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FOREWORD 

Syncrude Canada Ltd. is producing synthetic crude 

oil from a surface mine on the eastern portion of Crown Lease 

17, Alberta: Aquatic Environments Limited was commissioned to 

survey the MacKay River which crosses Leases 17 and 22, also 

held by Syncrude. The survey is intended to provide a baseline, 

as Syncrude's present operations do not affect the MacKay 

watershed. 

Syncrude's Environmental Research Monographs are 

published verbatim from the final reports of professional 

environmental consultants. Only proprietary technical or 

budget-related information is withheld. Because we do not 

necessarily base our decisions on just one consultant's opinion, 

recommendations found in the text should not be construed as 

commitments, to action by Syncrude. 

Syncrude Canada Ltd. welcomes public and scientific 

interest in its environmental activities. Please address any 

questions or comments to Syncrude Environmental Affairs, 

10030 - 107 Street, Edmonton, Alberta, TSJ 3E5. 
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ENVIRONMENTAL RESEARCH MONOGRAPHS 1978-4, 1978-5, 1978-6 

Syncrude Canada Ltd. continues to publish scientific reports in 
its Environmental Reseach Monograph series. With the publication 
of the three reports described below, twenty-eight monographs 
have been distributed since 1973. 

Monograph 1978-4: "Baseline Study of the Water Quality and Aquatic 
Resources of the MacKay River, Alberta" describes the water quality, 
fisheries, periphyton and macroinvertebrates of the Mackay River 
at three locations: where the river enters Lease 17; after it leaves 
Lease 17 and where it enters the Athabasca River. The MacKay River 
has not been affected by the Syncrude operation at Mildred Lake. 

Monograph 1978-5: "Revegetation and Management of Tailings Sand 
Slopes: 1977 Results" reports on the third consecutive year of 
revegetation research carried out by Syncrude on the Great Canadian 
Oil Sands Ltd. tailings pond dyke. As in previous years, the field 
research was supplemented by laboratory studies. Syncrude's full-scale 
revegetation activities began in 1976 and will increase substan­
tially during the 1980's. 

Monograph 1978-6: "A Study of Biological Colonization of the West 
Interceptor Ditch and Lower Beaver Creek" describes how natural 
colonization has proceeded in a new stream habitat created by 
Syncrude. The new stream, called the West Interceptor Ditch, was 
created as part of a program to keep plant process waters (which 
are stored on the lease) out of natural surface drainage systems. 

At Syncrude we welcome your interest in our environmental activities. 
Please address your questions or comments to: 

~-
Stuart Elliot 

Environmental Affairs 
Syncrude Canada Ltd. 

10030 - 107 Street 
Edmonton, Alberta 

TSJ 3E5 

/ 
Environmental Co-ordinator -

Special Projects 

SE/lmf 
Encl. 3 
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SUMMARY 

Water Quality 

1. The pattern of discharge in the MacKay River in 1977 was 

characterized by three peaks, two major (April 19 and July 8) and one 

minor (October 16). Peak discharge for the year was 22.5 m3/sec and the 

low 0.2 m3/sec. Mean discharge was 4.2 m3/sec per day and total discharge 

was 176.6 x 106 rn 3
• 

2. Water temperature was 0 C throughout the winter rising to a 

recorded high of 19 C in July, 1977. 

3. The concentration of dissolved substances was greatest in winter 

and lowest in summer, presumably due to a greater contribution of ground­

water during winter. There was a longitudinal cline in concentrations of 

dissolved substances with water at the Upper Station consistently more 

dilute than that at the Lower Station. 

4. pH was neutral to slightly alkaline ranging from 7.0 to 7.7. 

5. Suspended sediment loads were highest in June and lowest in late 

summer and fall, but increased again in winter. The pattern was similar, 

though more exaggerated, for turbidity. 

6. Dissolved oxygen concentrations ranged from a low of 7.9 ppm 1n 

}1arch, 1977, to 11.3 ppm in September, 1977. 
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7. The water was basically of the calcium bicarbonate type but 

salinity increased during the winter. 

8. Macronutrient levels were generally high, TDN concentrations 

were greatest in winter, and TDP concentrations were highest in winter and 

again in June and July. Si02 concentrations were low during the ice-free 

season but very high during the winter. 

9. TOC values were very high, especially in mid-winter, probably 

reflecting the presence of exposed oil sands substrates. 

10. Values for oil and grease, phenols, boron, iron, lead, mercury, 

total organic carbon, nitrogen, and cadmium all exceed the values reconnnended 

by the Alberta Department of Health during at least part of the year. 

Periphyton 

1. The densities of periphyton were highest on natural substrates 

than on either artificial substrate. In general, the densities were low 

throughout the sunnner but increased in September. At some locations, 

however, densities on glass substrates were highest in ,July. 

2. Biomass: 

a) tended to be highest in Sertember, 

b) was generally greatest at the Upper Station and lowest at the 

Lower Station, 



c) was greater on natural than on artificial substrates, 

d) was greater on plexiglass than on glass. 

3. A total of 142 algal species was recorded: 56.3% were 

Bacillariophyceae, 17.6% were Chlorophyta, 16.9% were Cyanophyta, 5.6% 

were Chrysophyceae, 2.1% were Euglenophyta, and 1.4% were Cryptophyta. 

4. Bacillariophyceae (diatoms) and Cyanophyta (blue-green algae) 

generally dominated the periphyton though Chlorophyta (green algae) 

dominated a few samples. 

5. All sites and substrate types have similar seasonal variations 
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in the species diversity and taxonomic diversity with peak values generally 

occurring in September, coinciding with peak standing crops. Lowest 

diversity values commonly occurred in July and August. 

6. Overall, natural substrates supported larger (in terms of both 

density and biomass) and more diverse periphyton communities than did 

either artificial substrate. The thirty day exposure period for the 

latter may be too short for northern streams. 

Benthic Macroinvertebrates 

1. A total of 80 benthic macroinvertebrate taxa was collected, with 

59 taxa found at the Upper Station, 56 at the Middle Station, and 49 at 

the Lower Station. 
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2. Upper Station supported a comparatively diverse fauna of 

Chironomidae, Trichoptera, and Plecoptera. Middle Station had a more 

diverse Ephemeroptera and Chironomidae fama. Except for Ephemeroptera, 

other major benthic taxa were not well represented at the Lower Station. 

3. The dominant benthos at the MacKay River are the oligochaete 

worms; the mayflies Baetis spp. and Heptagenia sp.; the dragonfly 

Ophiogorrrphus sp.; the caddisflies Arctopsyche sp. and Hydropsyche spp. ~ 

the blackfly Simulium spp.; and the orthocladiinid midges Cricotopus spp. 

and Orthocladius spp. 

4. Benthic diversity (both species and taxonomic) was greatest at 

the Upper Station, lowest at the Lower Station, and intermediate at the 

Middle Station. 

5. Seasonally, standing crop of benthos increased from May to 

September. Spatially, the mean standing crop declined from the Upper to 

the Lower Station. 

6. A comparison of the benthic samples collected by the rock-basket 

sampler and the Surber sampler indicated that 32-35% of the taxa were 

collected by both techniques; 29-43% of the taxa were only collected by 

the basket sampler; and 23-38% of the taxa were only fotmd in Surber 

samples. 

7. In most instances, the basket sampler collected more benthic 



taxa and individuals than the Surber. 

8. Benthic communities developed on artificial substrates tended to 

be less diverse and equitable than those on natural substrates. 

9. Drift fauna in July was dominated by trichopterans (mainly 

Mayatrichia sp.), mayflies (Baetis spp. and Heptagenia sp.), blackflies 

(Simulium spp.), and chironomids. In August, the drift was mainly 

composed of mayflies, simulids, and chironomids. 

10. Drift rates ranged from 2,520 to 66,787 organisms/hour; drift 

densities ranged from 2.06 to 80.37 organisms/m3 • Both drift rate and 

density were higher at night. 

Fish 

1. In total, 19 fish species were collected from the MacKay River. 

The common or abundant species are: goldeye, northern pike, lake chub, 

longnose dace, longnose sucker, white sucker, trout-perch, walleye, and 

slimy sculpin. 
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2. Walleye was the most abundant of the larger fish species captured 

in the study area while lake chub was the most abundant small species. 

3. The MacKay River is a major spawning, rearing, and sunnner feeding 

area for lake chub, longnose dace, longnose sucker, white sucker, and 
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trout-perch. The true extent of walleye spawning :m the MacKay was not 

detennined. In view of the large population of walleye in the MacKay 

River, further study on spawning and early movements is warranted. 

4. No spawning or rearing areas were identified for either goldeye 

or northern pike. However, the MacKay River is an important sunnner 

feeding area for these species. 

5. At least five species including Arctic grayling, northern pike, 

longnose sucker, white sucker, and slimy sculpin overwinter in the 

}~cKay River at the Middle and Lower Stations. 

6. The MacKay River supports an important walleye and northern pike 

sport fishery during spring migration. Recreational demands can be 

expected to increase as development of the Athabasca Oil Sands area 

proceeds. 
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INTRODUCTION 

Aquatic Environments Limited was contracted by Syncrude Canada Ltd. 

to conduct baseline studies on the MacKay River. These studies were 

designed to provide an adequate basis against which future changes in the 

aquatic environment of the MacKay River could be compared. Four objectives 

of the study were: 

1) to describe the seasonal variation of various physical and 

chemical characteristics of the MacKay River as it flows into Syncrude's 

Lease 17 and then into the Athabasca River; 

2) to describe the seasonal variation in species composition and 

standing crop (density and biomass) of the periphyton community during 

the open water season; 

3) to describe the seasonal variation in species composition and 

standing crop (density) of macroinvertebrate communities in the MacKay 

River; 

4) to describe the fisheries of the }11cKay River with regard to 

species composition, seasonal abundance, life histories, and spawning and 

overwintering areas. 

Table 1 summarizes the parameters sampled at approximately monthly 

intervals from March, 1977, to January, 1978. At three permanent stations 

designated as Upper, Middle, and Lower (Figure 1), water quality and fish 
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TABLE 1. Summary of the sampling effort on the MacKay River. March, 1977, to January, 1978. 

March :t'-1ay June July Aug Sept Dec Jan 
Sampling Period 22-26 13-16 13-17 11-15 15-22 25-29 6-12 16-20 

Water quality + + + + + + + + 

Periphyton 
Natural Substrates + + + + + 
Artificial Substrates + + + + 

Benthos 
Natural Substrates + + + + + 
Artificial Substrates + + + + 
Benthic Drift + + 

Fish 
Regular Sampling + + + + + + + 
General Distribution + 

Stream Habitats 
Description + 
Sediments + + 

'· 
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FIGURE 1. Map of the study area showing location of permanent water 
quality, periphyton, benthic macroinvertebrate, and fish 
sampling stations. 
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were sampled throughout the study while periphyton m~d benthic macro­

invertebrates were sampled l\1ay to September, 1977. Additional 

information on stream habitats, fish distribution, m~d aquatic macro­

phytes was collected at 13 stations (Figure 2) on a float trip (August 

17-19, 1977) from the Upper to Lower Station. 
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FIGURE 2 . ~lap of the study area showing location of stations sampled 
August 17-19, 1977. 
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THE SIDDY AREA 

The MacKay River originates in a large muskeg area 80 km west of 

Fort McMurray, Alberta, and flows in a northeasterly direction for 215 km 

before joining the Athabasca River near Fort McMurray. The river drains 

an area of approximately 3500 km2 and is one of the largest watersheds 

in the Athabasca Oil Sands area north of Fort Mdvfurray. The Dunkirk and 

Dover rivers are major tributaries. Like most streams in this area, the 

!--1acKay River is a brown water stream due to the presence of humic and 

ful vic acids. 

The study area on the MacKay River extends from the southern 

boundary of Syncrude Canada's Lease 17 to the Athabasca River, a 

straightline distance of 32 km. The actual length of the river is, 

however, much farther (64 km) because of extensive meandering, 

particularly in the lower section. The MacKay is a slow-moving stream 

dropping an average of 1.5 m per km from 328m elevation at the Upper 

Station to 225m at the mouth (Figure 3). Pool:riffle ratios were 

6.4:1 at the Middle Station, 7.4:1 at the Upper Station, and 45.5:1 at 

the Lower Station. Average width and depth are 20 and 0.7 m, 

respectively. Banks are generally low,. stable, and well vegetated in 

the upper reaches but become progressively steeper downstream as the 

river cuts through tarsand and limestone formations (Stations 4, 7, 8, 10) 

12; Table 2). The substrate is predominantly rubble upstream with more 

gravel, sand, and mud-silt downstream. The texture (per cent sand, clay, 

and silt) and per cent organic composition of substrate samples collected 

at permanent sampling stations in August and September are presented in 
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TABLE 2. Physical characteristics, species composition, and distribution of aquatic macrophytes at 
several stations along the ~~cKay River. Location of the stations are indicated in Figure 2 • 

Width Depth % 
Station (m) (m) Substrate Riffle Banks Aquatic Macrophytes 

00 

1 9.0 0.4 Boulders and rubble, 95 Exposed cliff with 
some soil erosion. 
Inside banks 
stable and 
vegetated. 

Potomogeton richarsoni 
(Upper) 

2 27.5 

3 24.5 

4 17.5 

5 17.5 

7 26.0 

1.0 

0.5 

0.4 

0.5 

1.3 

some gravel 

Rubble and gravel, 
with overlying 
mud-silt 

Mud-silt 

Boulder and rubble 

Boulder and rubble 
with overlying silt 

Boulder and rubble 
with overlying silt 

(Continued) 

0 

0 

80 

5 

0 

Low and stable, 
vegetated 

Low and stable, 
vegetated 

Bitwninous cliffs 
common with some 
slumping 

Low and stable, 
vegetated 

Bitwninous cliffs 
with some slumping, 
inside banks low 
and stable, 
vegetated. 

·-

c . uC'Z-rpus Sp. 
Equisetum sp. 

P. richardsoni 
P. pectinatus 

P. richardsoni 
P. pectinatus 
S1:um sauve 
Sagittaria cuneata 
Sparganium sp. 
Ca_r>ex sp. 
Scirpus sp. 

P. richardsoni 
P. pectinatus 

None 

P. richardsoni 
P. pectinatus 
S. cuneata 
Typha latifolia 
Equisetum sp. 
Scirpus sp. 



TABLE 2 • Continued. 

Width Depth % 
Station (m) (m) Substrate Riffle Banks Aquatic Macrophytes 

8 23.0 0.8 Boulder and rubble, 0 Occasional P. richardsoni 
(Middle) some gravel and bituminous cliffs P. pectinatus 

slight silting with some P. pusiZZus 
slumping, inside Scirpus sp. 
banks low and Equisetwn sp. 
stable, Vegetated. 

