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Abstract 
Four hydrology and geomorphology studies have been initiated in support of the 

biological research that drives the Stuart-Takla FisherieslForestry Interaction Project. 
Snow accumulation and melt differences between clear-cut areas and undisturbed for- 
est are being investigated. Sub-basin monitoring may isolate the impact clear-cut log- 
ging has on flows. Sediment delivery from road-related surfaces is being measured on 
a synoptic basis in the Takla Lake area, and the efficacy of revegetation techniques in 
reducing erosion relative to untreated areas is being evaluated using runoff plots and 
erosion measurements. Groundwater upwelling, a possible mechanism accounting for 
high sockeye salmon egg to fry survival rates, is being evaluated using nests of 
piezometers. 

introduction 
The Stuart-Takla Forestry Interaction Project was 

initiated in 1991 to study the impacts of logging on 
three highly productive sockeye salmon spawning 
streams about 100 km northwest of Ft. St. James, 
British Columbia. This paper describes four of the 
hydrology and geomorphology studies are being 
undertaken in support of the biological research that 
drives the project. 

The three main Stuart-Takla watersheds includ- 
ed in the hydrology and geomorphology studies 
(Gluskie, Forfar, and O'Ne-ell Creeks) range in ele- 
vation from slightly below 700 m at their outlets to 
about 1980 m at the peaks of the Hogem Range, 
which forms the main drainage divide. Creek 
drainage area ranges from 37.4 km2 to 73.3 kmz 
(Cheong et al. 1995). Lower elevations, where main 

forestry haul roads have been built, are dominated 
by highly erodible glaciolacustrine sediments. It is 
expected that these sediments will have a significant 
impact on the study streams. The terrain and sedi- 
ment sources of the Stuart-Takla watersheds have 
been described in detail by Ryder (1995). The mean 
annual precipitation is 50 cm. 

Snow Hydrology 
The study watersheds are hydrologically domi- 

nated by snow. The movement of sockeye fry out of 
their natal streams and into Takla Lake and the 
Middle River in the spring has been observed to be 
strongly influenced by the timing and magnitude of 
spring snowmelt events. The impact of logging on 
this process is of direct interest, since patterns of fry 
predation by resident species may be affected by 
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hydrologic changes generated by forest renxoval 
(Macdonald et al. 1992). The hypothesis of interest is 
that clear-cut logging will result in a snowmelt 
regime that begins earlier, which will result in fry 
moving out of their streams earlier and over a longer 
period, generally at lower daily rates (Macdonald et 
al. 1998). This runs counter to the preferred survival 
strategy ol overwhelming predators with large num- 
bers over a short period, and matching fry migration 
with food availability in rearing areas (Burger 1991). 

Research in southeastern British Columbia and 
elsewhere has shown that clearcuts tend to have 
higher depths and water equivalents of accumulated 
snow compared to undisturbed forest (Toews and 
Glum 1986; Harr and Berris 1983). The timing of 
snowmelt in a watershed is altered by clear-cut log- 
ging, and the total amount of water derived from the 
snowpack is increased (Troendle and Leaf 1981). 
Trees planted in clear-cut areas must reach a critical 
size and density before they begin to behave like an 
old-growth forest in their interactions with snow, at 
which point the clearcut approaches the theoretical 
state of "hydrologic recovery." Hudson(1995) report- 
ed achievement of 90% hydrologic recovery with 
respect to snow under various coastal British 
Columbia forest regrowth conditions. Little informa- 
tion on hydrologic recovery is available for interior 
regions of British Columbia. The proportion of equiv- 
alent clear-cut area (ECA) in a watershed also influ- 
ences the overall impact of snowmelt changes on 
streamflow. The extent of ECA required before 
snowmelt-induced changes in streamflow are 
detectable also varies with the topographic distribu- 
tion of logging, the properties of the soils and surfi- 
cia1 materials, and the accuracy of stream gauging. 

