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Y092241 – Executive Summary (2009) 
 
Assessing the sensitivity of streams to riparian changes: Does 
channel geomorphology determine how tightly forests and small 
streams are linked to downstream reaches? 
 
Project start date: May 2007 
Length of project: 3 years (second year completed) 
Former project numbers or funding sources that apply: FSP-FIA Y081241 
 
 
Project Purpose and Management Implications 
 
The food webs of small streams and adjacent riparian forests are inextricably 
linked.  Riparian forests contribute substantial amounts of material to small 
streams, including leaf litter, conifer needles, and terrestrial invertebrates. These 
terrestrial inputs dramatically increase the productivity of stream food webs, and 
can make up the bulk of energy assimilated by local stream insect and fish 
populations (Webster and Meyer 1997, Nakano et al. 1999).  However, recent 
research has shown that headwater stream networks act as effective conduits for 
the downstream movement of terrestrially-derived nutrients (e.g. Wipfli 2005).  
Such materials from upstream may thus ‘subsidize’ several levels of downstream 
stream food webs, including not only fish and benthic invertebrates, but also 
fungi, bacteria, and aquatic plants. Indicators of the degree to which riparian 
management strategies directly influence the ecology of small streams, and how 
those influences are transmitted downstream, are needed as tools that allow 
managers to determine whether stream systems are being protected by current 
or alternative practices. 
 
Where channels effectively retain inputs of terrestrial plant litter, downstream 
transport is limited and local ecological effects (i.e. effects in stream reaches 
immediately adjacent to the site of litter input) will be more pronounced, while the 
downstream effects of riparian perturbations may be minimal. In contrast, if 
streams act as highly efficient conduits for the transport of materials downstream, 
perturbations to riparian zones upstream will have ecological effects far 
downstream. However, while numerous studies have shown that key 
geomorphological features of stream channels such as bed roughness and 
average channel slope influence the retention of sediment and water, we know 
little about the specific features of stream channels that act to retain coarse, 
suspended organic materials of different types (see Hoover et al. 2006). If the 
geomorphological features of stream channels (such as sediment grain size) act 
as crucial elements in the retention of terrestrial inputs, the strength of linkages 
between riparian forests, headwater streams, and downstream reaches will 
depend on the physical characteristics of the channel itself. 
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The goals of the second year of this project were to determine (1) which 
geomorphological features of stream channels are most closely related to 
organic matter retention, and thus determine the degree to which small streams 
are sensitive to alternative riparian management schemes, and (2) identify the 
physical controls on the pathways by which terrestrial organic matter breaks 
down and enters stream food webs.  If organic matter retention rate and 
breakdown rate are both positively related to stream bed roughness (i.e. 
sediment size), then the roughest-bedded stream reaches will be not only highly 
productive, but will also potentially be most strongly coupled to adjacent 
terrestrial riparian ecosystems. 
 
The second year of the project focused on the transport, retention, and 
breakdown of two characteristic types of terrestrial organic matter that function as 
important forest-to-stream resource subsidies in coastal watersheds: red alder 
(Alnus rubra) leaf litter and conifer (e.g. western hemlock Tsuga heterophylla) 
needles.   
 
Methodology Overview 
 
In year 2 of the project, we conducted two separate studies to assess how 
geomorphological factors link riparian forests with the food webs of forest 
streams.  Both studies were conducted in the Malcolm Knapp Research Forest 
(MKRF, 49.27°N, 122.57°W), located north of Maple Ridge, British Columbia.  
The MKRF lies within the coastal Western Hemlock forest which is typically 
dominated by western hemlock (Tsuga heterophylla (Raf.) Sarg.), Douglas-fir 
(Pseudotsuga menziesii (Mirb.) Franco) and western redcedar (Thuja plicata 
Donn).  Forest harvesting activities have been ongoing in the MKRF since the 
1920s, and the riparian zones of streams logged in recent decades are often 
dominated by stands of red alder (Alnus rubra Bong.).  The study area has a 
characteristically wet mild climate, with wet winters, dry summers, and mean 
annual precipitation of 2194 mm.  Mean annual air temperature is 9.6 °C, ranging 
from a mean monthly high of 22.7 °C (July) to a mean monthly low of -0.5 °C 
(January).   
  
(1)  In the first study, experimental releases of two types of terrestrially-derived 
organic matter (red alder leaves and western hemlock needles) were used to 
determine if channel geomorphology (i.e. bed roughness) controls how rapidly 
OM is retained in streams. 
 