9 24.5 0.8 Rubble and gravel 0 Low and stable, P. pectinatus 
vegetated P. richardsoni 

Carex sp. 

10 24.5 0.8 Bedrock and sand 0 Limestone cliffs, P. pectinatus 
inside banks low P. richardsoni 
and stable, T. ZatifoUa 
vegetated 

11 27.5 0.8 Rubble with heavy 0 Low and stable, P. pectinatus 
silting vegetate¢ P. richardsoni 

Carex sp. 
Scirpus sp. 

12 12.0 0.7 Gravel 30 Limestone cliffs, P. pectinatus 
inside banks low P. richardsoni 
and stable, 
vegetated 

13 27.5 0.5 Gravel, sand, 0 Low and stable, P. pectinatus 
(Lower) mud-silt vegetated P. richardsoni 

S. cuneata 

lO 
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Table 3. No discernible trends are apparent either longitudinally or 

seasonally .. 

Potamogeton richardsoni (clasping-leaf pondweed) and P. pectinatus 

(Sago pondweed) were the most common and widely distributed aquatic 

macrophytes in the study area (Table 2), while Ca:Jr•ex spp., Scirpus sp., 

and Equisetum spp. were common components of the bank vegetation. Species 

rarely collected included P. pusillus~ Sagittaria cuneata~ Sium sauve~ 

Typha latifolia~ and Sparganium sp. 
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TABLE 3 . Texture (per cent sand, clay, and silt) and per cent organic 
composition of substrate samples collected at permanent 
sampling stations in August and September, 1977. 

% Organic % % % 
Station Date Composition Sand Clay Silt 

Upper Aug 1.21 94.7 2.7 2.6 
Sept 1.55 91.2 3.8 5.0 

Middle Aug 1. 57 96.2 2.0 1.8 
Sept 2.15 96.0 1.8 2.2 

Lower Aug 1.26 97.2 1.8 1.0 
Sept 1.43 96.7 1.8 1.5 
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WATER QUALITY 

Introduction 

The water quality segment of the study was intended to provide a wide 

range of baseline information. No attempt has been n~de to analyse and 

discuss all of the parameters for which data is available. Instead, the 

presentation is concentrated on those which have the greatest ecological 

significance. 

Materials and Methods 

During the open water season, samples were collected with hand-held 

plastic bottles at a depth of approximately 0.3 m. Winter samples were 

collected from the water surface. 

Methods used in the routine analysis of various physical and chemical 

parameters are surmnarized in Table 4. Samples analysed for heavy metals, 

major ions, nitrate, orthophosphate, and reactive silicate were filtered 

through Whatman GF/C filter discs before preservation (Table 5). Samples 

for the analysis of total organic carbon were frozen and then transferred 

to a freezer at the laboratory until analysed. 

Results and Discussion 

Complete data for water quality samples taken at stations in the MacKay 



TABLE 4. Hethods used in the routine chemical analysis of water samples from the MacKay River. May 1977 to 
January 1978. 

Parameter Methods 

N03 Amalgamated Cadmium Column 

Total Nitrogen Ultraviolet photochemical 
oxidation followed by 
Amalgamated Cadmium Column 

Total Phosphates Persulfate digestion followed 
by Ascorbic Acid P04 method 

Ortho-P04 Ascorbic Acid 

Reactive Si Heteropoly blue 

Turbidity Nephelometry 

Suspended Sediments Filtration and drying 

(Continued) 

Source of Method 

Standard Hethods for the 
of Water and Wastewater. 
(1971). 

Examination 
13th Ed. 

Strickland and Parsons (1968) 

Standard Methods for the Examination 
of Water and lV(lstewater. 13th Ed. 
(1971) 

Standard Hethods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Measured at FTU using a Hach Model 
2100A Turbidimeter 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Modification 

None 

Overnight (15 hr) 
irradiation 
period using a 
500 watt lamp 

None 

None 

None 

None 

Dried at 180 C 

I-' 
(.N 



TABLE 4 . Cant inued. 

Parameter 

Total Solids 

Total Dissolved 
Solids 

Volatile Solids 

True Colour 

pH 

COD 

TOC 

Alkalinity System 
(HC0 3 and C0 3 ) 

Methods 

Evaporation and drying 

Filtration, evaporation, 
and drying 

Ignition of filtered sample 

Comparison to standards 

Combined electrode, type 
Radiometer GK 2311 C 

Dichromate reflux 

Carbon analyser 

Acid titration 

(Continued) 

Source of Method 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Methods for the'Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard T-·1ethods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Radiometer pH meter Type 296 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Hethods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971). 

•. 

Modification 

None 

None 

None 

None 

None 

None 

None 

None 

I-' 

"""" 



TABLE 4 . Continued. 

Parameter 

Hardness 

Cl 

so4 

Na, Mg, Ca, K, Fe, 
Pb, Ni, B, Hg, V 

Temperature 

Dissolved Oxygen 

Methods 

EDTA Titration 

Argentometric titration 

Turbidimetric method 

Atomic Absorption 

Mercury pocket thermometer 

1. YSI meter 

*2. Winkler 

**3. Hach Kit 

*Used-duringwinter field trlps only. 
**Back-up determination for YSI meter. 

Source of Method 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Standard Hethods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Variant M 5 

Standard Methods for the Examination 
of Water and Wastewater. 13th Ed. 
(1971) 

Modification 

None 

None 

Plunger mixing 
Hach Turbidimeter 
Model 2100A 

None 

None 

None 

Axide modification 

Low range 

f-1 
(J1 

.I 
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TABLE 5 . Preservation of water samples collected from the MacKay River 
from May. 1977, to January, 1978. 

Filtered 
Volume or 

Parameter Preservative Required Unfiltered 

N03 5 ml 4N HCl 100 ml F 

Total Nitrogen 5 ml 4N HCl 100 ml u 
Total Phosphates 5 ml 4N HCl SO ml u 
Ortho-P04 5 ml 4N HCl 20 ml F 

Reactive Si CHC1 3 (sufficent to leave SO ml F 
a small, undissolved bead 
after shaking) 

Turbidity lml CuS04 solution 25 ml u 
Suspended Solids lml CuS04 solution 500 ml u 
Total Solids None 100 ml u 
Total Dissolved None 100 ml u 
Solids 

Volatile Solids None 100 ml u 
True Colour None SO ml F 

pH lml CuS04 solution 25 ml F or U 

COD 5 ml 4N HCl 20 m1 u 
.·· . TOC None (sample should be 10 ml u .. 

frozen or kept cold until 
it can be frozen) 

Alkalinity System CHCl3 (sufficient to leave 100 m1 F 
(HC03 and C03) a small, undissolved bead 

after shaking) 

Hardness 5 ml 4N HCl 100 ml F 

Cl CHCl3 (sufficient to leave 100 ml F 
a small, undissolved bead 
after shaking) 

so4 same as above 100 m1 F 
Na, Mg, Ca, K, 5 ml 4N HCl 1000 ml F 
Fe, Pb, Ni, B, 
Hg, v 



River are presented in Table 6. In what follows, the major 

water quality parameters are discussed with an emphasis on those of 

biological significance. 

Physical Parameters 

Discharge 

The seasonal pattern of discharge for the MacKay River, 1977, is 

illustrated in Figure 4. During the year, there were three peaks in 

discharge: two major ones and one minor. The major peaks occurred 

17 

in spring (20.9 m3 /sec, April 19), primarily as the result of snowmelt, and 

in sunnner (22.5 m3/sec, July 8), primarily as the result of precipitation. 

The minor peak which occurred in the fall on October 16 was presumably 

also the result of precipitation and/or thawing and snowmelt. The annual 

low discharge, 0.2 m3/sec, was recorded April 3. The mean discharge for the 

year was 4.2 m3/sec per day with a total discharge of 176.6 x 10 6 m3
• Floe 

ice was present in the river as late as April 26 and reformed October 28. 

Water Temperature 

Water temperatures recorded during the study period ranged from 0 C 

during the winter ~arch, December, and January samples) to a high mean 

value of 17 C during the August.· sampling period (Figure 5) . The highest 

individual temperature, 19 C, was recorded at the uppermost sampling site 

on July, 1977. Higher temperatures may have occurred-during the intervals 

between sampling periods. 



TABLE 6. SliDl!Ila:ry of water quality data, MacKay River, Alberta. March 1977 to January 1978. f-' 
00 

Total Total Total 
Dissolved Volatile True Total Organic 

Sample Solids Solids Colour Solids C.O.D. Carbon Boron Lead Nickel 
Date Site mg/1 mg/1 APHA Units mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 

Mar. 1977 Lower 735 375 47 755 160 20.9 0.8 - <0.01 
Middle 565 245 42 575 207 25.5 0.8 - <0.01 
Upper 540 245 70 550 210 15.8 0.8 - <0.01 
Mean 613 288 53 627 192 20.7 0.8 - <0.01 

May 1977 Lower 280 130 110 290 29 18.6 <0.05 <0.002 0.15 
Middle 250 90 120 280 74 22.5 <0.05 <0.002 0.15 
Upper 310 220 140 320 58 20.9 0.6 <0.002 0.15 
Mean 280 147 123 297 54 20.7 <0.2 <0.002 0.15 

June 1977 Lower 225 105 160 285 79 28.8 0.7 <0.002 0.01 
Middle 210 115 115 295 93 28.7 0.9 <0.002 0.02 
Upper 215 110 145 305 87 33.8 1.0 <0.002 0.02 
Mean 217 llO 140 295 86 30.4 0.87 <0.002 0.017 

July 1977 Lower 175 100 165 190 150 10.5 1.0 0.02 <0.01 
Middle 170 100 150 180 60 25.0 1.0 0.02 <0.01 
Upper 160 85 165 180 63 15.2 0.9 0.02 <0.01 
Mean 168 95 160 183 91 16.9 0.97 0.02 <0.01 

Aug. 1977 Lower 215 llO 125 270 77 22.65 0.6 <0.002 0.02 
Middle 240 115 125 290 68 - 0.6 <0.002 0.01 
Upper 215 90 100 240 73 - 0.6 <0.002 0.01 
Mean 223 105 117 267 73 22.65 0.6 <0.002 0.01 

Sept 1977 Lower 224 136 120 256 58 18.3 <0.2 <0.002 0.04 
Middle 216 140 110 264 61 22.4 <0.2 <0.002 0.04 
Upper 208 140 130 280 49 23.8 <0.2 <0.002 0.05 
Mean 216 139 120 267 56 21.5 <0.2 <0.002 0.043 

(Continued) 



TABLE 6 . Continued. 

Total Total 
Dissolved Volatile True 

Sample Solids Solids Colour 
Date Site mg/1 mg/1 APHA Units 

Dec. 1977 Lower 430 128 140 
Middle 310 165 165 
Upper 430 120 140 
Mean 390 138 148 

Jan. 1978 Lower 420 72 110 
Middle 456 76 120 
Upper 368 60 120 
Mean 415 69 117 

Surface Water a,b a Not to be 
Quality Objectives, increased 
Alberta Environment, 30 units 
1977 above 

natural 
value 

(Continued) 

Total 
Total Organic 

Solids C.O.D. Carbon 
mg/1 mg/1 mg/1 

465 103 26.9 
390 100 29.1 
435 89 25.9 
430 97 27.3 

544 68 36.3 
500 69 42.0 
448 69 40.8 
497 69 39.7 

a,b a 0.2 

Boron Lead 
mg/1 mg/1 

<0.2 0.01 
<0.2 0.01 
<0.2 0.01 
<0.2 0.01 

0.6 <0.002 
0.4 <0.002 
0.5 <0.002 
0.5 <0.002 

0.5 0.05 

Nickel 
mg/1 

<0.01 
<0.01 
<0.01 
<O.Ol 

<0.01 
<0.01 
<0.01 
<0.01 

a 

f-l 
t.O 



TABLE 6. Continued. N 
0 

Suspended Dissolved 
Sample Solids Conductivity Hardness Oxygen Temp. % 

Date Site mg/1 ]Jmho/cm 25°C pH mg/1 mg/1 c Saturation 

Mar. 1977 Lower 5.8 7.1 324 6.2 0 43 
Middle 8.0 7.0 300 8.4 0 58 
Upper 4.5 7.0 292 9.2 0 63 
Mean 6.1 7.0 305 7.9 0 55 

May 1977 Lower 12.0 7.5 80 8.6 15 84 
Middle 10.0 7.5 76 9.2 14 89 
Upper 7.5 7.5 80 8.8 15 86 
Mean 9.8 7.5 79 8.9 14.7 86 

June 1977 Lower 32.6 199 7.4 84 8.0 18 84 
Middle 44.0 186 7.5 80 9.0 16 90 
Upper 22.3 179 7.4 80 9.0 16 90 
Mean 33.0 188 7.4 81 8.7 16.7 88 

July 1977 Lower 9.1 194 7.8 88 8.4 18 88 
Middle 14.6 165 7.7 84 8.8 15 86 
Upper 8.6 165 7.6 76 8.6 15 84 
Mean 10.8 175 7. 7 83 8.6 16 86 

Aug. 1977 Lower 2.6 276 7.6 108 9.2 16 92 
Middle 2.0 243 7.6 96 9.3 16 93 
Upper 2.9 172 7.6 80 9.9 19 105 
Mean 2.5 230 7.6 94 9.5 17 97 

Sept 1977 Lower 0.9 314 7.2 88 9.8 13 92 
Middle 1.7 278 7.1 104 12.4 12 115 
Upper 1.1 245 7.2 96 11.8 9 102 
Mean 1.2 279 7.2 96 11.3 11.3 103 

(Continued) 



TABLE 6. Continued. 

