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Abstract 
Riparian management guidelines in BC and elsewhere have been proposed and 
implemented without explicit testing.  In this experiment, we are testing the effectiveness 
and outcomes of several riparian management treatments.  Sixteen small streams received 
one of the following treatments, each replicated at least 3 times: controls, clearcuts, 10 m 
reserves (both sides for at least 350 m), 30 m reserves, and 50% removal.  Even with 30 
m reserves there were significant changes in temperatures and algal productivity, and 
associated changes in the benthic community.  The amounts of organic matter inputs 
declined with less protection. Water chemistry showed increases following harvesting of 
any sort, and in streams with 30 m reserves has returned to pre-treatment levels.  Most 
measures showed some responses to forest harvesting, with the responses graded 
inversely to the degree of riparian protection.  Some response measures have 
demonstrated a degree of recovery to control and pre-treatment levels, but other changes 
persist even 5 years after harvesting, including in the 30 m reserve streams.  The 50% 
retention sites (n=3) were harvested in the past year and pre-treatment data have been 
collected for the past two years in preparation for evaluating this new treatment against 
the pre-treatment data and 3 control sites. 
 
 
Introduction:    
The management of small streams remains a controversial and high priority topic, and 
has been recognised as such by FSP and many other agencies around North America.  
This information is needed for government, industry, NGO and others concerned about 
forested watersheds.  Small streams and their riparian areas provide important ecosystem 



services to downstream areas, control the supply and quality of water, sediment, and 
nutrients, as well as providing unique habitats.  This study provides critical tests of the 
effectiveness of alterative types of riparian management for stream and riparian 
protection.  The study includes two phases, the first of which began in 1996 to test the 
effectiveness of fixed width reserves of either 10 m or 30 m width versus clearcuts and 
control (forested) sites (13 streams in total).  The second phase began in 2002 with the 
inclusion of an additional 3 streams to receive partial (50%) tree removal (by basal area) 
in the riparian areas compared to the original 3 control streams.  The third aspect is the 
integration of all component projects into ecosystem models that will provide tools to 
evaluate the ecological effects of various forest management prescriptions. 
 
Phase I – Continuation of evaluation of fixed width reserves:  
This project was initiated in 1996 to evaluate the effectiveness of fixed-width riparian 
buffers (either 30 m or 10 m wide) to protect aquatic organisms (incl. fish) and aquatic 
habitat, riparian organisms, and water quality, in contrast to controls and clearcuts to the 
streamside (Kiffney, Richardson & Bull 2003).  Attributes are measured for both streams 
(fish, algae, organic matter, invertebrates [including crayfish], geomorphology, 
temperature, turbidity and chemistry, discharge, and hydrologic flow paths) and their 
riparian areas (amphibians, vegetation, windthrow, microclimate, terrestrial invertebrates, 
and small mammals). The project uses a replicated (n = 3 or 4), before-after control-
impact (BACI) design to assess the effects of four treatments (clearcut with 0 m, 10 m, 
and 30 m buffers, and 50% partial cut to streambank) on a variety of stream and riparian 
components and processes.  Thirteen sites (controls and clearcuts with 0, 10, or 30 m 
buffers) have been studied extensively during their initial perturbation (late 1998) and are 
showing signs of recovery in some attributes during this post-treatment period.  Even 
after 5 years there is still broad divergence of conditions for treated streams and riparian 
areas, even with 30 m reserves, from the controls and pretreatment conditions.  
Consideration of the recovery potential, pathways, and rates will be vital to building the 
dynamic components of forest management into our thinking about stream and riparian 
management. 
 
Phase II – partial harvesting of riparian “reserves”: 
We propose to measure the effectiveness of partially harvested ‘reserves’ (50% basal area 
removal) for the protection of aquatic life, riparian dependent species, water temperature, 
turbidity, and chemistry in coastal British Columbia.  We have collected 2+ years of pre-
treatment data to date for several system attributes in the stream and riparian areas of 
those streams whose watersheds are to be partially harvested. Estimates of watershed area 
were used to delineate cutblocks and harvesting was initiated in September 2004, and 
should be complete by the end of the year.  The 6 streams (3 control, 3 partial harvest) 
have been chosen to reflect the natural range of variation for small streams in coastal BC.   
 
Each part of the overall project has been summarised separately in this report.  Much of 
this material represents projects in progress and we ask that the report not be posted on 
the MoF website for an additional 12 months to allow for publication of the material. 
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Basal Resources – Peter M. Kiffney and John S. Richardson 
 
Organic matter dynamics: 
We have continued to sample for fine particulate organic material (FPOM) from the 13 
streams that are part of the fixed-width reserve study, as well as the three additional 
streams that are part of the partial harvest treatments on about a weekly basis except 
during summer when flows are low. As was reported earlier, there were no pre-treatment 
differences in FPOM among the three partial-harvest sites. Recent analyses of the fixed-
width riparian buffer experiment presented interesting patterns in FPOM export. 
Specifically, there was a strong seasonal effect on FPOM concentrations among 
treatments, with clear-cut and 10 m buffer treatments showing greater concentrations 
compared to 30-m or control sites in spring 1999 and summer 2000. This pattern reserves 
itself in winter 2000 and 2003, with higher concentrations in the control treatments 
(Figure 1). The higher concentrations in spring and summer in the clear-cut and 10 m 
buffer treatments may be a result of higher algal production in these treatments due to 
higher inputs of solar energy Although concentrations were higher in the summer in these 
treatments, discharge is also lower than winter; therefore, there may not be any 
differences in FPOM export among treatments. 
 
Deliverables: 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 6 years of data from the fixed width 
reserve study, which includes about two years of pre-treatment and four 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. 
 
 
Algal and insect accrual: 
We have collected and processed algae samples for over 8 years (2 years pre-treatment, 6 
years post-treatment) from the fixed width study and for about three years from the 
partial harvest study (2 years pre-treatment, 1 year post-treatment). Periphyton accrual 
data from the fixed width study showed that significant differences in periphyton AFDM 
and inorganic matter were apparent through 2002 (Figure 2). In general, we observed 
periphyton biomass and inorganic matter was higher on tiles in clear-cut and 10 m 
treatments compared to controls. 
 
Our preliminary analyses of the long-term insect abundance data from the fixed-width 
treatment showed that the responses were taxon-specific. In general, we found that 
caddisflies (Order Trichoptera, primarily Glossosoma sp. and Neophylax sp.) were less 
abundant in the clear-cut and 10 m buffer sites compared to controls and the 30 m 
treatments. Similar patterns were observed for mayflies (Order Ephemeroptera, primarily 
Baetidae and Heptageniidae). In contrast, Chironomidae abundance increased as buffer 
width narrowed (Figure 3). We hypothesize that caddisflies and mayflies were less likely 
to colonize a tile in the clear-cut or 10 m treatments because of high sediment loads 
associated with the periphyton community (Kiffney et al. 2003). 

 3



 
Spring 1999

Control 30 m 10 m clear-cut

M
ea

n 
(+

 9
5%

 C
I) 

FP
O

M
 (m

g/
L)

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Control 30 m 10 m clear-cut
0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Winter 2000

riparian treatment

Control 30 m 10 m clear-cut
0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Winter 2003

Control 30 m 10 m clear-cut
0.2

0.4

0.6

0.8

1.0

1.2

1.4

Summer 2000

 
Figure 1. Mean ( + 95 confidence intervals) concentrations of fine particulate organic matter (FPOM) 
in fixed width buffer treatments. 
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Figure 2. Mean (+1SD) periphyton accrual rate 
(top panel) and inorganic matter (bottom panel) 
on tiles averaged across seasons in the fixed 
width buffer treatments. 

 
12
10

14
16
18
20

riparian buffer treatment

Control 30 m 10 m clear-cutpe
rip

hy
to

n 
in

or
ga

ni
c 

m
at

te
r (
µg

 c
m

-2
 d

-1
)

0

5

10

15

20

25

30

1998-1999
1999-2000
2000-2001
2001-2002

 

 
 

 5



Spring 2001

0.2

0.4

0.6

0.8

1.0

1.2

1.4
M

ea
n 

(+
95

%
) a

bu
nd

an
ce

 p
er

 ti
le

0.0

0.2

0.4

0.6

0.8

1.0

1.2

riparian buffer treatment

control 30 m 10 m clear-cut
-1

0

1

2

3

4

a) Trichoptera

b) Ephemertoptera

c) Chironomidae

 
Figure 3. Mean (+ 95% confidence intervals) insect abundance on tiles during spring 2002 in the 
fixed with buffer treatments. 
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Deliverables: We recently had a paper published -  Kiffney, P. M, J. S. Richardson, and 
J. P. Bull. (2004) Establishing light as a causal mechanism structuring stream 
communities in response to experimental manipulation of riparian buffer width. Journal 
of the North American Benthological Society 54:542-555.  A draft paper describing the 
effects of nutrient enrichment in relation to riparian buffer width is complete and is in 
review (Kiffney, P. M. Relative importance of light and nutrients in limiting periphyton 
biomass and insect consumers). 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 
about 80% complete  
 
 
Partial harvest site comparisons 
 

 
Figure 4. a) Mean (+1se) fine particulate organic matter (mg/L) over a year and b) averaged across 
seasons in the three partial harvest sites before logging. 
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Algal accrual: 
We have collected and processed algae samples for over 8 years (2 years pre-treatment, 6 
years post-treatment) from the fixed width study and for about three years from the 
partial harvest study (3 years pre-treatment, about to start post-treatment). Our initial 
results from the pre-treatment study in the partial harvest experiment showed stream that 
stream J had greater amounts of algal biomass than the other streams, which was likely a 
result of that stream J having a lower stream gradient and higher amounts of incoming 
solar radiation than the other sites (Figure 5). 
 

