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Abstract 

Small streams and their appropriate streamside management remain a controversial topic 
in many parts of the world.  Recent emphasis on the contributions of small streams to 
downstream ecosystems, and as unique habitats in their own right has reinforced the 
urgency of finding solutions.  In this study we used a before-after, control-impact design for 
16 small streams and their riparian areas in coastal BC.  The treatments include 30 m 
reserves, 10 m reserves, clearcuts to the streambanks, and 50% removal (by basal area) of 
the trees in the riparian areas, all replicated at least 3 times, and all compared to three 
control streams.  Physical, chemical and biological components of the systems have been 
studied in considerable detail.  As expected, stream water temperatures increased during 
summer in the streams roughly proportional to the amount of timber removed from the 
riparian areas.  Concentrations of many solutes increased in the first 1 to 3 years after 
harvesting but showed signs of recovery thereafter.  Algal biomass increased relative to 
controls, even in streams with 30 m reserves, although it began to recover as the shrub and 
herb layer vegetation started to fill in.  Stream invertebrates showed highly variable 
responses, in part due to the heterogeneity in bed conditions relating to groundwater 
inputs.  Terrestrial invertebrates were very sensitive to riparian harvesting, and riparian 
reserves turned out to mitigate the effects of harvesting, but not eliminate them.  Streams 
receiving a 50% removal of riparian vegetation responded in ways that were intermediate to 
10 m reserves and clearcuts, suggesting that these reserves are not as effective as might 
be hoped, although work on that treatment is still in the early stages.  Use of a properly-
designed experiment and using a process-oriented approach allows for eventual 
generalisation of these results beyond the coastal range forest in BC. The question that 
must now be asked is not only how much change to the system might be tolerated, but 
also, how long until it recovers, and to what point of reference? 

 
Introduction 

One of the objectives of sustainable forest management is the protection of 
aquatic resources, including clean water, healthy organisms, and ecosystem processes. 
The riparian zone, being the interface between the terrestrial and aquatic systems, 
plays an important role in controlling the impacts of land use activities, such as forestry, 
on aquatic resources. The most common approach to maintaining the integrity of the 
riparian zone is to leave reserve zones along streams, usually in the form of buffer 
strips. Many jurisdictions stratify stream protection primarily by stream size (Young 
2000, Blinn and Kilgore 2001, Lee et al. 2004). While most jurisdictions require the 
retention of riparian forest cover along larger streams, prescriptions vary dramatically for 



riparian retention along smaller, usually non-fish-bearing, stream reaches. Some 
jurisdictions require buffers that extend up to and sometimes upslope of the perennial 
channel network and include intermittent streams (Blinn and Kilgore 2001), while others, 
such as British Columbia, do not require leave strips along non-fish-bearing streams 
(unless they are a designated community water source) or even the smaller fish-bearing 
streams (i.e., those less than 1.5 m bankfull width). Clearly there is a bewildering set of 
management guidelines used in North America, which only make sense when one 
considers the diversity of management objectives amongst jurisdictions. 
 

Small streams are sometimes referred to as headwaters, but that term is often 
broadly applied and does not fully capture our notion of small streams.  By small 
streams we mean those channels that have no perennial tributaries to them, and 
themselves may be intermittent or seasonal in surface flow (Moore and Richardson 
2003).  These small streams occupy the headmost position in a drainage, but are not 
necessarily at high elevation.  They are more often steeper than downstream segments, 
but that is not a specific criterion.  Several authors have demonstrated that these 
streams are underrepresented on maps of all scales, perhaps to the point of less than 
25% of permanently-flowing small streams appearing on topographic maps at 1:50,000 
scale (Sidle et al. 2000, Meyer and Wallace 2001).   
 

Several arguments are commonly raised against the retention of buffer strips 
along small streams. Riparian leave strips can complicate access and yarding 
operations and incur opportunity costs to licensees. These costs can be considerable, 
given the high density of such streams in many landscapes; in extreme cases, buffers 
along headwater streams may overlap. A good example of opportunity costs associated 
with riparian buffers is the lower Nadina watershed in central British Columbia, where 
temperature sensitivity is a major management issue. To provide shade and thus 
reduce the potential for stream warming, extensive buffer strips are retained along small 
streams. It has been estimated that these buffers constitute 12% of the operable land 
base (D. Wilford, B.C. Ministry of Forests, pers. comm.). Another argument is that 
narrow buffer strips can be subject to significant blow-down, which may reduce their 
effectiveness (although this has not been tested experimentally) and can potentially 
generate significant sediment inputs via streamside soil disturbance (Grizzel and Wolff 
1998). 

