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Dolly Varden (Salvelinus malma) is a char native to western North America that is harvested by northern 
communities for subsistence purposes. Populations found across northern Canada have experienced significant 
declines. Exploitation and local habitat change are the two main factors thought to have influenced these 
declines. Data to track trends in habitat quality, quantity, and use by Dolly Varden are lacking in the western 
Arctic. This study details the application of a two-dimensional River2D (www.river2d.ca) hydrodynamic and 
habitat model to predict hydrodynamics and habitat availability for Dolly Varden for various flow scenarios. 
Intensive data in terms of bed bathymetry, water depth, velocity, substrate, and cover were surveyed for two 
spawning and overwintering reaches from Fish Hole Creek, a tributary to the Babbage River, and Little Fish 
Creek, a tributary to the Big Fish River, Northwest Territories, Canada. The River2D model was calibrated by 
adjusting the bed channel roughness until good agreement of simulated versus surveyed water surface elevations 
was achieved. Predicted water surface, velocity, and habitat availability corresponded well with field 
measurements. Moreover, strong correlations and significant relationships were observed between the predicted 
and surveyed field values. The developed River2D hydrodynamic and habitat model should be thus valid for 
hydrodynamic and/or habitat assessment for Dolly Varden under various flows of interest. 
 

1 BACKGROUND 

Like many other salmonids, Dolly Varden (Salvelinus malma) is anadromous, migrating annually between 
marine feeding habitat and freshwater spawning/overwintering habitat [1]. Dolly Varden is an important cultural 
and nutritional resource for the people of northern Canada and Alaska. Within Canada (in the western Arctic), 
there are six known anadromous northern form Dolly Varden populations. Dolly Varden is known to overwinter 
and spawn in a number of North Slope Rivers including the Firth, Babbage, Big Fish, Rat, and Vittrekwa [2], 
(Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map of the Yukon North Slope area. 

 
Very few studies have investigated habitat use by riverine salmonids in the western Arctic. Dolly Varden 

populations from the Big Fish and Babbage rivers (Fig. 1) have declined well below historic levels [3], which 
prompted listing as ‘Special Concern’ by the Committee on the Status of Endangered Wildlife in Canada 



(COSEWIC) [4]. Exploitation and local habitat change are the two main factors thought to have caused these 
declines [2]. Climate change, particularly the trend towards drier and warmer climates in the Western Arctic, is a 
key concern. Historic data on the size and structure of populations are available; however, similar data to track 
trends in habitat quality and quantity are lacking [2]. Habitat data were collected from reference reaches in the 
Big Fish and Babbage rivers to be used to map the distribution of morphological units within these reaches and 
report micro-scale characteristics of sites used by fish. These data were integrated into a hydrodynamic and 
habitat model (River 2D, www.river2d.ca) [5] to estimate the optimal discharge as it relates to suitable spawning 
habitat, including minimum and maximum water level thresholds and relate reach-level habitat use patterns in 
spawning areas to hydraulic characteristics (i.e., water depth, velocity, and substrate). The results will be used as 
the basis for developing a conceptual habitat-recruitment model for northern form Dolly Varden in the Canadian 
Western Arctic. This paper focuses only the part of the application of a two-dimensional River2D hydrodynamic 
and habitat model to predict hydrodynamics and habitat availability for Dolly Varden. 
 

2 STUDY SITES 

The first study site was situated on Fish Hole Creek (FHC) (Fig. 2) a tributary of the Babbage River (68°37’N, 
138°42’W),. The site was approximately 250 m in length, had an average width of 20 m and an average water 
surface slope of 0.002. The second study site was located in Little Fish Creek (LFC) (Fig. 2), a tributary of Big 
Fish River  that originates in the Richardson Mountains, Yukon. The site was situated close to the overwintering 
area of Dolly Varden known as “Fish Hole” (68°18’08”N, 136°20’32.7”W). The site was approximate 570 m 
long, had an average width of 44 m and an average water surface slope of 0.006. The bed material for both sites 
consisted mainly of cobble and gravel with scattered boulder, bedrock, and sand. Both sites were subject to 
mixed subcritical and supercritical flow regimes.  

Figure 2. Study sites: (left) Fish Hole Creek, tributary of the Babbage River, and (right) Little Fish Creek, 
tributary of the Big Fish River, northern Canada. 
 