 
Figure 5. Mean (+ 1se) algal biomass on tiles in the three partial harvest sites before logging. Means 
with the same letter are not statistically different. 

 
We have also documented that algal biomass in these streams are limited by both light 
and nutrients.  Specifically, algal biomass was higher on substrates that were enriched 
with phosphorus compared to substrates enriched with nitrogen or non-enriched 
substrates. This response, however, was greater when light levels reaching the stream 
were higher. 
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Temperature responses and hydrological inputs to small streams of the Malcolm 
Knapp Riparian Management Experiment - Dan Moore 
 
Presentation of results from phase 1 treatments 
 
During 2004-2005, analyses of stream temperature response to the phase one treatments (clearcut 
harvesting with different buffer widths) have been completed. One manuscript, presenting 
detailed information on thermal processes and patterns for one of the no-buffer streams is in press 
in the journal Hydrological Processes (Moore et al., 2005). A second manuscript, presenting 
analyses of the temperature responses for the suite of treatment streams, was submitted to Water 
Resources Research (Gomi et al., unpublished). That manuscript is now being revised for re-
submission to that journal. 
 
Invited presentations of the results of the stream temperature studies were given at meetings of 
the American Water Resources Association (AWRA) (Moore, 2004a) and the Canadian Water 
Resources Association (Moore, 2004b). In addition, two posters based on the Malcolm Knapp 
riparian experiment results were presented to the AWRA (Moore et al., 2004; Richardson et al., 
2004). 
 
Progress in relation to phase 2 
 
During the last year, pre-harvest data collection continued in relation to riparian microclimate and 
stream temperature for the three streams to be treated in the second phase. Figure 6 illustrates the 
maximum daily stream temperatures for the treatment and control streams for pre-harvest 
conditions. Figure 7 shows examples of microclimatic conditions monitored in an open site and 
over one of the treatment streams. It also shows bed temperatures at two depths in step 
(downwelling flow) and pool (upwelling flow) locations, highlighting the distinctive thermal 
environments associated with hyporheic flow paths in headwater streams. 
 
References 
Gomi, T., Moore, R.D. and Dhakal, A.S. Headwater stream temperature response to clear-cut 

harvesting with different riparian treatments, coastal British Columbia, Canada. In revision for 
re-submission to Water Resources Research. 

Moore, R.D. 2004a. Managing headwater stream temperature response to forest harvesting: 
Progress and prospects. American Water Resources Association Summer Specialty Meeting 
on Riparian Buffers, 28-30 June 2004. (invited)  

Moore, R.D. 2004b. Thermal heterogeneity in headwater streams: Challenges for monitoring the 
effects of forestry on stream temperature. Monitoring in a Changing Climate: Recent 
Advances in Automatic Electronic Water Quality Monitoring and Assessment. Canadian 
Water Resources Associaton - British Columbia Branch Workshop, 13-14 October 2004. 
(invited) 

Moore, R.D., Gomi, T., Story, A. and Mellina, E. 2004. Characterising surface-subsurface 
hydrologic interactions in headwater streams. American Water Resources Association 
Summer Specialty Meeting on Riparian Buffers, 28-30 June 2004. (poster) 

 Moore, R.D., Sutherland, P., Gomi, T. and Dhakal, A. 2005. Thermal regime of a headwater 
stream within a clearcut, coastal British Columbia, Canada. Hydrological Processes (in press). 

Richardson, J.S., Moore, R.D., Feller, M. Hinch, S. Mitchell, S. and Kiffney, P. 2004. Testing the 
effectiveness of riparian management strategies for protecting headwater streams. American 
Water Resources Association Summer Specialty Meeting on Riparian Buffers, 28-30 June 
2004. (poster) 
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Figure 6. Daily maximum stream temperature at the three control streams (East, Mike and 

Spring Creeks) and the three streams to be subject to variable retention 
harvesting treatments. 
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Figure 7. Microclimate in an open site and microclimate and stream and bed temperatures 

for Griffith Creek. 
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Forest harvesting impacts on streamwater chemistry in the riparian – stream 
ecosystem study at the UBC Research Forest. 

 
by Michael Feller 

 
Work accomplished 
 

1. During the year recalibration of the concrete weir on K Ck, one of the streams 
flowing out of a watershed partially cut in 2004/05, was completed. 

 
2. Collection of data logger data and water samples for analysis continued regularly, 

generally every 1-2 weeks throughout the year. All water samples were analyzed 
for K, Na, Mg, Ca, NO3, NH4, organic-N, PO4, SiO2, SO4, pH and electrical 
conductivity in the laboratory and measurements of temperature, turbidity, and 
dissolved oxygen concentrations were made in the field at the time of sampling. 
 

3. Collected data were analyzed to determine the influence of the different width 
buffer strips on ameliorating forest harvesting impacts on streamwater physical 
and chemical quality. In addition, data from the 3 streams subjected to riparian 
area thinning were analyzed to assess their pretreatment similarities.  
 

 

Results 

      1. Fixed width buffer strip harvesting 
Dissolved Oxygen –  
 Differences between dissolved oxygen concentrations measured in a control 
stream (East Ck.) and those measured in the treated streams were calculated and 
averaged by season for the 4 pre-treatment years and each of the 6 post-treatment 
years. These differences have fluctuated but there have been no systematic 
differences between treatments or between years after harvesting (Figure 8). A 
relatively large decrease in dissolved oxygen in the 30m buffer treatments during 
summer, 2003, and even more so in summer, 2004, was primarily due to low oxygen 
concentrations in one creek – South Creek – which continued to flow at very low 
discharges, while other streams either ceased flowing or flowed at rates sufficient to 
allow better dissolving of oxygen during late July and August.  
Reasonably accurate regression equations (R2 >0.9 and SE <0.5 for all except South 
Ck, where values were 0.84 and 0.92, respectively), relating dissolved oxygen of a 
treated stream to that of a control stream (East Ck.) were developed for the 4 years of 
preharvesting data. These equations were used to predict dissolved oxygen 
concentrations in streamwater at post-harvest sampling times. The difference between 
the actual measured concentration and that predicted by the equation was considered 
to be attributed to forest harvesting. These differences were calculated for each 
sampling date for each treated stream and averaged by season and year (Table 1). 
These differences had always been <0.9 mg/L until 2004. In 2004, D and H creeks 
were sampled just as they were about to dry up, resulting in very low dissolved 
oxygen concentrations, averaging up to 2.1 mg/L lower than the control stream (Table 
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1). Prior to harvesting, D and H creeks had not been sampled at such low flows, 
which likely accounted for apparently anomalously low dissolved oxygen 
concentrations in these 2 creeks. South Creek also had relatively low concentrations 
in summer-fall in 2003 and 2004. However, the analysis suggested that South Ck. did 
not deviate from what was expected at these times. 
 
Overall, these results suggest that no harvesting treatment has had a major impact on 
streamwater dissolved oxygen during the first 6 years after harvesting. 
 
 
Dissolved ions –  
 Electrical conductivity, which indicates the total ionic content of a solution, was 
subjected to the same regression equation analysis as that described above for 
dissolved oxygen. Reasonably accurate pretreatment equations (R2 > 0.7, SE < 1.6, all 
significant at P<0.001) were developed. 
 
 In general, total streamwater dissolved ion concentrations have increased 
following harvesting, with the greatest increases found in fall, 1999, followed by fall, 
2000, one and two years after harvesting, respectively (Table 2). Most concentrations 
increased. During the first 2 years post-treatment (1998/99 and 1999/00) these 
concentration increases generally decreased from 0 to 10 to 30m buffers, indicating a 
positive effect of increased buffer width in ameliorating ion flow into streams. 
However, during the next 2 years, streamwater ion concentrations declined in the 10m 
buffer treatment to a greater extent than in the 30m buffer treatment, so that greater 
ion leaching into streams occurred in the 30, than in the 10m buffer treatments. This 
trend reversed in the summer of the 5th year (2002/03), but not in the 6th year 
(2003/04). However, differences between buffer width treatments were slight and not 
significant during the 4th to 6th post-treatment years. Both buffer strip widths have 
reduced ion leaching into streams compared to the 0m buffer treatment. (Table 2, 
Figure 9). 

 
 Total dissolved ion concentrations appear to have decreased to pretreatment levels 
in the fourth post-treatment year (2002) after remaining elevated for 3 years (Table 2, 
Figure 9). Potassium is often the nutrient whose concentrations have often been found 
to remain elevated for the greatest duration following forest harvesting (Feller and 
Kimmins 1984). Potassium concentrations remained slightly elevated until the fifth 
year post-treatment (2003) (Figure 10). Interestingly, K concentrations in the 10-m 
buffer treatment streams were greater than those in the 0-m buffer treatment streams 
during the 5th post-treatment year, although the concentrations were similar for both 
buffer treatments during the most recent (6th) post-treatment year. This suggests a 
longer return to pretreatment levels in the 10-m treatment than in the 0-m treatment 
streams. Concentrations of the other metallic cations (Na, Mg, and Ca) exhibited a 
smaller response to forest harvesting than did K, generally increasing slightly for the 
first 1-2 years only (Figure 10). Hydrogen ion concentrations (pH) exhibited no 
detectable response to forest harvesting (Figure 9). K, Na, and Ca concentration 
changes all appeared to be greater for the 0-m buffer treatment than for the other 
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treatments and, other than K, did not appear to vary between 10- and 30-m buffer 
treatments (Figure 10). 
 