 
 Since much of this work is published, or in press, we have listed relevant 
publications at the end of this summary.  The specifics of methods and results are to be 
found there in complete detail.  Here we report summaries of several of those works, 
especially those not yet published, and that will be prepared for publication in the 
coming months.  Likewise, most papers have their own management recommendations 
and implications (e.g. see Kiffney et al. 2004).  
 
Project duration and funding 
 The initiation of this project in 1997 was funded by Forestry Renewal BC, The 
University of British Columbia, Natural Sciences and Engineering Research Council of 
Canada, the Habitat Conservation Trust Fund, and others.  Support from these sources 



and replacement of FRBC funding by the Forest Investment Account has permitted the 
project to continue to date.  
 
 
Project design and methods 
 
 The project is designed as a controlled experiment in a before-after, control-
impact design.  Four treatments were applied (clear-cut to stream bank, 10 m reserves, 
30 m reserves, and 50% removal by basal area) and contrasted with controls.  Each 
treatment was replicated at least 3 times.  All sites were studied at least a year prior to 
treatment, and others had been studied for longer periods.  A total of 16 small 
catchments, ranging in area from 8 to 48 ha have been used in this study.  The 
experiment uses an ecosystem approach, encompassing changes in composition and 
structure, as well as in processes.  Further design description can be found in the many 
papers, and summarised in StreamLine 7(3): 19-21. 
 
 
 
Organic matter dynamics following riparian forest management in small coastal 
streams 
Peter M. Kiffney and John S. Richardson 
 
Introduction 

To document the effects of five harvest treatments (three fixed width buffers, 
variable retention [VR], and controls) on organic matter dynamics, we have been 
measuring leaf litter input (fixed width buffer treatments and controls), and fine 
particulate organic matter export, periphyton accrual, and invertebrate abundance (all 
sixteen streams). Leaf litter inputs to study streams were collected at approximately 
monthly intervals during 1999-2000 or the first two years after logging was completed 
and monthly to quarterly from 2004-2007 (4-7 years post-logging). Fine particulate 
organic material (FPOM) has been collected about every two weeks from September-
February from the 13 streams that are part of the fixed-width reserve study for ~10 
years; these include 2 years of pre-logging and 8 years of post-logging samples, as well 
as the three variable retention sites since 2002. Periphyton accrual and insect 
abundance on unglazed ceramic tiles have also been quantified since 1997 in the 13 
fixed width buffer streams and since 2002 in VR sites. Collectively, these study 
components will determine the effects of riparian treatment, seasonal and inter-annual 
variation, and whether treatment effects are conditional upon temporal dynamics on 
organic matter dynamics and aquatic insect abundance and diversity. Moreover, our 
long-term study will provide a detailed analysis of whether the recovery dynamics of 
small watersheds affected by different forest harvest strategies vary. 
 
Summary 
 Our long-term observations suggest that impacts of riparian logging can persist 
for years following the initial disturbance. In particular, there were significant differences 
in light inputs among the fixed width treatments (although the 30-m and controls were 



similar) 8-9 years following initial logging. Conifer litter inputs have yet to recover in the 
clear-cut treatment; however, this loss has been partially replaced by inputs from 
broadleaf species (cottonwood, alder, and maple). In fact, inputs of broadleaf species 
into clear-cut streams increased by a factor of four in 2000 about 1-2 years following 
logging. Patterns of periphyton organic matter accumulations persist in 2007 except that 
the magnitude of difference among fixed width treatments was less pronounced than 
2002. Re-growth of trees along the riparian corridor in the clear-cut treatment can 
partially explain this pattern as they shade incoming light during summer; however, this 
was likely not the case in the 10-m treatment. Potentially nutrients have become limiting 
in some cases as light remains at relatively high levels. 
 We have also noted differences in light input and periphyton biomass in the VR 
sites relative to controls. For example, light input in the VR sites was about 5-fold higher 
than controls and similar to inputs measured in the 10-m fixed width buffer site. 
Periphyton organic matter in the VR sites was about 2-fold higher than controls, but this 
difference was not statistically significant.  
 
