006). The magnitude 
of responses could be explained in 
relation to the hydrogeomorphic 
characteristics of the individual 
streams. For example, the stream with 
the greatest response had a shallow, 
low-gradient, wetland-type feature 
that was exposed to greater solar 
radiation during harvesting and which 
promoted warming. In contrast, the 
stream with the lowest response was 
narrow and incised, and thus shaded 
by its banks, and was rapidly covered 
by post-harvest growth of shrubby 
vegetation. Both the 10- and 30-m 
buffers were associated with warming 
of less than 2°C. The effectiveness 
of the buffers was likely enhanced 
by the north–south orientations of 
the streams, which meant that the 
streams would be well shaded from 
late morning to early afternoon by 
the overhead canopy, even under the 
10-m buffer. Relationships between 
treatment effect and daily maximum 
air temperature suggest that recovery 
toward pre-harvest temperature 
conditions was occurring, with rates 
appearing to vary with stream and 
by season.

Detailed monitoring of stream 
temperatures along one of the no-
buffer treatments (A Creek) revealed 
that, although there was a general 
trend to increasing daily maximum 
temperature with downstream 
distance through the cutblock, 

daily maximum 
temperature 
decreased with 
downstream 
distance in two 
segments over 
distances of tens 
of metres in 
locations where 
the topography 
indicated relatively 
concentrated lateral 
inflow (Moore et al. 
2005b). The within-
stream variability in 
response indicates 

that the response monitored at a 
single location cannot be assumed 
to apply to the entire unit, and that 
studies should monitor multiple 
locations.

Maximum daily water temperatures 
were positively associated with 
maximum daily air temperature and 
negatively with discharge, suggesting 
that temperature response could be 
more extreme should climate change 
generate warmer, drier summers 
(Moore et al. 2005b). During the 
period of daytime stream heating, 
relatively warm stream water infil-
trated the streambed in steps formed 
by in-stream wood and boulders, and 
was replaced by discharge of cooler 
water in the pools. Heat budget 
estimates suggest that the heat 
exchange associated with hyporheic 
exchange has a cooling effect during 
daytime, with a magnitude up to 
approximately 25% that of net 
radiation (the dominant energy flux 
driving warming) during the period of 
maximum daytime warming.

 For further information, contact:
▼
Dan Moore
University of British Columbia, 
Vancouver, BC
Email:  rdmoore@geog.ubc.ca

Stream Temperature 
Response to Partial-
retention Forest Harvesting
R. Dan Moore, Takashi Gomi, and  
Steven M. Guenther

The temperature responses for the 
partial-retention treatments were 
analyzed using the same approaches 
as for the initial phase (Gomi et al. 
2006; Guenther 2007). Considering 
the temperature data loggers at 
the lowest ends of the cutblocks, 
all streams within partial-retention 
treatments showed significant 
increases in daily maximum tempera-
ture, with increased temperatures 
evident through spring and summer 
of the first post-harvest year. Griffith 
and Mirror creeks had increases of 
over 4°C; the increases for Sidle 
Creek were generally about half the 
increase at the other two creeks. The 
stronger responses at Griffith and 
Mirror creeks are associated with 
morphology, including relatively low 
gradients, shallow flow, and lack of 
channel incision. 

Griffith Creek exhibited a clear 
progression of increased warming 
with distance from the upper end 
of the cutblock, reflecting the 
downstream accumulation of heat 
as water flows through the cutblock. 
In contrast to Griffith Creek, 
the greatest increases at Mirror 
Creek occurred at the uppermost 
temperature logger, with the 
amount of post-harvest warming 
decreasing with distance through the 
cutblock. This contrast in response 
reflects fundamental differences 
between the two streams. Griffith 
Creek is a more typical headwater 
stream, with higher gradients 
towards the stream head, whereas 
Mirror Creek remains low gradient 
along most of its length, with 
upper reaches that tend to break 
up into shallow, unconnected, or 
poorly connected pools. The wetted 
channel becomes continuous in the 
downstream direction, with stronger 
flow, resulting in less opportunity for 

Continued on page 10
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warming. The upper temperature 
loggers at Sidle Creek periodically 
became dewatered through the 
summer, resulting in spurious 
temperature signals. 