 Nitrate concentrations have often been of concern because of their ability to 
increase greatly following forest harvesting, approaching the limits for drinking water 
(e.g. Brown and Binkley 1994, Vitousek et al. 1979). In the present study, NO3 
concentrations of 21-23 mg/L were recorded on several occasions, all in streams with 
no buffer strips. These were the highest concentrations measured of all ions, but they 
are still below the recommended drinking water level of 45 mg/L. Nitrate 
concentrations generally increased from 0.5 – 1.0 mg/L prior to harvesting up to 1-5 
mg/L after harvesting, peaking during the second winter (1999/2000) after harvesting 
(Figure 11). As with other ions, concentration increases decreased with increasing 
buffer width. By the 5th post-treatment year, NO3 concentrations had declined below 
pretreatment levels, and this decline increased during the 6th most recent year, 
suggesting that plant uptake of the limiting nutrient – N – was greater than that in the 
undisturbed watersheds. This trend occurred for all harvesting treatments, being most 
pronounced for the 0-m treatment (Figure 11). Neither NH4, nor organic-N (Figure 
11) concentrations appeared to respond to forest harvesting, NH4 concentrations being 
close to the detection limit (0.01 mg/L) in all streams most of the time.  
 
     Streamwater sulphate concentrations have often exhibited a decline following 
forest harvesting (e.g. Feller and Kimmins 1984). In the present study, this appears to 
have happened as well, generally to a greater extent in the 0-m treatment and 
becoming most noticeable in the 5th post-treatment year (2002/03) (Figure 11). Si 
concentrations, directly related to the intensity of geological weathering, exhibited no 
detectable response to the different harvesting treatments (Figure 11). PO4 
concentrations remained close to detection limits (0.01 mg/L) and also exhibited no 
significant response to harvesting. 
 

      2. Riparian thinning 
       

     The riparian thinning began during the 2004-05 winter. Data on thinning impacts 
are not  yet available. However, pretreatment relationships between the chemistry and 
turbidity of the 3 streams to be thinned and the control stream indicate that there have 
been only slight differences for K, Mg, organic-N, dissolved oxygen, and turbidity 
(Figure 12). The streams whose riparian areas are to be thinned generally had lower 
concentrations of all chemicals than the control stream, except for NO3 and SO4 
(Figure 12). 
 
 

References 

 
Brown, T.C., and D. Binkley. 1994. Effect of management on water quality in North 

American forests. USDA For. Serv. Gen. Tech. Rep. RM-248. 
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Table 1.  Average dissolved oxygen (mg/L) differences attributed to forest  
 harvesting                    
  Stream     Year 1 (1998/99)      Year 2 (1999/00)   
      Fall Winter Spring Summer  Fall Winter Spring Summer
0m buffer E   -0.2 0.3 -0.3 0.1  -0.1 0.1 -0.1 0.1 
             
0m buffer A  0.0 0.0 -0.4 0.0 0.1 -0.1 -0.4 -0.3 
  B  -0.2 -0.1 -0.5 0.1 0.0 0.0 -0.2 0.1 
  I  -0.3 0.2 -1.1 -0.5 -0.2 0.0 -0.5 -0.7 
  Ave.(s.e.)  -0.2(0.1) 0.0(0.1) -0.7(0.2) -0.1(0.2) 0.0(0.1) 0.0(0.0) -0.4(0.1) -0.3(0.4)
             
10m buffer C  -0.1 0.2 0.0 0.1 0.1 0.0 -0.1 0.1 
  F  -0.4 0.1 -0.3 0.1 0.0 0.1 0.2 0.3 
  G  -0.3 0.2 -0.5 0.0 0.1 0.0 -0.1 -0.5 
  Ave.(s.e.)  -0.3(0.1) 0.2(0.0) -0.3(0.1) 0.1(0.0) 0.1(0.0) 0.0(0.0) 0.0(0.1) 0.0(0.2)
             
30m buffer D  -0.6 0.1 -0.3 0.0 -0.3 0.0 0.2 0.6 
  H  -0.1 0.2 -0.5 -0.1 0.2 0.1 -0.1 -0.1 
  South  -0.6 0.0 -0.5 0.6 0.0 -0.1 -0.1 0.7 
  Ave.(s.e.)  -0.4(0.2) 0.1(0.1) -0.4(0.1) 0.2(0.2) 0.0(0.1) 0.0(0.0) 0.0(0.1) 0.4(0.3)
                       
                      
  Stream    Year 3 (2000/01)     Year 4 (2001/02)   
      Fall Winter Spring Summer  Fall Winter Spring Summer
0m buffer E   -0.4 -0.1 -0.3    0.0 0.0 -0.1 0.2 
             
0m buffer A  -0.2 -0.2 -0.3 0.0 0.2 -0.2 -0.5 0.4 
  B  -0.3 -0.1 -0.2 0.2 0.3 -0.2 -0.3 0.8 
  I  -0.4 -0.1 -0.6 -0.4 0.1 0.1 -0.8 -0.5 
  Ave.(s.e.)  -0.3(0.1) -0.1(0.0) -0.4(0.1) -0.1(0.2) 0.2(0.1) -0.1(0.1) -0.5(0.1) 0.2(0.4)
             
10m buffer C  0.0 -0.1 -0.2 0.3 0.2 -0.4 -0.2 0.9 
  F  -0.3 -0.3 -0.1 0.3 0.2 -0.2 -0.2 0.1 
  G  -0.4 -0.1 -0.4 -0.2 0.0 0.0 -0.4 0.3 
  Ave.(s.e.)  -0.2(0.1) -0.2(0.1) -0.2(0.1) 0.1(0.2) 0.1(0.1) -0.2(0.1) -0.3(0.1) 0.4(0.2)
             
30m buffer D  -0.4 -0.1 -0.1 0.4 0.5 -0.1 0.0 0.1 
  H  -0.1 -0.1 -0.4 0.2 0.3 0.0 -0.3 0.6 
  South  -0.1 -0.4 -0.1 0.7 0.1 -0.2 -0.4 0.6 
  Ave.(s.e.)  -0.2(0.1) -0.2(0.1) -0.2(0.1) 0.4(0.1) 0.3(0.1) -0.1(0.1) -0.2(0.1) 0.4(0.2)
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Table 1.  Continued 
  Stream     Year 5 (2002/03)    
      Fall Winter Spring Summer  
0m buffer E  -0.1 0.2 0.2 no data  
          
0m buffer A  0.3 0.6 0.4 0.1  
  B  0.2 0.6 0.3 0.9  
  I  0.5 0.5 0.0 -0.1  
  Ave.(s.e.)  0.3(0.1) 0.6(0.0) 0.2(0.1) 0.3(0.3)  
          
10m buffer C  -0.8 0.5 0.1 0.1  
  F  0.1 0.4 0.6 0.5  
  G  0.3 0.3 0.4 0.1  
  Ave.(s.e.)  -0.1(0.3) 0.4(0.1) 0.4(0.1) 0.2(0.1)  
          
30m buffer D  -0.3 0.1 0.2 0.2  
  H  0.4 0.4 0.3 0.4  
  South  -0.6 0.1 0.5 -0.2  
  Ave.(s.e.)  -0.2(0.3) 0.2(0.1) 0.3(0.1) 0.1(0.2)  
               
        

  Stream     
Year 6 
(2003/04)     

      Fall Winter Spring Summer  
0m buffer A  0.4 0.1 -0.2 0.1  
  B  -0.4 0.0 0.3 0.3  
  I  -0.1 -0.1 -0.3 -0.6  
  Ave.(s.e.)  -0.0(0.1) 0.0(0.1) -0.1(0.1) -0.1(0.1)  
          
10m buffer C  -0.3 0.3 0.4 -0.1  
  F  -0.1 0.2 0.3 -0.1  
  G  0.0 0.1 0.2 -0.4  
  Ave.(s.e.)  -0.1(0.1) 0.2(0.1) 0.3(0.1) -0.2(0.1)  
         
30m buffer D  -0.8 0.1 0.0 -2.1  
  H  0.3 0.3 0.3 -1.4  
  South  -1.6 -0.1 -0.2 -0.8  
  Ave.(s.e.)  -0.7(0.2) 0.1(0.1) 0.0(0.1) -1.4(0.4)  
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Table 2.  Average electrical conductivity (µS/cm at 25 oC) differences attributed to forest  
 harvesting                    
  Stream     Year 1 (1998/99)      Year 2 (1999/00)   
      Fall Winter Spring Summer  Fall Winter Spring Summer
0m buffer E  10.4 5.2 3.0 4.9 10.7 8.6 4.9 0.4 
             
0m buffer A  1.5 0.8 0.4 0.1 3.1 1.4 0.5 1.3 
  B  0.9 -0.7 -0.9 0.8 4.4 2.0 0.7 2.0 
  I  4.4 1.2 1.0 3.6 8.4 4.7 2.7 5.0 
  Ave.(s.e.)  2.2(1.1) 0.4(0.6) 0.2(0.6) 1.5(1.1) 5.3(1.6) 2.7(1.0) 1.3(0.7) 2.8(1.1)
             
10m buffer C  -1.0 1.2 0.3 -2.4 0.2 2.7 0.2 2.4 
  F  4.4 1.8 1.2 1.4 4.8 4.1 2.5 2.2 
  G  2.5 1.2 0.0 -0.8 2.3 1.9 0.3 0.9 
  Ave.(s.e.)  2.0(1.6) 1.4(0.2) 0.5(0.4) -0.6(1.1) 2.4(1.3) 2.9(0.6) 1.0(0.8) 1.8(0.5)
             
30m buffer D  4.3 1.0 0.5 0.5 3.2 1.5 0.6 1.2 
  H  2.1 0.6 -0.4 -0.4 2.2 1.5 0.0 -0.6 
  South  1.6 0.4 0.1 -0.6 1.8 2.1 1.6 0.8 
  Ave.(s.e.)  2.7(0.8) 0.7(0.2) 0.1(0.3) -0.2(0.3) 2.4(0.4) 1.7(0.2) 0.7(0.5) 0.5(0.5)
                       
                      
      Year 3 (2000/01)     Year 4 (2001/02)   
      Fall Winter Spring Summer  Fall Winter Spring Summer
0m buffer E  1.5 3.3 1.4 -3.7 -1.9 0.6 -0.3 -3.2 
             
