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EXECUTIVE SUMMARY
Declines in the abundance and distribution of lotic sport fish in Alberta including
Arctic grayling (Thymallus arcticus) and bull trout (Salvelinus confluentus) have been
widely documented and both species are currently listed as “sensitive” presumably as a
result of their vulnerability to angler pressure and habitat alteration. Similar threats are
faced by mountain whitefish (Prosopium williamsoni) and walleye (Sander vitreus). In
order to monitor these threats, fisheries managers require baseline data that can be used
to detect longer term changes in stream fish populations relative to regulations and
increasing industrial development.
The purpose of this study was to estimate the abundance of Arctic grayling, bull trout,
mountain whitefish and walleye in the Simonette River that can be used to assess
impacts of increased industrial development and fishing pressure.

We used raft‐

mounted electrofishing and mark‐recapture techniques to determine fish abundance
from 6 July to 30 August 2004. The river was divided into four strata based on natural
breaks related to sub‐watersheds of major tributaries, and abundance of each species
was estimated for each stratum.
The estimated density of Arctic grayling in stratum one was 0.90 fish/100 m (95% CI =
0.50 – 1.00) and in stratum two was 1.40 fish/100 m (95% CI = 0.05 – 2.40).

The

estimated density of mountain whitefish was 5.00 fish/100 m (95% CI = 3.00 – 6.00) in
stratum one and 1.00 fish/100 m (95% CI = 0.40 – 1.50) in stratum two. Using the
catchability coefficient, q, estimated from a previous study, bull trout density was
estimated at 0.44 fish/100 m (95% CI = 0.20 – 0.60) in stratum one and 0.04 fish/100 m
(95% CI = 0.002 – 0.10) in stratum two. Due to limited sample size, walleye densities
were not calculated.

Key words: bull trout, Arctic grayling, walleye, mountain whitefish, electrofishing,
mark‐recapture, abundance, length frequency, Simonette River, Alberta
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1.0

INTRODUCTION

In Alberta, stream fish that provide angling opportunities face increasing pressure due
to habitat loss, degradation, overfishing and angling‐induced mortality. Declines in the
abundance and distribution of lotic sport fish species, including Arctic grayling
(Thymallus arcticus) and bull trout (Salvelinus confluentus), presumably as a result of
their vulnerability to angling pressure and habitat alteration (Berry 1994; Post and
Johnston 2002), have been widely documented and both species are currently listed as
“sensitive” (Alberta Sustainable Resource Development 2001). Similar threats are faced
by mountain whitefish (Prosopium williamsoni) and walleye (Sander vitreus). Although
all four species are governed by provincial regulations that restrict angler harvest with
size, harvest limits and seasonal closures (Alberta Sustainable Resource Development
2004), the extent that these regulations provide adequate protection in the midst of
increasing pressures is largely unknown.
The Simonette River watershed supports Arctic grayling, bull trout, mountain whitefish
and walleye, among others, that provide important angling opportunities in northwest
Alberta.

However, few studies have quantified the abundance of these sport fish

populations. The purpose of this study was to quantify the abundance of sport fish in
the Simonette River. Specifically, our objectives were to describe longitudinal patterns
in abundance and distribution of Arctic grayling, bull trout, mountain whitefish, and
walleye.

2.0

STUDY AREA

2.1

Description

The Simonette River headwaters are approximately 130 km south of Grande Prairie,
Alberta. The river has a watershed area of 5,401 km2 and elevations ranging from 490
to 1,660 m as it flows approximately 306 km to where it confluences with the Smoky
River (Figure 1).

Petroleum exploration, forest harvesting, and agriculture are

constantly changing the landscape in the watershed. Eighty‐four percent of watershed
disturbances result from forest harvesting (Scrimgeour et al. 2003). The development of
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Figure 1.

Simonette River watershed in west central Alberta, showing electrofishing
sampling locations and the four sampling strata. Inset is the province of
Alberta.
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these activities can lead to riparian habitat destruction, instream sedimentation, and
barriers to fish passage.
2.2

Fish communities

Historical data show nine families and 22 species of fish present in the Simonette River
watershed (Table 1) (Scrimgeour et al. 2003).