 For further information, contact:
▼
Dan Moore
University of British Columbia, 
Vancouver, BC
Email:  rdmoore@geog.ubc.ca

Griffith Creek Thermal 
Response to Partial-
retention Harvesting with 
no Riparian Buffer
R. Dan Moore, Takashi Gomi, and  
Steven M. Guenther

This study quantified the thermal 
response of Griffith Creek to 
the effects of partial-retention 
forest harvesting with no riparian 
buffer. The study combined a 
traditional paired-catchment 
experimental approach with 
detailed measurements of riparian 
microclimate, stream temperature, 
bed temperatures, groundwater 
temperatures, and stream–subsurface 
water exchanges. The objective was 
not only to quantify the changes 
in stream temperature following 
harvest, but also to identify the 
dominant processes governing 
the changes, particularly the 
roles of hyporheic exchange and 
groundwater discharge. Data were 
collected both before and after 
harvest, which involved bottom-up 
removal of 50% of the basal area in 
a cutblock spanning 300 m of the 
stream with no riparian buffer.

A weather station set up over 
the stream documented riparian 
microclimate; a weather station 
located in a nearby clearcut 
provided experimental control. 
Following harvest, the above-stream 
microclimate was dominated by 
increases in daily maximum air 
temperature, wind speed, and solar 
radiation, and decreased vapour 
pressure. Evaporation from the stream, 

both calculated and measured using 
a custom-designed evaporimeter, 
increased following harvest.

Pre-harvest regressions between 
stream temperatures measured at 
Griffith Creek and an untreated control 
stream provided a basis for assessing 
changes associated with the logging 
treatment. Following harvest, Griffith 
Creek stream temperature increased 
during spring and summer, with daily 
maximum temperatures increasing by 
up to 7°C. Changes in daily minimum 
stream temperature were less than for 
daily maximum, and effects on winter 
temperatures were generally within 
the uncertainty associated with the 
pre-harvest regression.

Bed temperature profiles at depths of 
1–30 cm were recorded at 10-minute 
intervals at sites with both upwelling 
and downwelling flow located in two 
hydrologically distinct reaches (Low 
and Mid). The low reach had smaller 
discharge contributions from lateral 
inflow and fewer areas with upwelling 
or neutral flow across the streambed 
compared to the mid reach. Pre-
harvest regressions between bed 
temperatures and water temperature 
in a control stream were used as a 
basis for estimating the effects of 
forest harvesting. Harvesting resulted 
in higher daily maximum bed 
temperatures, but little change in 
daily minima. Temperature changes 
after harvesting were greater at 
shallower depths and at locations 
with downwelling flow. Maximum 
changes in daily maximum bed 
temperature were mostly less than 
about 2°C, compared to changes 
in stream temperature of 5–7°C; 
however, at one downwelling site, 
temperatures increased by over 5°C 
at a 1 cm and 5 cm depth. 

Heat budgets were estimated 
for two reaches of Griffith Creek 
before and after harvesting. Before 
harvest, incident solar radiation was 
suppressed due to the high degree 
of canopy closure. During daytime 
in summer, bed heat conduction 
appeared to be the major sink for 
energy gained by net radiation. 
Following harvest, incoming solar 

radiation increased severalfold due 
to the reduction in canopy cover 
and was the largest input of energy 
to the stream. Although shallow 
groundwater did warm by 1–2°C 
following harvest, it remained cooler 
than stream temperature during 
daytime in the summer and thus 
continued to have a slight cooling 
effect. Hyporheic heat exchange, 
bed heat conduction, and latent 
heat transfer also tended to reduce 
net heat gain and thus warming on 
summer days.

