
Abstract

Confl icts between objectives of resource management are most evident at the riparian edge 
of aquatic systems, whether the land use is forestry, agriculture, or urban settlement.  Riparian 
management and reserve strips originated to safeguard fi sh habitat, but have since come to be 
a primary tool to serve other objectives, e.g., wildlife habitat and nutrient uptake. How are we 
doing with riparian protection? And have we got the right balance of protection?  Repeatedly, 
studies have shown that riparian reserves contribute to woody debris supply, streambank 
stability, reduced thermal changes, maintenance of detrital inputs, etc., and occasionally that 
there are benefi ts to fi sh populations.  In aggregate, these studies suggest the measures are 
working.  However, we still need to determine if the amounts and confi gurations of riparian 
reserves are suffi cient, and whether they will protect against extreme events.  Few studies have 
tested whether a particular reserve size is the “right” width for meeting all our objectives and 
to deal with uncertainty. The need for protecting small streams remains a major issue in many 
places. The particular widths and degree of retention in the reserves also needs to be more 
clearly tied to the specifi cs of a particular landscape and land use, rather than assuming one size 
meets all needs in all places.
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Introduction

The expansion of industrialised forestry in the 
middle part of the 20th century made it clear that forest 
operations could affect fi sh habitat.  However, in those 
days, in an illuminating example of how rapidly forest 
policies can change, wood was actively removed 
from salmon streams during operations. Greater 
understanding of the effects of clearcutting on the 
heating of streams (e.g., Hall et al. 1987) and the loss of 
woody debris (Bilby and Likens 1980) resulted in many 
jurisdictions moving towards using streamside reserves, 
or buffers, to reduce direct impacts of forestry on fi sh 
populations.  

Since the initial use of riparian reserves (or “buffers”) 
to protect streams and stream fi shes, the use of reserves 
has expanded to serve forestry, agriculture, urban, and 
other land-use activities as one of the primary means of 
mitigating impacts on streams. The proposed dimensions 
of these reserves are most often based on expert opinion 
or limited empirical results, and rarely on detailed study. 
It is time to step back and ask several questions.  First, 
what are the objectives we’re trying to meet with these 
measures?  Given the myriad of objectives it may be 
diffi cult to meet them all in any given location.  Second, 
are these measures working?  Despite world-wide use 
of riparian reserves, there has been a startling lack of 
tests of whether reserves of a given confi guration are 
effective for particular objectives.  Last, can we think 
more broadly about a landscape-scale approach (e.g., 
cumulative effects, refuges) and about the temporal 
dimension? 

What are the objectives of riparian protection?

The list of objectives for streamside protection 
has continued to expand since the fi rst measures were 
put in place to protect fi sh habitat in the mid 1970s 
(Table 1).  Reserves initially served to provide shade 
to minimise the heating effects due to forest canopy 
removal and to supply LWD to maintain cover and 
structure for fi sh habitat in streams.  It was only in 
the 1970s that the current view was articulated of the 
strong dependence of stream systems on riparian areas 
(Hynes 1975).  Since then the strong interactions of 
streams and the riparian area have become clearer 
and clearer (Gregory et al. 1991, Naiman et al. 2002). 
Subsequently the importance of riparian forests to water 
quality became clear.  Reserves alongside streams 
provide for fi ltering of sediments and uptake of excess 
nutrients in groundwater fl owpaths into streams (e.g. 

Castelle et al. 1994), primarily in agricultural settings.  
In urban settings the realisation that the areas beyond 
the riparian area were often permanently converted to 
non-forested settings argued for a greater degree of 
riparian protection than might be necessary in a forested 
environment.  Riparian reserves originally intended to 
protect fi sh habitat from forestry now serve to protect 
against multiple land use effects, and for multiple 
objectives, not just fi sh habitat.