Sample 
Date Site 

Dec. 1977 Lower 
Middle 
Upper 
Mean 

Jan. 1978 Lower 
Middle 
Upper 
Mean 

Surface Water 
Quality Objectives, · 
Alberta Environment, 
1977 

Suspended 
Solids 
mg/1 

Conduc ti vi ty 
]Jmho/cm 25°C 

2.8 
2.6 
7.1 
4.2 

5.8 

4.8 
5.3 

Not to be 
increased by 
more than 10 mg/1 
over background 
value 

571 
571 
520 
554 

742 

621 
681 

a,b 

Hardness 
pH mg/1 

7.7 188 
7.5 212 
7.3 220 
7.5 207 

7.6 264 
244 

7.8 216 
7.7 241 

6.5-8.5; a,b 
not to .be 
altered by 
more than 
0.5 units 
from 
background 
value 

(Continued) 

Dissolved 
Oxygen 
mg/1 

12.2 
7.8 
9.1 
9.7 

8. 7 
8.5 
8.4 
8.5 

5.0 

% Temp. 
c Saturation 

0 
0 
0 
0 

0 
0 
0 
0 

3 c above 
ambient 
temperature 

84 
53 
62 
66 

60 
58 
57 
58 

N 
1--' 
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TABLE 6. Continued. N 

Alk HC0 3 co3 Total Total 
Sample Na K Ca Mg Fe so4 Cl mg rng rng Cations Anions % 

Date Site rng/1 rng/1 mg/1 rng/1 rng/1 rng/1 rng/1 CaCOdl CaC0 3/l CaC03/l meq/1 rneq/1 Error 

Mar. 1977 Lower 71. 9* 4.9 86 39 1.0 90 27.5 366 330 36 10.8125 9. 9723 4.6 
Middle 61. 0* 5.3 91 39 1.4 133 10.0 360 308 52 10.6154 10.2529 1.7 
Upper 54.6* 4.8 85 37 1.6 111 11.0 328 284 44 9.8710 9.1831 3.6 
Mean 62.5 5.0 87 38 1.3 111 16.2 351 307 44 

l\1ay 1977 Lower 16 2.0 23 9.6 0. 7 23 0.5 108 108 nil 2. 7228 2.6541 1.3 
Middle 14 1.9 23 9.1 0. 7 29 0.5 102 102 nil 2.5920 2.6583 1.3 
Upper 12 1.8 20 8.0 0.7 15 0.5 94 94 nil 2.2623 2.2075 1.2 
Mean 14 1.9 22 8.9 0. 7 22 0.5 101 101 nil 

June 1977 Lower 15.6 1.4 19.2 8.0 0.6 14.0 1.0 97 97 nil 2.3633 2.2608 2.2 
Middle 12.8 1.3 18.0 7.7 0.6 18.4 1.0 87 87 nil 2.1544 2.1522 0.1 
Upper 12.0 1.3 17.4 7.4 0.6 10.5 0.5 84 84 nil 2.0650 1.9137 3.8 
Mean 13.5 1.3 18.2 7. 7 0.6 14.3 0.8 89 89 nil 

July 1977 Lower 10.9 0.5 20.4 8.5 0.7 14.0 0.5 98 98 nil 2.2424 2.2667 0.5 
Middle 11.8 0.6 21.9 8.9 0. 7 17.0 0.5 84 84 nil 2.3918 2. 0489 7.7 
Upper 10.4 0.4 19.6 7.9 0. 7 9.8 1.0 94 94 nil 2.1286 2.1134 0.4 
Mean 11.0 0.5 20.6 8.4 0.7 13.6 0. 7 92 92 nil 

Aug. 1977 T ~~ ·--"' 1 " " 1 " ""7"'l f'\ 1f'o ,., 1.0 27 3.0 115 115 nil 3.3835 2.9479 6.9 LUWel J.:J,U l .• u :JL..\J J.U./ 

Middle 14.9 0.9 30.4 10.3 0.8 23 2.5 106 106 nil 3.0791 2.6704 7.1 
Upper 12.5 1.2 24.6 12.1 0.9 13 1.0 99 99 nil 2,8464 2.2800 11.0 
Mean 15.5 1.0 29.0 11.0 0.9 21 2.2 107 107 nil 

Sept 1977 Lower 34.3 1.3 33.5 13.1 0.3 26 4.0 142 142 nil 4.2914 3.4957 10.2 
Middle 18.1 1.1 25.6 10.8 0.3 19 2.0 127 127 nil 2.9980 2.9934 0.1 
Upper 15.9 1.2 31.8 12.2 0.4 21 1.0 117 117 nil 3.3349 2.8067 8.6 
Mean 22.8 1.2 30.3 12.0 0.3 22 2.3 129 12 9 nil 

(Continued) 



TABLE 6. Continued. 

Sample Na K Ca Mg Fe so4 
Date Site mg/1 mg/1 mg/1 mg/1 mg/1 mp:/1 

Dec. 1977 Lower 45 2.7 51 37 1.3 40 
Midc11e 44 2.5 53 32 1.5 64 
Upper 40 2.6 53 33 1.7 48 
Mean 43 2.6 52 34 1.5 51 

Jan. 1978 Lower 63 3.1 57 31 1.0 51 
Middle 56 2. 7 53 28 1.3 60 
Upper 44 2.7 49 25 1.5 54 
Mean 54 2.8 53 28 1.3 55 

Surface Water 30.75 h h h 0.3 b 
Quality Objectives, of 
Alberta Environment, total 
1977 cations 

(Continued) 

* Calculated 

Alk HC0 3 
Cl mg mg 

mg/1 CaC03/l CaC0 3/l 

14.0 284 284 
22.0 244 244 
4. 5 264 264 

13.5 264 264 

17.5 3~8 338 
20.5 304 304 
4.5 276 276 

14.2 306 306 

b b b 

co3 
mg 

CaC0 3/l 

nil 
nil 
nil 

nil 
nil 
nil 

b 

Total Total 
Cations Anions 
meq/1 mea_/1 

7.6868 6.91(}9 
7.3373 6.8352 
7.2590 6.4091 

8.2695 8.3192 
7.5244 7.9105 
6.5667 6. 7741 

% 
Error 

5.3 
3.5 
6.2 

0.3 
2.5 
1.6 

N 
(.J-1 



TABLE 6. Continued. N 
.j::>. 

Turbidity 
Sample v Hg N03 TN 0-P0 4 TP Si FTU 

Date Site mg/1 ]Jg/1 ]Jg/1 ]Jg/1 ]Jg/1 ]Jg/1 ]Jg/1 Shaken Settled 

Mar. 1977 Lower <0.001 2.0 288 720 22 54 8100 9. 7 7.4 
Middle <0.001 1.9 374 1130 56 145 7440 11.0 9.5 
Upper <0.001 2.0 342 1060 66 101 7020 9.9 9.4 
Mean <0.001 1. 97 335 970 48 100 7520 10.2 8.8 

May 1977 Lower <0.001 1.6 4 780 11 79 860 6.4 3.3 
Middle <0.001 6.0 8 710 14 76 840 6.2 3.0 
Upper <0.001 9.0 9 680 13 86 800 5.5 2.9 
Mean <0.001 5.5 7 723 13 80 833 6.0 3.1 

June 1977 Lower <0.001 - 4 595 22 82 1320 8.6 3.2 
Middle <0.001 - 7 610 29 122 1310 12.0 3.6 
Upper <0.001 - 6 540 25 135 1396 11.0 4.0 
Mean <0.001 5. 7 582 25 113 1342 10.5 7 c. 

.J,U 

July 1977 Lower <0.001 1.0 3 685 33 87 1600 6.8 3.9 
Middle <0.001 1.0 3 655 32 93 1380 7.8 3.9 
Upper <0.001 2.0 8 680 39 86 1380 5.3 3.0 
Mean <0.001 1.3 4.7 673 35 89 1453 6.6 3.6 

Aug. 1977 Lower <0.001 0.9 9 516 21 33 540 4.3 2.8 
Middle <0.001 0.6 2 730 24 50 700 2.5 1.9 
Upper <0.001 1.2 2 730 33 48 1280 2.6 1.0 
Mean <0.001 0.9 4.3 659 26 44 840 3.1 1.9 

Sept 1977 Lower <0.001 1.5 23 715 13 28 660 3.5 3.2 
Middle <0.001 1.5 7 770 13 33 680 4.1 3.7 
Upper <0.001 1.0 6 745 20 39 1180 3.8 3.4 
Mean <0.001 1.3 12 743 15 33 840 3.8 3.4 

(Continued) 



TABLE 6. Continued. 

Sample v Hg N03 TN 
Date Site rng/1 ]Jg/1 ]Jg/1 ]Jg/1 

Dec. 1977 Lower <0.001 <1.0 186 1160 
Middle <0.001 <1. 0 230 1540 
Upper <0.001 1.0 230 1420 
Mean <0.001 <1. 0 215 1373 

Jan. 1978 Lower <0.001 <1. 0 378 1140 
Middle <0.001 <1. 0 460 1420 
Upper <0.001 <1. 0 438 1340 
Mean <0.001 <1. 0 425 1300 

Surface Water a 0.1 a 1000 
Quality Objectives, 
Alberta Environment, 
1977 

(Continued) 

0-P04 TP Si 
]Jg/1 ]Jg/1 ]Jg/1 

45 84 4100 
54 91 5950 
70 124 6750 
56 100 5600 

41 98 6050 
57 122 5700 
68 132 5500 
55 117 5750 

a 150 a 

Turbidity 
FTU 

Shaken Settled 

9.2 6.1 
7.2 5.8 
9.9 8.3 
8.8 6.7 

9.3 7.5 

11.0 8.6 
10.2 8.1 

Not to exceed 
25 JTU over natural 
turbidity 

N 
(./1 



TABLE 6. Continued. 

Oil & 
Sample Al Cr Co Cu Zn Cd Grease Phenols 

Date Site mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 

Mar. 1977 Lower <0.04 <0.01 <0.008 <0.001 0.04 0.44 6.8 0.03 
Middle <0.04 <0.01 <0.008 <0.001 0.05 <0.007 4.1 0.02 
Upper <0.04 <0.01 <0.008 <0.001 0.04 <0.007 6.8 0.03 
Mean <0.04 <0.01 <0.008 <0. 001 0.04 <0.151 5.9 0.03 

May 1977 Lower 0.22 <0.01 <0.005 0.02 <0.02 0.01 7.4 0.02 
Middle <0.04 <0.01 <0.005 0.01 <0.02 0.01 7.1 0.002 
Upper 0.24 <0.01 <0.005 0.01 <0.02 0.01 9.2 0.02 
Mean <0.17 <0.01 <0.005 0.013 <0.02 0.01 7.9 0.02 

Surface Water a 0.05 a 0.02 0.05 0.01 Substantially 0.005 
Quality Objectives, absent; no 
Alberta Environment, iridescent 
1977 sheen 

a "Substances not specific should not exceed values which are considered to be deleterious for the most 
critical use as established by the administrative authority" (Surface Water Quality Objectives, 
Alberta Environment, 1977). 

b "The predominant cations of sodium, calcium and magnesium and anions of sulfate, chloride and bicarbonate 
are too variable in the natural water quality state to attempt to define limits. Nevertheless, in order 
to prevent impairment of water quality, where effluents containing these ions are discharged to a water 
body the permissible concentration will be determined by the administrative authority in accordance with 
existing quality and use" (Surface Water Quality Objectives, Alberta Environment, 1977). 
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Specific Conductivity, Total Ion Concentration, and Total Dissolved 

Solids 

29 

Data describing specific conductivity are available for the period 

from June, 1977, to January, 1978 (Figure 6). Specific conductivity 

was lowest in samples taken during the June and July sampling periods 

(means of 188 and 175 ~mho/em, respectively) and increased seasonally 

thereafter to a mean value of 672 ~mho/em for January samples. Thus, from 

mid-summer to mid-winter, conductivity increased approximately 3.8 times. 

This increase is paralleled by increases in total dissolved solids 

(Figure 6) and total ion concentrations (Figure 7) which occurred during 

the same period. All three parameters illustrate that concentrations 

of dissolved substances are highest in winter, and lowest during the period 

of maximum discharge (and dilution) in spring and summer. This presumably 

reflects the changing balance between contributions of high conductance 

groundwater and lower conductance surface runoff. 

The data for total ion concentrations have been used to illustrate 

another aspect of the data, the existence of a longitudinal cline in the 

concentrations of dissolved substances. Water in samples from the 

uppermost sampling site was consistently more dilute than that in samples 

from the lowermost site (Figure 7). Samples from the middle site tended to 

be intermediate. An examination of the available data (Table 6) indicates 

that the pattern is similar for both total dissolved solids and specific 

conductivity. The reasons for the increases in total concentration 

downstream are not definitely known but there is evidence of groundwater 

activity in the area. During the winter, many small icings signifying the 

presence of groundwater flow were noted along the banks of the MacKay River. 
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Such evidence of grounwater flow was common in the lower reaches of the river 

in this area, groundwater may make a substantial contribution to winter flow. 

pH 

pH values recorded during the study were all in the neutral to 

slightly alkaline range (Table 6). Mean values for sampling dates ranged 

from 7.0 (March, 1977) to 7.7 (July, 1977, and January, 1978). 

The lowest and highest individual values were 7.0 and 7.8. There 

was no discernible seasonal trend in pH (Figure 5). 

Turbidity and Suspended Sediment Concentrations 

The seasonal patterns of variation in turbidity and suspended sediments 

are presented in Figure 8. Suspended sediment concentrations were highest 

in June, during a period of high discharge, and lowest during periods of 

low discharge in late summer, fall, and winter. An unusual aspect of the 

seasonal pattern is that mean suspended sediment values for samples taken 

under winter ice (in March, December, and January) are higher than for 

samples taken in August and September. The pattern is similar, though 

more exaggerated, for turbidity. 

The reasons for the high winter values for the two parameters are not 

definitely known. Care was taken to avoid contamination by sediments 

disturbed during ice drilling. In many cases, the samples were taken from 

holes which had been drilled the previous day. Some (e.g., the sample 

taken in January at the uppermost sampling site) were taken from flowing 

water which would have soon carried away any disturbed sediments. It 
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appears that the increased values are a real phenomenon and not an 

artificat of the sampling technique. One possibility is that they are 

the result of increased biological activity, for exan~le, increased 

populations of drifting periphyton. 

Dissolved Oxygen 

All the recorded values exceeded the 5 mg/1 suggested as a minimum 

standard by Alberta Environment (1977)(Table 6), a value generally 

considered adequate for the survival of even sensitive species of fish. 

Mean dissolved oxygen concentrations ranged from 7.9 mg/1 in January 

(including the lowest individual record, 6. 2 mg/1) to ll. 3 mg/1 in 

September (including the highest individual record, 12.4 mg/l)(Table 6 

and Figure 5). In tenns of per cent saturation, mean values ranged 

from 53% in January (including the lowest individual value, 43%) to 103% 

in September (including the highest individual value:, llS%) (Table 6 and 

Figure 5). The supersaturation recorded at stations sampled in August 

and September was undoubtedly a temporary condition possibly resulting 

from sudden increases in temperature or from high rates of oxygen 

production by photosynthesizing plants. (The highest densities of 

periphytic algae were recorded in September). 

Chemical Parameters 

Major Ions 

Figure 9 compares the proportions of major ions in samples taken from 

~~cKay River in June, 1977, and January, 1978. The data illustrate that 

from sl.IDllller to winter there was an increase in the concentrations of all 
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the major ions. The water is basically of the calcium bicarbonate type but, 

during the winter, as salinity increases, there is a shift toward the 

sodium chloride type. Concentrations of the chloride ion, in particular, 

increase relative to those of other ions. The suggestion has already 

been made above, that the changes in concentration of various ions from 

summer to winter reflect an increase in the proportionate contribution 

of water from groundwater springs. Figure 10, which compares the 

proportions of major ions in samples taken at the three sampling stations, 

indicates that there is a major source of chloride ions between the upper 

and middle sampling sites. The fact that the Na/Cl ratios fall from the 

upper station (14.6:1) to the middle (4.1:1) and lower (5.5:1) stations 

suggests that much of the additional chloride is in the form oj sodium 

chloride. 

