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ABSTRACT 
 

Riparian management along streams maintains strips of forest but has not received 
sufficient testing for its efficacy in meeting its objectives, especially along small streams.  
We have carried out an experimental test of the effects of riparian management using a 
replicated and before-after experiment along small streams.  Since objectives for riparian 
management extend beyond the protection of fish habitats to include terrestrial and aquatic 
habitat and clean water, we have taken an ecosystem approach.  Even with 30 m reserves 
there were measurable changes within the stream and riparian margins, but 30 m still 
provided good protection relative to 10 m reserves or clearcut to the stream margin. The 
potential and speed of recovery of riparian systems following disturbance need to be 
carefully considered, as this is probably the most important indicator of sustainability, not 
short-term change. 
 

INTRODUCTION 
 
Riparian management originated largely for the protection of fish habitat, but the objectives 
have since expanded to include water quality and riparian habitat conservation.  There have 
been surprisingly few experimental trials of the effectiveness of riparian management 
guidelines.  The commonly used buffer width of 30 m comes primarily from consideration 
of the sources of large woody debris forming salmonid habitat within streams (FEMAT 
1993) and little else.  Other considerations predict that widths other than 30 m are necessary 
for meeting certain objectives.  The historical focus on stream salmonids has often been 
assumed to provide an umbrella for other stream-associated species, but this remains 
understudied.  Riparian reserve widths from 60 to 100 m (or more) may be needed if the 
objectives were to maintain prelogging densities of some wildlife (sensu latu) in the buffer 
strips (e.g. Darveau et al. 1995, 2001; Semlitsch 1997; Vesely & McComb 2002).  
However, there has rarely been consideration of the fate of small streams that lack 
substantial populations of salmonids, but may provide habitat for a host of other species, as 
well as a source of clean water. 
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Headwater systems in coastal forests occur at high frequency and are the source of much of 
the organic matter, sediments, and water moving into downstream, fish-bearing reaches.  
Headwaters can be defined as channels with direct coupling to the adjacent hillslope 
processes (Gomi et al. 2002).  The position of headwaters in steep topography predisposes 
them to mass wasting and modification of hydrology.  These streams support a diverse 
assemblage of invertebrates and other organisms, and contribute in a large way to 
downstream processes through storage and export of organic matter and other materials 
(Gomi et al. 2002, Wipfli and Gregovich 2002).  In addition the riparian edge provides for a 
diverse and largely unexplored component of biodiversity, especially smaller organisms 
such as invertebrates. 
 
The objectives of riparian management include protecting aquatic habitats, water quality, 
and riparian habitat.  In many parts of the world the primary line of protection includes 
leaving reserve strips along the edges of streams that are fish-bearing or sources of drinking 
water.   There have been few tests of the effectiveness of such guidelines for streams in the 
Pacific Northwest, and fewer yet that have considered more than fish habitat.  Agencies in 
the Pacific Northwest and elsewhere continue to struggle to determine how best to balance 
the allocation of forest reserves to streams of various sizes, and often exclude the smallest 
channels from consideration. In British Columbia riparian reserves (buffers) zones are set 
aside on streams with fish (or any supplying drinking water) as long as they are >1.5 m 
wide at bankfull discharge. Small streams or streams of any size lacking fish get a 
management zone intended to keep heavy machinery out and away from the streambank 
during harvest operations, but no reserve zone. 
 
 We have addressed the question of how small streams and their riparian systems respond 
to streamside harvesting, and the effectiveness of fixed width buffers at mitigating changes.  
In this study we tested the effectiveness of different widths of riparian reserves along small 
streams.  Each treatment was replicated at least three times.  A large number of component 
studies were initiated, with a view to a full ecosystem approach.  Here we concentrate on a 
subset of the biological measures from the study. 
 

EXPERIMENTAL DESIGN AND METHODS 
 
We used a replicated BACI (before-after control-impact) experiment to evaluate the 
effectiveness of riparian reserves using 13 small streams assigned to one of four treatments: 
controls, 30 m reserves, 10 m reserves, and clearcuts.  Prior to logging in late 1998, we 
studied the initial conditions of all the streams and riparian areas for at least a year and a 
half to control for stream-to-stream variation, which can otherwise confound even well 
replicated studies.  We measured many aspects of the food web (invertebrate numbers, 
biomass, richness, algal productivity), organic carbon dynamics, water quality, and riparian 
communities.  The complete experiment used an ecosystem approach with considerations 
of physical and chemical aspects, as well as terrestrial and aquatic biological systems 
(Figure 1).   Eventually we expect to be able to combine the various measurements and 
process-based studies into an ecosystem model to determine how well we understand some 
of the causal relations. 
 
