
Abstract

Variable-retention riparian buffer strips are used extensively in the forest harvesting 
industry; however, their effi cacy for maintaining natural stream and riparian functions has 
not been well documented. We studied the effects of different variable-retention riparian 
buffer treatments applied to small sub-boreal headwater streams on stream temperature, 
water chemistry, and benthic invertebrates. Increases in stream temperatures were related to 
the amount of merchantable timber retained within the buffer strip. A patch treatment had the 
largest effect, followed by a low retention treatment and a high retention treatment. Seven 
years after harvesting completion, none of the treatments showed temporal recovery in stream 
temperatures. Stream water chemistry changed in all treatments. Signifi cant increases in total 
dissolved phosphorous (TDP) and nitrate (NO3

-) were observed, but similar increases in 
conductivity were not found. Lack of correlation with treatment type suggests that watershed 
scale processes, and not riparian processes, are largely responsible for water chemistry 
changes. Benthic invertebrate abundance and biomass changed in the high retention buffer 
only. A response in the low retention buffer may have been masked by high sedimentation 
in the fi rst two post-harvest years. While offering some mitigation, variable-retention buffers 
do not appear to fully protect headwater streams from changes to thermal regimes, water 
chemistry, and invertebrate communities.
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Introduction

Variable-retention riparian buffer strips are used 
for forest harvesting but their effi cacy for maintaining 
natural stream and riparian functions has not been well 
documented. The concept of variable-retention buffers 
is to mitigate the impacts of clear cut harvesting, while 
allowing harvesting of merchantable timber within the 
riparian area for reasons of timber-value and windthrow 
management. Current forest practices within British 
Columbia (i.e., Forest Practices Code Act and Forest and 
Range Practices Act) permit harvesting of commercial 
timber within the riparian area of small fi sh bearing 
(< 1.5 m wide) and non-fi sh bearing (< 3 m wide) 
streams. These small tributary and headwater streams 
are ubiquitous throughout watersheds of the Pacifi c 
Northwest. While the effects of forest and riparian 
harvesting on larger coastal systems have been studied 
(Salo and Cundy 1987; Hartman and Scrivener 1990), 
there is little information on the applicability of these 
fi ndings to small interior B.C. streams.

Riparian forest harvesting can impact stream and 
riparian functions such as thermal regimes, water 
chemistry, and invertebrate communities. Among the 
stream characteristics infl uenced by riparian harvesting, 
increased stream temperature is one of the most 
extensively studied (Salo and Cundy 1987; Johnson 
and Jones 2000; Macdonald 2003b). A variety of 
changes in stream water chemistry, in response to forest 
harvesting, have also been found (Bormann and Likens 
1979; Salo and Cundy 1987; Hartman and Scrivener 
1990). Benthic invertebrate abundance has been shown 
to change after riparian harvesting. It is believed these 
changes are in response to alterations in stream primary 
production and allochthonous inputs and changes in 
abiotic factors such as thermal regime, solar radiation, 
nutrients, substrates, and hydrology (Newbold et al. 
1980; Kiffney et al. 2003).

As a component of the Stuart-Takla Fish/Forestry 
Interaction Study in the central interior of B.C. 
(Macdonald 1994), we tested the effects of different 
variable-retention riparian buffers on small headwater 
streams within the Baptiste watershed. This study 
included evaluations of the effects of variable-retention 
riparian buffers on stream temperature (Macdonald et 
al. 2003b), groundwater properties, freshet discharge 
and suspended sediment transport (Macdonald et 
al. 2003a), bedload movement, windthrow, water 
chemistry, ultraviolet radiation (Clare and Bothwell 
2003), geochemistry, and benthic and drift invertebrate 
communities (MacIsaac 2003). This paper presents 

an update of temporal changes in stream temperature 
previously reported by Macdonald et al. (2003b), as 
well as a portion of the water chemistry and benthic 
invertebrate data collected. 