Macronutrients 

Macronutrients are plant nutrients that are important in determining 

the primary productivity of lakes and streams. The most important of 

these are total dissolved nitrogen (TDN) and total dissolved phosphorous 

(TDP). Reactive silicate (Si02 ) is important to diatoms, the most 

abundant group of periphytic algae, whose frustules are composed of 

silicates. Seasonal trends in the concentrations of these macronutrients 

are presented in Figure 11. 

TDN concentrations are highest in winter and generally lower during 

the ice-free season. TDP concentrations were high in the winter and again 

in June and July during a period of high discharge. They were lowest in 
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August and September. Except for a minor peak in June and July, 

concentrations of Si02 were low during the ice-free season but very high 

during the winter. Overall, the concentrations of macronutrients tended 

to be highest during the winter and lowest during the summer months. 

Total Organic Carbon 

Concentrations of total organic carbon (TOC) were highest in mid­

winter (mean 39.7 mg/1 in January, 1978) and lowest in mid-summer (mean 

16.9 mg/1 in July, 1977)(Table 6). With the exception of the July sample, 

the average of the values for the three sampling stations on the river 

exceeded 20 mg/1 on every occasion. These values are high; higher, 

for example, than the background levels of 17 to 18 mg/1 recorded in 

late October, 1974, on the Athabasca River near Syncrude's Lease 17 

(MCCart et al.~ 1977). The high TOC values are probably related to the 

presence of exposed oil sands substrate along the HacKay River. 

Comparison of MacKay River Water and Alberta Surface Water Quality 

Objectives 

In Table 6, observed values for selected water quality parameters 

for samples from the MacKay River are compared with standards described 

in Surface Water Quality Objectives, Alberta Environment, Water Quality 

Branch (1977). Values for oil and grease, phenols, boron, iron, lead, 

mercury, total organic carbon, nitrogen, and cadmium all exceed the 

recommended standard during at least part of the year. Most of the values 

which exceed the recommended limits occur during the winter and probably 

reflect the effects of low dilution and a high proportion of groundwater 

flow. 
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PERIPHITON 

Introduction 

Periphyton or attached algae are the principal primary producers in 

river systems and form the base of most food chains (Blum, 1956). Algal 

communities have been found to be useful indicators of water quality 

conditions in rivers (Cairns et aZ. 3 1972; Erth et aZ. 3 1972; Northcote 

et aZ. 3 1975; Patrick, 1973). Baseline information describing periphyton 

communities in the MacKay River drainage are expected to be a useful means 

of relating present to future conditions and of assessing the effects of 

development. 

Periphyton can be sampled from natural substrates (the surface of stones, 

twigs, etc.) or by exposing artificial substrates (glass, plexiglass, 

polished stone, etc.) for a period of time and then examining the periphyton 

flora which develops. The latter method has the advantage that it reduces 

sample variability due to differences in habitat, particularly substrate 

type. Recent studies, however, indicate that the periphyton communities 

which develop on artificial substrates may differ significantly from those 

which develop on natural substrates at the same location (Evans and 

Stockner, 1972; Roeder et aZ. 3 1975; Langer and Nassichuk, 1975; Den Beste 

et aZ. 3 1977a). To provide data comparable to those available for the 

Athabasca River in the vicinity of Syncrude Lease 17, glass artificial 

substrates were used to assess periphyton populations in the }11cKay River. 

In addition, comparable samples were taken from natural substrates and 
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from plexiglass artificial substrates. Together, the three sampling 

techniques provide a more complete picture of periphyton comrmmi ties in 

the river than any single technique. The studies also provide a basis 

for determining which of the three techniques would be.most appropriate 

in future monitoring studies on the ~~cKay River. 

}~terials and Methods 

Sampling sites are those indicated in Figure 1 and described above. 

Except when samplers were lost due to flooding or were removed by the 

public, periphyton samples were collected monthly (May to September, 1977) 

from natural, plexiglass, and glass substrates. Natural rock substrates 

were scraped with a brush sampler (Stockner and Armstrong, 1971) that 

sampled an area of 5.49 cm2
• A total of 10 scrapings was combined in a 

graduated cylinder, agitated vigorously, and divided volumetrically into 

two, 8 oz jars for species identification (preserved with Lugol's solution) 

and biomass determination (preserved with 1 ml concentrated formalin). 

To reduce variability between stations, both depth (10 to 15 em) and current 

(20 to 30 em/sec) were kept as similar as possible. 

Glass slides were held in plexiglass racks (Hansmann, 1969) with 

dimensions 25x8x9 em, each rack holding 24 slides. A single rack was 

floated at each station, 0.25 m below the surface although some irregularities 

occurred due to fluctuations in stream flow and tampering by the public. 

At monthly intervals, the slides were removed from the samplers. The 

periphyton on 20 slides was scraped into two, 8 oz jars (10 slides per jar) 
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containing distilled water and preserved as described above. To provide 

periphyton from plexiglass substrates, each side of the plexiglass rack 

itself was scraped and the periphyton from the two sides preserved 

separately for species identification and enumeration and biomass 

determination. The racks were then cleaned, furnished with new slides, 

and replaced in the stream. 

Sample Analysis 

Methods used in determining the accumulated organic biomass of 

periphyton were those of Stockner and .Armstrong (1971) and Standard Methods 

for the Examination of Water and Wastewater (APHA, 1971). The material 

was filtered on a preweighed Whatman No. 40 ashless filter disc (0.022 mg 

maximum ash weight per disc), oven dried to a constant weight at 105 C, 

and ashed in a muffle furnace at 500 C for one hour. Weights obtained by 

this method are accurate to !_0.1 mg. Periphyton biomass was estimated 

for each sample as the loss of organic matter on ignition and converted 

to mg organic matter/m2 as follows: 

mg organic matter/m2 

(biomass) = 

Total amount of organic matter 
lost on ignition (mg) 

Total area sampled (m2
) 

Periphyton species identification and densities were determined 

according to the method of Utermohl (1958), ~~rgalet (1974), and Zoto et aZ. 

(1973). Samples preserved in Lugol's solution were thoroughly agitated 

and the volume was determined. A subsample was removed, measured by volume, 

and allowed to settle in a settling chamber. Volume of the subsample 

depended upon density of the original sample (i.e., amount of silt, 
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detritus, etc.). Settling time was based upon three hours per em of 

chamber height. Counts and identifications were made to the species 

level where possible, using a Wild M40 Inverted Microscope equipped with 

phase contrast illumination with magnifications of 750x for enumeration 

and up to 1875x for identification. All counts were expressed as cells/cm2
; 

counts for large colonies and filamentous forms were determined by estimating 

the number of cells present. 

For the identification and enumeration of diatoms, the upper portion 

of a second subsample was removed after settling, leaving a film of liquid 

and the settled organisms. The remaining liquid was evaporated at a 

temperature of 38 C. The coverslips with the organisms were then ashed 

in a muffle furnace (560 C ~ 10 C for 15 rriin) to remove all debris and 

extraneous organic matter. The cleared diatoms were mounted in Piccolyte 

and examined under the microscope. This method allows accurate 

identification of diatoms in the original subsamp1e by comparison with 

cleaned diatoms in the ashed subsample. 

Identification of periphyton was based upon the works of Bourrelly 

(1968), Cleve-Eu1er (1951-1955), Desikachary (1959), Hillard (1966, 1967), 

Patrick and Reimer (1966, 1975), Prescott (1962), Skuka (1948, 1964), 

Smith (1950), Sreevinasa and Duthie- (1973), Tiffany and Britton (1952), 

and Tilden (1910). 

Species Diversity 

Shannon-Weaver species diversity indices (Shannon and Weaver, 1949) 



44 

were computed for all periphyton samples by the machine fomula of Lloyd 

et al. (1968). This formula is: 

- c d =- (N Log 10 N- En. Log1o n.) 
N 1 1 

where: C = 3.32193 

N = total number of individuals 

n.= total number of individuals in the ith species (form) 
l 

Species diversity is dependent on the number of species (richness) 

and the distribution of individuals among the species (evenness). Shannon 

and Weaver's information theoretical measure of mean species diversity per 

individual (d) is sensitive to, and increases with, both species richness 

and evenness.. The value of d is proportional to the uncertainty of 

identification of an individual selected at random from a multi-species 

population. In general, d values range from zero to any positive number,. 

but are seldom greater than 10. The d value is at a mininrum when all 

individuals belong to the same species, whereas d is at a maximmn value 

when each species contains the same number of individuals. Most benthic 

freshwater corrmrunities in streams which are not severely polluted have 

diversities ranging from 2-4 (Wilhm, 1970). In this study, each d value 

obtained was compared with a hypothetical maximmn based on MacArthur's 

broken stick model (MacArthur, 1957) of natural populations (population 

with a few relatively abundant species and increasing numbers of species 

with only a few individuals). Such a comparison results in an index 

termed "equitability" or "e" by Lloyd and Ghelardi (1964). Equitability 
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values were computed by using Table 5 in Weber (1973) in conjunction with 

the following formula: 

S' e == -

s 

where: S == number of species (forms) in the sample 

S'= the tabulated number of species from MacArthur's model 
of equal diversity 

Values of "e" normally range from 0 to 1. Environmental Protection Agency 

biologists in the U.S. have found the equitability index to be very sensitive 

to even slight levels of environmental degradation, provided the stream 

comrmmities are adequately censused. In natural streams, "e" values range 

between 0.6-0.8, while in stressed streams values are usually below 0.5. 

Values higher than 1.0 result when the distribution of individuals among 

the species is more even than predicted by MacArthur's broken stick model 

(MacArthur, 1957). 

Results 

Complete data for the periphyton studies are presented in Table 7. 

Standing Crop 

Density 

Seasonal variations in the density of periphytic algae are illustrated, 

by substrate type and sample location, in Fi~1res 12 through 14 (data from 

Table 7). The densities were generally highest on natural substrates, 

ranging up to 1.4 x 106 ce1ls/cm2 (at the Upper Station in November). 



TABLE 7. Total counts (as cells/cm2
) for the periphytic algae from the MacKay River at the Lower, Mid, 

and Upper Stations for May-September, 1977. The substrate type, nurnher of species, diversity 
index, and equitability values are also given for each sample. N=natural substrate, P=plexiglass 
substrate, G=glass substrate. Dominant species within each sample are indicated with an asterisk. 
The N and P samples taken August 15 at the Lower Station were insufficiently preserved to permit 
species enumeration. Species were classified only as R=rare, O=occasional, C=cornrnon, and 
A= abundant. 

UPPER STATION 
June 15 June 15 June 15 July 7 July 7 July 7 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 

N P G N P G N G N P G 

Chlorophyta 
Ankistrodesmus 

convolutus 103 46 91 257 30,828 3,857 91 
A. falcatus 

var. acicularis 91 4,133 28,305 
A. falcatus 103 138 772 91 66,794 3,857 
Carteria sp. 103 
Chlamydomonas sp. 103 257 137 
Cladophora sp. 
Cosmarium sp. 103 274 3,855 688 914 276 
Coelastrum microporum 
Closterium leibleinii 103 91 257 
C. parvulum 10,276 827 730 
Dictyosphaerium 

ehrenbergianum 1,029 
Euastropsis richteri 
Mougeotia sp. 56,518 365 
Oocystis parva 
Pediastrum tetras 
Scenedesmus abundans 20,552 
S. bijuga 457 
8. obliquus 
S. quadricauda 20,552 1,102 
Spirogyra sp, 
Stigeoclonium 

stagnatUe 
Stigeoclonium sp. 2 '058 
Tetraedron minimum . 257 5,138 276 91 
Ulothrix spp. 3,396 
Zygnema sp. 

(Continued) 
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TABLE 7. Continued. 

JW1e 15 JW1e 15 JW1e 15 July 7 July 7 July 7 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 
N p G N p G N G N p G 

Cyanophyta 
Anabaena inaequaZis 6,061 
Anabaena sp. 12,079 2,649 913 
Chamaesiphon 

incrustans 1,188 913 
Chamaesiphon sp. 2,020 1,461 1,307 183 16,461 
Calothrix braunii 913 
C. fusca 
CaZothrix sp. 12,860 
Chroococcus minutus 
Chrcococcus sp. 30,828 
GZoeocapsa sp. 4,630 
Gomphosphaeria 

Zacustris 20,560 
Lyngbya aerugineo-

't!aeruZea 
L. o·irgei 
L. epiphytica 
Lyngbya sp. 2,558 24,244 
Merismopedia gZauca 7,196 4,408 3,835 
OsciZlatoria 

minnesotense 
0. splendida 
0. tenuis 154,140 
OsciZZatcria spp. 7,973 4,133 
Phormidiwn sp. 7,203 14,780 15,338 21,074 99,144 51,147 60,652 14,060 236,348 34,162 
Rivularia spp. 
Spirulina p:Pinceps 
Tolypothrix limbata 

(Continued) ~ 
-.....} 



TABLE 7 . Continued. ..,. 
co 

June 15 June 15 June 15 July 7 July 7 July 7 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 
N p G N p G N G N p G 

Chrysophyta 
Class Chrysophyceae 
Chrysolykos 

planctonicus 
Dinobryon sertularia 103 
D. socic:Ze 
Epipyxis sp. 
Ochromonas spp. 
Pseudokephyrion 

undulaUssimwn 
Salpingoeca 

frequentissima 457 3,582 91 
8tokesiella sp. 

Class Bacillariophyceae 
Achnanthe.s ex1:gua 771 5,138 
A. flexclla 
A. lanceolata 309 92 5,138 
A. lanceolata 

var. dubia 
A. Zinearis 

var. curta 
A. minutissL•n 137 
Achnanthes spp. 206 92 274 772 365 1,102 91 
Amphipleura pellucida 309 514 30,828 7,163 183 
Arrrphora ova lis 
Amphora spp. 5,138 
Cocconeis pediculus 103 92 2,313 206 411 6,944 1,735 35,966 1,653 183 
C. placentula 

var. lineata 4,957 26,568 3,084 10,802 5,795 1,029 52,041 5,138 1,378 457 
Cymbella m1:nuta 257 276 
C. postrata 

var. auerswaldii 
C. sinuata 257 69 5,138 
C. suhaequa lis 

var. l<.rass 276 

(Continued) 



TABLE 7 . Continued. 