Cyprinids are the dominant family

followed by Salmonids and Catostomids (Scrimgeour et al. 2003). Sport fish species
include: bull trout, Arctic grayling, walleye, northern pike (Esox lucius), mountain
whitefish, and rainbow trout (Oncorhynchus mykiss).
Table 1.

Fish species present in the Simonette River (adapted from Scrimgeour et al.
2003).

Family

Common name

Scientific name

Percidae

Walleye

Sander vitreus (Mitchill)

Gadidae

Burbot

Lota lota (Linnaeus)

Esocidae

Northern Pike

Esox lucius (Linnaeus)

Salmonidae

Mountain Whitefish

Prosopium williamsoni (Girard)

Salmonidae

Arctic grayling

Thymallus arcticus (Pallas)

Salmonidae

Bull Trout

Salvelinus confluentus (Suckley)

Salmonidae

Rainbow Trout

Oncorhynchus mykiss (Walbaum)

Catostomidae

Longnose Sucker

Catostomus catostomus (Forster)

Catostomidae

White Sucker

Catostomus commersoni (Lacepede)

Catostomidae

Largescale Sucker

Catostomus macrocheilus (Girard)

Cyprinidae

Pearl Dace

Margariscus margarita (Cope)

Cyprinidae

Fine scale Dace

Phoxinus neogaeus (Cope)

Cyprinidae

Lake Chub

Couesius plumbeus (Agassiz)

Cyprinidae

Flathead Chub

Platygobio gracilis (Richardson)

Cyprinidae

Longnose Dace

Rhinichthys cataractae (Valenciennes)

Cyprinidae

Emerald Shiner

Notropis atherinoides (Rafinesque)

Cyprinidae

Northern Redbelly Dace

Phoxinus eos (Cope)

Cyprinidae

Redside Shiner

Richardsonius balteatus (Richardson)

Percopsidae

Trout Perch

Percopsis omiscomaycus (Walbaum)

Cottidae

Slimy Sculpin

Cottus cognatus (Richardson)

Cottidae

Spoonhead Sculpin

Cottus ricei (Nelson)

Gasterosteidae

Brook Stickleback

Culaea inconstans (Kirtland)
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2.3

Ecoregion, forest cover and soils

The Simonette River flows through the Lower Boreal‐Cordilleran Ecoregion and to a
lesser extent the Upper Boreal‐Cordilleran, Mid Boreal Mixedwood and Subalpine
Ecoregions. These areas typically have low annual precipitation with short summers
and long cold winters (Strong and Leggat 1992).
Annual precipitation in the Upper Boreal Cordilleran and Subalpine is about 25%
higher than in the Mid Boreal Mixedwood. Annual precipitation in the Lower Boreal‐
Cordilleran Ecoregion is approximately 464 mm with summer precipitation
representing approximately two‐thirds of the total.

Mean summer temperatures are

lowest in the Subalpine (9.4oC) and highest in the Mid Boreal Mixedwood (13.5oC).
Over the winter, the lowest average temperature is –13.2oC in the Mid Boreal
Mixedwood and highest in the Upper Boreal Cordilleran (‐6oC).

Minimum

temperatures can reach ‐30oC from January to March in all of these ecoregions (Strong
and Leggat 1992).
These ecoregions are associated with foothills topography as well as undulating and
rolling terrain. Coniferous trees dominate forest stands in the Upper Boreal‐Cordilleran
and Subalpine. White spruce (Picea glauca) and lodgepole pine (Pinus contorta) are
found in the lower elevations and Engelmann spruce (Picea engelmannii) and subalpine
fir (Abies lasiocarpa) are located at higher elevations. In lower elevations of the Lower
Boreal‐Cordilleran and Mid Boreal Mixedwood pure and mixed stands of trembling
aspen (Populus tremuloides) and balsam poplar (Populus balsamifera) are interspersed
with lodgepole pine and white spruce. Poorly drained depression areas are dominated
by black spruce (Picea mariana). Soils consist of Gleyed Luvisols and Gleysols in the
Lower Boreal‐Cordilleran. Brunisolic and Luvisolic soils are common in the Upper
Boreal‐Cordilleran and Subalpine (Strong and Leggat 1992).
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3.0

MATERIALS AND METHODS

3.1

Sampling design

The Simonette River was stratified based on natural breaks in hydrological variables
and watershed area (sub‐watershed) of major tributaries (Figure 1). First we identified
all tributary confluences with the Simonette River.