0m buffer A  1.1 1.3 0.4 0.4 0.5 0.9 0.1 -0.4 
  B  1.9 1.2 0.4 1.8 0.7 0.0 -0.4 0.5 
  I  7.3 6.0 4.3 4.0 4.6 2.3 0.8 2.1 
  Ave.(s.e.)  3.4(1.9) 2.8(1.6) 1.7(1.3) 2.1(1.0) 1.9(1.3) 1.1(0.7) 0.2(0.3) 0.7(0.7)
             
10m buffer C  0.2 1.3 0.0 -1.7 -2.2 1.3 -0.2 -1.2 
  F  2.4 3.0 2.0 0.2 1.0 1.3 0.8 0.0 
  G  1.7 2.1 0.8 -0.2 0.6 1.1 -0.3 -1.0 
  Ave.(s.e.)  1.4(0.6) 2.1(0.5) 0.9(0.6) -0.6(0.6) -0.2(1.0) 1.2(0.1) 0.1(0.4) -0.7(0.4)
             
30m buffer D  1.1 1.2 0.8 0.5 0.7 0.9 0.4 -0.4 
  H  1.9 2.2 1.1 0.3 1.6 1.1 -0.3 -0.6 
  South  2.5 4.7 3.8 -0.4 1.8 1.8 1.3 0.7 
  Ave.(s.e.)  1.8(0.4) 2.7(1.0) 1.9(1.0) 0.1(0.3) 1.4(0.3) 1.3(0.3) 0.5(0.5) -0.1(0.4)
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Table 2.  Continued 
            
  Stream     Year 5 (2002/03)        
      Fall Winter Spring Summer      
0m buffer E  -6.6 -2.5 -1.7 -4.0      
              
0m buffer A  0.2 -0.2 -0.3 3.8      
  B  1.4 -0.8 -0.8 0.4      
  I  2.6 0.9 -0.2 3.5      
  Ave.(s.e.)  1.4(0.7) 0.0(0.5) -0.4(0.2) 2.6(1.1)      
              
10m buffer C  -3.7 -1.2 -1.1 4.5      
  F  -1.5 0.0 -0.2 0.8      
  G  -3.3 0.5 -0.7 -0.4      
  Ave.(s.e.)  -2.8(0.7) -0.2(0.5) -0.7(0.3) 1.6(1.5)      
              
30m buffer D  -0.2 0.2 0.1 0.8      
  H  0.0 1.0 -0.4 -0.8      
  South  -2.8 0.8 0.5 3.1      
  Ave.(s.e.)  -1.0(0.9) 0.7(0.2) 0.1(0.3) 1.0(1.1)      
                   
       
  Stream     Year 6 (2003/04)   
      Fall Winter Spring Summer 
0m buffer A  2.0 -0.4 -0.2 2.3 
  B  -0.1 -1.3 -1.1 -0.3 
  I  5.7 -0.2 -0.3 2.1 
  Ave.(s.e.)  2.5(0.7) -0.6(0.1) -0.5(0.2) 1.4(0.5) 
         
10m buffer C  0.5 -0.4 -0.3 1.2 
  F  -0.6 -1.0 -1.2 -0.5 
  G  -0.2 -0.1 -1.3 0.1 
  Ave.(s.e.)  -0.1(0.5) -0.5(0.1) -0.9(0.2) 0.3(0.8) 
         
30m buffer D  2.1 0.0 -0.7 3.3 
  H  2.2 -0.2 -1.2 -0.6 
  South  -0.4 0.3 -1.4 5.2 
  Ave.(s.e.)  1.3(0.7) 0.0(0.1) -1.1(0.2) 2.6(1.3) 
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Figure 8.   Average seasonal streamwater dissolved oxygen concentration differences between 

treated and control streams (Control – Treated). F = fall (Sep.-Nov.), W = winter (Dec.-Feb.), 
S = spring (Mar-May), S = summer (Jun.-Aug.). Each point on the graph is the average of 3 
streams x 7-12 samples per season = 21-36 datapoints. 
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Figure 9.    Average seasonal streamwater electrical conductivity and pH differences between 
treated and control streams (Treated – Control). Seasons and number of measurements  are 
defined in Figure 8. 
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Figure 10.     Average seasonal streamwater K, Na, Mg, and Ca concentration differences 
between treated and control streams (Treated – Control). Seasons and number of measurements 
are defined in Figure 8. 
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Figure 11.     Average seasonal streamwater NO3, organic-N,  Si, and SO4 concentration 
differences between treated and control streams (Treated – Control). Seasons and number of 
measurements are defined in Figure 8. 
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Figure 12.     Average seasonal streamwater pH, turbidity, and chemical concentration differences 
between the 3 streams whose riparian areas are to be thinned and the control stream (Treated – 
Control). Seasons and number of measurements are defined in Figure 1. Cond = electrical 
conductivity and DO = dissolved oxygen. 
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VEGETATION COMMUNITY DEVELOPMENT IN RIPARIAN RESERVES 
Dr. Steve Mitchell  
 
Introduction 
The Forest Practices Code of BC enacted in 1994 requires that unharvested reserve zones 
be retained adjacent to streams greater than 1.5 m that are fish-bearing. These reserves 
are intended to moderate stream temperatures, provide continual inputs of small to large 
organic material, and reduce delivery of sediment. They also provide within-cutblock 
habitat for insects, birds and animals and increase the structural diversity within 
regenerating forests. The fate of these reserves and their success in meeting these 
objectives is poorly documented.  
 
This 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 the 1930's. 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.  
 
Study Objectives 
1. To monitor the changes in understory vegetation community composition and structure 

following harvesting in fully treed (control), 10m, 20m and harvested streamside 
zones. 

2. To identify the preferred seedbeds and light regimes, and rate of establishment of 
coniferous and deciduous trees (layer 4). 

3. To document the growth and mortality of trees (layers 1-3) within the riparian zone 
under different reserve strip characteristics. 

 
Methodology 
Within a series of small clearcuts in the southeast corner of MKRF, 0m, 10m and 30m 
reserve zones have been established adjacent to small perennial streams. Each treatment 
has been replicated 3 times. Within each treatment unit 2 sets of line transects have been 
established. Each set includes 15m long transects located at 2m and 15m from the stream 
on each side. Understory vegetation and microsite attributes are measured at sample 
points 1m apart along the transect using small circular plots (15cm radius) for germinants 
and dimensionless points for vegetation composition (shrubs, herbs, ferns and mosses), 
substrate and microtopography. Trees from all layers within 2m on each side of the 
transect (e.g. 15m*4m strip plot) are tagged and measured. Plot establishment and pre-
harvest measurements were completed in 1998-1999. The blocks have been harvested. 
Western redcedar was planted in the spring of 2000 within the riparian zone of the 0m 
reserve blocks.  Canopy densities were measured with a canopy densitometer (convex 
mirror) in August 2000 and September 2002. Measurements of germination and 
understory development were taken during August 2000, August 2001, September 2002 
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and August 2003, and measurements of overstory condition were taken in August 2000, 
September 2002 and August 2003. In December 2002, a new set of pre-treatment 
overstory plots was established in three new blocks scheduled for 50% basal area 
removal in the 2004. Pre-treatment understory vegetation in these plots was measured in 
August 2003. 
 
 
Key Results for 0, 10 & 30 m reserves: 
(Species codes: Hw=western hemlock, Cw=western redcedar, Ep=paper birch, 
Fd=Douglas-fir, Ch=bitter cherry, Mb=bigleaf maple, Dr=red alder, Ac=black 
cottonwood) 
• In the overstory prior to harvest, Hw accounted for 48% of stems and Cw for 32%, 

the remainder was composed of eight other conifer and deciduous species. 
• In the first winter following harvesting 15% of overstory stems were damaged by 

wind in the 10m buffer treatment compared to 5% in the 30m buffer treatment and 
0% in the controls. After the second winter these values were 15%, 8%, 2%  for these 
three treatments respectively. These values had changed little by the end of the fifth 
winter. In addition to wind mortality, there was considerable mortality in standing 
trees and this continued throughout the monitoring period. Over the five year period, 
14%, 11% and 22% of stems died in the 10m, 30m and control treatments 
respectively. The high mortality in the controls reflects the on-going self-thinning in 
this young mature stand.  

• In the 10m and 30m treatments, in the five year period, 11% of Cw and 9% of 
deciduous trees were damaged by wind and 9% of Hw trees. Fd was quite rare but no 
trees of this species were wind damaged.  

• 39% of deciduous trees in the 10 and 30m treatments died standing in the five year 
period. Equivalent values for Hw, Cw and Fd were 9%, 10% and 0% respectively. In 
the 10m buffer most trees that died did so in the first year after harvesting. In the 30m 
buffer, mortality was uniformly distributed over the monitoring period. 

 
• Canopy density (CD) now ranges from 4% (0m treatments) to 87% (control). 
• Subtracting these values from 100 gives relative light levels. 
• A hemlock looper (defoliator) outbreak developed in this portion of the research 

forest in the summer of 2001. Damage was concentrated in the upper crowns of 
overstory Fd and does not appear to have affected overall canopy density. Damage 
was observed on planted and natural seedlings and may have contributed to the 
decline in numbers of germinants between the 2000 and 2001 measurements. There 
was no new looper damage in 2003. 

• In 2000, Hw seedlings were most abundant (183,000 sph) followed by Ep (16,000 
sph), Cw (4500 sph) and Ch (2800 sph). In 2001, Hw had declined to 51,000 sph, Ep 
to 11,000 sph and Cw to 1200 sph, while Ch had increased to 10,000 sph. Small 
numbers of Fd, Ac, Mb and Dr were also present. There were small declines in 
seedlings for most species in 2002. The exceptions were for Cw which increased to 
1700sph and Mb for which very few seedlings were present in 2002.  Very few 
seedlings of species other than Hw and Cw remained by 2003. 
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• For all treatments combined, the dominant substrate in 2002 was litter (84%) 
followed by exposed rotting logs (12%) and moss (4%). Soil and rock substrates were 
rare (0.5 and 0.1% respectively). By 2003, moss had increased in cover to 19% at the 
expense of logs and litter.  