In addition to the protection of fi sh habitat, 
primarily estimated as large wood debris, reserves are 
known to maintain the integrity of stream banks and 
reduce sediment transport.  And the list of objectives 
continues to grow.  Riparian areas reduce the transport 
of fi ne inorganic sediment (silt) into streams, another 
important objective.  Forests provide organic matter to 
streams (leaf litter, arthropods from the forest canopy) 
that are critical to the productivity of stream food 
webs.  All of these objectives can be met with relatively 
narrow bands of about 30 m of forest, so long as they 
don’t blow down! 

Riparian areas form critical habitat for a great 
number of species around the world that are riparian 
obligates, i.e., they absolutely require streams or riparian 
areas for some portion of their lives. Some of these 
species are piscivores and benthivores (consumption 
of benthic invertebrates) and so their dependence on 
streams is obvious. Studies of intact riparian areas 
around wetlands and streams has suggested that in 
order to protect most populations of amphibians and 
reptiles, some of them threatened, reserves of up to 
290 m (with an additional 50 m buffer) away from the 
water margins would be needed (Semlitsch and Bodie 
2003).  This assessment was based on the habitat use of 
large number of amphibian and reptile (mostly turtles) 
species from many places in the world.  In setting out 
particular guidelines for riparian reserves the additional 
value of habitat has been included (FEMAT 1993, BC 
FPC 1995) as a consideration.  In FEMAT (1993) the 
reserve widths for U.S. federal lands were doubled from 
what they originally proposed in order to accommodate 
wildlife habitat.  Some species that live in these areas 
include amphibians that spend their larval stages in 
streams and remain as riparian associates in their 
juvenile and adult stages. There are also vascular plants 
and bryophytes (Dynesius 2001), and other species, that 
are found nowhere else than within the riparian area, 
even right at the wetted edge.

In addition to critical habitat, there are many species 
that are considered riparian associated, but are not 



obligate users of these areas.  For instance, grizzly 
bears make use of riparian areas for the berries they 
provide, and at some times of year capitalise on the 
returning salmon as a major dietary item.  However, they 
are not dependent on these areas.  The high productivity 
of riparian areas and the particular microclimate make 
these attractive to many species and they occur at higher 
densities there.  In heavily managed areas, riparian 
reserves may be important. 

Riparian areas also provide movement corridors for 
some species.  Many species of birds evidently follow 
drainages during migration.  Species such as marbled 
murrelets also apparently fl y up rivers from the sea 
to the forest sites where they nest.  It is not clear how 
retention of riparian reserves or no reserves might affect 
their use of these areas as corridors.  It is also known 
that in large, alluvial systems that other species of 

wildlife use these areas as corridors for dispersal or for 
movements through their home ranges.

Can we really meet all of these objectives at every 
site?  And is the same reserve width going to serve 
every objective to the same level of effectiveness?

Evaluation of riparian protection

We know that riparian areas provide a great many 
services for streams and riparian-dependent organisms, 
but how effective are our designated guidelines 
for reserves?  It seems logical that leaving riparian 
reserves should meet most of our objectives better than 
clearcutting to the bank.  However, how much better is 
leaving reserves and could we do it more effectively?  
What is the correct width or confi guration?  Most of the 
widths currently entrenched in guidelines were derived 
from studies showing that trees that become 
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Table 1.  Some environmental protection objectives of riparian management strategies along streamsides.  

Objective Primary targets Measures Effectiveness and extent 

Fish habitat Shade and LWD supply 
for cover and for 

geomorphic controls 

Fish population size, 
species diversity, 
physical habitat

Few examples at present based on 
fi sh populations – mostly based on 

association of fi sh with woody debris. 
Fish-bearing reaches.