Materials and Methods

Study Area

The study area is located in the Hogem Range of 
the Omineca Mountains, at the northern end of the Sub-
boreal Spruce Biogeoclimatic Zone, in the northern 
most drainage of the Fraser River basin (Macdonald 
et al. 2003a, 2003b). Data from four small headwater 
streams with similar physical attributes were included 
in this analysis (Table 1). Peak discharge is largely 
controlled by spring snowmelt in late April to early 
June. During the period of lowest discharge, from 
November to April, ice and snow cover the streams.

Harvesting of two 60 ha cutblocks took place in 
the winter of 1996/1997 using feller-bunchers and 
skidders. Riparian prescriptions were: 1) low retention 
- removal of all merchantable timber [> 15 or > 20 
cm diameter at breast height (dbh) for pine or spruce/
balsam, respectively] within 20 m of the stream, 2) high 
retention - removal of large merchantable timber > 30 
cm dbh within 20 m of the stream and, 3) “patch cut” 
- a high retention along the lower 60% of the stream 
and removal of all riparian vegetation in the upper 40%. 
A 5 m machine-exclusion zone along the streambanks, 
combined with efforts at falling and yarding trees away 
from the streams, maintained most riparian understory 
vegetation with the exception of the upper portion of the 
patch treatment.

Temperature

Stream temperatures were recorded at fi ve stations, 
two controls (B5Hi and B4), and three treatments (B2-
patch cut, B3Lo-high retention, and B5Lo-low retention) 
(Figure 1). Stream temperatures were recorded hourly 
throughout the year, using Vemco™ dataloggers, with 
precision to ±0.2oC. Recording began 18 months prior 
to harvesting and continues to the present day, providing 
seven years of post-harvest data.

Graphical data analysis was used to measure the 
temporal changes in average daily temperature between 
the control (B4) and the treatment streams (treatment 
temperature – control temperature = ΔT). Temperatures 
of less than zero occurred at some stations during the 
winter, when sensors were exposed to ice or air. These 
temperatures were assumed to be zero.



Water Chemistry

Grab samples for water chemistry analysis were 
collected during summer months (May, June, July, 
August, and September) in 1997, 1998, and 1999. 
Samples were collected at two treatment stations 
located below both cutblocks (B3Lo and B5Lo) and at 
two control stations located above the cutblocks (B3Hi 
and B5Hi). Random duplicate samples were collected 
for quality control measures. In 1996, pre-harvest 
samples were collected in August and September only. 

Total dissolved phosphorus (TDP), nitrate (NO3
-), and 

conductivity data are presented in this paper. 
All water samples were fi ltered in the fi eld.  NO3

- and 
conductivity samples were frozen in washed Nalgene™ 
bottles until analysis. TDP samples were fi ltered into 
and stored in digestion tubes. Nitrate plus nitrite was 
analysed as the azodye after cadmium reduction and is 
reported as NO3

-. TDP was digested with persulphate 
and analysed as molybdate-blue after reduction with 
stannous chloride. Conductivity was measured with a 
WTW model LF330 conductivity meter.

Annual parameter estimates were calculated for each 
station by averaging the fi ve monthly grab samples taken 
each year. A Two-Way Anova was performed for each 
parameter (TDP, NO3

-, and conductivity) with station 
(four levels: B3Hi, B3Lo, B5Hi, and B5Lo) and year 
(three levels: 1997, 1998, and 1999) as factors (α = 
0.05), using the monthly samples as response data. The 
1996 pre-harvest data was excluded to keep the Anova 
design balanced (i.e., there were only two samples from 
each station for this year compared to fi ve samples for 
the successive years). 

Invertebrates

Benthic invertebrates were collected using 
colonization baskets at the four stations associated with 
water chemistry sampling (B5Lo, B5Hi, B3Lo, and 
B3Hi). Plastic colanders (11 cm high, 16 cm diameter) 
were fi lled with clean, 1-5 cm diameter gravel. Three 
colanders were embedded fl ush with the streambed at 
each station in riffl e/glide habitat. Invertebrates were 
sampled three times during the summer, usually in 
June, July and September, after 4 to 6 weeks of sampler 
deployment. Each sample was washed with fi ltered 
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Table 1.  Physical and treatment characteristics of the study streams in the Omineca Mountains, British Columbia, Canada. The 
patch treatment (B2) had 250 m of clear-cut and 560 m of high retention riparian treatment. RMA = riparian management 
area, elevation is in meters above sea level as measured with a GPS.