Second, using a Geographic

Information System (GIS), sub‐watershed area and total upstream distance were
calculated from the confluence of every tributary. Sub‐watershed area was then plotted
against total upstream distance from the source (stream origin) of the Simonette River
to its confluence with the Smoky River. Eight strata were created based on these
criteria, but due to logistic constraints these strata were combined into four groups.
Reaches ranging in length from 1,694 to 4,748 m were randomly selected for sampling
in the four strata. A reach was defined as two meander lengths (i.e., twice the straight‐
line distance from one point of inflection to the next immediate point of inflection (i.e.,
one wavelength) (Leopold et al. 1964).

Using GIS, sample reaches (two meander

lengths) were queried from the hydrographic simplified line network (Appendix 1).
3.2

Sample size and location

Sampling was conducted proportionally to distance (i.e., linear length) of each stratum.
We used prospective power analysis to estimate sample size (i.e., number of reaches to
be sampled in each stratum). Using the statistical software JMPTM 5.1 (SAS Institute Inc.
2004), we calculated sample size based on variability in available electrofishing catch‐
per‐unit‐effort (CPUE) data (Fisheries Management Information System) 1 . Based on
this apriori assessment, 25 reaches (Table 2) were required to achieve a detectable
difference of 25% CPUE (β = 0.8, α = 0.05). Locations of sampling reaches are presented
in Figure 1.

1

FMIS is a provincial database containing comprehensive information on fish and fish habitat data.
It was developed by Alberta Sustainable Resource Development (ASRD) to meet the data storage and
data requirements of fisheries managers. As a requirement of a fisheries research license fish
information collected must be sent to ASRD for inclusion in the database.

5

Table 2.

Sample size and reach lengths within each of the four strata in the
Simonette River, 2004.

Stratum

Stratum length (m)

Reach length (m)

Number of sampling reaches

1

131000

1694

10

2

54000

4177

4

3

57000

3830

5

4

70000

4748

6

3.3

Fish sampling

A raft‐mounted electrofisher was used to capture fish. The raft was 4.3 m long and was
equipped with: a rowing frame, a frame‐mounted Smith‐Root Model 5.0 GPP
generator, a control box, a live well, port and starboard cathode arrays consisting of
stainless steel cable, and one handheld anode pole with a 450‐mm stainless steel ring.
The generator was operated at pulse DC, producing 60 pulses/sec and between 2 and 4
amp of electrical current. The electrofishing crew included one rower, one person
running the electrofishing unit and one person dip‐netting fish. In each reach, single
pass electrofishing began at the top of the reach. The rower maneuvered the raft
downriver, ensuring that all habitat types were sampled equally. To maximize capture
efficiency and prevent ‘pushing of fish’, electricity was applied in 10 sec intervals.
Sampling effort (seconds electrofished) and electrofishing settings (amperage, voltage,
percent range) were recorded for each reach sampled.
In all reaches sampled, fork and total length (i.e., FL and TL ± 1.0 mm) were measured
for each fish. In select reaches, salmonids were marked by removing a recognizable
portion of their adipose fins to uniquely identify fish as previously captured. This
marking technique was used because it is an effective means to mark fish with minimal
effects on survival or mobility (Mears and Hatch 1976; Vincent‐Lang 1993). Marked
fish were released to the habitat unit where they were captured.

To reduce the

likelihood of immigration and emigration, recapture events occurred within 24 h of
marking. During the recapture event, fish were captured, examined for marks (fin
clip), measured and fish not exhibiting marks were processed in the same manner as
the marking event.