 For further information, contact:
▼
Dan Moore
University of British Columbia, 
Vancouver, BC
Email:  rdmoore@geog.ubc.ca

Forest Harvesting  
Effects on Stream and 
Riparian Invertebrates  
of Small Streams 
John S. Richardson

For stream invertebrates, we studied 
benthic densities and emergence 
of adult aquatic insects. Before 
harvesting, no significant differences 
were evident in densities or 
composition of stream benthos across 
groups of streams. In the 2 years 
following harvest, the emergence 
rate of adult aquatic insects in the 
clearcut sites significantly increased 
(approximately doubling) relative 
to the controls, and 10- and 30-m 
reserves. No statistically significant 
differences existed between the 
controls and the 10- and 30-m buffer 
treatments. This increase was evident 
in many species, including the stonefly 
(Zapada cinctipes) and the mayfly 
(Paraleptophlebia spp.). Likewise the 
benthic densities of invertebrates were 
approximately double in the clearcut 
sites, but did not differ significantly 
between controls and streams with 
10-m and 30-m buffers. No significant 
changes in species richness of the 
benthos were evident, although 
diversity was disproportionately lower 
in the clearcut sites after harvesting. 
Subtle shifts occurred in community 

Continued from page 9
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composition, most evident in the 
divergence of the 10- and 30-m sites 
from the controls and clearcuts. 

Terrestrial invertebrates were studied, 
particularly carabid beetles. Several 
species had distributions positively 
associated with riparian areas 
(Pterostichus crenicollis), or negatively 
associated (Omus dejeanii and 
Pterostichus herculaneus). Irrespective 
of treatment, tremendous site-to-site 
variations in numbers were evident 
related in part to elevation above 
stream and local vegetation, over and 
above distance from stream edge. 

 For further information, contact:
▼
John Richardson
University of British Columbia, 
Vancouver, BC
Email:  john.richardson@ubc.ca

Responses of Small 
Vertebrates to Riparian 
Management Around  
Small Streams
John S. Richardson, Katherine Maxcy,  
Alana Hilton, Isabelle Deguise, and  
Kristina Cockle

Riparian reserves are considered by 
some to be useful as a conservation 
measure for terrestrial species, 
including vertebrates associated 
with riparian areas. As a part of this 
project, we used long-term measures 
of relative abundance and smaller-
scale manipulative experiments to 
address changes in populations of 
amphibians and small mammals 
as model, riparian-associated 
vertebrates. 

Amphibians are one group widely 
considered as vulnerable to changes 
in microclimate associated with forest 
harvesting, particularly around riparian 
areas. We established a set of fixed 
plots at six of the sites in the project, 
two each of the control, clearcut, and 
30-m reserve sites, and at each site we 
installed pitfall traps and cover boards 
to estimate relative abundances of the 
nine species of amphibians found at 
MKRF. Comparisons of amphibians 
on the different treatments soon after 

harvesting suggested that individuals 
in harvested sites grew more slowly 
than in control plots (Maxcy 2000). 
Ten years of monitoring amphibian 
relative abundances showed that the 
clearcuts had lower numbers than 
control sites, although not statistically 
significantly so, and that 30-m reserve 
sites had intermediate numbers. Hilton 
(2006) used experimental enclosures 
to compare the survival and growth 
rates of northwestern salamanders 
in clearcut and forested sites. During 
winter, juveniles showed no significant 
effect of forest treatment, whereas 
adults had significantly lower survival 
rates during summer in the clearcut 
plots than control sites. We also tested 
whether forest harvesting might create 
dispersal barriers to amphibians by 
using western toads equipped with 
radios and placed in either forest or 
clearcut plots to track movement rates 
and directions (Deguise 2008; Deguise 
and Richardson 2009). There was no 
evidence that adult toad movements 
in the springtime (after mating) were 
impaired by clearcuts. In spring, it 
appears that toads may actually orient 
towards and remain in clearcut sites. 
This may not be the complete story 
as summer weather might impose 
additional constraints on their activities 
and distribution. 

We estimated the relative abundances 
of small mammals in the 2 years 
following forest harvesting on 
control, clearcut, and 30-m reserve 
sites (Cockle and Richardson 2003). 
We found that some species declined 
(red-backed vole, shrew mole, and 
montane shrew) and some increased 
(creeping vole, vagrant shrew) on 
clearcut sites relative to the controls. 
In all cases, 30-m reserve sites were 
intermediate, indicating that reserves 
did not maintain relative abundances 
similar to the controls, but were 
better for conserving these species 
than clearcuts, and can aid in partial 
protection of some species.