• In 2001, only Ch had a preference for mineral soil seedbed. Hw germinants did not 
have any preferences between organic seedbeds. Cw, Fd, Ep and Ch preferred litter 
over moss and logs. Mb preferred logs. These patterns persisted into 2002 with the 
following exceptions.  Cw lost its preference for litter and did not have any 
preference between organic seedbeds. Fd preferred soil and moss over litter. In 2003, 
all surviving Cw were on litter while Hw preferred organic seedbeds with a slight 
preference for moss and logs over litter. The few surviving Ac and Fd were all on 
litter. 

• Microtopographic preferences were weak. Hw was most abundant on raised 
microsites in 2000, but showed no preference in 2001. Cw is most abundant on 
hollow microsites in 2001. No species showed microtopographic preferences in 2002. 
In 2003, Cw showed a slight preference for hummocks. 

• For the control and 0 m treatments where light levels are similar 2 m from the stream 
and 15m from the stream. Abundance of seedlings is higher closer to the stream for 
Hw in all years. Ep becomes more abundant near the stream with time since harvest. 
There was no clear pattern for the other species.  

• In 2001 both Hw and Cw were more abundant in low light, in particular the diffuse 
light at 15 m from the creek in the 30 m buffer. For Hw this pattern persists to 2003, 
although actual seedling abundance drops substantially in the heavy shade. The peak 
in Cw abundance shifts in time and by 2003 is at light levels of 48% (Figure 13). 
Abundance of Ep increased with light levels. Fd and Ac also peak in abundance in 
full open conditions in the early years. Other tree species peak in abundance at a 
canopy density of 48%  - near the timber edge. In subsequent years, the initial pattern 
holds for Hw and Ep.  

• The reduction in seedling densities in the shade likely reflects light competition with 
the overstory, and predation. While in the clearcuts, competition with shrubs and 
herbs is likely reducing densities of shade intolerants. 

 
• Understory vegetation cover has increased from 40% to 91% since harvest and 

increases in abundance with light levels. The slope of this trend increased in 2000 and 
2001 but now appears to have become constant (Figure 14).  Proximity to the stream 
does not affect this measure. 

• Understory vegetation height has increased from 12cm to 100 cm since harvesting 
and increases with light levels. The slope of this trend continues to increase with time 
since harvest (Figure 15). Height also increases (by 26-50%) near the stream within 
the control and 0m treatments. 
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Figure 13. Proportion of sample points with cover vs light by year, showing trend lines 
for 1999 (-) and 2003 (- -). 
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Figure 14. Height of vegetation at sample point vs light by year, showing trend lines for 
1999 (-) and 2003 (- -). 
 
• Plant species diversity has increased from 4 species per 15m transect to 15 species per 

transect since harvesting and increases with increasing light levels. The slope of this 
trend for the lower light level portion of the curve has yearly, but the curve levels off 
at the higher light levels (Figure 14). There is a small increase in species diversity 
closer to the creek in the 0m treatments (by 12%). This was not found in the controls. 
In the controls and reserves mosses and ferns are the most common species, however 
some shrubs are establishing within the reserves. Deciduous trees, shrubs and ferns 
dominate in the openings.  
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Figure 15. Species diversity vs light by year, showing trend lines for 1999 (-) and 2003 (- 
-). 
 
Over the six year period, the relative diameter increment for surviving trees of all species 
was 1.9, 1.6 and 4.9% for the 10m buffer, 30m buffer and control treatments. Tree-level 
basal area increments were 0.0052, 0.0048 and 0.0078 m2 for these treatments 
respectively. Interestingly, the increments are greater in the control than in the buffers, in-
spite of the high competition within the controls, the extra side-light for buffer edge trees, 
and the extra space in the buffers because of windthrow. This result is at odds with 
observations of greater basal area increment typically reported for thinned stands. It is 
likely that the buffer trees are experiencing higher branch loss due to wind-induced 
collisions and possibly greater fine root abrasion during rocking.  
 
Relative light levels (100-canopy density) vary between treatments and with distance 
from the stream channel. In the pre-harvest stand and controls, light levels are very low 
and understory vegetation cover is sparse. Percent cover, species diversity and vegetation 
height increase with increasing light levels. Tree regeneration patterns reflect shade 
tolerance. Hemlock is by far the most abundant species, with peak densities just inside 
the buffer. In contrast redcedar densities peak just outside the buffer edge and paper birch 
peaks in the openings. 
 
Many of the earliest deciduous and hemlock trees to be windthrown have lost part of their 
bark and smaller trees and tree-tops have begun to break into multiple sections. In 
contrast, the windthrown redcedar stems are still largely intact, and in some cases are still 
alive. During the summer of 2004, a set of pilot measurements of bank morphology and 
large woody debris was initiated in the 10m buffer treatments. Most of the early 
windthrown trees that span the creek are still fully suspended above the channel. These 
trees have been tagged and their recruitment into the channel over time will be tracked. 
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Conclusion 
Wind damage to reserve trees has subsided with time since harvest, however standing 
tree mortality is high, particularly in the deciduous component and in the controls. The 
trends in overstory and vegetation response are to be expected given the initial high 
density of these second growth stands. While plant species diversity is greatest in the 
clearcuts, the reserves are adding substantially to community structure. The levels of 
mortality to-date have not jeopardized the prescription. The trends in vegetation 
community development will be followed for the next several years. If current trends 
continue, western hemlock will dominate within the forested portion of the reserve zone 
with low levels of western redcedar and other species towards the edge of the reserve and 
within the adjacent opening, and high levels of birch within the opening. The deciduous 
component will rapidly overtop the shade tolerant conifers leading to a two-storied stand. 
Vegetation competition in the clearcuts will continue to reduce survival and growth of 
naturally establishing conifers in the absence of treatment. The hemlock looper outbreak 
appears to have subsided without a substantial effect on the overstory or understory 
vegetation. The outbreak may have increased litter input into the streams and have 
affected stream nutrient dynamics in 2001. 
 

 
 

Crayfish as an indicator of stream condition associated with riparian harvesting.   
Carin A. Bondar (PhD Candidate) and John S. Richardson 
 

Over the past 3 years the Forest Sciences Program funding has provided for 
multiple field-based experiments on the ecological role of the stream-dwelling crayfish, 
Pacifastacus leniusculus.  Several large-scale enclosure experiments have helped to 
outline major aspects of the diet of these omnivores as well as their effects on other 
organisms inhabiting the small stream environment.  These important invertebrate 
consumers appear to be highly dependent on organic matter derived from riparian forest. 

Enclosures (1m2) were built using PVC piping and plastic-mesh hardware cloth to 
create large ‘baskets’ that could be dug into the streambed and allow for passage of water 
and small insects.  A total of 45 of these enclosures were built and embedded in a small 
stream in MKRF for two different experiments (during the summers of 2002 and 2003).  
The first experiment looked at the effects of ontogenetic stage and density of crayfish 
within the enclosures, and the second experiment looked at the relationship of the 
crayfish with the other large predator in the stream system, the cutthroat trout.   

In addition to these large-scale experiments, we have been involved in on-going 
population studies of crayfish in MKRF since 2003.  This work has provided valuable 
information on both population size and habitat preferences of this organism in small 
stream environments. 

Overall our research has provided us with several important aspects of the 
ecology of this keystone species in small streams.  First, the input of organic matter into 
the stream (in the form of allochthonous leaf matter and woody debris accumulation) is 
extremely important to crayfish populations for a number of reasons.  This input provides 
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the bulk of the diet for both adult and juvenile crayfish (a publication on this aspect of 
our research is currently pending at the Canadian Journal of Fisheries and Aquatic 
Sciences).  Secondly, areas that contain a large amount of allochthonous debris and that 
are slow-moving in terms of water velocity are the areas where large crayfish populations 
are found.  Ideal crayfish habitats appear to be comprised of still pools with large 
amounts of organic matter. 

As previously stated, our research shows that crayfish exhibit a large reliance on 
detrital inputs into the stream.  In addition to this, the ecological impact of crayfish on the 
stream biota (aquatic insect larvae) is profound, indicating that they have a major role in 
the structure and size of insect populations within the stream as well (a publication on 
this aspect of our research is currently in review at Oikos).   

For these reasons we have strong evidence to suggest that stream ecosystems 
would be at extreme risk from forest-clearcutting.  If crayfish populations are negatively 
influenced in any way, the impact on the rest of the stream community would be quite 
large.  Future work in this area is planned to assess the size and size structure of crayfish 
populations in areas that have experienced clearcutting compared to areas that have not.  
This data will be used to assess the validity of the predictions above, and to provide a 
basis for future experimental work in this area. 
 
 
 
The effects of riparian management on the population ecology of the carabid beetle, 
Scaphinotus angusticollis.   Suzanne Lavallee (Ph.D. Candidate) and J.S. Richardson 
 
 The objective of this study is to assess riparian leave strips as habitat for carabid 
beetles and their food sources. Carabid beetles are important to forest ecosystems, as they 
are a large and abundant group of beetles in wet coastal forests (Lindroth 1961). The 
carabid beetle species that serves as a focal point for this study, Scaphinotus 
angusticollis, is thought to be a specialist predator, eating snails almost exclusively in 
their adult and larval forms (Thiele 1977). Scaphinotus angusticollis comprise a large 
proportion of the terrestrial arthropod abundance and biomass in coastal forests like 
CWH biogeoclimatic zone forests found in the Malcolm Knapp Research Forest 
(Richardson et al., in prep.). This species has also been found by other studies to decline 
in numbers and distributions (Lenski 1981, Lemieux 1998, Lavallee 1999) where logging 
occurs. Riparian leave-strips may provide adequate habitat for this species or a seasonal 
refuge, allowing for faster recolonization of the regenerating forest that surrounds it. 
 