One of the project's main goals is to extend f i d -  
ings to other areas in the interior region of British 
Columbia. Thus, it is important to document and 
understand how processes of snow accumulation 
and meltwater delivery to streams differ between 
clear-cut and the forested land, especially since this 
information is not generally available for north-cen- 
tral British Columbia. 

Differences in snow accumulation-melt relation- 
ships between forested and clear-cut areas are being 
evaluated by: 
1. recording snow depths with ultrasonic 

depth/ height sensors, 
2. measuring hourly precipitation using a standpipe 

precipitation gauge, 
3. recording snow depth, water equivalent, and 

density via periodic manual snow surveys, 
4. monitoring rates and timing of snowmelt using 

snow lysimeters, 
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5. monitoring wind speed with an anemometer to 
evaluate whether wind redistributes snow, 

6. measuring soil temperatures with thermocouples, 
and 

7. monitoring soil moisture content with reflectome- 
ters to assist in determining the proportion of 
s~owmelt infiltrating the soil versus that which 
runs off the surface. 
Standard snow surveys are being conducted 

monthly in the spring at high, medium, and low ele- 
vation sites in Forfar Creek watershed to establish 
relationships between elevation and snow depth, 
water equivalent, and density. These data will be 
combined with the clearcut snow hydrology results to 
provide some of the input necessary for snow model- 
ing. It is expected that model parameters will also be 
derived using GIs analysis of digital terrain maps and 
spatially distributed land-use data. Snowmelt model- 
ing will be an important tool in extending the project 
findings to the region as a whole. 

Streams in the study watersheds are gauged by 
stage recorders supplemented by velocity profiles 
taken manually to obtain a stage-discharge relation- 
ship (rating curve). Discharge values are calculated 
using continuous stream-stage records. The mer- 
chantable timber resources in the study watersheds 
have resulted in logging plans that will produce an 
ECA of about 20%, mainly in lower elevation (i.e., 
lower snow accumulation) zones. The error associat- 
ed with stage-discharge relationships and the 
amount and distribution of logging may, in combina- 
tion, make detection of snow-related hydrologic 
impacts in the study streams difficult. 

Paired Sub-Basin Studies 
It will be valuable to isolate the streamflow and 

sediment impacts of logging by other means, espe- 
cially if detection of hydrologic changes in the logged 
study watersheds is hampered by stream measure- 
ment uncertainty and relatively low clearcut propor- 
tions. The most effective method of focusing on 
hydrologic impacts from logging in the case of the 
Takla watersheds is through the use of paired sub- 
basins, where flows can be accurately measured. Two 
similar adjacent sub-basins, about 50 ha each, have 
been selected in the mid-elevation zone of the 
O'Ne-ell Creek watershed. Monitoring of hydrologic 
response and sediment delivery has begun and will 
continue for a pre-logging period of at least 5 years to 
characterize the behavior of each sub-basin under a 
range of climatic conditions. One of the sub-basins 
will then be entirely clear-cut logged while the other 
is retained as a forested control. 



Land Management Practices Affecting Aquatic Ecosystems 

Ninety degree v-notch weirs have been installed 
on two adjacent small sub-basin stream channels just 
above their confluence. Discharge and temperature 
are measured every 30 minutes. Snow will be mea- 
sured by both snow courses and automated ultra- 
sonic snow depths. Snow lysimeters are to be 
installed in both watersheds for snowmelt measure- 
ment, and soil moisture will be measured to enable 
snowmelt routing investigations. Tipping bucket 
and manually monitored rain gauges have been 
installed to measure liquid phase precipitation dur- 
ing snow-free periods of the summer months. 
Reliance on datalogger-based data measurement 
and recording systems is dictated by the difficult 
logistics of the sub-basin locations, which are more 
than 5 km by trail from the nearest vehicle access. 
Manual measurements and on-the-ground equip- 
ment servicing are done periodically throughout the 
year. The snow hydrology work at low elevations, 
described above, will augment the mid-elevation 
sub-basin studies. Both data sets will be used to pro- 
duce watershed process models for tKe snow-domi- 
nated systems of British Columbia's central interior 
region. 