In each of these small watersheds (11.5 to 46.8 ha) approximately 25% of the trees were 
removed across the watershed (other details in Kiffney et al. 2000).  Treatments were 
randomly assigned to sites, with the exceptions that one long-term control site remained 
uncut and we ensured that cutthroat trout were present in at least one stream of each 
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treatment. The treatments were applied to both sides of the streams, i.e., a buffer of the 
same width would be left on both sides.  The length of each stream affected by the 
treatment ranged from 250 to 600 m.  The forests were originally logged in the early part of 
the 1900s and stands were initiated from a 1931 wild fire, such that all stands were 
considered “thrifty” when we began this study.  The forest is Coastal Western Hemlock 
(CWHdm1).  
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Figure 1.  Elements of the 
riparian management 
experiment at UBC’s 
Malcolm Knapp Research 
Forest, Maple Ridge, BC.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION 

tream food webs 
ight fluxes reaching the stream surface (PAR) were higher at the logged sites than 
ontrols, and increased as buffer width narrowed.  Water temperatures were also elevated 
bove controls at the logged sites.  Even with 30 m reserves there were up to four-fold 
ncreases in algal biomass relative to controls (in some seasons), and even higher amounts 
f algae with 10 m buffers or clearcut.  With narrower reserves and increased algae there 
as a shift to filamentous algal forms, which appeared to contribute the accumulation of 

arger amounts of inorganic particles in the algal mat.  The densities of midge larvae 
Chironomidae) increased with increased amounts of algae.  Measures of invertebrates on 
iles used to assay algal biomass showed that mayfly and caddisfly numbers were inversely 
elated to the amounts of inorganic matter on the tiles, suggesting that some aspect of the 
norganic particles may interfere with their feeding.  In general, shifts in the benthic 
ommunity to more generalist taxa, such as the mayflies Baetis and Ameletus occurred with 
ecreasing amounts of streamside protection. 

rganic matter from riparian vegetation is a primary source of energy to stream foodwebs.  
itter input rates were maintained from 10 and 30 m riparian reserves at levels similar to 
ontrols.  Not surprisingly the input rates to clearcut streams declined to about 10% of the 
nputs to streams with some forest cover.  The amount of large particles of organic matter 
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exported to downstream reaches from streams with clearcuts and 10 m buffers declined to 
about 25% of the export from control and 30 m buffer streams.  One of the most abundant 
sources of organic matter in streams is the dissolved organic matter (defined as <0.45µm), 
which can account for over 75% of total organic matter exported downstream (Kiffney et 
al. 2000).  We did not see any evidence of a decline in the concentrations of dissolved 
organic matter (leached from leaf litter), which is derived primarily from groundwater, but 
there could still be large changes in quality of dissolved organic matter associated with 
changes in forest canopy (McArthur and Richardson in press). 
 
Small mammals 
We live-trapped small mammals in the summers of 1999 and 2000 at 8 of our sites (3 
controls, 2 -  30 m buffers, and 3 clearcuts).   We captured small mammals of seven species 
in riparian areas and out to 50 m away from the streams in a 7 by 7 trapping grid.  Species 
richness was significantly lower in clearcuts than in controls and buffers.  On clearcut sites, 
creeping voles (Microtus oregoni) were more abundant, but red-backed voles 
(Clethrionomys gapperi) and dusky shrews (Sorex monticolus) were less abundant than at 
the control sites.  At sites with riparian buffer strips, both voles were present in numbers 
similar to those found in controls, but dusky shrews were less common.  Significantly more 
deer mice (Peromyscus maniculatus) and creeping voles were infested with bot flies at 
clearcut sites than at buffer sites, and no animals were infested at any of the control sites.  
Small mammals varied in their response, with decreases in forest specialists such as red-
backed voles and dusky shrews, and increases in creeping voles.  Riparian reserves appear 
to be useful in reducing the short-term impacts of clearcutting on small mammal 
communities, though they do not eliminate these impacts altogether.     
 
Amphibians 
We sampled amphibians at 6 of our sites (2 controls, 2 – 30 m buffers, 2 clearcuts) using 
pitfall trap arrays at each site.  Arrays consisted of an X with pitfall traps in the crotch of 
each of the four elements of the array, allowing us to determine direction from which the 
amphibians came.  At each site there were 9 arrays set out at 5, 30, and 55 m from the 
streams.  Amphibians were sampled prior to logging and have been trapped annually since. 
Amphibians showed no significant declines in abundance immediately after logging, but 
growth rates were severely impaired in clearcut sites relative to controls.   
 