6

Consistency in electrofishing sampling was maintained by ensuring the same crew
members were responsible for rowing and dip‐netting throughout the study and
ensuring power outputs did not fall below or exceed 2 and 4 amp, respectively.
Attempts were made to sample under consistent flow conditions.
Fish were captured over four sampling events from 6 July to 30 August 2004. A total of
20 reaches were sampled in stratum one, two and three. We were unable to sample
stratum four due to unsafe water conditions and reduced water clarity as a result of a
late summer rain event.

3.4

Estimating species composition and abundance

Fish species captured were identified and recorded.

Species composition and

frequency of occurrence were assessed by examining relative abundance in the total
catch.
Within each stratum, a site was randomly selected to assess sampling efficiency (i.e.,
catchability coefficient, (q)). A two‐pass mark‐recapture survey was used to determine
q for a 1‐m interval of electrofishing in each stratum using the following equation
(adapted from Ricker 1975):
q = (Rf/Mf)/Em
where,
Rf = number of marked fish that were recaptured,
Mf = number of fish marked, and
Em = electrofishing effort in meters.
Catch‐per‐unit‐effort (CPUE) (in meters) was calculated by dividing the number of fish
caught over the number of meters sampled. CPUE and q were then used to estimate
abundance (N) of fish in each sampled reach as:
N = CPUE/q

7

Abundance was converted to density (i.e., fish/100 m) by dividing the abundance
estimate by the length of the reach. Density estimates for each reach were bootstrapped
10,000 times to determine the average density and precision for each stratum.
3.5

Statistical analysis

We used length‐frequency distributions to examine size structure of all sport fish
species. We used the K‐S two‐sample test to examine differences in length‐frequency
distributions among the strata and tested for differences in average FL among sampling
reaches within a stratum and among strata using t‐test and one‐way analysis of
variance (ANOVA) (Zar 1999). Length‐frequency distributions were constructed for
combined strata where differences were insignificant.

4.0

RESULTS

4.1

Species composition

Fifteen species of fish were captured in the Simonette River during the study.
Mountain whitefish was the most abundant species, followed by Arctic grayling,
longnose sucker and flathead chub (Figure 2). Of the sport fish captured, mountain
whitefish was the only species found in all strata sampled, whereas occurrence of bull
trout and Arctic grayling was limited to the upper half of the Simonette River (Figure
3). Bull trout and Arctic grayling were only captured in stratum one and stratum two,
whereas walleye were found in stratum two and stratum three downstream of the
confluence with Deep Valley Creek.
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electrofishing in the Simonette River, Alberta.
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4.2

Size composition of sport fish species

A total of 45 Arctic grayling were sampled in stratum one, ranging in size from 109 –
336 mm (FL) with a mean FL (± SD) of 228.0 ± 71.1 mm. In stratum one, 37 fish were
sampled ranging in size from 125 – 320 mm, with a mean FL of 224.8 ± 55.9 mm. Of the
total fish sampled, only four were of harvestable size (> 350 mm TL). There was no
difference in mean length (FL) of Arctic grayling from various reaches within stratum
one (ANOVA: F = 0.78; df = 9; P = 0.63) and two (ANOVA: F = 0.78; df = 3; P = 0.51).
Similarly, there were no differences either in size distributions (K‐S: z = 1.09; P = 0.19) or
mean lengths of Arctic grayling between strata one and two (t‐test: t = 1.20; df = 79.86; P
= 0.24), therefore, length frequency data for the two strata were combined (Figure 4).
A total of 117 mountain whitefish were sampled in stratum one, ranging in size from 55
– 345 mm (FL) with a mean FL of 146.9 ± 57.2 mm. In stratum two, a total of 108 fish
were sampled, ranging in size from 65 – 264 mm (FL) with a mean FL of 130.5 ± 37.8
mm. On average, larger mountain whitefish were captured in stratum one than in
stratum two (Figure 4). In stratum three, a total of nine fish were sampled, ranging in
size from 124 – 159 mm (FL) with a mean FL of 131.7 ± 10.9 mm. Of the 234 mountain
whitefish captured, only one was of harvestable size (> 300 mm TL). There was a
significant difference in mean length (FL) of mountain whitefish from various reaches
within stratum one (ANOVA: F = 2.44; df = 8; P = 0.02), whereas there was no difference
in stratum two (ANOVA: F = 0.22; df = 4; P = 0.93) or three (ANOVA: F = 2.90; df = 3; P =
0.14). Size distributions between stratum one and two differed (K‐S: z = 1.59; P = 0.01).
We were unable to compare size distributions between stratum three and the other two
strata because of the small sample size in stratum three.
A total of eight bull trout were sampled in stratum one, ranging in size from 225 – 421
mm (FL) with a mean FL of 327.5 ± 73.8 mm. In stratum two, one bull trout was
captured with a FL of 382 mm. We were unable to compare mean fork lengths of bull
trout within stratum and between strata due to limited numbers of samples.
A total of 13 walleye were sampled in stratum two, ranging in size from 197 – 580 mm
(FL) with a mean FL of 382.8 ± 97.4 mm. In stratum three, a total of six fish were
sampled, ranging in size from 270 – 430 mm (FL) with a mean FL of 355.35 ± 72.5 mm
(Figure 4). Of the 19 walleye captured, only one was of harvestable size (> 500 mm TL).
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We were unable to compare mean fork lengths of walleye within stratum and between
strata due to the limited number of samples.
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Length frequency distributions of sport fish captured by raft electrofishing
in the Simonette River in 2004.
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4.3