Nine stream reaches were chosen on four third-order streams in the Alouette 
River watershed.  Two adjacent habitat units (‘sites’) that differed primarily with 
respect to bed roughness (i.e. grain size) and other geomorphological features 
but were otherwise similar were identified in each of the nine stream reaches (9 
stream reaches x 2 sites per reach = 18 sites in total).  Bed material of the 18 
sites varied from relatively fine gravels (Site 4.2; mean grain diameter = 3.3 cm, 
SD = 1.6 cm) to boulders (Site 6.2; mean grain diameter = 36.4 cm, SD = 17.4 
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cm).  All reaches had mixed coniferous and deciduous riparian canopies, in order 
to minimize variation in leaf litter inputs among sites.  Red alder leaves and 
western hemlock needles were released in all 18 sites to assess the role of bed 
roughness in retention.   
 
Alder leaves released in the experiment were collected directly from the 
branches of riparian red alder trees.  Senesced conifer needles were collected 
from riparian western hemlock trees by tapping branches with a pole, and 
collecting the falling needles in a tarp.  Both leaves and needles were marked 
with a small stripe of colored indelible ink after collection, to ensure that 
experimentally-released material could be readily separated from naturally-
occurring organic matter being transported downstream.  At each site, 30 leaves 
and 50 needles were wetted briefly and then immediately released 3.0 m 
upstream of a channel-spanning block net (500 micrometer mesh).  Each leaf 
and needle was released individually to avoid clumping; furthermore, leaves and 
needles were released evenly across the entire width of the channel. After 15 
minutes, the number of leaves and needles collected in the net were subtracted 
from the number released to determine the proportion of leaves retained by the 
streambed.   
 
Site geomorphology was described by conducting two streamwise surveys 
(measurements made at 0.2 m intervals) over the length of each 3.0 m stream 
section (16 measurements x 2 transects = 32 measurements total for each site).  
The water depth above (Dmin) and immediately upstream (Dmax) of the stone 
located at each 0.2 m interval were measured, and used to calculate grain 
protrusion (P) and relative grain protrusion (Prel).  The cross-stream width (Φy) of 
each stone was also measured.  Reach-averaged values of P, Prel, and Φy were 
then regressed against the proportions of needles and leaves retained to assess 
the role of bed roughness in organic matter retention. 
 
(2)  In the second study the influence of habitat and microhabitat type on leaf 
litter breakdown rate was studied in Spring Creek, a third-order stream located in 
the southern portion of the MKRF.   
 
Plant litter bundles consisting of either three red alder leaves (mean mass = 1.62 
g, SD = 0.31 g) or four western hemlock needles (mean mass = 0.019 g, SD = 
0.002 g) were placed in Spring Creek.  Alder leaf bundles were attached 
individually to anchor stones (mean stone diameter = 11.8 cm, SD = 3.4 cm) 
using two rubber bands.  The size of the anchoring stones used depended 
somewhat on the geomorphic conditions of each reach; generally, smaller 
anchoring stones were used in those habitat units whose beds were composed 
of fine gravels.  The litter packs were then placed in relatively natural positions on 
the streambed by removing a similar-sized stone from the bed and then placing 
the anchoring stone in the resultant gap.  Litter packs were placed in four 
different habitat types; gravel-dominated, cobble-dominated, and boulder-
dominated riffles, and in pools.  In each habitat type, 10 litter packs were placed 
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in each of two different streambed microhabitat types; exposed (litter exposed to 
flow on the upper surface of the anchoring stone, with the litter facing upstream 
into the flow) and interstitial (litter on the underside of the anchoring stone). 
 
When the leaf packs were placed in the stream, Dmin, Dmax , Φy of the anchoring 
stones, and water velocity in front of the anchoring stone were measured.  
Velocity and Dmax were measured again midway through the experiment and 
immediately prior to litter pack collection.  The three measurements were then 
used to calculate a time-averaged velocity and depth for each litter bundle.   
 
Litter bundles were collected from Spring Creek after 30 days by lifting each 
anchoring stone from the stream, placing it into a pan, and removing the rubber 
bands.  After the leaves were removed from an anchoring stone, the area of the 
stone against which the leaves had been in contact was rinsed with water, and 
the invertebrates thus collected were included in the sample. Collected leaf 
packs and invertebrates were then placed in a plastic bag, sealed, and 
immediately placed on ice during transport bag to the lab.  Samples were frozen 
within 10 hours of collection, and remained frozen until they were processed. 
 
During processing, the samples were thawed, and the leaf litter carefully rinsed 
to remove invertebrates and fine sediment.  The remaining leaf litter was then 
dried (at 60°C for 24 H), weighed, ashed (550°C for 3 H), and reweighed to 
obtain ash-free dry mass (AFDM).  Insects were preserved in 70% ethanol, and 
identified to genus. 
 
Project Scope and Regional Applicability 
 
Much of the landscape of British Columbia is characterized by steep 
mountainous terrain, especially that of coastal regions.  Management of the 
forests, riparian zones, and streams of these areas must be based on sound 
ecological and silvicultural practices.  While current riparian management 
practices (e.g. riparian leave strips) are used to maintain the integrity of forest-
stream linkages, the research project described here will help us understand and 
predict the effects of riparian management decisions on the diversity and 
productivity of food webs downstream.  For example, the results of the first year 
of the project showed that silvicultural practices and forest successional patterns 
can strongly influence organic matter inputs to streams, and that the availability 
of these plant litter inputs to stream food webs is related to channel roughness 
and the type of organic matter.  Because they are based in physical principles 
that are universally applicable, the results of this research will be widely 
applicable throughout British Columbia and mountainous regions worldwide.    
 