 For further information, contact:
▼
John Richardson
University of British Columbia, 
Vancouver, BC
Email:  john.richardson@ubc.ca

The Effects of Logging 
Second-growth Forests on 
Headwater Populations 
of Coastal Cutthroat 
Trout:  A 12-year Multi-
stream, Before-and-After 
Experiment
Kim Sheldon, John S. Richardson,  
Jennifer D. de Groot, and Scott G. Hinch

To understand how logging of 
second-growth forests affects 
populations of coastal cutthroat 
trout (Oncorhynchus clarki clarki), we 
examined trout relative abundance, 
body condition (mass relative to 
length), and physical and thermal 
habitat in the summer and winter 
in four headwater streams (two 
treatment streams and two unlogged 
control streams) over a 12-year period 
(2 years pre-harvest [1997–1998] and 
two periods post-harvest [1999–2002 
and 2008–2009]). This is one of the 
first efforts to conduct a multi-year, 
replicated stream, before-and-after 
experiment on this scale to assess the 
effects of logging on fish and habitat. 
In the treatment streams, 21% of 
the watershed area was logged by 
clearcutting (no scarification or slash-
burning). Careful logging approaches 
were employed to remove most 
of the riparian overstorey (i.e., no 
machines were used within 5 m 
of stream, logs were felled and 
yarded away from riparian zones, all 
shrubs were left behind, and large 
wood was left in streams). Because 
a cooler summer climate occurred 
coincidentally with our post-harvest 
period from 1999–2002 (the mean 
daily average summer air temperature 
was 1–2°C cooler than the 
temperature during the pre-harvest 
period), the mean average and mean 
maximum daily stream temperatures 
declined after the harvest period in 
the control streams and remained the 
same in the treatment streams. After 
accounting for the effects of climate, 
logging had warmed treatment 
streams by about 1°C. Between 
the 1999–2002 periods, we could 
not detect any treatment effects on 

Continued on page 12
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summer or winter relative abundance 
or condition of fish, nor were 
any changes evident to in-stream 
physical habitat associated with the 
treatment. These short-term results 
were probably attributable to the 
careful harvest approaches employed 
and the cooler climate that occurred 
during the post-harvest period (de 
Groot 2004; de Groot et al. 2007).

In 2008, we detected an absence 
of fish at our upstream sites in 
one treatment stream (A stream, 
clearcut treatment), whereas the 
abundance of fish in the second 
treatment stream (C stream, 10-m 
riparian buffer treatment) was 
similar to the 1998–2002 summer 
sampling periods. Although the 
disappearance of the fish from the 
A-treatment reach cannot be directly 
attributed to forestry activities, several 
factors made the fish population 
vulnerable to local extirpation. A 
weir placement downstream of the 
cutblock on the A-stream treatment 
only allowed for the downstream 
movement of fish, but not upstream 
immigration. Because headwater 
streams are extremely variable in 
flow, with low summer flows and 
high “flashy” winter flows, fish living 
in small streams use movement to 
help them survive and persist in 
the face of large changes in stream 
conditions. Hence, variable seasonal 
flow conditions and the one-way 
downstream movement of fish over 
the weir may have contributed to 
the loss of fish in the upper reaches 
of the A-stream treatment. This 
compares to the C-stream treatment 
where movement was not impeded 
and natural movement, and possible 
recolonization from the downstream 
trout population, was possible. 

Regardless of the causes leading 
to the loss fish in the A-stream 
treatment, our results demonstrate 
the vulnerability of small populations 
of fish in headwater streams, 
and support the importance of 
connectivity between stream 
reaches for aquatic animals living 
in higher-order coastal streams of 

British Columbia. In addition, this 
multi-year study allowed us to detect 
the unpredicted impacts of partially 
passable barriers on fish populations, 
a future management concern for the 
long-term conservation of fish and 
other aquatic populations that rely 
on movement between populations 
to maintain their presence in 
small streams.