Stream
Riparian 

Treatment

Riparian Riparian 
Mgmt.

Area Width 
(m) Aspect

Bankfull 
Width (m)

Elevation 
(m)

Length 
through 

Cutblock (m)
Gradient 

(o)
Watershed 
Size (ha)

Percent 
watershed 
harvested 

B2 Patch 20 NW 1.0 980 810 (250+560) 12 18 89%

B3 High 
Retention

20 NW 0.6 980 550 26 43 38%

B4 Control - NW 0.9 980 - 30 48 -

B5 Low 
Retention

20 N 1.4 980 800 7 150 40%

Figure 1.  The location of small stream study sites in 
the Baptiste watershed. Thick lines denote 
watercourses, thin lines denote cutblocks, 
dashed lines denote roads, and circles denote 
sampling stations. Cutblock sizes in hectares 
are noted within the cutblocks.
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water three times, and the invertebrates were decanted 
off. The remaining coarse material was scanned for 
invertebrates, and all samples were preserved in 10% 
buffered formaldehyde. Invertebrates > 250 μm were 
enumerated and identifi ed to family level (where 
possible) and functional group using Merritt and 
Cummins (1996). Biomass was obtained for each taxa 
using standard dry weight methods.

Annual estimates for the stations were obtained 
by fi rst averaging the three samples from each station 
deployment, then by averaging the results from the 
three sampler deployments for each year. Two-Way 
Anova tests were performed using invertebrate biomass 
and abundance averages from each deployment as 
response variables. Station and year were used as 
factors in a similar manner as in the water chemistry 
analyses. Due to the inherent highly variable nature of 
invertebrate sampling, we chose to use an alpha value 
of 0.10. The patch treatment (B2) was not sampled for 
water chemistry or benthic invertebrates.

Results

Temperature

Temperatures for the control creek (B4) ranged 
from 0 to 10oC, with summer peaks usually occurring 
in early August. Post-harvest effects were evident and 
were most pronounced in the patch treatment (ΔTmax = 
4.6), followed by the low retention (ΔTmax = 3.1) and 
high retention (ΔTmax = 2.5) treatments, respectively 
(Figure 2). Peaks in ΔT normally occurred in mid-June. 
No temporal recovery is evident after seven years of 
post-harvest monitoring in all treatments. Riparian 
windthrow events affecting the buffer strips in 1997, 
1998, and 1999 may have contributed to the lack of 
recovery.

The relationship between the control stations (B4 
and B5Hi) did not appear to dramatically change after 
logging, although there were small annual negative 
ΔT immediately followed by positive ΔT in early 
June (Figure 2). These small spring differences were 
due to earlier snowmelt in B4, which was located 
approximately 100 m lower in elevation than B5Hi. 
Positive deviations were generally less than 1oC, well 
below the magnitude of harvesting-related impacts 
recorded in the treatment streams.

Water Chemistry

The limited pre-harvest data collected in 1996 
showed that although both TDP and NO3

- levels had a 

tendency to increase downstream, their pre-treatment 
levels were relatively low (Figure 3). Both TDP and 
NO3

- generally showed higher post-harvest levels at 
both the high and low retention treatment sites, relative 
to their respective controls. TDP was higher at both 
treatments (Tukey Simultaneous Test: p < 0.01 for B3 
and p = 0.01 for B5), and the average increase was 2.2 
fold for B3Lo and 1.6 fold for B5Lo. Higher NO3

- levels, 
relative to the control stations, were detected only in B5 
(Tukey Simultaneous Test: p < 0.02), representing an 
average increase of 3.7 times the control values. Nitrate 
levels in B3 were relatively high at the control (B3Hi) 
in 1998. No differences were noted in conductivity 
measurements between treatment and control stations, 
although there was a statistically signifi cant year effect 
(p < 0.01).