 The portion of the study currently underway is intended to reveal some of the 
mechanisms that cause the decline of S. angusticollis populations in these sites. Lowered 
levels of reproduction, dehydration, starvation and increased parasitism may all be factors 
for loss of beetles in clearcuts. While prior studies have looked at the presence or absence 
and spatial distributions of beetles in harvested areas, none have indicated what 
environmental factors may be causing declines. Without some understanding of the 
mechanisms, little can be done to ameliorate habitat loss to forest arthropods like S. 
angusticollis. In order to reveal what factors are driving population declines in clearcuts, 
internal responses must be looked at. 
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 Work in 2005 has examined the individual responses to logging, through 
dissections of beetles caught in control, 30 m buffer and clearcut sites in 2002. 
Approximately 120 beetles have been dissected, with another 100 individuals yet to be 
analyzed. Beetles are sexed and assesed for their reproductive status. Wet and dry 
weights are taken to account for water content, and gut fullness is estimated using an 
index of 0 to 2 for each of the three sections of the gut. These dissections are time-
consuming and detailed. 
 
 Ultimately, the effects of riparian buffers on the internal factors will be identified 
and tested for significance. However, at this date there are not enough data that have been 
entered and summarized to make any assertions about the influence of riparian buffers. 
The initial results are only indicative of changes in the ecology of S. angusticollis, but 
suggest where detectable differences may lie in the final data set. 
 
 Initial data suggests that there is a sex bias in size, resulting in different 
weight/pronotum ratios for males and females (Figure 16). When contrasted with data 
obtained in the 2000 and 2001 capture-recapture study (Figure 16), these data suggest 
that clearcut habitats may have sex-biased populations, with more females to males 
present. 
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Figure 16.  Weight/Pronotum ratios for males and females in dissections (2005), 
compared with ratios for all individuals in clearcuts during the mark-recapture study 
(2000 and 2001). 

 
 Preliminary results from the assessment of gut fullness suggest differences in 
foraging of S. angusticollis at different times of the year. Although only samples from 
two months were analyzed, there is some indication that the amount of feeding is greater 
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in the fall. These data could not be contrasted to other results or divided into different 
habitats, as not enough individuals were dissected at the time of this summary. 

 
 
 

Figure 17  Mean gut 
fullness indices from 

dissected beetles 
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These data suggest that there may be differences in the sex structure and feeding levels of 
S. angusticollis in different habitats. With the completion of this study, there will be a 
better understanding of the mechanisms that cause populations of forest-dwelling beetles 
like S. angusticollis to decline. Hopefully, this will allow for the amelioration of clearcut 
habitat to benefit these predacious arthropods. 
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Testing the Effects of Forest Harvesting and Food Limitation on Northwestern 
Salamanders.   Alana Hilton (M.Sc. candidate) and J.S. Richardson 
 

Studies that have examined the effects of forest management practices on 
amphibian communities have had varied results (deMaynadier & Hunter 1995).  In the 
eastern United States, reductions in population size and species richness in harvested 
areas have been reported (e.g., Petranka 1994).  In the Pacific Northwest the picture is 
less clear, with some studies reporting large reductions of amphibians in harvested areas 
(e.g., Naughton et al. 2000), while others have reported little change (e.g., Maxcy 2000).    

Amphibians might decline in number and diversity in harvested areas for a 
number of reasons.  Amphibians have water-permeable skin that serves as a respiratory 
membrane and absorbs and releases water.  On land, they lose water through evaporation 
at a rapid rate.  In addition, amphibians are ectotherms, which may make them sensitive 
to microclimate changes that occur in harvested areas.  Invertebrates, which are the main 
food source for terrestrial amphibians, may also change in abundance, diversity and/or 
community composition in harvested areas due to the altered microclimate.  Changes in 
amphibian prey populations may combine with unfavorable foraging conditions (e.g., 
high temperatures, dry litter) to cause amphibians in harvested areas to be food limited. 

If harvested areas provide unsuitable habitat for amphibians because of 
microclimate and/or food limitations, then we may expect salamanders in harvested areas 
to be smaller and have lower survival.  To test this, we designed an experiment using 
large-scale field enclosures to assess the survival and growth of a common amphibian 
species in the Pacific Northwest, the northwestern salamander (Ambystoma gracile), in 
harvested and unharvested areas.  We also included an experimental manipulation of food 
within the enclosures to test the hypothesis that limits to prey cause reductions in 
salamander growth and survival in harvested sites.   
 
Experimental Design:  

Twenty-four large-scale (6m x 6m) field enclosures were built in three clearcuts 
and three forest sites at UBC’s Malcolm Knapp Research Forest.  A food addition 
treatment was randomly assigned to half of the enclosures, and mealworms were added 
weekly to the assigned enclosures throughout the experiment. 
 The experiment consisted of two trials.  In trial one (Oct. 2003 – May 2004), 14 
individually marked and measured juveniles were released into each enclosure (n=336).  
Juveniles were recaptured using pitfall traps in April/May 2004 and re-measured.  In trial 
two (May 2004 – November 2004), 7 individually marked and measured adults were 
released into each enclosure (n=168).  Adults were recaptured and re-measured in fall 
2004.  
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Results:  
Forest harvesting and food addition did not significantly affect the final body 

weights of juveniles or adults. For juveniles, proportion of animals recaptured at the end 
of the experiment was significantly affected by food addition at some sites (p=0.0064).  
For adults, proportion recaptured was significantly affected by forest harvesting 
(p=0.0178), with fewer animals recaptured from clearcut enclosures.  
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Spiders as indicators of riparian area condition Laurie Marczak (Ph.D. Candidate) 
and J.S. Richardson 
 
Background 
Many studies have focused on the contributions of riparian areas to streams and include 
studies of the movement of leaf litter into headwater streams or accidental inputs of 
terrestrial invertebrates as a major prey category for fish. Conversely, the importance of 
cross-boundary subsidies from streams to riparian forest communities has only recently 
been emphasized.  
 
In riparian zones, consumers including terrestrial insects, arachnids, amphibians, reptiles 
and birds, eat emerging aquatic insects. Researchers have begun to quantify the 
importance of nutrients from salmon carcasses to riparian forest growth, nutrient and 
energetic supplements to terrestrial consumers, and subsidies of emergent aquatic prey to 
terrestrial predators. The importance of these subsidies may ultimately be determined by 
the management activities on the surrounding landbase, as alterations in streamside 
vegetation alter both immediate habitat for riparian predators and a significant source of 
material supporting in-stream production and eventual subsidies of energy and materials 
back into the riparian zone. The potential impact of riparian management – particularly 
forestry – on these ecological processes and functions is only beginning to be explored. 
 
Recent Work in the Malcolm Knapp Research Forest (MKRF) 
In summer of 2003 we conducted stream to ridge transects in two streams in the MKRF 
(Spring and G Creeks). These indicated that spiders were generally more abundant 
adjacent to stream margins. In 2004 and continuing through 2005 we are conducting 
monthly transects in six streams within the Riparian Management Project to develop a 
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more comprehensive understanding of the changes in the riparian spider community in 
relation to stream margins. 
 
In 2004, we established a series of experimental exclusions of aquatic insects on two 
streams within the MKRF (East and Spring creeks). These streams are part of the 
ongoing Riparian Management project. Two greenhouse type coverings, each 50 metres 
in length, were constructed on each stream. These exclusions were interspersed by 50 
metre control reaches. In each reach, we sampled terrestrial and aquatic insects using 
sticky traps. Riparian spiders were hand collected in timed sweep samples in both 
excluded and control reaches. Preliminary results indicate that the exclusion of aquatic 
insects reduced the density of riparian spiders in both Spring and East creeks over the 
course of the experiment. Ongoing statistical analyses will clarify the response in density 
of riparian spiders by taxonomic level (Family and species) in addition to an analysis of 
changes in total spider biomass in response to the experimental exclusions. Overall 
changes in spider abundance were greatest in East Creek in comparison to Spring Creek. 
 
Ongoing work includes experiments into the fitness consequences for the tetragnathid 
spider Tetragnatha versicolor of variable aquatic insect emergence associated with 
riparian management effects on streamside vegetation. 
 
 
 
Riparian conditions and the downstream transport and retention of leaf litter and 
invertebrates in headwater streams.   Trent Hoover (PhD candidate)  
 
Project 1: Leaf retention in small streams: Do channel conditions act as the link between 
riparian trees and stream invertebrate communities?  

 
The riparian areas adjacent to headwater streams are essential to maintain the 

ecosystem processes.  In many small streams, terrestrially derived leaf litter is a critical 
resource subsidy, providing food and habitat for decomposers and detritivorous 
organisms (Cummins et al. 1989, Richardson 1992).  In many streams, the primary 
sources of allochthonous organic matter are riparian deciduous trees, whose leaves enter 
the stream after being shed in the autumn.  This leaf litter is generally carried downstream 
until it is retained, where it is then broken down by a combination of physical, chemical, 
and biological processes (e.g., Webster et al. 1999).  In many streams, the structure of the 
benthic invertebrate community is dependent on the amount, type, and distribution of this 
terrestrially derived leaf litter (Rowe and Richardson 2001).  However, the amount of leaf 
litter available to benthic organisms is determined not only by how many leaves enter the 
stream, but also by how effectively the leaves are retained (Cummins et al. 1989).  While 
large-scale channel features such as woody debris and large boulders can effectively 
retain leaf litter (e.g., Muotka and Laasonen 2002), small-scale channel features such as 
streambed gravels and cobbles can also retain leaves that are being carried downstream 
(e.g., Kobayashi and Kagaya 2002).  In small headwater streams where there is relatively 
little woody debris in the active channel, retention of leaf litter by these coarse-grained 
sediments may be especially important.   
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In order to examine the processes that link riparian and stream ecosystems, this 
study examined how physical factors related to streambed morphology influence the 
retention and breakdown of conditioned leaf litter in headwater streams.  The specific 
questions were: (1) what physical factors play the greatest roles in leaf retention 
processes, and do these processes related to leaf retention differ between riffles and 
pools?  (2) Are rates of leaf litter breakdown related to the small-scale topographical 
features of the streambed locations in which they settle?  These questions were addressed 
by conducting field experiments in Spring Creek, a third-order stream in the Malcolm 
Knapp Research Forest. 
 