Water quality Filtering of fi ne 
sediments and uptake 

of excess nutrients 
from groundwater 

Nutrient 
concentrations and 

turbidity

Many studies, most from agricultural 
and urban situations

Supplies of litter 
inputs

Fixed carbon sources 
for detrital-based food 

webs

Material export and 
concentrations

Most particulate inputs come from 
riparian areas, but much is transported

Streambank 
integrity

Maintain stability of 
streambank based on root 

structures

Shear stress; erosion

Habitat - obligates Critical habitats for 
many species of riparian 

obligates

Supply of wildlife trees, 
denning and nesting 

sites; 

Many studies of vertebrates and vascular 
plants; few studies of invertebrates or 

bryophytes 

Habitat – riparian 
associates

Important and productive 
habitats for riparian-
associated species

Area with plants eaten 
by species such as 

grizzly bears, which can 
also feed elsewhere 

Productive area retained near streams

Movement 
corridors

Dispersal and migration 
pathways

Very few studies, other than along very large 
fl oodplains

Aesthetics Visual and recreational 
quality 

Visual quality Walking paths, canoe routes, etc., where the 
harvesting is “hidden” by riparian reserves
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large woody debris in streams, largely originate 
from about one tree height or less from the streambank. 
Modifi cations of the mandated widths were made based 
on local environments or fears of litigation (FEMAT 
1993). 

As an example of how reserve widths may be 
modifi ed, British Columbia has reserve widths that 
vary according to stream size, presence of fi sh, or the 
downstream use of water for domestic supply (BC 
FPC 1995).  Streams lacking fi sh and not used for 
drinking water have no required reserve.  Very small 
streams with fi sh (< 1.5 m bankfull width) do not get 
a reserve.  Fish-bearing streams > 1.5 m get a reserve 
width that increases from 20 to 30 and then to 50 m 
based on increasing channel widths.  A 50 m reserve is 
intended to serve more than the immediate objectives 
of LWD supply, and the large alluvial rivers where 
this reserve size would occur may have more riparian-
dependent wildlife species than smaller streams.  Other 
jurisdictions have other modifi ers of reserve width 
depending upon local objectives, although it is not often 
stated explicitly what those objectives are.

Semlitsch and Bodie (2003) propose 290 m wide 
reserves for the protection of amphibians and reptiles, 
however, these may not be effective (even if they were 
possible) if edge effects penetrated too far into the 
reserves or if dispersal were eliminated.  There have 
been many studies that have shown that clearcutting to 
the streambank results in dramatic changes in diversity 
of a variety of organisms, but relatively few where 
retention of reserves has been evaluated.

Reducing the band of forest around an aquatic 
system to a narrow riparian reserve faces the additional 
problems of enhanced rates of windthrow and potential 
edge effects.  To reduce the threats from the two above 
processes, best management practices often advocate 
using an additional buffer around the reserve to reduce 
edge effects.  Unfortunately these guidelines are not 
mandatory and the result usually retreats to the default 
enforced rules.

Guidelines in various states and provinces for the 
retention of riparian reserves vary widely, without any 
obvious reasons (Young 2000, Blinn and Kilgore 2001).  
Why are there such diverse guidelines? One has to do 
with the primary resources to protect (cool-water fi sh 
or water quality), and also with the natural disturbance 
regimes of the region. Although many countries use 
riparian reserves as a protection from forest harvesting 
and other land uses, there are startlingly few studies of 
how well these strategies work.  

Examples

There have been many studies focused on the effects 
of forest harvesting on streams, and some testing the 
effectiveness of reserves to meet some of the objectives 
discussed above.  Studies of nutrient and sediment 
fl ux across riparian areas have shown reserves to be 
effective at removing a large proportion of nutrients and 
fi ne sediments, at least in mostly agricultural settings 
(e.g., Castelle et al. 1994, Lee et al. 2003). In a study 
of streams in northern California, diversity of stream 
benthos reached an asymptote at about 30 m width and 
was depressed at narrower reserve widths (Newbold et 
al. 1980). A set of 13 streams in British Columbia were 
compared prior to and following forest harvesting with 
either no reserves (cut to the bank), 10 m reserves, 30 m 
reserves, or controls (Kiffney et al. 2003).  They found 
that even with 30 m reserves there were still nearly 
5-fold increases in algae in summer compared to the 
controls, although this was still better than clearcuts 
or 10 m reserves.  Other changes in temperature and 
organic matter dynamics also occurred with clearcuts 
or 10 m reserves, but 30 m reserves maintained those 
attributes relative to controls (Kiffney et al. 2003). 
There are other ongoing studies of the effectiveness of 
riparian reserves for stream systems in North America 
(e.g., British Columbia, Washington, Alberta).  Whether 
we judge particular strategies for protecting stream and 
riparian systems as successful appears to depend on the 
particular measures under consideration.

