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Project and Related Project Timelines: 
 
4 year project split into two smaller projects under the same title. 
   
1)   2003-2005  Project # Y051367 

This project examined existing clear-cuts under 2 age classes; 1-3 years post-harvest 
and 4-6 years post-harvest.   

 
2)   2005-2007  Project # Y073367 

This current half of the project examines clear-cut blocks pre- (2005/06) and post-
impact (2006/07). 

 
 
Project Purpose and Management Implications: 
 
Concern has been expressed by both the Department of Fisheries and Oceans and the 
Ministry of Environment that clear-cut logging of headwater streams may be depriving 
downstream fish populations of food.  The contributions of streams from high elevation 
forests to river ecosystems with respect to diversity and abundance of invertebrates, and 
quantity of detritus and dissolved organic matter, is not well known.  Forest managers, 
especially under a results based code, need a high degree of certainty to ensure desired 
ecosystem characteristics are being maintained.  Industry partners have expressed an 
imminent need for knowledge of the functions of these small streams and data that either 
supports the current forest practices or indicates a need for alternate strategies. The 
overall goals of this project are to 1) address this knowledge gap by assessing the 
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contribution of fish food and organic matter from fishless headwater streams to lower, 
fish-bearing streams, and 2) reduce uncertainty for managers defining parameters of 
sustainable forest management by providing recommendations for improving policy on 
riparian buffer zones. 
 
The objectives of this research project are to: 
 

1. Evaluate the effectiveness of the current riparian management practices by 
determining if clearcut logging of headwater streams in the interior of British 
Columbia reduces the export of aquatic invertebrates, detritus (specifically fine 
particulate organic matter (FPOM)) and dissolved organic carbon (DOC). 

2. Quantify the contribution that fishless, headwater streams make to downstream 
fish-bearing reaches in terms of aquatic invertebrates, FPOM and DOC for the 
stream food web. 

 
 
Methodology Overview: 
 
Experimental design 
 
To address the research objectives, a BACI (Before, After, Control and Impact) design 
was chosen to determine the effects of clear-cut logging on the export of aquatic 
invertebrates, FPOM and DOC.  In summer 2005 pre-impact data were collected from 12 
proposed harvest treatment streams and 9 paired controls.  Due to unpredictable events, 
the total number of study streams was reduced to 9 treatments and 7 controls which were 
sampled again in summer 2006 after logging had taken place.  FSP funding has recently 
been secured to complete the post-impact sampling of the 3 treatment streams that were 
not logged before the completion of this project. 
 
Study areas 
 
Study streams are located within 2 research areas approximately 60 km apart in the heart 
of the Cariboo Forest Region 1) northeast of Williams Lake (Horsefly) and 2) northeast 
of 100 Mile House (Eagle Lake/Westman Creek) (Figure 1).  These areas differ in their 
ecological classification in British Columbia but are both high elevation forests 
containing headwater or first order streams.  The Horsefly study area is situated in the 
Engelmann-spruce Sub-alpine Fir (ESSF) biogeoclimatic zone and contains 6 treatment 
and 4 control streams (ranging from 1400 to 1600 m in elevation).  The Eagle 
Lake/Westman Creek study area, ranging from 1100 to 1400 m in elevation, is located in 
the Sub-boreal Spruce (SBS) zone with 3 treatment and 3 control streams.  
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Figure 1.  Horsefly and Eagle Lake/Westman Creek study areas showing 21 original 
stream locations.  Only 9 treatments and 7 controls were sampled in 2006 post-treatment. 
 
 
Site selection and sampling procedures 
 
Study streams were selected to share similar physical characteristics such as width (<1.5 
m), slope, aspect and discharge in addition to proposed clear-cut logging treatment. 
Control streams were located as close as possible to treatment streams and matched in 
terms of elevation and physical characteristics.  Sampling sites for all treatment streams 
were located 200 m downstream of the upper cut-block boundary to ensure consistency 
among cut-blocks.  Although fish were present downstream of most sites, all study 
streams were confirmed to be fishless. 
 
To measure discharge and sample drifting aquatic invertebrates, stream flow was 
captured at a natural drop or narrowing of the stream channel and funneled through a 
section of stove pipe (30-45 cm in length).  The pipe was carefully installed to ensure 
uninterrupted flow and minimal disturbance to the stream bottom.  Drifting invertebrates 
were sampled over a 24 hour period in triplicate (72 hours in total) using a 250 µm drift 
net attached to the end of the pipe.  Discharge was measured volumetrically by recording 
the amount of time it took to fill a container of known volume, and was determined at the 
beginning and end of each 24 hour period.  Collected organisms and debris were 
preserved with 70% ethanol on site for later analysis.  In the lab, drift samples were 
evaluated for invertebrate densities and quantities of organic debris.  If samples were 
deemed unmanageable, they were separated into course and fine fractions (< 2 mm) and 
the fine fraction sub-sampled volumetrically using a Fulsom plankton splitter (based on 
methods by Glozier et al. 2002).  Samples were then sorted at 3x magnification and 
identified down to genus level (whenever possible) using taxonomic keys (Merritt and 
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Cummins 1996, Stewart and Oswood 2006).  Mayflies (Ephemeroptera), stoneflies 
(Plecoptera), and caddisflies (Trichoptera) were identified to genus while the true flies 
(Diptera) were identified to family level only.  Other insect and non-insect orders were 
identified to order and family where appropriate to determine aquatic or terrestrial 
origins.  Total body lengths of invertebrates were also measured to calculate biomass 
based on length-weight regressions from the literature (Benke et al. 1999, Smock 1980, 
Burgherr and Meyer 1997, Sample et al. 1993). 
 