Capture efficiency and population estimates

Estimates of capture efficiency, q, were obtained for stratum one and two for Arctic
grayling and mountain whitefish (Table 3). We were unable to quantify q from mark‐
recapture events for walleye or bull trout in any of the strata because no marked bull
trout or walleye were recaptured in any of the reaches sampled. However, we used the
value for q for bull trout obtained from a study in the Kakwa River that used similar
electrofishing equipment and sampling methods (Tchir 2000) to estimate bull trout
abundance in sections of the Simonette River where this species was present. We
assumed that q for bull trout in the Kakwa River using comparable equipment and
sampling methods would be representative of what may be expected for bull trout from
the Simonette River.
Table 3.

Specific capture efficiencies for raft electrofishing in the Simonette River,
Alberta, 2004. Values for bull trout adapted from Tchir 2000.
Capture
Fish

Fish

efficiency

Source

marked

recaptured

(q/m)

Arctic grayling

Stratum 1 Simonette River

3

2

0.000197

Arctic grayling

Stratum 2 Simonette River

10

1

0.000024

Mountain whitefish

Stratum 1 Simonette River

8

1

0.000074

Mountain whitefish

Stratum 2 Simonette River

20

3

0.000089

Bull trout

Stratum 1 Tchir (2000)

51

7

0.000083

Bull trout

Stratum 2 Tchir (2000)

51

7

0.000034

Species

Estimated densities of Arctic grayling were 0.90 fish/100 m and 1.40 fish/100 m in
stratum one and stratum two, respectively (Table 4). Associated 95% CI for the two
strata overlapped; therefore, there was not sufficient evidence that the estimated
densities differed. Density of mountain whitefish was markedly higher in stratum one
(5.00 fish/100 m) than in stratum two (1.00 fish/100 m). Similarly, density of bull trout
was substantially higher in stratum one (0.44 fish/100 m) than in stratum two (0.04
fish/100 m). Abundance and density estimates for walleye were not calculated due to
small sample sizes.
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Table 4.

Summary of estimated density, total catch‐per‐unit‐effort (TCUE) and
abundance of sport fish sampled in the Simonette River, Alberta, 2004.
Values for bull trout adapted from Tchir 2000.
Estimated
Strata

Density (fish/100m)

TCUE

abundance

(length (m))

(95% CI)

(fish/100m)

(95% CI)

1

0.90

0.24

1179

(131,000)

(0.50 – 1.00)

2

1.40

(54,000)

(0.05 – 2.40)

1

5.00

(131,000)

(3.00 – 6.00)

Mountain

2

1.00

whitefish

(54,000)

(0.40 – 1.50)

3

NA

0.05

NA

1

0.44

0.04

576

(131,000)

(0.20 – 0.60)

2

0.04

(54,000)

(0.002 – 0.10)