The relative abundance of aquatic-breeding salamanders (Ambystoma gracile and Taricha 
granulosa) changed little one year post-harvest in the buffer and clearcut treatments 
indicating harvesting did not immediately impact their numbers.  The response of the 
terrestrial-breeding salamanders was more variable.  The relative abundance of Ensatina 
eschscholtzii decreased in all treatments after harvesting, while Plethodon vehiculum 
showed large increases on clearcut sites compared to controls.  The growth rates of A. 
gracile, E. eschscholtzii, and P. vehiculum recaptured in clearcuts were lower than those 
individuals recaptured in forested habitat, indicating there was some cost associated with 
being in clearcut habitat.  The percentage of captures within 30 m of the stream and 
movements parallel to the stream were highest in the buffer treatment after harvesting for 
juvenile and adult aquatic-breeding salamanders.  Overall, all species were present on 
treated sites after harvesting indicating little or no direct mortality from the physical 
process of logging itself.  Shifts in distribution and increased parallel movement for the 
aquatic-breeding salamanders in the buffer treatments suggest these buffers may be acting 
as corridors for movement. Thirty-meter riparian buffers appear to be effective in 
mitigating the effects of forest harvesting for three of the four salamanders captured. 
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Terrestrial invertebrates 
We used pitfall traps at fixed distances from the riparian edge for 21 sites, for 5 one-week 
periods per year to determine how the ground invertebrates responded to our treatments.  
As with the small mammals and amphibians, the invertebrate assemblages (e.g. beetles, 
spiders, millipedes, centipedes, etc.) changed in response to clearcutting, and the buffer 
sites were intermediate in their responses.  The shifts in the community were complex.  For 
families such as the Carabidae, which are better resolved to species than other groups, there 
were some species that showed large changes, and others that showed no apparent effect.  
We leave the details for another time. 
 
 
Management implications: the future of riparian management? 
One of the most important of the results so far is a recasting of the questions to be asked 
about the effectiveness of riparian management.  It would be naïve to expect no change 
whatsoever following forest harvesting in headwater streams, which are intimately tied to 
the surrounding riparian forest, even with 30 m reserves.  We need to ask how much change 
is unacceptable.  Even 2 to 5-fold increases in algae biomass may only persist until the 
regenerating stand exerts sufficient shading to reduce algal production.  Can we determine 
the scale (spatial and temporal) at which these changes should be evaluated?  One approach 
might be to consider how long the system takes to return to its pre-logging or reference 
condition.  Another consideration might be how much of the landscape, here meaning the 
stream network and riparian areas, should be in different seral stages.  This latter approach 
has been one of the targets for forest planning at larger scales and could be expanded to 
include stream networks.   
 
Government agencies are trying to determine how to balance conservation and 
development based on the results of this and other studies that clearly show that headwaters 
are strongly affected by forest harvest in coastal areas and those effects can propagate 
downstream.  One of the challenges remains to determine the cumulative effects 
downstream of modifications along headwaters, since the dynamics of headwaters are still 
not well described. Other critical considerations are about the processes and rates of 
recovery of streams and riparian areas following harvesting, and whether riparian reserves 
sufficiently mitigate disturbance and enhance recovery.   
 
One also needs to consider whether maintenance of riparian reserves into their old growth 
form will result in other problems with forest management, such as providing reservoirs of 
forest pathogens.  To date there have been no studies that have followed the trajectories of 
biological communities within riparian reserves for more than a few years after harvesting. 
Our study will be one of the first to monitor the dynamics of recovery.  Given the dynamic 
nature of these systems and the processes associated with changes in the regenerating 
forest, the recovery of these systems may not be along the pathways expected. Moreover, 
recovery in the context of second rotations may differ from when surrounding forests were 
still primary forests and we have little experience with how landscape-level properties such 
as seral stage distribution affect local communities and their recovery following 
disturbance. 
 
Other approaches to managing riparian forests need to be evaluated besides fixed width 
buffers.  With this in mind, in 2002 we began a test of partial harvest within riparian areas 
of three small streams at the Malcolm Knapp Research Forest. In each of the new sites 

 184



there will be 50% removal of basal area of trees within the riparian area, controlling for the 
same amount of total removal per watershed (~25%).  Harvesting will take place in summer 
2003.  The same three control streams used in the study described above will be used.  
Other jurisdictions are considering moving towards partial harvest regimes for riparian 
areas.  If 50% retention provides a reasonable degree of protection to these small streams 
(which currently get no reserves), then it may be possible to extend riparian protection 
further into headwaters of many watersheds.  This latter opportunity may be especially 
relevant in the face of climate change, which may impact small streams disproportionately 
in coastal regions where low rates of summer precipitation frequently result in near-drying 
of streams. 
 
The application of riparian reserves to small streams remains contentious.  Further losses of 
harvestable land base are not looked upon favourably by some.  One option would be 
reallocation of the “allotment” available for riparian protection to include smaller streams at 
the expense of larger streams that already receive lots of light radiation.  Realisation that 
these small streams play large roles for supply of organic matter and water to downstream 
rivers, as well as providing habitat for some organisms not found elsewhere in the 
watershed network, means that they need to be dealt with.  Small streams are now in the 
public view and won’t go away quietly.  Innovative solutions beyond narrow, linear strips 
of trees and narrow machine-free zones are necessary, but regulatory frameworks and lack 
of long-term funding make tests of alternatives difficult to pursue. 
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