 For further information, contact:
▼
Kim Sheldon 
University of British Columbia, 
Vancouver, BC
Email:  flynkiwi@telus.net

Organic Matter Inputs 
into Headwater Streams 
of Southwestern British 
Columbia as a Function of 
Riparian Reserve Width and 
Time Since Logging
Peter M. Kiffney and John S. Richardson

Primary producers have a profound 
effect on nutrient cycling, habitat 
complexity, population productivity, 
and diversity of natural systems. For 
example, needles and leaves falling 
from trees provide a source of nutri-
ents and energy fuelling food webs. 
Therefore, harvesting of trees can 
have strong impacts on terrestrial and 
aquatic ecosystems. Riparian reserves 
(no harvest zones) are used worldwide 
to minimize logging impacts on 
streams and lakes including effects on 
organic matter dynamics. To quantify 
the relationship between riparian 
reserve width (n = 4 riparian reserve 
widths; n = 2 replicates per treatment) 
and organic matter flux into streams, 
vertical litter inputs were measured 
for 5 years following harvest in 
experimental watersheds located 
in southwestern British Columbia 
(Kiffney and Richardson, submitted). 
We hypothesized the timing, compo-
sition, and quantity of organic matter 
entering these streams would vary 
as a function of reserve width, but 
that these differences would decline 
with time since harvest. Litter inputs 
were highly variable across sites and 
time. Riparian management treatment 

significantly affected litter flux. Inputs 
of needles and small wood were 
significantly lower in streams with 
no reserve (clearcut to the stream 
edge) relative to streams with 10- and 
30-m reserves and controls. These 
differences persisted through year 7 
for small wood and year 8 for needles 
(Figure 9); 
how-
ever, total 
inputs 
at the 
clearcut 
treatment 
(242 g/
m2 per 
year) were 
statisti-
cally 
indistin-
guishable 
from 
controls 
(288 g/
m2 per year) in year 8. Deciduous 
litter and small wood inputs were 
largely responsible for recovery of 
total litter subsidies in the no-reserve 
treatment. Litter inputs during 
summer were a large proportion of 
total organic matter (allochthonous + 
autochthonous) across all treatments 
except the no-reserve treatment the 
first year after harvest (Kiffney et 
al. 2000, 2003, 2004). Litter inputs 
made up the majority of total inputs 
across all treatments 8 years later. In 
addition to the successional recovery 
of the plant community affecting the 
flux of organic matter to streams after 
logging, litter inputs increased with 
annual snowfall. We conclude that 
riparian reserves of 10–30 m provide 
litter inputs similar to unlogged 
control streams. We also found that 
inputs from no-reserve treatments 
were similar to controls 8 years after 
harvest; however, differences in the 
composition of litter inputs persisted.

 For further information, contact:
▼
Peter Kiffney
National Oceanic and Atmospheric 
Administration, Northwest Fisheries 
Science Center, Seattle, Wash.
Email:  Peter.Kiffney@noaa.gov

Continued from page 11
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Lessons Learned and 
Applications
John S. Richardson, R. Dan Moore,  
Peter M. Kiffney, Michael C. Feller,  
Stephen J. Mitchell, and Scott G. Hinch

Through all the component studies, 
one of the dominant messages is that 
small streams are sensitive to removal 
of riparian forest cover, and that even 
small amounts of protection (10- to 
30-m reserves) reduce the magnitude 
of change (Kiffney et al. 2000, 2003, 
2004; Kiffney 2008). Another lesson is 
that most of the changes seen appear 

relatively short lived, with substantial 
recovery occurring within a decade 
(Figure 10). For instance, we found 
that total particulate litter inputs at 
clearcut sites reached levels observed 
in controls in about 7 years post-
harvest. On the other hand, persistent 
differences in litter composition 
indicated that this treatment had yet 
to recover fully from logging impacts 
(Kiffney and Richardson, submitted). 