FPOM and DOC were sampled in triplicate at each study stream once during the 72 hour 
sampling period.  Water samples were filtered on site thought a 0.45 µm glass fiber filter 
using a vacuum filter apparatus.  The sample volume was adjusted to sufficiently produce 
a visible layer of FPOM on the filter and stored in the freezer for later analysis.  The 
remaining filtrates were stored in amber glass bottles and transported back to the lab and 
analyzed for DOC concentration using the non-purgible organic carbon method with a 
Shimadzu total carbon analyzer.   Ash-free dry weight of the FPOM was measured using 
the gravitational method (Wallace and Grubaugh 1996). 
 
 
Preliminary results: 
 
Pre-impact  Drift 
 
Stream discharge, DOC and invertebrate abundance and biomass varied considerably 
between the Horsefly and Eagle Lake/Westman Creek sites.  Mean discharge in Horsefly 
was 3.05 L s-1 (range: 0.36-7.25 L s-1) while discharge in Eagle Lake/Westman Creek 
was much lower at 0.71 L s-1 (range:  0.14-1.50 L s-1).  DOC concentrations were in the 
range of expected values for both Horsefly and Eagle Lake/Westman Creek sites.  DOC 
averaged 3.2 mg L-1 and 11.8 mg L-1 respectively.  Table 1 displays export of 
invertebrates over a 24 hour period as well as the mean abundance density and biomass 
density for all taxonomic groups.  Daily export of total organisms was considerably 
higher at Eagle Lake compared to Horsefly, although Horsefly had a higher biomass 
output per day.  This was due in large part to the presence of larger bodied Trichoptera 
(caddisflies) that made up close to 50% of the total biomass but were represented by very 
few individuals.  If we look at densities it is apparent that the Eagle Lake supplied both a 
higher number of invertebrates and biomass per unit of flow. 
 

 
Table 1. Daily invertebrate export and mean densities at Horsefly and Eagle 
Lake/Westman Creek study areas. Mean (SE); * Slight underestimate due to densities lacking for 
non-insect groups in 4 of 13 streams.  

 Horsefly River 
(n = 12) 

Eagle Lake 
(n = 7) 

Daily invertebrate abundance (invertebrates day-1) 795* (152) 1308 (345) 

Daily invertebrate biomass (mg dry mass day-1) 371 (55) 279 (57) 

Invertebrate abundance (invertebrates m-3) 3.4* (0.8) 39.7 (23.1) 

Invertebrate biomass (mg dry mass m-3) 1.8 (0.3) 7.2 (3.5) 
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Among the aquatic invertebrate taxa identified at Horsefly and Eagle Lake/Westman 
Creek (see Table 2), certain trends remained consistent across all sites.  In terms of 
densities (or number of individuals drifting) the families Chironomidae and Baetidae 
dominated the drift in all streams.   
 
 

Table 2.  Taxonomic composition of drifting invertebrates from Horsefly and Eagle Lake /Westman 
Creek study areas (Orders D,E,P, and T only) 

Diptera Ephemeroptera Plecoptera Trichoptera 

    Chironomidae 
    Culicidae 
    Dixidae 
    Psychodidae 
    Simuliidae 
    Tabanidae 
    Tipulidae 

    Ameletidae 
          Ameletus 
    Baetidae 
          Baetis 
   Ephemerellidae 
          Seratella 
          Drunella 
    Heptageniidae 
          Cinygma 
          Cinygmula 
          Epeorus 
          Rithrogena 

    Chloroperlidae 
          Haploperla 
          Plumiperla 
    Leuctridae 
          Despaxia 
          Paraleuctra 
          Perlomyia 
    Nemouridae 
          Malenka 
          Visoka 
          Zapada 
    Peltoperlidae 
          Yoraperla 
    Perlodidae 
          Isoperla 
          Megarcys 
          Perlinodes 
          Rickera 
          Setvena 
 

    Apataniidae 
          Allomyia 
          Moselyana 
    Brachycentridae 
          Micrasema 
    Glossosomatidae 
          Glossosoma 
    Goeridae 
          Lepania 
    Hydropsychidae 
          Parapsyche 
   Lepidostomatidae 
          Lepidostoma 
    Limnephilidae 
          Chyranda 
          Cryptochia 
          Desmona 
          Ecclisomyia 
          Eocosmoecus 
          Homophylax 
          Psychoglypha 
    Philopotamidae 
          Wormaldia 
    Rhyacophilidae 
          Rhyacophila 
    Uenoidae 
          Neothremma 

 
 
Post-impact drift 
 
Preliminary results of drift variables in response to logging indicate a significant increase 
in invertebrate abundance and biomass at Eagle Lake/Westman Creek study area.  Due 
the high variability of drift response at Horsefly, we were unable to detect any potential 
effects of logging (at alpha=0.05).  FPOM and DOC were not significantly different after 
logging treatment compared to controls at either study area. 
 
 
Project scope and regional applicability: 
 
Streams in BC receive riparian management protection under the Forest and Range 
Practices Act of BC (FRPA) to preserve water quality for stream organisms and human 
consumption.  Fishless, small headwater streams (<1.5 m wide) have a 20 m wide 
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management zone in which logging is partially restricted.  Many government agencies 
are concerned that the protection provided by FRPA is not adequate and support research 
to increase the knowledge base on the ecological functioning and downstream 
contributions of headwater streams in BC.  Our research evaluates the effects of current 
riparian management practices in British Columbia on the contribution of organic matter 
from fishless headwater streams to lower, fish-bearing streams. By examining streams in 
both ESSF and SBS forests, information derived from this project will be applicable to a 
large number of high elevation forest streams within the interior of BC, and will assist 
resource managers in obtaining sustainable forest management practices by developing 
optimal riparian guidelines.   
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