Summary of Project Methods and Results 

 
In the first part of the experiment, the roles of bed geometry and channel 

characteristics in the transport and retention processes of leaf litter in small streams were 
examined by performing a series of experimental leaf releases in three riffles and three 
pools in Spring Creek at baseflow conditions.  Leaves were released individually and 
tracked visually until they settled on the streambed.  Mean water velocity (U) was 
measured immediately upstream of the settlement point of each leaf.  The cross-stream 
diameter (Φy) and roughness height (D) of the largest stone in contact with the settled leaf 
(in riffles, generally the stone upon which the leaf was retained) was also recorded.  Total 
water depth (d) was measured immediately upstream of the settlement point of each leaf.  
We found that leaves were retained more rapidly in pools than in riffles (i.e., had shorter 
transport distances).  However, leaves were actively retained by protruding streambed 
stones in riffles but passively settled to the bed in pools. 

In the second part of the experiment, individual leaves were placed on the bed of 
Spring Creek in two reach types (fast-current riffles, and low-current pools) and in two 
types of microhabitats (‘exposed’ on the upper surfaces of streambed stones, and 
‘sheltered’ in the interstices between stones).  After ten days, the percentage of the leaf 
remaining was measured as an indicator of leaf breakdown rate.  We found that while 
leaves broke down faster in pools than in riffles, there was a significant interaction 
between reach type and degree of leaf exposure (Figure 18).  This indicates that in Spring 
Creek, the factors contributing to leaf breakdown are fundamentally different between 
riffles and pools.  This habitat-related variation in leaf litter breakdown rates may be due 
to differences in the sizes of the invertebrates that feed on leaf litter in the two reach 
types.  
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Figure 18.  Degree of leaf breakdown (measured as percent leaf mass remaining after ten days) in exposed 
and sheltered streambed locations (see text for a description) in Spring Creek riffle and pool habitats (n = 
20 in all cases).  Bars = means, error bars = 1SE. 
  
These and other results of this research project have been submitted for publication 
(“Flow-substrate interactions create and mediate leaf litter resource patches in streams”, 
Trent M. Hoover, John S. Richardson, and Noboru Yonemitsu; submitted to the journal 
Freshwater Biology). 
 
Project 2: Riparian shading and stream invertebrate movement: Do light conditions 
influence dispersal? 
 
 Understanding how the movement of animals create patterns of distribution is a 
fundamental goal in spatial ecology.  However, the distribution of organisms can be 
constrained by human-induced changes to the structure of the landscape.  For example, 
changes to riparian tree canopies can increase the amount of light reaching the stream 
surface and enhance algal growth on the streambed, which ultimately increases the 
number and growth of stream invertebrates (Kiffney, Richardson, and Bull 2004).  
However, light intensity can also directly influence the behaviour of stream animals, as 
can changes in other proximal factors such as water velocity (Lancaster, Hildrew, and 
Gjerløv 1996).  In many cases, the dispersal rates of many stream invertebrates have been 
shown to be related to water velocity and light intensity.  Furthermore, the distance 
stream invertebrate disperse is also a function of the dispersal mode used.  Many stream 
invertebrates have three dispersal modes; they can move across the stream landscape by 
crawling, swimming, or drifting (where invertebrates release from the streambed and are 
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passively carried downstream by the water current).  The dispersal mode used will 
determine both the rate of movement and the amount of energy used.   
 We conducted an experiment to determine how light level (a factor mediated, in 
part, by riparian canopy cover) and water velocity constrain the movement rate and 
dispersal mode of stream invertebrates.  We examined the dispersal of two mayflies 
(Ameletus and Baetis) in a series of artificial stream channels in two light conditions and 
four velocity ranges. Ameletus is generally found in low velocity stream habitats, while 
Baetis prefers high velocity cobble and boulder habitats.  We expected that the movement 
rates and movement modes of both invertebrates would be related to their habitat 
preferences.  For example, Baetis would move shorter distances and would rely on 
crawling dispersal in habitat conditions it preferred (fast currents), but would disperse 
further and rely on a large-scale dispersal mode like drifting in habitat conditions it 
disliked (slow currents).   
 
Summary of Project Methods and Results 
 
 Mayfly larvae were collected from Mayfly Creek and transferred into 
experimental channels.  The channels were four meters long, approximately 10 cm deep 
and 10 cm wide, and were lined with coarse gravel.  Mayflies were released into the 
centre of channels with one of four velocity ranges; 5 – 15 cm s-1 (‘slow’), 15 – 30 cm s-1 
(‘medium-slow’), 40 – 45 cm s-1 (‘medium-fast’), and 45 – 60 cm s-1 (‘fast’).  In each 
velocity range, mayfly releases were replicated four times in two light conditions; ‘light’, 
where light conditions were daytime ambient (generally sunny to partially overcast), and 
‘dark’, where the channels were covered with a large black tarpaulin.  The light/dark 
treatment allowed us to examine the role of light, a proximal environmental cue, on 
invertebrate behaviour without the influence of confounding factors like diurnal changes 
in water temperature. 
 Using a pipette, 15 larvae of each of the two mayflies were transferred 
individually into the central section of the channel (1.4 – 1.6 m, delineated by mesh 
barriers).  After a period of approximately 45 minutes, the barriers were removed, 
allowing mayflies to disperse both upstream and downstream during the experiment.  The 
insects were allowed to disperse for three hours, and a net placed at the end of each 
channel caught all larvae drifting out of the channels.  After this time, mesh barriers were 
placed in the channel at 20 cm intervals.  The gravel from each 20 cm section was 
removed piece-by-piece and cleaned with a jet of water, allowing the invertebrates 
contained in that section to be collected, enumerated, and identified.  The distances that 
invertebrates dispersed in each treatment were fit to an exponential decay model D = a e-

bx, where D is the proportion of insects dispersing distance x, a is an empirical coefficient, 
and b is the dispersal coefficient (larger values of b indicate that the numbers of insects 
dispersing is decaying more rapidly, i.e., they are dispersing shorter distances).  The 
average dispersal distances as well as the proportion of insects drifting out of the 
channels were also compared between treatments. 
 The results of this project show that there are substantial differences in the 
responses of the two mayflies to variation in light and water velocity.  While there were 
no obvious linear relationships between dispersal distance and water velocity, Ameletus 
dispersed more rapidly (i.e., had lower dispersal coefficients) in low light conditions in 
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all velocities (Figure 19).  Baetis, the mayfly that demonstrates a preference for high-flow 
habitats, did not show the same trend.  The results also show that Ameletus shifts from 
crawling movements to drift movements as water velocity increases, which is consistent 
with our prediction that dispersal mode is related to habitat preferences. 
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Figure 19.  Differences in the upstream dispersal coefficient b for larvae of the mayfly Ameletus across 
four velocity ranges (slowest = 5 – 15 cm s-1, fastest = 35 – 60 cm s-1) in the experimental channels at 
Mayfly Creek (n = 4 in all cases).  Hollow squares indicate full light conditions, solid squares indicate dark 
conditions.  While a linear trend with increasing velocity is not apparent, the dispersal coefficient is 
significantly greater in light conditions, indicating a steeper decline in numbers with distance upstream 
(i.e., a more limited upstream dispersal).  Error bars = 1SE. 
 
The results of this study are currently being prepared for publication (“Context-dependent 
movement in stream invertebrates: Do dispersal modes of mayfly larvae vary with light level and 
water velocity?”, Trent M. Hoover, Noboru Yonemitsu, and John S. Richardson; to be submitted 
to the Canadian Journal of Fisheries and Aquatic Sciences). 
 
References 
 
Cummins, K.W., M.A. Wilzbach, D.M. Gates, J.B. Perry, and W.B. Taliaferro.  1989.  Shredders and 

riparian vegetation.  Bioscience 39: 24-30. 
Kiffney, P.M., J.S. Richardson, and J.P. Bull.  2004.  Establishing light as a causal mechanism 

structuring stream communities in response to experimental manipulation of riparian buffer 
width.  J. N. Am. Benthol. Soc. 23; 542-555. 

Kobayashi, S. and T. Kagaya.  2002.  Differences in litter characteristics and macroinvertebrate 
assemblages between litter patches in pools and riffles in a headwater stream.  Limnology 3: 
37-42. 

Lancaster, J., A.G. Hildrew, and C. Gjerløv.  1996.  Invertebrate drift and longitudinal transport 
processes in streams.  Can. J. Fish. Aquat. Sci. 53: 572-582. 

 40



Muotka, T., and P. Laasonen.  2002.  Ecosystem recovery in restored headwater streams: the role of 
enhanced leaf retention. J. Appl. Ecol. 39: 145-156. 

Richardson, J.S.  1992.  Food, microhabitat, or both? Macroinvertebrate use of leaf accumulations in a 
montane stream.  Freshwater Biol. 27:169-176. 

Rowe, L., and J.S. Richardson.  2001.  Community responses to experimental food depletion: resource 
tracking by stream invertebrates.  Oecologia 129: 473-480. 