Invertebrates

Average benthic invertebrate abundance and biomass 
(Figure 4) were elevated at the high retention treatment 
station (B3Lo), as compared to its control (B3Hi) (Tukey 
Simultaneous Test: p < 0.01and p < 0.07, respectively). 
This difference was primarily due to increases in 
collectors-gatherers of Diptera (Chironomidae) and 
Ephemeroptera (Baetidae). This was not the case for 
B5Lo, where there was no difference between the 
treatment site (B5Lo) and its control (B5Hi). The 
abundance and biomass values for B5Lo in 1997 and 
1998 were equal or lower when compared to the values 
of the control, particularly with respect to the biomass 
estimates.

Discussion

Similar to other researchers (Brown and Krygier 
1970; Holtby and Newcombe 1982; Johnson and Jones 
2000), we show signifi cant increases in stream water 
temperature after forest harvesting events. Our data 
suggested that the variable-retention buffers provided 
some mitigation from clear cutting (see Macdonald 
2003b), but did not fully protect the streams from 
thermal impacts. The effectiveness of the variable-
retention buffer depended on the amount of commercial 
vegetation left within the buffer strip, which is positively 
correlated to canopy density (Macdonald et al. 2003b). 
Riparian canopy closure largely determines the amount 
of direct solar radiation reaching the stream surface, 
a process frequently cited as being most important 
in controlling temperatures of small forested streams 
(Salo and Cundy 1987). Conversely, air temperature 



and energy loss from the stream due to evaporation are 
thought to play minor roles (Brown and Krygier 1970). 
Other factors which control stream temperatures also 
bear consideration such as aspect, gradient, geomorphic 
features, elevation, and groundwater regimes.

Our analyses suggest that thermal regimes in the 
three riparian treatments did not recover to pre-harvest 
levels, even 7 years after harvesting. In contrast, most 
studies of stream thermal recovery predict substantial 

return to pre-harvest levels within fi ve to seven years 
of harvest (e.g., Brown and Krygier 1970; Feller 
1981; Harr and Fredriksen 1988). In the absence of 
comparable research from northern sub-boreal forests, 
we can speculate that stream temperatures in this type 
of ecozone may require greater recovery periods, due to 
slower growth of under- and over-story vegetation.

Several studies (e.g., Bormann and Likens 1979; 
Hartman and Scrivener 1990; Kiffney 2003) have 
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Figure 2.  Thermal responses of streams with variable-retention buffer strips. Delta T is the average daily temperature 
of the control stream - treatment stream. Shaded box indicates when forest harvesting occurred. B5Hi 
served as a secondary upstream control.
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reported changes in stream water chemistry after forest 
harvesting. However, the effects often vary depending 
on site-specifi c processes such as geological weathering, 
atmospheric precipitation, soil chemistry, and terrestrial 
and aquatic biological processes. It is commonly 
reported that increases in nitrate levels and conductivity 

are observed, although little or no change in phosphorus 
levels is expected (e.g., Hartman and Scrivener 1990). 
In contrast, our results show a signifi cant increase 
in TDP in the B3 and B5 streams and that nitrates 
exhibited higher trends in both treatments, but only in a 
statistically signifi cant manner in B5. Conductivity did 

Figure 3.  Mean annual (± 95% confi dence intervals) water chemistry responses to variable-retention buffer strips. 
B3Lo had a high retention buffer while B5Lo had a low retention buffer. Post-harvest treatment sites are 
identifi ed by shading. Signifi cant differences (Two-Way Anova) between control and treatment sites are 
indicated above the shaded box (ns=not signifi cant). Concentrations of TDP differed signifi cantly for both 
treatments, where as concentrations of NO

3
- were signifi cantly different for B5Lo only.



not differ between treatment sites and controls. Clare 
and Bothwell (2003), while studying the effects of UV 
on invertebrates in B5 during 1997, also found a similar 
increase in TDP after harvesting. In addition, they found 
a similar, signifi cant increase in total dissolved nitrogen 
and unchanging levels of nitrates. However, their 
samples were taken over a shorter time frame and at the 
beginning of the summer season, when concentrations 
of NO3

- are naturally low and when variations in water 
chemistry within streams may be limited.