2

NA

0.05

NA

NA

0.07

NA

Species

Arctic
grayling

(655 – 1310)
0.15

756
(26 – 1296)

0.63

6550
(3950 – 7860)

0.43

540
(216 – 810)

(57,000)
(262 – 786)

Bull trout
0.004

22
(1 – 54)

(54,000)
Walleye*
3
(57,000)
*Average density and abundance estimates for walleye were not calculated due to small sample sizes.
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4.4

Summary

Generally, we found a higher number of fish in upstream reaches and noticed a decline
in catch and number of species as we moved into downstream strata (i.e., end of
stratum two and all of stratum three). Salmonid species (bull trout and Arctic grayling)
were more prevalent in stratum one and declined as we sampled in a downstream
direction. Distribution of bull trout in the Simonette River appeared to be limited to
upstream reaches above the confluence with Deep Valley Creek. GIS queries of the
digital elevation model showed that these reaches were at elevations 700 m above sea
level and greater. Previous studies have provided evidence that bull trout occurrence is
strongly associated with higher stream elevations (Rieman and McIntyre 1995; Post and
Johnston 2002; Ripley 2003; Scrimgeour et al. 2003). Thus, capture of bull trout only in
the upper reaches of the Simonette River may be due to these areas occurring at higher
elevations. Arctic grayling were generally found in pools on outside river bends. A
wide range of Arctic grayling size classes were found indicating that juvenile rearing
and adult summer foraging occur within stratum one and stratum two. Although
mountain whitefish had a limited size class distribution, comprised of fish less than 180
mm FL, they were the dominant sport fish found in all strata sampled.

Walleye

occurred in four reaches sampled in stratum two and in three reaches sampled in
stratum three.
The CPUE of Arctic grayling in stratum one and stratum two were lower than those
reported for other similarly sized streams in the eastern slopes of Alberta and Northern
Alberta (Alberta Sustainable Resource Development 2005). Our findings suggest that
the Simonette River supports an incidental population of bull trout (< 1 bull trout/km)
according to Brewin and Brewin (1997). In comparison to other rivers in Alberta,
abundance of bull trout in the Simonette River can be considered low (Hvenegaard and
Fairless 1998; Tchir 2000; Gardiner and Rodtka 2003; Tchir et al. 2004). We could not
compare the densities of mountain whitefish from the Simonette River to other rivers in
Alberta, as we were unable to find any studies that focused on this species in streams of
comparable size, geomorphology and latitude. Although we captured very few
walleye, the sample reflected a wide range of size classes suggesting that the lower
section of the river provides summer habitat for juvenile and adult fish.
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Overall, abundance of sport fish species was low to moderate; however, in future
studies we suggest effort should be concentrated on quantifying q for walleye and bull
trout so that average abundance can be quantified and compared to other systems.
Estimates of CPUE for sport fish species from electrofishing and sample angling are
widely available for Alberta (Tchir 2000; Gardiner and Rodtka 2003; Tchir et al. 2004).
However, capture efficiency (q) of these methods under various stream conditions is
largely unknown. Capture efficiency should be quantified under varying conditions
and for different capture methods to enable estimation of abundance from CPUE.
Regular monitoring of riverine sport fish abundance is critical to making sound
management decisions. Data on sport fish abundance are imperative to identify the
status of fisheries resources and monitor them for long‐term change. Employing cost
effective methods that provide adequate levels of precision allow for more frequent
monitoring and proactive management.
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APPENDICES

Appendix 1.

Universal Transverse Mercator (UTM Zone 11, NAD 83)
locations of reaches sampled for fish in the Simonette River,
2004
Strata

Transect

UTM Easting

UTM Northing

1

1

413239

6009365

2

415101

6011703

3

417642

6016234

4

421726

6020301

5

422994

6022139

6

439170

6036987

7

441937

6039382

8

444706

6043298

9

447256

6044059

10

449790

6044615

1

452290

6052015

2

451399

6057103

3

450054

6060445

4

453066

6067786

5

452551

6048734

1

454400

6072778

2

451244

6076723

3

445745

6082174

4

443142

6087393

5

438458

6089345

2

3
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