June 15 June 15 June 15 July 7 July 7 July 7 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 
N p G N p G N G N p G 

~:·JmbeZZa spp. 91 257 827 
Cyc:;'c•:'.eUa mer:eghiana 772 35,966 276 1,278 
CycloteUa sp. 91 514 92 551 
Diatoma hiemale 
D. tenue var. 

elmzgatum 
D. terzue 206 91 92 8,265 91 
D. vuZgc:.re 138 
T'' . ,/&a-coma spp. 
Epithemia emarginulata 257 
E. sorex 412 275 822 771 826 1,507 8,488 2,283 133,588 23,969 1,917 
E. turgida 413 91 138 1,873 2,572 7,578 20,552 551 365 
Fragi Z-aria vaucheriae 772 10,276 276 274 
!i' • ..., • . ,_ rag'!- &ar'i-a spp. 
Frust'tZia rhomboides 103 
r;· . 1 309 138 5,138 ~ompnonema angustatu~ 

G. intricatum 46 5,138 
"' .., . 
tr. c t-&Vac:eum 
G. pm'vuZum 103 46 46 457 551 274 
G. ventricosum 20,552 1,653 183 
Gomphone:r.a spp. 918 730 1,376 1,233 1,543 6,061 365 
Gyrosigma acu~inatum 
Gyrosigma sp. 
Hannaea arcus 206 
,';'e los ira varians 412 
Melosira sp. 206 
Navicula angusta 103 
N. arz.Jensis 206 91 
N. aurora 
N. ca:pita:ta 103 10,276 
li. C:l'yptocepha la 617 321 365 2,570 344 366 514 183 1,929 365 .j:;>. 

N. cryptocephaZa t.O 

vm'. '-''enter 5,138 

(Continued) 



TABLE 7 . Continued. Ul 
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June 15 June 15 June 15 July 7 July 7 July 7 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 
N p G N p G N G N p G 

N. elginensis 103 91 
ll. graci loides 5,138 
LV. pupu la var. 

capitata 
N. pupuZa var. 

rectangu lm~is 103 257 91 
H. radiosa 183 772 15,414 
N. rhyncocephala 206 
N. saUnarwn var. 

intermedia 30,828 2,204 274 
l'l. tr•ipunctata 91 183 
ll. viFid.ula 103 
i'l. viridu la var. 

avenacea 
N. vir1:du la var . 

. lincar•is 
Nav1:cula spp. 515 92 1,542 457 41,104 2,755 456 
!/eidiwn binode 5,138 
!leidiwn sp. 
Nitzschia acicularis 926 1,028 92 10,276 276 183 
N. dissipata 309 69 . 46 
N. sigma 206 
N. vermicularis 
Nitzschia spp. 5,557 1,056 3,013 6,682 619 1,461 2,829 1,187 262,038 122,323 19,082 
PinnuZa1~ia sp. 103 
Rhopa Zodia g·ibba 
Rhoicosphenia curvata 92 
Stepharodi8cus 

hantzschia 515 
Sur1:re l Za angus tat a 69 
S. ovalis 
Synedra delicatissima 
S. mazamaens·1:s 
S. rumpens 

(Cant inued) 

•. •. •. 



Total cells/cm2 24,497 25,246 49,665 86,342 116,071 12~,952 134,727 82,267) 275,784 35,880 
1,356,432 

No. of Species (t) 37 15 18 22 16 24 24 -13 36 36 30 

Shannon-Weaver Speci C':' 
Diversity Index (JJ 2.44 1. 38 1.30 2.22 0.63 1. 30 2.03 1. 26 2.73 2.17 1. 94 

Equitabi1ity (e) 0.19 0.20 0.17 0.27 0.13 0.1~ 0.21 0.23 0.25 0.17 0.17 

Biomass mg/m2 1449.3 1464.6 374.7 1594.2 1072.3 775.2 1811.6 356.6 29565.2 3484.8 1206.7 

(Jl 
f--' 

(Continued) 
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TABLE 7 . Continued. 

Chlorophyta 
Ankistrodesmus 

oonvoZutus 
A. j'alcatus 

var. acicularis 
A. falcatus 
Carteria sp. 
ChlamydOmonas sp. 
Cladophora sp. 
Cosmarium sp. 
CoeZastrum microporum 
Closterium leibleinii 
C .. parvulum 
Dictyosphaerium 

ehrenbergianum 
Euastropsis richteri 
Mougeotia sp. 
Oocystis parva 
Pediastrum tetras 
Scenedesmus abundans 
S. bijuga 
S. obZiquus 
s. quadricauda 
Spirogyra sp. 
StigeocZonium 

stagnatiZe 
StigeocZonium sp. 
Tetraedron minimum 
UZothrix spp. 
Zygnema sp. 

MIDDLE STATION 
June 16 June 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 

P G N P G N P G N P G 

198 

183 

91 

412 198 

412 1,778 4,750 12,845 

103 183 2,569 

206 

617 

97,070 

(Continued) 

•. 

66 2,569 790 

366 8,690 354 
12,845 1,416 

366 2,569 

2,569 

7,707 

20,552 
10,276 

2,569 

•. 

395 
395 

395 

472 

354 

472 
354 

2,596 
118 

(Jl 

N 



TABLE 7 . Continued. 

Cy~mophyta 
Anabaena inaequalis 
Anabaena sp. 
Chamaesiphon 

incrusta:ns 
Charr.aesiphon sp. 
Calothrix braunii 
C. fusca 
Calothr-ix sp. 
Chroococcus minutus 
Chroococcus sp. 
Gloeocaosa sp. 
Gcrrrohosvhaeria 

{acustris 
Lyngbya aerugineo-

rJae:r>ulea 
L. birgei 
L. epiphytica 
Lyngbya sp. 
Merismopedia glauca 
Oscillatoria 

minnesotense 
0. splendida 
0. tenuis 
Cscillatoria spp. 
Ph01~midiv.m sp. 
Rivularia spp. 
Spirulina princeps 
Tolypothrix limbata 

June 16 June 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 
P G N P G N P G N P G 

790 

14,622 

1,643 

8,765 3,910 29,838 
1,186 

(Continued) 

35,966 

51,380 
77,618 400,764 1,186 

107,898 

46,242 

8,690 

21,199 2,124 

20,103 .510,849 53,325 7,434 

102,760 

(Jl 
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TABLE 7. Continued. U1 
+>-

June 16 Jtme 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 
N p G p G N p G N p G 

Chrysophyta 
Class Chrysophyceae 
Chry so Zy kos 

planctcnicus 66 
Dinobryon sertuZaria 
D. sociaZe 103 99 
Epipyxis sp. 395 
Ochromonas spp. 
Pseudokephyrion 

unduZatissimum 
BaZpingoeca 

frequentissima 183 198 2,559 2,569 6, 715 1,180 
Stokesie Zla sp. 118 

Class Bacillariophyceae 
Achnanthes exigua 
A, flexeZZa 
A. Zanceolata 99 365 99 66 
A. ZanceoZata 

var. dubia 2,569 
A. Zinearis 

var. curta 132 
A. minutissima 66 
Achnanthes spp. 889 91 103 395 914 3,655 17,983 790 354 
Arrrphip lew>a pe Z Zuc-ida 183 2,569 5,138 708 
Amphora ova lis 366 
Amphora spp. 
Cocconeis pediculus 206 198 183 132 731 12,845 790 354 
C. pZacentuZa 

var. Zineata 6,521 15,795 206 12,548 24,482 5,138 8,831 39,109 7,707 13,430 14,868 
CymbeZla minuta 91 183 
C. postrata 

var. auerswaZdii 
c. sinuata 
C. subaequa lis 

var. krass 

(Continued) 
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TABLE 7 0 Continued. 

Jtme 16 Jtme 16 July 15 .July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 
p G N p G N p G N p G 

CymbeUa spp. 
Cyclotella meneghiana 366 2,569 
cvcloteUa sp. 1,338 183 10,276 
Diatoma h1:emale 
D. tenue var. 

elongat-um 
D. tenue 99 103 66 731 5,138 118 
D. vulgare 2,569 
Diatoma spp. 99 
Epithemia emarginulata 
E.· sorex 548 206 2,470 2,010 310,849 659 1,462 267,176 40,290 12,154 
E. turgida 99 639 1,186 3,106 66 366 25,690 4,345 1,180 
Fragilaria vaucheriae 15,414 366 5,138 
Fragi'laria spp. 206 5,138 
Frustulia rhomboides 
([omphonema angUstatum 365 103 
C. intricatum 
C. olivaceum 118 
C. parvulum 198 365 198 183 2,569 
c. ventricosum 198 118 
Cornphonema spp. 99 99 914 5,138 132 366 10,276 1,580 590 
Cyrosigma acuminatum 236 
Cyrosigma sp. 
Hannaea arcus 
!4.e loBii'a varians 
Melosira sp. 
tlav-!.-cula angusta 99 
N. arvensis 99 
Il. aurora 99 
N. ca:pitata 
N. cY•yptocephala 457 206 395 548 20,552 1,097 2,569 395 826 VI 

N. cryptocephala VI 

var. venter 2,569 

(Continued) 



TABLE 7. Continued. 

17. eZginensis 
N. graciZoides 
N. pupuZa var. 

capitata 
N. pupuZa var. 

rectanguZaris 
N. radiosa 
N. rhyncocephaZa 
N. saUnarwn var. 

intermedia 
N. tripunctata 
N. v1.:riduZa 
N. viriduZa var. 

avenacea 
N. viriduZa var . 

. l·inearis 
Navicula spp. 
Neid1:wn binode 
Neidiwn sp. 
Nitz.sehia acicuZaris 
N. dissipata 
N. sigma 
N. vermicularis 
Nitzschia spp. 
PinnuZaria sp. 
Rhopalodia gibba 
Rhoicosphenia curvata 
Stevharodiscus 

hantzscl~ia 
SurireZZa angustata 
S. ovaZis 
Synedra delicatissima 
S. ma;wmaensis 
S. Y'U"TTpens 

June 16 June 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 
P G N P G N P G N P G 

118 

274 183 731 

366 790 
2,569 7,707 

118 
494 457 309 494 1,096 38,535 790 1,062 

103 118 
366 

395 

1,877 1,552 617 3,952 6,395 23,121 330 366 89,915 18,170 4,366 
2,569 
2,569 118 

366 5,138 395 

183 

103 

(Continued) 
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TABLE 7 . Continued. 

S. ulna 
S. ulna var. 

amphirhynaus 
S. ulP.a var. . . aan&aa 
Synedra sp. 
TabeZZaria floaaulosa 

Euglenophyta 
Euglena gracilis 
Phaaus sp. 
Traahelomonas spp. 

Cryptophyta 
Cr:;ptomonas sp. 
Rl:wdomonas minu ta 

Total cells/on2 

No. of Species (t) 

Shannon-Weaver Species 
Diversity Index (d) 

Equitability (e) 

Biomass mg/m2 

June 16 June 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 
P G N P G N P G N P G 

26,381 

15 

1.37 

0.20 

311.7 

31,681 

16 

1. 48 

0.25 

240.3 

206 

103 
926 

10,807 

23 

2.40 

0.30 

579.7 

(Continued) 

55,430 123,750 
1,009,065 

19 19 19 

1. 61 1. 27 1. 73 

0.21 0.16 o.n 

875.1 529.7 15543.5 

118 

11,996 95,408 161,950 54,634 
1,143,205 

14 "21 31 21 31 

1.10 1. 71 2.32 1. 98 2.34 

0.21 0.19 0.23 0.24 0.23 

1054.3 19022.7 730.2 496.1 

(Jl 
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TABLE 7. Continued. 

Chlorophyta 
Ankistrodesmus 

convolutus 
A. falcatus 

var. acicularis 
A. falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cladophora sp. 
Cosmarium sp. 
Coelastrum microporum 
Closterium leihleinii 
C. parvulum 
Dictyosphaerium 

ehrenhergianum 
Euastropsis richteri 
Mougeotia sp. 
Oocystis parva 
Pediastrum tetras 
Scenedesmus ahundans 
s. hijuga 
S. ohZiquus 
S. quadricauda 
Spirogyra sp. 
Stigeoclonium 

stagnatile 
Stigeoclonium sp. 
Tetraedron minimum 
Ulothrix spp. 
Zygnema sp. 

LOWER STATION 
May 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 

N N P G N P G N P G 

1,284 
642 

7,704 

264 

659 

(Continued) 

'· 

46 

R R 47 

91 R 

R 

5, 778 

10,272 

1,284 
642 

642 

1,284 

642 

'· 

2,963 

5,530 

198 

395 

790 
790 

2,127 

9,216 

236 

945 

1,182 

OA C: 
~If'._} 

945 

945 

'· 

t.ll 
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TABLE 7 . Continued. 

Cyanophyta 
Anabaena inaequalis 
Anabaena sp. 
Chamaesiphon 

incrustans 
Chamaesiphon sp. 
Calothrix braunii 
C. fusca 
Calothrix sp. 
Chroococcus minutus 
Chroococcus sp. 
Gloeocapsa sp. 
Gomphosphaeria 

lacustris 
Lyngbya aerugineo-

caerulea 
L. birgei 
L. epiphytica 
Lyngbya sp. 
Merismopedia glauca 
OsciUatoria 

minnesotense 
0. splendida 
0. tenuis 
Oscillatoria spp. 
Phormidium sp. 
Rivularia spp. 
Spirulina princeps 
Tolypothrix limbata 

May 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 
N N P G N P G N P G 

1,284 

0 

3,855 

24,396 6, 722 3,245 0 c 
3,426 

(Continued) 

568 

378 

11,800 

2,568 

29' 964 
44,298 

17,976 

26,322 

642 

10,161 

1,580 

15,123 

13,628 

64,983 

Vl 
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TABLE 7 . Continued. Q\ 
0 

May 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 
N N p G N p G N p G 

Chrysophyta 
Class Chrysophyceae 
Chrysolykos 

planctonicus 
Dinobryon sertularia 
D. sociale 428 
Epipyxis sp. 198 
Ochromonas spp. 642 
Pseudokephyrion 

undulatissimum 
Salpingoeca 

frequent is sima 66 46 0 47 988 473 
StokesieUa sp. 

Class Bacillariophyceae 
Achnanthes exigua R 95 
A. flexella 198 
A. Zanceolata 1,285 1,926 198 988 
A. Zanceolata 

var. dubia R 284 
A. Zinearis 

var. curta 
A. minutissima R 189 
Achnanthes spp. 264 46 1,185 236 
Amphipleura pellucida 642 1,182 
Amphora ovalis 198 
Amphora spp. 198 
Cocconeis pediculus 428 527 1,284 593 
C. placentula 

var. Zineata 428 642 3,954 4,067 A 1,892 4,345 9,216 
CymbeUa minuta 
C. postrata 

var. auerswaldii 198 
C. sinuata 
C. subaequa Zis 

var. krass 

(Continued) 
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TABLE 7. Continued. 

