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1.  Introduction

Aquatic habitat indicators are important for supporting sustainable 
forest and watershed management. However, to date, many 
identified watershed indicators have not been well tested and 
applied in supporting designs of sustainable forest and watershed 
management strategies. The objective of this research is to identify 
aquatic habitat indicators which are sensitive to forest harvesting. 

2. Methods

Fig. 1. Study area

2.3 Field survey

The study areas were located in the central and south interior of 
British Columbia, Canada (Figure 1). The following criteria were
used for selection of sites: (1) Headwater mountain streams, mainly 
second to fourth orders; (2) Low gradient (3 – 10%) for being prone 
to be sensitive to disturbance; (3) Disturbed mainly by forest logging 
activity with varying intensities (i.e.,  undisturbed, moderately 
harvested and intensively logged) with no or minimal agricultural or 
urban activities. A total of 30 reaches were selected for the study in 
Fall 2006.

2.1 Selection of study sites

A representative reach with a total length of 120 m was selected for 
each site sampled. For each section, bankfull width and depth, wetted 
width and depth, stream gradient, left and right bank slopes, and D 
were measured. Substrate size and embedment were measured by 
following a “zig-zag” method. Pools are defined as areas in the reach 
containing slow-moving water where the stream bottom is concave 
and both the width and length are at least ½ of the wetted channel and 
the residual pool depth is at least 10cm. Large wood debris (LWD: at 
least 1m in length and 0.1m in diameter) dimensions and 
characteristics  were also measured.  

2.4 Computing indicators

2.5 Quantifying forest harvesting disturbance

Calculating Historical Forest Clear-cutting Area: First delineate valid 
watershed boundary based on location of sample sites, digital 
elevation model (DEM), BC stream network and watershed atlas, 
then historical clear-cut area was calculated for each site using 1: 
20,000 VRI (vegetation resources inventory) data with ESRI ArcGIS.

Calculating Equivalent Clear-cut Area (ECA): First, calculate tree 
height of dominant species for each basin; then use the assumed 
hydrological recovery rate for different tree height to multiply the 
historical clear-cut area to get ECA, which  offsets the subsequent 
tree recovery process. 

3. Analysis and Results 

3.1 Determining suitable quantifiers of  timber 
harvesting disturbance 

% ECA & % historical clear-cut area show no significant 
correlation to watershed area and elevations (Table 1), 
therefore, % ECA and % historical clear-cut area can 
effectively quantify forest harvest disturbance.

3.2 Finding Sensitive Indicators 

Use % ECA, four significant indicators were found, 
including relative width, relative roughness, pool 
frequency, and per piece LWD volume (Table 2).

These significant indicators identified showed no significant relations to watershed 
area and elevations, therefore, they are considered to be valid indicators. Fig. 2 and 3 
respectively illustrated the quantitative relationships between forest harvesting 
characterized by % ECA and % historical clear-cut area with these identified four 
aquatic habitat indicators.

Using percent historical clear-cut area, three  significant 
indicators were found, including relative width, pool frequency,
and per piece LWD volume (Table 3).

Indicators computed include: Bankfull depth and width, D, stream 
gradient, embeddedness, substrate size, relative width (ratio of D to 
bankfull width), relative roughness (ratio of D to bankfull depth).
pool frequency, residual pool depth, LWD frequency, LWD volume, 
per piece LWD volume, LWD volume per unit channel area. 

Table 1. Correlation of % ECA and  % historical clear-cut area with 
watershed area and elevations (α=0.01).

Table 2. Indicators significant to percent ECA (α=0.01).

Table 3. Indicators significant to % historical clear-cut area (α=0.01).

Fig. 2 Regressions of the four significant habitat indicators on % ECA  

Fig. 3 Regressions of the three identified significant aquatic habitat 
indicators on % historical clear-cut area. For comparison, relative 
roughness was also included, though not significant at (α=0.01).

4. Conclusion 

% ECA and % historical clear-cut area can effectively quantify the cumulative forest 
logging disturbance by limiting the influence of non-forest logging related factors;

Relative width, relative roughness, pool frequency and per piece LWD volume are 
significantly correlated to forest harvesting disturbance quantified by % ECA; and

In comparison, % ECA is better than % historical clear-cut area. Among the 
significant indicators found, per piece LWD volume is considered to be the best.
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r p r p
watershed area 0.3093 0.1093 0.2250 0.2496
elevation(min) -0.0654 0.7410 -0.0556 0.7786
elevation(max) 0.4074 0.0314 0.2163 0.2689
elevation(mean) 0.2272 0.2450 0.1074 0.5865

Watershed physical 
feature

% ECA % historical clear-cut area

Indicators  r p
Relative width -0.5902 0.0009

Relative roughness -0.5379 0.0032
Pool frequency -0.5533 0.0023

LWD volume (m3 )/ Piece 0.5576 0.0020

Indicators  r p
Relative width -0.4884 0.0084
Pool frequency -0.4875 0.0085

LWD volume (m3 )/ Piece 0.5235 0.0043