 
 

RIPARIAN MICROCLIMATE AND STREAM TEMPERATURE RESPONSE TO 
PARTIAL-RETENTION HARVESTING 

R.D. Moore, S.M. Guenther and T. Gomi 
 
INTRODUCTION 
 
This section describes the thermal response of Griffith Creek to the partial-retention 
harvesting treatment, which involved the removal of 50% of the basal area along the 
stream with no riparian buffer. This study is unique in that it combines both a traditional 
paired-catchment analysis, which allows for rigorous statistical estimation of the 
changes due to the logging treatment, with detailed field studies to help interpret the 
physical processes controlling the observed effects. It is also unique in that it presents 
detailed results on bed temperature patterns both before and after harvesting. Heat 
budget modelling was conducted, but the final results were not ready in time for 
inclusion in this report. This report is largely adapted from Steven Guenther's M.Sc. 
thesis draft (UBC Department of Geography). Readers seeking further detail are 
referred to that thesis, particularly to find the results of the heat budget modelling. 
 
 
Summary of main findings 
 
Stream temperature response to a dispersed retention logging treatment 
 
Warming was greatest in spring and summer, with no apparent warming in winter. The 
largest treatment effects occurred in spring and not during the period of seasonal peak 
water temperatures, consistent with results from the Oregon Cascades [Johnson and 
Jones, 2000] and at other sites at MKRF [Gomi et al., 2006]. While seasonal means of 
the daily mean and maximum temperatures increased with downstream distance 



through the cut block, post-logging changes in daily maximum temperature did not 
consistently increase with downstream distance. The greatest change in daily maximum 
temperature, 8 °C, occurred 100 m above the lower end of the cut block, suggesting 
that daily maximum temperatures can respond to local variations in heat exchanges, 
and not just the accumulation of heat as water flows through the cut block. The 
magnitude of warming was positively correlated to air temperature and negatively 
related to discharge. Daily minimum temperatures increased slightly in the summer 
months but showed no decreases in the two post-logging years.  

 
Despite the considerable amount of shade provided by the dispersed retention within 
the cut block, the magnitude of warming at Griffith Creek is similar to or greater than 
that found for a number of streams subject to clear-cut logging with no riparian buffer, 
both in Malcolm Knapp Research Forest [Gomi et al., 2006] and at other sites in the 
Pacific Northwest [Moore et al., 2005b]. One explanation is that Griffith Creek has a 
small catchment (12 ha) and thus low summer flows compared to many of the streams 
examined in previous studies. These low flows, combined with Griffith Creek’s weakly 
incised channel and low banks, yield low surface water depths, increasing Griffith 
Creek’s sensitivity to increased energy inputs. Therefore, it is difficult to assess the 
extent to which the 50% dispersed retention treatment protected Griffith Creek from 
stream warming through comparisons with other streams, without explicitly accounting 
for inherent differences in sensitivities through the use of a physically based heat 
budget model. 

 
 
Hydrology and thermal regime of the stream bed 
 
Bed temperature patterns differed between upwelling/neutral and downwelling zones. 
Temperatures responded to the logging treatment less dramatically in UW/N areas 
compared to DW areas, which showed similar maximum increases to those for stream 
water. The UW/N zones were better correlated with groundwater temperature patterns, 
while DW areas showed stronger correlations with surface water temperatures. Lateral 
inputs had a large influence on the thermal regime of the stream bed and almost 
overpowered the thermal patterns produced by vertical hyporheic exchange at some 
locations. Overall this study showed that bed temperature response to the logging 
treatment was not uniform and depended strongly on the direction of hyporheic 
exchange flows.  

 
Post-logging bed temperature increases did not appear to be great enough to cause 
mortality of benthic invertebrates, based on published temperature thresholds for 
species found in Griffith Creek. However, the bed temperature changes could influence 
rates of growth and/or development and also timing of emergence. Because the post-
logging thermal response varied with the direction of hyporheic exchange flows, the 
biological response to such changes should also exhibit distinctive spatial patterns. 
Such patterns should be considered in future attempts to assess the ecological 
influence of post-logging stream warming. 
 



 
 
 
Forest harvesting impacts on streamwater chemistry and turbidity in the riparian 

– stream ecosystem study at the UBC Research Forest. 
by Michael Feller 

 
Conclusions 
 
      For the study area, it can be concluded – 

1. Forest harvesting caused slight changes in stream chemistry which generally 
decreased in the order: no buffer > 10m buffer > 30m buffer. 

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

3. Stream chemistry changes were generally greatest in summer and fall. 
4. Stream chemistry changes generally lasted up to 3 years, with changes in K 

concentrations lasting up to 5 years. Changes in NO3 concentrations may be 
quite prolonged if the initial increase is followed by a decrease. 