May 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 
N N p G N p G N p G 

Cymbe l la spp. 66 137 
Cyclotella meneghiana 3,210 0 593 709 
CycloteUa sp. 21,415 91 
Diatoma hiemale 395 
D. tenue var. 

elongatum 1,284 
D. tenue 2,570 642 
D. vulgare 
Diatoma spp. 
Epithemia emarginulata 
E. sorex 428 1,926 330 183 A 284 24,396 3,555 2,363 
E. turgida 4,284 823 0 c 615 1,185 2,836 
Fragilaria vaucheriae 
Fragilaria spp. 1,285 
Frustulia rhomboides 642 198 
Gomphonema angustatum 
G. intricatum 
G. oZivaceum R 
G. parvulum R 237 593 709 
G. ventricosum 
Gomphonema spp. 1,285 1,284 137 2,370 945 
Gyrosigma acuminatum 
Gyrosigma sp. 91 R 
Hannaea arcus 
Melosira varians 
Melosira sp. 
Navicula angusta 264 
N. arvensis 642 593 
N. aurora 
N. capitata 95 
N. cryptocephala 428 1,926 725 2,468 R 395 1,182 
N. cryptocephala 0\ 

t--' 

var. venter 1,418 

(Continued) 



TABLE 7. Continued. 0\ 
N 

Jl.1ay 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 
N N p G N p G N p G 

N. elginensis 
N. graciloides 
N. pupula var. 

capitata 
N. pupula var. 

rectangularis 642 
N. radiosa 91 198 
N. rhyncocephala 642 66 274 
N. salinarum var. 

intermedia 0 95 642 593 2,836 
N. tripunctata R 473 
N. viridula 
N. viridula var. 

avenacea R 
N. viridula var. 

Zinearis 66 
Navicula spp. 8,346 791 686 0 3,852 2, 765 473 
Neidium binode 
Neidium sp. R 
Nitzschia acicularis 2,570 642 2,568 473 
N. dissipata 642 
N. sigma 642 198 
N. vermicularis R 198 236 
Nitzschia spp. 4,283 5,136 923 1~280 c 0 4_c;gg 1? R40 c; c;~n 7,325 . 7 -~ ·- -~ -- '~ . ~ ~, ............. "' 

Pinnularia sp. 
Rhopalodia gibba 2,568 
Rhoicosphenia curvata 428 1,284 66 1,284 395 
Stepharodiscus 

hantzschia 428 
SurireZZa angustata 46 
S. ovalis 428 
Synedra delicatissima 0 
S. mazamaensis 428 
S. rumpens 1, 713 

(Continued) 
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TABLE 7 . Continued. 

May 11 July 18 July 15 July 15 Aug. 15 Aug. 15 Aug. 15 Sept 26 Sept 26 Sept 26 
N N P G N P G N P G 

S. ulna 5,140 
S. ulna var. 

amphirhyncus 
S. ulna var. 

danica 
Syned:t>a sp. 
Tabellaria flocculosa 

Euglenophyta 
Euglena g1•aci lis 
Phacus sp. 
Trachelomonas spp. 

Cryptophyta 
Cryptomonas sp. 
Rhodomonas minuta 

Total cells/crn2 

No. of Species (t) 

Shannon-Weaver Species 
Diversity Index (d) 

Equitability (e) 

Biomass mg/m2 

428 

66 

53,107 63,558 20,301 13,848 

21 19 19 18 

2.23 2.20 2.00 1. 98 

0.29 0.32 0.32 0.28 

5181.2 2424.5 540.7 273.9 

236 

593 

47 

198 
1,284 

- - 21,261 l93,242 55,498 140,129 

- - 16 28 36 30 

- - 1.46 2.45 2.80 2.10 

- - 0.19 0.25 0.28 0.20 

3007.2 457.8 320.4 4420.3 379.0 428.9 

0\ 
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FIGURE 12. Standing crops (as cells/cm2
) and relative abundance of periphytic algae from three 

substrate types at the Upper Station on the MacKay River, June-September, 1977. 
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) and relative abundance of periphytic algae from three 

the Middle Station on the MacKay River, June-September, 1977. 
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FIGURE 14. Standing crops (as cells/cm2
) and relative abundance of periphytic algae from three 

substrate types at the Lower Station on the MacKay River, May-September, 1977. 
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The maximum densities on artificial substrates were 275.8 x 10 3 cells/cm2 

on plexiglas$ (Upper Station in September) and 140.Lx 10 3 cells/cm2 on 

glass (Lower Station in September). In only three instances, at the Upper 

Station in June and July and at the Middle Station in July, were the 

densities recorded for artificial substrates higher than those for 

associated samples from natural.substrates. 

A comparison of the densities of periphyton on plexiglass and glass 

substrates, exposed at the same location and other the same time period, 

indicated that the densities on glass exceeded those o~ plexiglass in 5 

of 8 instances. This difference is based on too small a sample to be 

statistically significant, but may indicate a real difference between the 

two substrates. 

In general, the overall densities of periphyton were low throughout 

the summer QMay through August) but increased in September (Figures 12 to 

14). Exceptions were the glass substrates at the Middle and Upper Stations 

which produced peak densities in July. The number of species present on 

substrates tended to increase in September (Figures 12 to 14). 

Biomass 

Biomass (as mg/m2
) data are presented in Table 8 and Figure 15. The 

data are distinguished by location, date, and substrate type. The following 

general conclusions can be drawn: 

1) biomass tended to be greatest in September (6 of 9 classes) when the 

densities of periphyton also tended to be greatest, 
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TABLE 8. Seasonal variation in periphyton biomass (mg/m2
) on natural, 

plexiglass, and glass substrates at three stations on the MacKay 
River, May to September, 1977. 

Substrate Month Lower Middle Upper Mean 

Natural May 5181.2 1865.9 
JmJ.e 1449.3 
July 2427.5 579.7 1594.2 
August 3007.2 15543.5 1811.6 
September 4420.3 19021.7 29565.2 
Mean 3759.1 9252.7 8605.1 7205.6 

Plexiglass JmJ.e 317.7 1464.6 
July 540.7 875.1 1072.3 
August 457.8 326.3 
September 379.0 730.2 ~)484. 8 
Mean 459.2 641.0 1587.0 964.9 

Glass JmJ.e 240.3 374.7 
July 273.9 529.7 775.2 
August 320.4 1054.3 356.6 
September 428.9 496.1 1206.7 
Mean 341.1 580.1 678.3 550.6 

.· 
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2) in September there was a definite longitudinal pattern, regardless 

of substrate, with biomass greatest at the Upper Station and lowest at the 

Lower Station, 

3) biomass was almost always greater on natural substrates than on 

artificial substrates, 

4) of the artificial substrates tested, biomass was usually greater 

on the plexiglass than on the glass substrates. 

Relative Abundance and Seasonal Distribution of Major Groups 

Data for the six major groups of periphytic algae in the MacKay River 

are summarized in Table 9 . 'Yheir seasonal distribution and relative 

abundance are shown in Figures 12 through 14 . 

Of the total of 142 algal species recorded 1n the periphyton 

corrnnunities of the MacKay River, 80 (56.3%) were diatoms (Bacillariophyceae); 

25 (17.6%) were green algae (Chlorophyta); 24 (16.9%) were blue-green 

algae (Cyanophyta); 8 (5.6%) were Chrysophyceae; 3 (2.1%) were euglenoids; 

and 2 (1.4%) were Cryptophyta. 

A comparison (Table 10) of the total number of species and the per 

cent distribution of the major groups in the present study with data from 

previous stream studiesin western Canada indicates that the periphyton 

corrnnunities of the streams are similar. The total number of species in the 

MacKay River was greater than that in two smaller streams in British 



TABLE 9. Summary of information describing densities of periphyton in six major groups. N=natural substrate, 
P=plexiglass substrate, G=glass substrate. Data from Table 6 . Densities as cells/cm2

• 

UPPER STATION 
June 15 June 15 June 15 July 14 July 14 July 14 Aug. 17 Aug. 17 Sept 29 Sept 29 Sept 29 

Major Grou:e N p G N p G N G N p G 

Chlorophyta % 16.4 0.2 1.1 5.1 0.7 0.8 3.2 0.1 15.5 5.2 12.7 
No. 4,014 46 547 4,369 826 1,051 4,373 91 210,658 14,328 4,564 

Cyanophyta % 29.4 66.5 33.8 70.5 86.5 46.2 76.1 19.3 31.1 26.5 13.2 
!'b. 7,203 16,800 16,799 60,909 100,451 57,725 102,576 15,886 421,316 73,008 4,748 

Chrysophyceae g, 
0 0.4 - - - - - - 0.6 0.8 1.3 0.3 
!'b. 103 457 10,276 3,582 91 

Bacillariophyceae % 52.9 33.3 65.1 23.8 12.8 53.0 20.4 80.0 52.6 67.0 73.8 
tb. 12,971 8,400 32,319 20,560 14,794 66,176 27,521 65,829 714,182 184,866 26,477 

Euglenophyta g, 
0 - - - - - - - - - 0.01 
l'b. 276 

Cryptophyta % 0.8 - - 0.6 - - 0.2 
l'b. 206 .· 504· 257 

(Continued) 
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TABLE 9 . Continued. 

Major Group 

Chlorophyta % 
No. 

Cyanophyta % 
No. 

Chrysophyceae % 
No. 

Bacillariophyceae !'< 
0 

i'·lo. 

Euglenophyta !'< 
0 

No. 

Cryptophyta % 
No. 

MIDDLE STATION 
June 16 June 16 July 15 July 15 July 13 Aug. 20 Aug. 20 Aug. 20 Sept 28 Sept 28 Sept 28 

p G N p G N p G N p G 

0.8 0.9 16.2 3.6 4.0 11.1 0.6 0.8 5.4 6.6 11.2 
198 274 1,750 1,976 4,933 112,484 66 732 61,656 10,665 6,136 

58.4 32.9 36.2 56.0 62.7 48.4 9.9 43.3 49.7 38.3 17.5 
15,412 10,408 3,910 31,024 77,618 488,110 1,186 41,307 567,749 62,015 9,558 

- - 1.0 0.1 0.4 - 2.2 2.7 0.2 4.4 2.4 
103 99 459 264 2,559 2,569 7,110 1,298 

40.8 66.3 37.1 40.3 32.9 40.5 87.4 53.2 44.7 50.7 68.9 
10 '771 20,999 4,015 22,331 40,740 408,471 10,480 50,810 511,231 82,160 37 '642 

- - 9.5 
1,029 

(Continued) 
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TABLE 9. Continued. 

Major Group 

Chlorophyta g, 
0 

No. 

Cyanophyta % 
No. 

Chrysophyceae % 
No. 

Bacillariophyceae % 
No. 

Euglenophyta % 
NO. 

Cryptophyta g, 
0 

No. 

LOWER STATION 
l\1ay 11 July 18 July 15 July 15 Aug. 15 Sept 26 Sept 26 Sept 26 

N N p G G N p G 

- 15.2 4.5 1.0 0.2 10.6 19.2 11.8 
9,630 923 137 47 20,544 10,666 16,541 

13.7 40.4 33.1 23.4 60.0 61.5 27.4 64.4 
7,281 25,680 6, 722 3,245 12 '746 118 '770 15,208 90,267 

0.8 - 0.3 0.3 0.2 0.3 2.1 0.3 
428 66 46 47 642 1,186 473 

84.7 44.4 61.7 75.2 39.6 26.9 50.9 23.4 
44,970 28,248 12,524 10,420 8,421 52,002 28,250 32,848 

0.8 - 0.3 
428 66 

- - - - - 0.7 0.4 
1,284 188 

--...] 
(.N 



1~LE 10. Per cent distribution of species among major algal groups from selected rivers in western 
Canada. 

South Yoho- Connaught-
1bis Athabasca Saskatchewan Kicking Horse Beaver 
Study River* River** 

Number of Taxa 142 191 192 

Chlorophyta 17.6 17.8 21.9 

Cyanophyta 16.9 11.0 14.1 

Chrysophyceae 5.6 8.9 6.7 

Bacillariophyceae 56.3 61.3 57.3 

Euglenophyta 2.1 

Cryptophyta 1.4 1.0 

*Artificial substrates (glass). From McCart et at. (1977). 

**Natural substrates (epilithic) only. From Davies et at. (1977). 

***Artificial (glass) and natural substrates (epilithic) combined. 

•. 

Rivers*** Watershed*** 

124 123 

13.7 10.6 

11.3 13.8 

12.9 9.0 

61.3 65.0 

0.8 0.8 

0.8 

From Den Beste et at. (1977). 

"-1 
.;::,. 

•. 
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Columbia (Den Beste et aZ., 1977a, 1977b) but less than that in the larger 

Athabasca River (McCart et aZ., 1977) and South Saskatchewan River 

(Davies et al., 1977). 

Though the total number of species differed, the relative abundance 

of the major groups was similar. In each of the studies, including the 

present one, diatoms were the most common group, followed by either the 

green or blue-green algae. The remaining groups, the Chrysophyceae, 

Euglenophyta, and Cryptoprrfta, account for less than 10% of the total 

species. 

In the following, the seasonal distribution of major groups is 

discussed by location and by substrate type. 

Upper Station 

Though diatoms (Bacillariophyceae) and blue-green algae (Cyanophyta) 

together dominated the periphyton community throughout the season on all 

substrate types (Figure 1~, the relative abundance of the two groups 

fluctuated both seasonally and among substrate types. On natural substrates, 

diatoms were more important than blue greens in June and September but 

less important in July and August. On plexiglass substrates, the June 

and July samples were dominated by blue-greens (66.5 and 86.5%, 

respectively) but the September one by diatoms (67%). On glass substrates, 

diatoms were the most important group in each of four sampling periods 

(53 to 80%). 

Green algae (Chlorophyta) were common but did not exceed a maximum of 
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16.4% in any sample. Over the season, they were most aboodant on natural 

substrates. On all substrates, the relative abundance of greens was 

greater in September than in samples taken in mid~surnmer in July and 

August. 

The Chrysophyceae occurred on all substrates but were absent from over 

half the samples taken. They were most widespread late in the sampling 

period but they never exceeded 1.3% of any sample. Euglenophyta were 

fOlmd on only one sample (plexiglass, September) where they constituted 

only 0.01% of the total cells. Cryptophyta occurred on natural substrates 

only and their numbers never exceeded 0.8% of the total. 