For stream temperature and several 
other parameters, the magnitude 
of response varied strongly among 

streams within a particular treatment 
as a result of inherent differences in 
their hydrogeomorphic characteristics 
as well as substantial inter-annual 
variation in environmental 
conditions (e.g., Kiffney et al. 2002). 
This observation has important 
implications for the design and 
interpretation of large-scale 
management experiments, and 
for extension of study results to 
the design and implementation of 
management practices. High, 

Continued on page 14

Figure 9.  Changes in organic matter inputs (means ± 1 SE) to small streams following riparian management treatments at Malcolm Knapp 
Research Forest, Maple Ridge, BC.
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within-treatment variability 
highlights the importance of 
replication. To address this variability, 
collection of pretreatment data 
should be undertaken for use in 
subsequent analysis as covariates to 
provide some measure of control. In 
terms of management, we should 
use caution when extrapolating 
experimental findings to a broader 
population without carefully 
considering the governing processes 
at individual streams. Nevertheless, 
our experimental approach 
(pretreatment data, random 
selection of treatments, replication, 
the use of model ecosystems) 
provides the most rigorous test to 
date of the ecological effects of 
contemporary riparian management 
practices on headwater streams. Our 
findings can be used to predict the 
potential effects of different riparian 
strategies on similar headwater 
streams within the Coastal Western 
Hemlock biogeoclimatic zone.

Because of the range of target 
processes (e.g., water temperature, 
large wood input) or species (i.e., 
aquatic and terrestrial) that can 
be affected (Kiffney et al. 2003; 
Richardson 2004; Richardson and 
Thompson 2009), a universal 
challenge is how to set quantitative 
targets for streamside management. 
Some of these targets may require 
greater retention of riparian 
forests than others. Furthermore, 
cumulative effects of incremental 
changes in the landscape across 
large scales are difficult to quantify 
for several reasons, one of which is 
the confounding effects of individual 
responses. For example, we observed 
changes in light flux and water 
temperature as a function of riparian 
treatment, and both these variables 
can affect stream populations 
(Kiffney et al. 2003; Kiffney et al. 
2004). We addressed this issue by 
using small-scale experiments. We 
were able to show, by holding water 
temperature constant, that changes 
in light flux were consistent with 
changes in primary productivity 

(Kiffney et al. 2004). Another 
important consideration for design 
and implementation of retention 
targets for small stream protection is 
the vulnerability of retained trees to 
windthrow. Windthrow levels in this 
study were within the typical range 
for second-growth stream reserves in 
coastal British Columbia. Substantial 
damage to reserves would likely 
change the outcome.

Despite these issues, we showed 
that a variety of ecological attributes 
responded to the riparian disturbance 
gradient in a generally predictable 
way:  as riparian protection was 
reduced, effects on stream properties 
increased (Kiffney et al. 2003; Kiffney 
2008). This result is important as it 
provides a means for deciding the 
level of protection to implement 
given a particular ecological response 
targeted for protection (e.g., leaf litter 
input). Lastly, the rates of recovery 
of all ecosystem processes require 
consideration because ecosystem 
resiliency may be lost as the extent 
of the managed landscape increases. 
Our study was long enough to 
show the early stages of recovery; 
however, because the riparian plant 
community remains dynamic, we 
expect that the recovery process will 
also be dynamic. Thus, we intend to 
continue monitoring these systems 
to understand when these processes 
have recovered sufficiently to 
withstand, or recover from, another 
bout of impacts. 

Our results have been used to support 
the development of guidelines for 
riparian management and even urban 
development. The results have been 
applied in jurisdictions including 
British Columbia, Ontario, Oregon, 
Washington, and even Australia. This 
project has also been the impetus for 
several meetings about riparian area 
management in British Columbia 
and globally, and other syntheses 
(e.g., Moore and Richardson 2003; 
MacIsaac et al. 2007). We have 
begun to consider how these coupled 
stream-riparian systems might 
interact with climate change and 
forest management (Karlsson et al. 

Continued from page 13

Figure 10.  Stream G looking upstream about 5 years after harvesting of the upslope forest. 
This stream received a 10-m reserve on each side. Notice the amount of light reaching into the 
reserve, but the stream receiving a large amount of shading from the shrub layer as indicated 
in the abstract by Miquelajauregui and Mitchell.
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Continued on page 16

2005; Richardson et al. 2005a), as 
forest management responses to 
disturbance and climate change will 
influence the adaptive capacity of our 
future forest ecosystems. 
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