There have been a number of different kinds of 
studies of riparian reserves for riparian organisms.  
In Quebec, streamside riparian reserves of several 
treatments (20, 40, 60 m reserves versus controls) 
were replicated to assess the impacts on riparian 
wildlife (Darveau et al. 1995), with 20 m reserves not 
supporting most forest bird species. Small mammals in 
the same study showed little difference from controls 
even in reserves as narrow as 20 m (Darveau et al. 
2001). The effectiveness of riparian reserves for 
protecting terrestrial habitat has been shown in other 
studies for small animals such as rodents and shrews 
(e.g., Cockle and Richardson 2003), birds (e.g., Pearson 
and Manuwal 2001), and amphibians (e.g., Willson and 
Dorcas 2003).  Riparian reserves also protect more of 
the biodiversity of bryophytes (mosses and hepatics) 
and terrestrial gastropods than clearing of forest to the 
stream edge (Dynesius 2001).  

In many jurisdictions reserves are partially harvested 
and often based around letting second-growth trees in 
riparian areas to reach a larger size through a rotation 



time on average double that of other trees in the 
managed area. Modelling by Meleason et al. (2003) 
suggests that even moderate-aged riparian reserves 
may not provide enough volume in each tree to have 
much impact on riverine fi sh habitat.  This may argue 
against partial harvesting and simple longer rotations in 
riparian areas, but more fi eld testing is needed. 

There are many pressing questions currently facing 
forest management around streams.  In most regions 
small streams are the least protected, but likely the 
most vulnerable to land-use.  How can small streams 
be protected without unduly restricting forest harvest?  
This even becomes a legislative issue of what constitutes 
a stream for the purposes of stream protection laws.  
Another question is whether some other form of 
riparian reserves can provide the same protection as the 
commonly applied fi xed-width reserves?  Can any wood 
be withdrawn from the reserve without diminishing its 
effectiveness?  Can we economically minimise the risk 
of windthrow, and what should we do with windthrown 
trees?  

The future

It will be apparent that we can’t easily meet every 
objective at every site.  This will require a broader 
view than the block by block approach that is typical.  
An integrative view of how the fl uvial network is 
geographically situated will be needed to ensure that 
habitats are not fragmented or that upstream effects do 
not accumulate downstream.  We also need to consider 
the temporal view, as some impacts will be short-term 
in the scale of the forest and recover on time scales 
much shorter than the rotation time (Table 2). 

We need to be cautious about extrapolation of results 
from forestry-fi sh studies.  Most of these studies were 
initiated when more of their watersheds were still 
relatively pristine.  As the proportion of the area of a 
watershed under management increases, the amount of 

protection needed may increase.  For instance, forests 
now developing into mature and harvestable second-
growth forests will provide the riparian reserves of 
the future, however, the relatively small trees (at least 
in coastal forests) may not provide the same structural 
contribution as large, old-growth trees (Meleason et al. 
2003). The context is thus not constant and we should 
be mindful of non-stationarity in these systems and how 
it may affect future needs and effectiveness. 

Management guidelines change frequently, and 
sometimes on a shorter time scale than the generation 
time of a fi sh, never mind the rotation length of a 
managed forest.  We need to be willing to revise 
our guidelines for protection of aquatic resources.  
However, we should not do so prematurely, despite 
pressure to relax guidelines, until we are confi dent 
that the guidelines are either meeting or failing to meet 
our objectives and expectations.  The effectiveness 
of guidelines need to be tested and it is essential that 
enough time elapses to avoid mere transient effects, but 
it is not an excuse for avoiding innovation. 
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