J'vtiddle Station 

Diatoms and blue-green algae dominated periphyton populations on all 

three substrates at the Middle Station (Figure 13). On natural substrates, 

the relative.aboodance of the two groups was similar throughout the 

summer although in August and September there was a slight preponderance 

of blue-greens (7.9 and 5.0%, respectively). In contrast to natural 

substrates, both artificial substrates produced peak blue-green populations 

by July and were diatom dominated thereafter. 

Green algae were present on all three substrates throughout the 

sampling period. Their representation fluctuated betl.veen 0. 6 and 16.2% of 

the total depending on substrate and time period. Their relative 

abundance declined seasonally on natural substrates but on both plexiglass 

and glass, the relative abundance of green algae was highest at the end of 

the sampling period in September. 
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Cryptophyta were relatively abundant on natural substrates in July 

(9.5% of total count) but were absent thereafter. This group did not 

appear on artificial substrates at this station. 

The Chrysophyceae appeared in small numbers on all substrates but 

reached their greatest importance on artificial substrates in August 

and September (2.2-4.4% of total counts). Euglenophyta did not occur 

at the Middle Station. 

Lower Station 

Diatoms dominated the periphyton. communities on all three substrates 

at the Lower Station through July but declined in relative importance 

later (Figure 14). Blue-green were second in relative abundance early in 

the season but by September, their mllllbers exceeded 50% of the total on both 

natural and glass substrates. On plexiglass substrates, in contrast, 

they became relatively less important as the season progressed and 

constituted only 27.4% of the total cells in September. Green algae 

were never as important as diatoms and blue-green algae but they did have 

maximums of 15.2% on natural substrates (July), 19.2% on plexiglass 

(September), and 11.8% on glass (September). On the artificial 

substrates there was a definite increase in the importance of green 

algae from July through September. The other groups, Chrysophyceae, 

Euglenophyta, and Cryptophyta, were rare at the Lower Station, each group 

seldom exceeding 1% of the total count. 

In summary, of the six major groups, the diatoms and blue-green 

algae were most important and one or the other dominated every sample. 
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The green algae were rarely absent but were clearly less important than 

the diatoms and blue-greens. The green algae never exceeded 20% of any 

sample and in most instances constituted less than 10~;. They tended to 

reach their greatest relative abtmdance in September. The other three 

major groups, the Chrysophyceae, Euglenophyta, and Cryptophyta, were not 

important overall. The representation of Chrysophycea.e ranged from 

0 to 4.4% of individual samples and the Euglenophyta, the rarest group, 

from 0 to 0.8%. Chryptophyta constituted 9.5% of one sample but were 

absent from most. 

Dominant Spe_cies 

Only 19 of the 142 species observed in the present study were 

classified as dominant species (i.e., constituting more than 10% of the 

total cells/cm2
) in samples from either artificial or jrratural substrates 

(Table 11). In the following, the dominant species within each major 

group are discussed. 

Chlorophyta 

Only one green alga, Ulothrix, was recorded as a dominant species in 

the MacKay River. This species was a dominant on natural substrates at 

the Upper Station in Jlille, but did not occur on artificial substrates at 

this location. Ulothrix was, however, present (though not dominant) on 

plexiglass substrates at the Lower Station in July, indicatli1g that the 

species can become established on artificial substrates. 
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TABLE 11 . Seasonal variation in occurrence of dominant species (those 
consisting of more than 10% of the total cell/cm2 in any sample) 
in the MacKay River, May to September, 1977. N=natural 
substrate, P=plexiglass, G=glass substrate, A=all. 

Station: Lower Middle Upper 
Species M J J A S J J A S J J A S 

Chlorophyta 
U"lothrix sp. 

Cyanophyta 
Anabaena spp. 
Ca"lothrix fusca 
Ca"lothrix spp. 
Gomphosphaeria 

"lacustris 
Lyngbya aerugino­

caeru"lea 
Merismopedia· glauca 
Osci Uatoria 

minnesotense 
0. sp"lendida 
0. tenuis 
Osci"llatoria sp. 
Phormidium spp. 

Bacillariophyceae 
Cocconeis placentula 

var. lineata 
CycloteUa spp. N 
Epi themia so rex 
E. turgida 
Navicula cryptocephala 
Navicula sp. 
Nitzschia spp. 

N 

G 

p 
G 

N 

N 

N 

N 
N 

N 

N 

A G G A A P~G A A A A A 

P-G P-G P-G P~G G P-G G G 

N N A N 
p N 
G 
N 

G P N A 
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Cyanophyta 

Overall, 11 species of blue-green algae were classified as dominants. 

Of these, Phormidiur.1 was the most commonly recorded from the MacKay River. 

This filamentous alga was found at almost every site on every date and 

was a dominant species on all substrate types. Phormidium has been 

previously recorded as a dominant form in the South Saskatchewan watershed 

(Davies et aZ.~ 1977) and the Connaught-Beaver River watershed (Den Beste 

et aZ.~ 1977). 

Other species of blue-green algae frequently dominated natural 

substrates at the Upper Station. They also dominated an August sample 

from the Middle Station and three September samples from the Lower Station. 

With the exception of Phormidium spp., the dominant blue-green species 

were different at each site (Table 11). They included the genera Anabaena~ 

CaZothrix~ Gomphosphaeria~ Lyngbya~ Merismopedia~ and OsciZZatoria. 

Previous studies (Blum, 1957, Squires et aZ.~ 1973; Den Beste et aZ.~ 

1977b) have demonstrated that some species of blue-green algae (e.g., 

OsciZZatoria and Phormidium) found in high densities on natural substrates 

are nearly absent from artificial substrates. 

Bacillariophyceae 

The diatom community included fewer .dominant species than the blue­

green algae (7 and 11 species, respectively). Cocconeis pZacentuZa var. 

Zineata, an epiphytic species, was one of the most common diatoms but, 

as a dominant species, was restricted to the artificial substrates. 

This species generally reached its highest densities on glass substrates 
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(Table 10) and was a common dominant in previous studies on the Athabasca 

River where these substrates were used (HcCart et al. _, 1977). It appears 

to be a species that can rapidly colonize new areas. One other species 

of Cocconeis_, C. pediculus_, was observed from the ·MacKay River, although 

not as a dominant species. C. pediculus invariably reached its greatest 

densities on natural substrates. 

Of the six other species of dominant diatoms, only Epithemia sorex 

was widespread in its distribution. The species was recorded from all 

sites and had its highest densities during the August-September period, 

on natural substrates. E. sorex had previously been recorded as abundant 

in late summer and early fall in the South Saskatchewan River (Davies 

et al., 1977). Epithemia turgida appeared as a dominant diatom on only 

two occasions and on different substrates (natural and plexiglass). The 

Navicula spp. were restricted to the Lower Station but appeared as a 

dominant on both natural and glass substrates. Nitzschia was an occasional 

dominant on all substrates. The centric diatom, Cyclotella, was only 

observed as a dominant species during May at the Lower Station. All of 

the dominant diatom genera except Cyclotella are widespread in Alberta and 

have been previously identified as dominants in the South Saskatchewan 

River (Davies et al. _, 1977). 

No dominant species occurred among the other three major groups, 

the Chrysophyceae, Euglenophyta, and Cryptophyta. 
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Species Diversity 

The diversity of the periphytic communities at the MacKay River was 

characterized by: 

1) the taxonomic diversity (t); 

2) the Shannon-Weaver Species Diversity Index (d); and 

3) MacArthur's Equitability Index (e). 

The results are surrunarized in Tables 12 and 13 and Figure 16. 

For natural substrates, taxonomic diversity (t) seemed to be higher 

at the Upper Station than at the Middle or Lower Stations. However, for 

the plexiglass substrate, taxonomic diversity was higher at the Lower 

Station than at the others. The glass substrate, on the whole, supported 

a similar number of taxa at all the stations. In geneTal, species 

diversity (d) and equitability (e) were higher for the periphytic 

commllllities on natural substrates and lower for those on artificial 

substrates, indicating the occurrence of a more comple2c and stable 

community on the natural substrate. 

All sites and substrate types had similar seasonal variations in 

the species diversity and taxonomic diversity with peak values generally 

occurring during September, coinciding with the peak standing crops. 

Lowest diversity values commonly occurred in July and August. Equitability 

values showed little variation, ranging from 0.13 to 0.32. Natural 

substrates tended to produce higher species diversity values than either 



TABLE 12. Variations in the means and ranges of the taxonomic diversity (t), Shannon-Weaver Species 
Diversity Index (d), and equitability (e) of the periphyton communities on various substrate 
types in the MacKay River. May to September, 1977. 

Upper 
Substrate Type Parameter Mean Range 

Natural t 31.67 22-37 
a 2.36 2.03-2.73 
e 0.23 0.19-0.27 

t 22.33 15-36 
a 1. 39 0.63-2.17 

Plexiglass 

e 0.17 0.13-0.20 

Glass t 21.25 13-30 
a 1. 51 1. 26-1.94 
e 0.18 0.13-0.23 

STATIONS 
Middle 

Mean Range 

24.33 19-31 
2.15 1.73-2.4 
0.25 0.21-0.3 

17.25 14-21 
1. 54 1.10-1.98 
0.22 0.20-0.24 

21.75 16-31 
1. 70 1. 27-2.34 
0.21 0.16-0.23 

Mean 

22.67 
2.29 
0.29 

27.50 
2.40 
0.30 

21.33 
1. 85 
0.22 

Lower 
Range 

19-28 
2.20-2.45 
0.25-0.32 

19-36 
2.00-2.80 
0.28-0.32 

16-30 
1.46-2.10 
0.19-0.28 

00 
V-l 
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TABLE 13. Comparison of mean values and ranges for various parameters describing periphyton on natural, 
plexiglass, and glass substrates. Data from Table 7. N=8 in every case. 

Natural Plexiglass Glass 
Mean Range Mean Range Mean Range 

Species (t) 26.9 19-37 22.2 14-36 23.9 18-31 

Diversity (d) 2.31 1. 73-2.73 1.71 0.63-2.80 1. 74 1. 30-2.34 

Equitability (e) 0.25 0.19-0.32 0.22 0.13-0.32 0.19 0.13-0.28 

Density (1000 cells/cm2
) 485.6 10.8-1356.4 90.1 12.0-275.8 79.9 13.8-124.9 

Biomass (mg/m2
) 7757.8 579.7-29565.2 1125.6 379.0-3484.8 550.7 273.9-1206.7 

Diatoms/Blue-Greens 1.01 0. 33-1.79 2.22 0.14-8.82 2.24 0.36-5.59 

00 
+>-
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type of artificial substrate, with most values above 2.0 (range 1.73-2.73). 

Species diversity was generally less than 2.0 on both glass and plexiglass 

(ranges 1.26-2.34 and 0.63-2.80, respectively). Taxonomic diversity 

values ranged from 14-36 with similar values yielded by all three 

substrates. 

The generally higher species diversity values on natural substrates 

probably resulted from the failure of some species to rapidly colonize 

the artificial substrates. It was not necessary for natural substrates 

to recolonize after each sampling, since a periphyton community existed 

on the substrate prior to each 30 day sampling period. 

Comparison of Substrates 

Data comparing the performance of the three substrates are presented 

in Table 13. The comparisons have been confined to samples which are 

similar in location and sampling period (N=8 in every case). While the 

sample sizes are too small to permit any meaningful tests of statistical 

significance, there are indications of very real differences between the 

communities present on the three substrates. 

Mean values for natural substrates exceed those for either artificial 

substrates in the number of species (t), species diversity (d), equitability 

(e), density, and biomass. The greatest discrepancies are in density 

and biomass which are, respectively, 5 to 6 and 7 to 14 times greater 

than the means recorded for artificial substrates. On natural substrates, 

the ratio of diatoms to blue-green algae, the two most important groups 
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in all samples, averages only half that on artificial substrates. 

In most respects, the values for the two artificial substrates are 

similar. The only major difference is in biomass. The mean for 

plexiglass substrates is approximately twice that for glass. There is 

also a difference, though a small one, in the density of cells on the 

two artificial substrates. The mean for plexiglass is 11% higher than 

that for glass. 

The differences in the communities on natural and artificial 

substrates are probably due to two factors: habitat diversity and length 

of exposure. A rock, with its rough surface, presents a greater variety 

of microhabitats for unicellular organisms than does the-smooth surface 

of plexiglass or glass. It can, therefore, accommodate the habitat 

requirements of a wider range of organisms. In addition, because·they 

are exposed to colonization and community development over a longer period 

of time, natural substrates would be expected to develop a more complex 

algal community than artificial substrates exposed for a relatively 

short period. The 30 day exposure period used in this study is based 

on Weber's (1973) recommendations for streams in the continental United 

States. It may not be applicable to streams at higher latitudes. It is 

suggestive that diatoms were, on the average, more abundant on artificial 

substrates than were blue-greens whereas, on natural substrates, the mean 

ratio of densities of the two groups were approximately equal. 

Diatoms, particularly Cocconeis, frequently have their highest densities 

in new habitats, while blue-greens, particularly Phormidium, often 



88 

characterize well developed climax communities in streams (Bloom, 1957, 

Squires et al.~ 1973; Den Beste et al.~ 1977b). Certainly, further 

studies are necessary to determine the optimum exposure time for 

artificial substrates in this area. 

These studies do not indicate any great advantage to one or the 

other of the two artificial substrates though with longer exposure, 

the density and biomass differences may increase. There may be an 

advantage to having a larger population on which to base analyses. 

Natural Stress 

As previously indicated, the equitability values (e) of the 

periphyton community were low, ranging from 0.13 to 0.32, regardless of 

substrate type, sampling location, or sampling period. These values are 

substantially lower than 0.5, a value generally regarded as the lower 

limit for stream communities in unstressed habitats. Since the species 

diversity was also relatively low (range 1. 51 to 2 .. 40, Table 12), it 

appears that the periphyton community of the MacKa;r River is subjected 

to some natural stress even in the absence of any man-made disturbance. 

There are no data indicating what the cause of the stress is, if any. 

The phenomenon appears to be real, however, and not an artifact of 

sampling technique. The species composition of periphyton on glass slides 

collected from the ~~cKay River in 1977 and on slides from the Athabasca 

River in 1975 (McCart et al. ~ 1977) were similar for the same sampling 

period (June to September) and exposure time (30 days). Species diversity 

(range 1.08-4.26) and equitability (range 0.05-1.10) were, however, higher 



in the Athabasca River and biomass lower (range 85.0-777.7 mg/m2
) than 

in the MacKay River (range 240.2-1206.7 mg/m2
). 
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The structure of periphyton communities in the MacKay River resembles 

the periphyton community in streams 1vith mild organic loading (Patrick, 

1973). Such streams often have high periphyton densities that are 

dominated by a few species with a resultant decrease in species diversity. 

Margale (1961) suggests that this decrease is related to different 

reproductive capacities in an enriched environment. Certain species 

reproduce more rapidly than others and dominate the community, thereby 

reducing diversity. 