The study sites were selected using primarily ecological, geomorphological, and hydrological criteria. Data 
were collected to ensure accurate and credible results for both sites in terms of bed topography or bathymetry, 
water depth, water surface, velocity, substrate, and cover at positions in the stream, where fish were observed 
and also at redds. Three years of data were collected for FHC (years 2009, 2010, and 2011), whereas two years 
of data were collected for LFC (2009 and 2010). The survey data used in this study was collected through 
hydrometric surveys for open water conditions. Discharge measurements were carried out at the upstream and 
downstream ends of each survey site. A variety of different methods were used to describe Dolly Varden habitat 
using a combination of fish and spawning surveys, local topographic, bathymetric, and hydraulic measurements 
as well as river morphological, sediment, and cover classifications. Morphological habitat types consisted of 
pool, run, and riffle. Habitat suitability, the ability of the habitat to support adult Dolly Varden and Dolly Varden 
spawning, was described using Habitat Suitability Indices (HSIs) [6]. HSIs were developed for the following 
four habitat variables: velocity, water depth, substrate, and cover and for two different life stages: adult Dolly 
Varden and redds. 

http://www.river2d.ca/


3 NUMERICAL HABITAT MODELLING  

3.1 River2D Model Calibration 

The first step in the River2D numerical modelling was to generate a river bed file using the raw topographic field 
data. A river bed file was created for each reach containing river bed elevation, bed roughness, and boundary 
lines. For the model calibration, the boundary conditions were specified as subcritical inflow (uniformly 
distributed upstream discharge) and outflow (fixed downstream elevation) but no flow across the lateral river 
edge boundaries. Model calibration runs were iterated until steady-state solutions were achieved. 

In a second step, the river bed models were calibrated by adjusting the bed roughness parameter (spatially 
varied) until the predicted water surface elevation corresponded best with the measured water surface elevation. 
The model was considered calibrated when the difference between predicted and measured results was less 7% 
of the absolute average error (%AAE) and the root mean square error (%RMSE), calculated as follows: 
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where i is the measuring node number; N is the total number of measuring nodes; WS is the water surface 
elevation; Depth is the water depth; Field is the measured value; and Predicted is the simulated value obtained 
by the River2D model. Fig. 3 shows examples for both sites that compare fairly well between the predicted or 
calibrated water surface and the measured water surface profiles for the surveyed year 2009. The discharges 
(annual measured) used for calibration for FHC and LFC were 1.32 m3/s, and 2.1 m3/s, respectively. Fig. 4 
shows high correlations and strong relationships between the measured and the predicted water surface values 
for the same year. The maximum absolute errors of %AAE and %RMSE for FHC were 3.1%, and 4.0% and for 
LFC were 5.3%, and 7.4%, respectively. 
 
 
 
 
 
 
 

 
Figure 3. Comparison of predicted and surveyed water surface profiles at (left) Fish Hole Creek reach of the 
Babbage River and (right) Little Fish Creek reach of the Big Fish River for the surveyed year 2009. 
 
 
 
 
 
 
 
 
Figure 4. Relationship between measured and predicted water surface elevations at (left) the Fish Hole Creek, 
and (right) the Little Fish Creek for the surveyed year 2009. 
  

3.2 River2D Model Validation 

The validity of the calibrated River2D model to simulate fish habitat was also carried out. Fig. 5 shows an 
example of the model output for the Fish Hole Creek reach of the Babbage River, for the surveyed year 2009, 
utilized by Dolly Varden spawners. Fig. 5 demonstrates good correspondence between the model’s simulation of 
spawning habitat quality (based on depth, velocity, and substrate), and actual habitat use and distribution of high 



versus low quality habitat; i.e., areas predicted to be of higher quality correspond to areas where redds were 
observed, while areas predicted to be of poorer quality correspond with the deeper pool in this reach of the river. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. An example of the calibrated River2D hydrodynamic and fish habitat model output, ranking quality of 
spawning habitat for the Fish Hole Creek reach of the Babbage River, for the surveyed year 2009, 
photographically depicted on the right. Habitat quality was based on depth velocity and flow characteristics. Red 
to yellow areas are identified as high to medium quality habitat while blue to green areas are identified as low to 
medium quality habitat. Light stippled areas in the photograph were confirmed to be spawning redds, while the 
darker encircled area at the top of the photograph was confirmed to be a deeper pool. 
 

This validation ground-truthing exercise together with results from the above-described calibration exercise 
confirms that the calibrated River2D hydrodynamic and habitat models for both FHC and LFC reaches are 
functioning reasonably well, and they can be used for any subsequent hydrodynamic or habitat assessment 
exercise(s) for other flows of interest. 
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