There may have been a delayed response to forest 
harvesting in observed concentrations of NO3

- and 
TDP. Both treatment sites showed relatively higher 
levels in 1998 and 1999 but not 1997, the fi rst summer 
after logging (Figure 3). While conductivity was not 
signifi cantly affected by our harvest treatment, it did 
differ among years. Conductivity increased at all 
stations in 1998, a year with little precipitation and low 

fl ow conditions. These conditions may have contributed 
to a lack of dilution, thereby increasing conductivity 
and resulting in high conductivity and concentrations of 
NO3

- in B3Hi in 1998.
Riparian vegetation can signifi cantly reduce nitrogen 

and phosphorus in overland and subsurface water fl ows 
(Naiman and Bilby 1998). Therefore, after forest 
harvesting, an increase in stream nutrient and ion levels 
would be expected. In addition, higher riparian retention 
might help buffer against water chemistry changes. 
Although this is consistent with the NO3

- data in our 
study, it is not constant with our TDP data. Changes to 
TDP levels were highest in the high retention buffer 
(i.e., B3 showed a greater increase than B5).

Increased abundance of benthic invertebrates is 
a commonly reported response to forest harvesting 
(Newbold et al. 1980; Salo and Cundy 1987; Kiffney 
2003). For instance, Newbold et al. (1980) found 
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Figure 4.  Mean annual (± 95% confi dence intervals) variable-retention riparian buffer strip effects on relative 
invertebrate abundance (# * 103/m2) and biomass (g/m2) at control (B3Hi and B5Hi) and treatment (B3Lo 
and B5Lo) sites. B3Lo had a high retention buffer while B5Lo had a low retention buffer. Post harvest 
treatment sites are identifi ed by shading. Signifi cant differences (Two-Way Anova) between control and 
treatment sites are indicated above the shaded box (ns=not signifi cant). Both abundance and biomass 
were signifi cantly different between B3Hi and B3Lo. 
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increases in both, Chironomidae, Ephemeroptera 
(Baetis) and Plecoptera (Nemoura) after forest 
harvesting. The increases we observed in abundance 
and biomass in B3 were driven largely by the 
grazing collector-gatherers Diptera (Chironomidae) 
and Ephemeroptera (Baetidae). Clare and Bothwell 
(2003), during their 1997 work in B5, found increased 
chironomid abundance in B5Lo. Our sampling occurred 
over a larger time span so some changes may have been 
masked or averaged out in our sampling.

As with water chemistry, there did not appear to be 
a variable-retention effect on invertebrates. Kiffney et 
al. (2003) found increased invertebrate abundance was 
correlated with narrower buffer widths and attributed 
this to increased primary production caused by 
increased photosynthetically active radiation. The lack 
of increase in B5Lo invertebrate abundance and biomass 
in 1997 and 1998 may have been due to increased 
sedimentation, associated with the removal of a stream 
crossing (Macdonald 2003a). High sedimentation has 
been shown to decrease invertebrate density (Salo and 
Cundy 1987). In 1999, B5Lo invertebrate density and 
biomass values were observed to be relatively high. It 
is, therefore, possible that riparian harvesting effects 
may have been masked by sedimentation during the 
early post-harvest years.

In summary, while offering some mitigation to the 
effects of clear-cutting, variable-retention buffers do not 
fully protect headwater streams from changes to thermal 
regimes, water chemistry, or invertebrate communities. 
Increases in stream temperatures were related to the 
amount of merchantable timber retained within the 
buffer strip. Lack of correlation with treatment type 
suggests that watershed level processes, and not riparian 
processes, are largely responsible for water chemistry 
changes. Benthic invertebrate abundance and biomass 
changes may have been due to changes in riparian 
vegetation as well as point source sedimentation. 
The study-streams continue to be monitored to assess 
whether temporal thermal recovery will occur. As there 
is more pressure on resource managers to move towards 
variable-retention buffers, further study is required to 
elucidate the specifi c mechanisms infl ecting forestry 
induced change on sub-boreal streams.
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