Bedload capture by the installed weirs is used to 
measure coarse-grained sediment transport from the 
sub-basin creeks. Automated methods of monitoring 
suspended sediment concentrations are under inves- 
tigation, but not yet implemented. 

Groundwater Upwelling 
The presence or absence of warmer groundwater 

upwelling during winter into the egg and alevin 
bearing gravels of the study streams is key to under- 
standing the biology and incubation environment of 
the early Stuart sockeye salmon. Hydrologic impacts 
from logging also have the potential to alter existing 
groundwater processes in and around fish bearing 
streams. 

Nests of two or more piezometers are being used 
to measure vertical groundwater pressure gradients 
in order to establish whether upwelling groundwa- 
ter is present in the Takla streams. The piezometer 
nests are installed immediately adjacent to the nor- 
mally wetted portion of the channel. Some piezome- 
ters are automatically metered using pressure trans- 
ducers connected to dataloggers; these are supple- 
mented by a network of piezometer nests measured 
manually with a circuit closure device. Groundwater 
and stream temperatures are also being measured 
using thermocouples, connected to dataloggers. 

Road-Related Sediment Sources 
Forestry roads are a major source of fine sedi- 

ment due to soil erosion from road surfaces, cut and 
fill slopes, and ditches (Anderson and Potts 1987). 
Stream crossings are a major point of delivery of 
these sediments to streams. A portion of these sedi- 
ments settle into the gravel pore spaces once they 
have been transported into stream channels. Fish 
eggs can suffocate, and alevins may be entombed as 
a result of fine sediment additions to stream gravel 
(Moring 1982). Depending on their effectiveness, 
controls on road sediment production may signifi- 
cantly reduce logging impacts on fisheries streams. 
However, in order for erosion control measures to be 
optimized, the relative contributions of road-related 
erosion surfaces under differing environmental con- 
ditions need to be better understood. 

Soil erosion from road-related surfaces is being 
calculated by carefully measuring the height of the 
soil surface after precipitation events and inferring 
soil erosion or deposition from surface height 
changes at each location. The device used for these 
height measurements is called a "rill meter." The rill 
meter consists of a portable reference crossbar, with 
measuring rod and ruler, that mounts on two per- 
manently installed metal datum posts. Rill meter 
sites are distributed on a representative selection of 
roadcuts, for example, those with different slopes, 
aspects, and soil material types. Erosion and deposi- 
tion in ditches is being measured in the same way 
using the rill meter. 

Erosion plots on cutbank slopes are a second 
approach to studying sediment generation from 
roads. These involve collecting runoff samples to 
determine how effective two revegetation tech- 
niques (broadcasting vs. hydroseeding) are in con- 
trolling erosion, relative to an unseeded control. Soil 
losses from traveled road surfaces may also be mea- 
sured by collection methods during runoff events. 
Coshocton wheels are being employed in erosion 
plot studies. The use of Coshocton wheels is a well- 
established method for sampling runoff and sedi- 
ment from agricultural plots (Brankensiek et al. 
1979); they have also been used in forestry-related 
research (Oyarzun and Pena 1995) . These devices 
consist of a metal disc with spiral flutings that is 
spun by the force of runoff water spilling from an 
attached flume; a slot elevated above the disc surface 
samples 1% of the total runoff on each rotation. Use 
of the rill meter on the erosion plots will enable cross 
calibration of the two measurement methods. 
Sampling and maintenance will be carried out 
between storms so sediment generation data from a 



range of storm intensities will be obtained. These 
data will also provide required input into basin sed- 
iment budgets and be used for sediment modeling. 

Summary 
The four hydrology and geomorphology studies 

described here are in their early stages and have 
been presented to round out the picture of research 
activities currently underway in the Stuart-Takla 
Fisheries/Forestry Interaction Project. 
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