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

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

 
 
Article based in large part on this project 
 
Feller, M.C. 2005. Forest harvesting and streamwater inorganic chemistry in western 

North America: a review. J. Amer. Water Resour. Assoc. 41: 785-811. 
 
 
 
Component Title:   Vegetation Community Development in Riparian Reserves 

Steve Mitchell and Yosune Miquelajauregui 
 
Introduction 
The vegetation study is a component of an integrated research program into the 
effectiveness of riparian reserves led by Dr. John Richardson of the UBC Forest 
Sciences Department. The stands in the study area at the south end of Malcom Knapp 
Research Forest (MKRF) were originally composed of large western redcedar (Cw), 
western hemlock (Hw) and Douglas-fir (Fd).  This original stand was removed by 
logging, followed by wildfire in 1931. The site is currently occupied by a high density 
thrifty-mature second growth stand of hemlock, redcedar, Douglas-fir, and paper birch 
(Ep). Redcedar is considered a preferred species on these rich moist sites and in the 
long run is expected to dominate the sites again.  
 



Conclusion 
Wind damage to reserve trees was primarily in the first 2 winters and has not impacted 
the residual stand structure beyond creating a few small gaps. Standing tree mortality is 
high, particularly in the deciduous component and in the controls and this reflects 
competition mortality and continuing loss of short lived deciduous trees from this 75 
year old stand.  While plant species diversity is greatest in the clearcuts, the reserves 
are adding substantially to community structure. The deciduous component has 
overtopped all other layers in the clearcuts. This is leading to a two-storied stand with 
conifers underneath.  The 10 m buffer preserves considerable overstory structure and 
canopy influence in the vicinity of the stream, while allowing expansion of the shrub and 
deciduous tree understory.  Vegetation development in the 50% thinning treatments is 
in the early stages and it is too early to compare trends with the other buffer treatments.  
As in the 0m buffers, initial regrowth in the 50% thins was from root and shoot banks, 
however by the end of 2006 herbs, grasses, sedges and rushes have colonized by 
seed. There was a large pulse of birch germinants in 2005, but many of these died by 
2006. 
 
 
 
 
Project Deliverables:  
 
Conference or other presentations 
 
A field tour for the project associated with the Small Streams conference was hosted by 
team members on 19 February for over 40 people from a diversity of agencies and 
institutions.  
 
Kiffney and Richardson are preparing a manuscript, “Organic matter dynamics in 
headwater streams in response to fixed-width riparian buffer manipulations: Impacts 
and recovery”. This paper is based on 8-10 years of data from the fixed width reserve 
study, which includes about two years of pre-treatment and 6-8 years of post-treatment 
data from 7-13 streams. This paper will include data on coarse-particulate organic 
matter (CPOM), FPOM and dissolved organic matter (DOM). It will also include FPOM 
data from different treatments during storm events. A paper describing the effects of 
nutrient enrichment in relation to riparian buffer width was submitted to the Journal of 
Animal Ecology (Kiffney, P. M. The structure of simple food chains in headwater 
streams of southwestern British Columbia in response to gradients of light, nutrients and 
predation). Another paper describing the effects of nutrient enrichment on aquatic 
ecosystems in general was published in “Stream and watershed restoration”, and was 
authored by Kiffney (Monitoring the effects of nutrient enrichment on freshwater 
ecosystems). This paper describes a number of studies conducted in streams of the 
Malcolm Knapp Riparian Experiment. Kiffney presented a talk at the School of 
Fisheries, University of Washington, February 2006 describing results from this 
experiment. In addition, Kiffney will be presented a paper titled “The structure of simple 
food chains in headwater streams of southwestern British Columbia in response to 



gradients of light, nutrients and predation” at the North American Benthological Society 
2006 Annual Meeting in Anchorage, Alaska. Two papers describing the long-term 
dynamics of algal communities (Long-term dynamics of epilithic communities to 
manipulation of riparian forests in headwater streams) and organic matter flux (Organic 
matter flux from headwater streams in response to riparian logging) in relation to fixed-
width buffers are almost complete.  
 
A conference with >220 participants was hosted at the University of British Columbia on 
the 19 to 21 February 2007.  The abstracts have been submitted as a separate file, and 
there were many presentations on our riparian management project included in the 
conference.  The abstracts are available on-line at  
http://faculty.forestry.ubc/richardson/ RiparianManagementConference/ConferenceProgram.pdf 
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For additional information contact:  Dr. John S. Richardson   john.richardson@ubc.ca  
604-822-6586    http://faculty.forestry.ubc.ca/richardson/  
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