Webster, J.R., E.F. Benfield, T.P. Ehrman, M.A. Schaeffer, J.L. Tank, J.J. Hutchens, and D.J. 
D’Angleo.  1999.  What happens to allochthonous material that falls into streams? A synthesis 
of new and published information from Coweeta.  Freshwater Biol. 41: 687-705. 

 
 
 
 
The effects of second-growth logging on headwater populations of coastal cutthroat 
trout (Oncorhynchus clarki clarki) in southwestern British Columbia.  
JENNIFER DEGROOT – M.SC. THESIS DEFENDED. 
 
Cutthroat trout were trapped from 1997 to 2003 in summer and winter in four streams in 
the Malcolm Knapp Research Forest. In 1999, two streams (A and C) had approximately 
20% of their watershed logged which included all of the riparian in A and segments of 
the riparian in C. Two streams (East and Spring) were controls. We investigated the 
effects of logging on density and body condition, and on physical instream habitat.  
 
Though many attempts were made to sample trout in the summer of 2003, due to 
unseasonably low flows in all study streams, trapping methods were ineffective and fish 
could not be captured. Density data from 1997 to 2002 revealed that, contrary to initial 
predictions, mean summer densities did not decline in logged streams following harvest, 
nor were there any large changes evident to physical habitat.  However, among years, 
mean summer trout densities were higher in streams with deeper pools.  Though summer 
trout densities remained unchanged in logged streams, trout densities in control streams 
declined in post-logging years.  This suggests that trout in logged streams may have 
benefited from enhanced levels of primary productivity and/or warmer stream 
temperatures - characteristics observed by others working in these streams. Moreover, 
body condition (weight for a given length) was higher in the logged streams supporting 
the notion that these streams had better growing conditions following logging. 
Winter trout densities in 2003 did not differ from winter values in previous years, nor did 
winter and summer values differ, within streams, where both seasons data were available. 
Winter body condition was also better for fish in the logged streams, as was found in the 
summer. We had originally predicted that fish growth and abundance would be 
negatively affected during winter periods in logged streams but this was not observed, 
suggesting that these streams provide suitable conditions for trout populations year-
round.   
 
In winter 2003, we assessed movement rates of fish in Streams A and C, and Blaney 
Creek. These streams range in riparian characteristics from clearcut, to 10-m buffer, to 
intact riparian, respectively. Fish were trapped each month during the winter and 
implanted with passive transmitters.  Of the fish that were recaptured (about 30% of those 
marked), most moved very little (average movement of ~ 2 habitat units or 21-40 m). 
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There were no clear differences among streams in this behaviour or of initial fish size. Of 
particular interest was that fish in the stream with the clearcut riparian moved very little 
as it was anticipated that these fish may exhibit higher than normal downstream 
movements or emigration. The limited ranges we observed for winter movements is 
consistent with winter studies on other salmonid species and may reflect the need for 
trout to seek out and remain in deep pool habitats that provide cover and refuge from 
high-discharge events. Our work suggests that pools and pool-forming stream attributes 
(e.g. LWD) are critically important for the over winter retention of cutthroat in small 
headwater streams.   
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Extension in 2004-2005:  
Presentations:  

Richardson, J.S. (invited)  Meeting the conflicting objectives of stream conservation and 
land use through riparian management: another balancing act. Keynote speaker.  28 
April 2004. Forest-Land-Fish Conference II – Ecosystem Stewardship Through 
Collaboration, Edmonton, AB.  

Richardson, J.S. and R.D. Moore. The case for riparian reserves around small streams.  
Canadian Inst of Forestry/ American Foresters’ Society Annual Meeting, 
Edmonton, 5th October 2004 

Richardson, J.S., Moore, R.D., Feller, M. Hinch, S. Mitchell, S. and Kiffney, P. 2004. 
Testing the effectiveness of riparian management strategies for protecting 
headwater streams. American Water Resources Association Summer Specialty 
Meeting on Riparian Buffers, 28-30 June 2004. (poster)  

Moore, R.D. 2004. Thermal heterogeneity in headwater streams: Challenges for 
monitoring the effects of forestry on stream temperature. Monitoring in a Changing 
Climate: Recent Advances in Automatic Electronic Water Quality Monitoring and 
Assessment. Canadian Water Resources Associaton - British Columbia Branch 
Workshop, 13-14 October 2004. (invited)  

Moore, R.D. 2004. Managing headwater stream temperature response to forest 
harvesting: Progress and prospects. American Water Resources Association 
Summer Specialty Meeting on Riparian Buffers, 28-30 June 2004. (invited)  

Moore, R.D., Gomi, T., Story, A. and Mellina, E. 2004. Characterising surface-
subsurface hydrologic interactions in headwater streams. Joint Annual Meeting of 
the American Geophysical Union and Canadian Geophysical Union, 17-20 May 
2004. (poster)  

Richardson, J.S. (invited) An experimental approach to understanding the linkages 
between ecosystems: forest-stream interactions and management. 22 October 2004, 
Lakehead University, ON.  

Richardson, J.S. (invited) Sustainable forest management and protecting aquatic  
ecosystems: Can we have it all? 23 October 2004, Lakehead University, ON.  

Richardson, J.S., P.M. Kiffney, S.G. Hinch, M. Feller, R.D. Moore, and S. Mitchell.  
Small streams and riparian management: an experimental test of the effectiveness 
of riparian reserves.  4th World Fisheries Congress, 2-6 May 2004, Vancouver 

 
Richardson organised a special session of 36 talks on “Small streams and forestry” at the 
North American Benthological Society meeting, UBC, Vancouver; in addition there were 
an additional 4 presentations from the riparian project at the NABS meeting; 5-10 June 
2004.  
 
Special session:  

Scaling processes and mechanisms of forestry impacts on fluvial networks. J.S. Richardson1, 
K.J. Melody1, M.A. Mallory1, P.M. Kiffney2, and E.A. Shaw1. 1Dept of Forest Sciences, 
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Univ of British Columbia, Vancouver, BC, V6T 1Z2, 2Northwest Fisheries Science Center, 
NMFS, 10 Park Ave, Mulkiteo, WA 98275 

Other talks from NABS meeting 
Do crayfish have a kids menu? The influence of ontogenetic stage on the ecology of the signal 

crayfish, Pacifastacus leniusculus in a small temperate stream. C.A. Bondar and J.S. 
Richardson. Department of Forest Sciences, University of British Columbia, Vancouver, 
British Columbia, Canada V6T 1Z4  

Emergence phenology of aquatic insects affects distribution of orb-weaving spiders near small 
temperate headwater streams. L.B. Miller and J.S. Richardson. Faculty of Forestry, 
University of British Columbia, Vancouver, British Columbia, Canada V6T 1Z4 

Ecological influence of types of organic matter inputs on microbial biomass and 
macroinvertebrate communities of headwater streams in the Pacific Northwest: 
evidence of facilitation among shredder species. R.I. Kolodziejczyk and J.S. Richardson. 
Centre for Applied Conservation Research, Department of Forest Sciences, University of 
British Columbia, Vancouver, BC, Canada 

Dispersal strategies of drifting insects: are they velocity–dependent? T.M. Hoover1,2, N. 
Yonemitsu2, and J.S. Richardson1. 1Department of Forest Sciences, University of British 
Columbia, Vancouver, British Columbia, Canada V6T 1Z4, 2Department of Civil 
Engineering, University of British Columbia, Vancouver, British Coumbia, Canada V6T 
1Z4  

 
Field tours:  
Swedish tour (Swedish Agricultural University) – 8 faculty and students from the 
Swedish Agricultural University (Umeå campus) visited BC for a week (supported by a 
grant from the Swedish Government).  Two and a half days were spent at UBC’s 
Malcolm Knapp Research Forest exploring results and ideas from our riparian 
management project;  
 
Post-NABS tour for 18 people from 9 countries (US, Canada, NZ, Japan, Spain, Portugal, 
Sweden, Australia, Norway) – 11 June 2004;  
 
Field tours for UBC undergraduate courses in Integrated field studies (FRST352), and 
Natural Resources Conservation Field School (CONS451);  
 
 
Thesis preparation:  

Successful defence of MSc thesis on cutthroat trout component by Jenn deGroot.  

Analysis of data, figure preparation, and thesis writing by PhD candidates Suzie Lavallee, 
Trent Hoover, Alana Hilton, and Carin Bondar is well underway and should be 
completed by spring or summer 2005. 
 
 
Articles: published, submitted, or in preparation  
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Feller, M.C.  Forest harvesting and streamwater inorganic chemistry in western North 
America - a review.  J Am Water Res Assoc submitted.   

Richardson, J.S. and D. Sutherland. The effects of forest harvesting and riparian reserves 
on the ground beetles (Coleoptera, Carabidae) along small headwater streams in a 
Pacific coastal forest. In preparation

de Groot, J.D., S.G. Hinch, and J.S. Richardson. Effects of logging second-growth forests 
on headwater populations of coastal cutthroat trout in southwestern British 
Columbia. North American Journal of Fisheries Management submitted
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Deviations: Redirected efforts from cutthroat trout to crayfish as another response 
measure for the current year.  Cutthroat trout numbers have not shown a great deal of 
year-to-year or treatment effects during the first 4 years of the study, and in 2002 water 

 45



levels were so low that sampling efforts were unsuccessful (no pools deep enough to set 
fish traps).  Dr. Scott Hinch corresponded with Colin Templeton about this and it was 
agreed to at that time. 
 
FPOM samples were not collected during low flow periods during summer when there is 
typically none in transport – available effort was redirected to processing the backlog of 
benthic samples in the laboratory.  Attempts were made to collect those FPOM samples, 
but the collective agreement was that the values would all be so close to zero as to be 
undetectable and not worth the continued effort during summer low flows.   
 
Extremely low water levels in summer left most of the tiles for algal accrual above water, 
so those samples were lost due to weather.   
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