Interim Conclusions, Inference, and Applications 
 

The retention of both types of terrestrially-derived plant litter examined (red alder 
leaves and western hemlock needles) increased significantly with bed 
roughness.  Of all bed roughness factors measured (Dmax, Dmin, P, Prel, Φy), 
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retention of red alder leaves and hemlock needles was related most strongly to 
relative grain protrusion (Prel ) (Fig. 1, 2).  At intermediate values of relative 
protrusion (Prel = 1) approximately three-quarters of the alder leaves were 
retained at the site, while less than half of the needles were retained in the same 
distance.  In general, red alder leaves were retained more rapidly than hemlock 
needles, suggesting that the availability of broadleaves as a resource to stream 
bacteria, fungi, and insect detritivores may be more related to the composition of 
adjacent forests than is the availability of conifer needles, because needles travel 
further downstream before being retained. 

Red Alder Leaves
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Figure 1.  Retention of red alder (Alnus rubra) leaves in 18 stream reaches that 
varied with respect to relative sediment protrusion, a critical bed roughness 
parameter.  Line is fit to the ‘exponential rise to maximum’ model y = a(1 – e-bx); 
R2 represents the fit of the data to the model (p-value (ANOVA) indicates the 
significance of the relationship).  Error bars = SE. 
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Western Hemlock Needles
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Figure 2.  Retention of Western Hemlock (Tsuga heterophylla) needles in 18 
stream reaches that varied with respect to relative sediment protrusion, a critical 
bed roughness parameter.  Line is fit to the ‘exponential rise to maximum’ model 
y = a(1 – e-bx); R2 represents the fit of the data to the model (p-value (ANOVA) 
indicates the significance of the relationship).  Error bars = SE. 
 
Unexpectedly, habitat or microhabitat type did not play a large role in determining 
the rate of leaf litter breakdown (Fig. 3).  In general, leaf litter breakdown rates 
increased with bed roughness, but the trend was not broadly significant 
(breakdown rates differed only between pools and boulder-dominated riffles, and 
between gravel- and boulder-dominated riffles, all other comparisons were not 
significant).  Breakdown rates between exposed and interstitial microhabitats 
were not significantly different.  
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Figure 3.  Boxplot showing leaf breakdown rates (presented as proportion mass 
lost in 30 days) in four different habitat types (gravel-, cobble-, and boulder-
dominated riffles, and pools) and in two microhabitat types (exposed and 
interstitial).  Boxes and whiskers represent the 25th / 75th and 10th / 90th 
percentiles, respectively; heavy dashed lines represent the means. 
 
These results indicate that while stream geomorphology can substantially 
mediate the availability of terrestrially-derived detrital resources to stream food 
webs, the rate at which this material is then broken down (and enters the food 
web) may be relatively insensitive to bed roughness (i.e. sediment grain size).  
Although reductions in riparian canopy density may reduce rates of organic 
matter inputs (see 2007-08 Executive Summary), in reaches with low retention 
(i.e. low bed roughness) many of the effects may be experienced by downstream 
reaches rather than those reaches immediately adjacent to the harvested area.  
In contrast, in those streams with coarse bed material, reductions in riparian 
canopy density may immediately reduce the availability of OM to stream 
detritivores, creating notable changes in community structure.  Harvesting 
riparian timber immediately adjacent to fishless streams with fine bed material 
(i.e. fine gravels) may have substantial effects on food webs in fish-bearing 
reaches downstream (including possible reductions in food available to fish), 
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whereas similar timber harvesting adjacent to streams with very coarse bed 
material (i.e. boulders) may have fewer effects on downstream food webs.   
 
Both model-based and experimental research in the third year of this project will 
examine the roles that detritus type and channel geomorphology play in food web 
dynamics both at small (microhabitat) and landscape (watershed) spatial scales.  
Because various plant litter types are retained at different levels and utilized by 
stream organisms at different rates (see Richardson et al. 2004), changes to 
riparian canopies may produce a cascade of effects in stream food webs that is 
not easily predicted.   
 
 
Contact information 
 
For additional information on the project, please contact 
 
John Richardson 
Department of Forest Sciences, University of British Columbia, Vancouver, 
British Columbia, Canada V6T 1Z4 (phone 604-822-6586) 
 
Trent Hoover 
Department of Forest Sciences, University of British Columbia, Vancouver, 
British Columbia, Canada V6T 1Z4 (phone 604-822-1845) 
 
Or visit http://faculty.forestry.ubc.ca/richardson/OMDynamics/index.htm 
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