Other than outcroppings of tar sands and other natural sources such 

as leaf drop, bog drainage, etc., there are no known sources of organic 

loading in the MacKay River. There is, therefore, no obvious explanation 

for the status of the periphyton community in the river. Naturally 

occurring values for oil and grease, phenols, boron, iron, lead, mercury, 

total organic carbon, nitrogen, and cadmium (Table 6) exceed the limits 

recommended in Alberta Surface Water Quality Objectives, Alberta Environment 

(1977). Possibly they are at levels high enough to affect periphyton 

growth in the MacKay River but not high enough to affect benthic 

invertebrates. 

Current and substrate composition are important factors influencing 

periphyton species composition and growth. Provided there are no other 

limiting factors, stable substrates composed of rubble in a slow moving 

current are ideal conditions for periphyton growth (Blum, 1956). 
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Filamentous forms in particular may achieve their greatest growth under 

these conditions. These conditions are common in the upper and middle 

reaches of the }.l[acKay River but with progressively more gravel, sand, 

and mud-silt downstream. Periphyton biomass showed a similar longitudinal 

trend, i.e., generally highest at the Upper Station and lowest at the 

Lower Station (Table 8) . 
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BEN'IHIC }JACROINVERTEBRATES 

Introduction 

This study was undertaken to determine the qualitative and quantitative 

characteristics of the benthic macroinvertebrate communities of the MacKay 

River and to assess the relationship of these communities to existing 

environmental conditions. Specifically, the objectives were to: 

1) describe the structure of the benthic animal communities at three 

selected stations (Upper, Middle, and Lower Stations); 

2) describe the quantities of animals (standing crop) inhabiting the 

river bottom at the selected stations; 

3) determine the efficiency of the rock-basket sampler in collecting 

benthos from the MacKay River; 

4) characterize the diel benthic invertebrate drift rate and drift 

density. 

Materials and Methods 

Sample Collection 

The benthic macroinvertebrate fauna at each station was sampled at 

monthly intervals from ~~y to September, 1977, using a standard Surber 
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sampler (mesh size 600 microns). For each sampling period, three 

replicate samples were taken from stone and gravel substrates in riffle 

areas and preserved in 10% formalin for later analysis. 

Artificial substrates made from wire baskets and quarry rock as 

described by MCCart et al. (1977) were also used to sample aquatic 

invertebrates. At each station, three samplers were suspended 10 em above 

the substrate. Each month, the samplers were retrieved, cleaned of all 

invertebrates and accumulated debris, and placed back in position. A 

600 micron mesh sieve bucket was held under the baskets to capture any 

invertebrates dislodged during retrieval. Samples 'were preserved in 10% 

formalin for later enumeration and identification. 

Three additional samplers filled with tar sand were placed at the 

Middle Station on the MacKay River from June to September to check possible 

variability in benthic colonization due to substrate differences. Tar 

sand was a common feature of the bottom substrate of the Middle Station 

and the pieces used were similar in size and shape to rocks in the other 

samplers. 

Drift 

Twenty-four hour drift studies were conducted at the Lower Station on 

the MacKay River on July 15 and 16 and August 21 and 22, 1977. During each 

24 hour sampling period, three nets were placed in the stream for one hour, 

every two to four hours, for a total of seven, one hour drift samples of 

three replicates each. Sampling was more frequent from dusk to dawn when 

drift rates were highest and less frequent during the day when drift rates 
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were low. The drift nets had an opening of 30 ern x 45 em and a 250 y mesh 

net 90 ern long. Records were kept of water depth and current at the mouth 

of each net. 

Sample Analysis 

In the laboratory, samples were washed through a 600 micron mesh 

sieve and the invertebrates sorted out under a stereoscopic dissecting 

microscope. Organisms were counted, identified, and further preserved 

in 75% isopropanol. 

The major taxonomic references used include Allen and Ednrunds (196la, 

196lb, 1965), Jensen (1966), Needham et al. (1935), Pennak (1953), Usinger 

(1963), and Ward and Whipple (1959). The Chironomidae were identified 

according to the provisional key by Hamilton and Saether 1
, and Saether 

(1969, 1975, 1976, 1977). 

Shannon-Weaver species diversity indices and MacArthur equitability 

indices were computed for each station as previously described for periphyton. 

Results and Discussion 

Species Composition 

During this study, a total of 80 benthic macroinvertebrate taxa was 

collected from the three sampling stations. Because of differences in 

substrate composition and flow rates at the three stations (Table 2), 

the species composition of their benthic communities varied considerably. 

1Unpublished key, Environment Canada, Freshwater Institute, Winnipeg. 
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The longitudinal distribution of the various benthic taxa are 

summarized in Table 14. A total of 59 taxa was found at the Upper Station, 

whereas 56 and 49 taxa were found at the Middle and Lmver Stations, 

respectively. Taxonomic diversity of five major insect Orders at the three 

stations is shown in Figure 17. It appeared that the Upper Station 

supported a comparatively diverse fauna of Chironomidae (midges), Trichoptera 

(caddisflies), and Plecoptera (stoneflies), whereas the Middle Station 

supported a more diverse Ephemeroptera (mayfly) and chironomid fauna. 

In contrast, the Lower Station was comparatively rich in mayfly species, 

but the other major Orders were not as well represented. 

Table 15, based on data from Clifford et aZ. (1973) is a comparison of the 

relative abundance of mayfly, stonefly, and caddisfly species in the ~~cKay 

River and other stream types in Alberta. On the whole !• the relative 

abundance of these groups in the MacKay River is similar to that of 

other brown-water streams in Alherta. 

Species Dominance 

The percentage composition of the standing crop of each benthic taxon 

has been used as the basis of a classification of benthic invertebrates 

in the MacKay River (Tables 16 - 18), following the method of Ulfstrand 

(1968) . Such a classification provides an overall impression of the 

benthic connnunity structure of the study area. Five categories of 

dominance were designated on the basis of the per cent composition of the 

total standing crop: 
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TABLE 14. Longitudinal distribution of benthic macroinvertebrate taxa at 
the Upper, Middle, and Lower Stations o£ the MacKay River, 
May-September, 1977. 

Taxa Upper Middle Lower 

Oligochaeta + + + 
Nematoda + + 
Hirudinea + 
Hydracarina + + 
Amphipoda 

HyaZeUa + 
Mollusca 

Ferrissia + + 
Lyrrmaea + 

Insecta 
Collembola + + 
Ephemeroptera 
AmeZetus + + + 
Baetis sp. A + + + 
Baetis sp. B + + + 
Brachycercus + + + 
Caenis + + + 
CentroptiZum + + + 
EphemereZZa + + + 
Rhithrogena + + + 
Tricorythodes + + + 
ParaZeptophZebia + + + 
Heptagenia + + + 
Baetisca + + 

LeptophZebia + + 
NeocZoeon + + 

Ametropus + 

Stenonema + 
Hexagenia + 

Odonata 
Ophiogomphus + + + 

Aeshna + 
CaZopteryx + 

Plecoptera 
Isogenus + + + 

Pteronarcys + + + 

Taeniopteryx + + + 

HastaperZa + + 

Acroneuria + 
Arcynopteryx + 

Trichoptera 
Arctopsyche + + + 

Hydropsyche + + + 

May atrichia + + + 

GZossosoma + + 

Brachycentrus + 

A thripsodes + 

(Continued) 
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TABLE 14. Continued. 

Taxa Upper Middle Lower 

Neureclipsis + 
Rhyacophila + 
Oxyethira + 

'" 
."'. Drusinus + + 

Hemiptera 
Corixidae + + + 

Coleoptera 
Elmidae + + 
Dytiscidae + 

Diptera 
Simuliidae + + + 
Empididae + + + 
Rhagionidae + 
Dolichopodidae + 
Ceratopogonidae + + 

.·• 

Chironomidae 
Cricotopus + + + 
Orthocladius + + + 
Micropsectra + + + 
Polypedilum + + + 
Rheotanytarsus + + + 
Ablabesmyia + + + 
Conchapelopia + + + 
Tanytarsus + + + 
Eukiefferiella + + + 
Cladotanytarsus + + 
Microtendipes + + 
Cardiocladius + + 
Endochironomus + + 
Smittia + + 
Psectrocladius + + 
Thienemanniella + + 
Paralauterborniella + + 
BriUia + 
Cryptotendipes + 
Labrundinia + 
Paratendipes + + 
Cryptochironomus + + 
Cryptocladopelma + 
Coelotanypus + 
Pro clad ius + 
Tribe los + 
Trichoc lad ius + 
Chironomus + 

Total Number of Taxa 59 56 49 
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FIGURE 17. Comparison of the number of taxa per major invertebrate 
group at the Upper, Middle, and Lower Stations. 
MacKay River, May-September, 1977. 
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TABLE 15. Comparison of the relative composition in terms of Ephemeroptera, 
Plecoptera, and Trichoptera species from the ~~cKay River and 
various stream types in Alberta. 

Ephem. Plecop. Trichop. Total 
Stream Type % % % Species Source 

Foothills 
Stream 28 48 24 61 Zelt (1970) 

Boreal Forest 
Stream 43 14 43 23 Robertson (1967) 

Brown-Water 
Stream 45 10 45 33 Clifford (1969) 

MacKay River 52 18 30 33 

.· 



TABLE 16, Species composition, species diversity, equitability, and standing crop (number per square metre) 
of benthic macroinvertebrates collected in Surber samples at the Upper Station of MacKay River, 
May-September, 1977. 

May June July Aug Sept 
Taxa No./m2 9< No./m2 % No./m2 % No./m2 % No./m2 % 0 

01igod1aeta 50.23 19.17 21.53 9.52 7.18 1. 27 
Nematoda :1,0.76 4.11 3.59 0.64 
Hirudinea 
Amphipoda 

HyaleUa 
Collembola 
Ephemeroptera 

Ameletus 3.59 1. 37 3.59 1. 59 28.70 1. 52 
Baetis sp.A 161.46 28.67 104.05 4.36 
Baetis sp. B 
Baetisca 

25.12 9.59 157.87 28.04 61.00 2.56 21.53. 1.14 

Brachycercus 25.12 11.10 
Caenis 14.35 2.55 
Centroptilum 46.64 19.03 86.11 3.61 
Ephemerella 14.35 5.48 17.94 7.94 3.59 0.19 
Heptagenia 7.18 2.74 32.29 14.28 78.94 14.01 419.80 17.61 287.04 15.21 
Isonyc:hia 
LeptophZebia 
Neoclceon 
ParaZeptophZebia 3.59 1. 59 
Rhithrogena 7.18 2.74 57.41 2.41 136.34 7.22 
Stenonema 
Tricorythodes 17.94 3.18 14.35 0.60 

Baetidae 
Odonata 

Aeshna 
Ophiogomphus 3.59 1. 37 3.59 1. 59 7.18 0.30 7.18 0.38 
CaZopteryx 

Gomphidae 
Plecoptera (!) 

Acroneuria (!) 

Arcynop teryx 

(Continued) 



TABLE 16. Continued. f-1 
0 
0 

May June July Aug Sept 
Taxa No./m2 % No./m2 % No./m2 % No./m2 - % No./m2 % 

Hastapel'Za 3.59 1. 59 3.59 0.19 
Isogenus 7.18 2.74 28.70 1. 20 53.82 2.85 
Pteronarcys 3.59 1. 37 25.12 1. OS 25.12 1. 33 
Taeniopteryx 

Trichoptera 
Arctopsyche 7.18 1. 27 710.42 29.81 46.64 2.47 
Athripsodes 3.59 0.15 
Brachycentl'US 17.94 7.94 :).59 0.64 46.64 1. 95 172.22 9.13 
Drusinus 14-.35 0.60 
GZossosoma 10.76 0.45 200.93 10.65 
Hydropsyche 3.59 1.37 175.81 7.36 649.43 34.42 
Mayatrichia 3.59 0.64 
Nev.rec Zips is 17.94 0. 75 
OX'Jethira 
RhyacophiZa 78.94 3.31 43.06 2.28 
unid. pupae 3.59 0.15 10.76 0.57 

Hemiptera 
Corixidae 32.29 1.71 

Coleoptera 
Dytiscidae 
Elmidae 3.59 0.15 

Diptera 
Ceratopogonidae 
Chironomidae 
Ah ZabeSm'Jia 3.59 1. 59 7.18 1. 27 3.59 0.15 
BriZZia 
CardiocZadius 3.59 1. 37 7.18 1. 27 
CZadotanyta:t>sus 7.18 1. 27 10.76 0.45 
ConchapeZopia 
C1~icotopus 96.88 36.99 14.35 6.35 21.53 3.82 125.58 5.26 
Cryptotendipes 
Orthocladiinae 
Endochironomus 3.59 1. 59 

(Continued) 



TABLE 16. Continued. 

May June 
Taxa No./m2 % No./m2 % 

Eul<.iefferieUa 
Labrundinia 
Micl~opsectra 7.18 2.74 
MiCl~otendipes 
OrthocZadius 3.59 1. 37 
Pm~aZauterbornie Z Za 3.59 1. 59 
Pm~atendipes 3.59 1. 59 
Polypedilum 7.18 2.74 3.59 1. 59 
Pseatroaladius 
Rheotanytarsus 
Sm1:ttia 
Tanytarsus 
Th1:enemannie Ua 

Do1ichopodidae 
Hydrophorus 

Empididae 
Rhagionidae 
Simu1iidae 17.94 7.94 
Tipu1idae 
unid. pupae 7.18 2.74 3.59 1. 59 

Araclmida 
Hydracarina 

Mollusca 
Ferrissia 
Lymnaea 

(Continued) 

July 
No./m2 % 

Aug 
No./m2 

21.53 

14.35 2.55 35.88 
93.29 

21.53 3.82 39.47 

10.76 

7.18 1. 27 32.29 
14.35 2.55 

7.18 1.27 14.35 

39.47 

89.70 

ll: 
0 

0.90 

1. 50 
3.91 
1. 65 

0..45 

1. 35 

0.60 

1.65 

3.75 

Sept 
No./m2 

17.94 
75.35 
43.06 

21.53 
7.18 

% 

0.95 
3.99 
2.28 

1.14 
0.38 

t-' 
0 
t-' 



TABLE 16. Continued. f-1 
0 
N 

Hay June July Aug Sept 
No./m2 9< No./m2 % No./m2 % No./m2 % No./m2 % 0 

No. Individuals/m2 261.92 226.04 563.32 2386.02 1887.29 

No. Taxa (s) 17 18 19 31 21 

Shannon-Weaver Species 
Diversity Index (d) 3.09 3.60 3.05 3.83 3.21 

Equitability (e) 0. 71 0.94 0.63 0.68 0.62 

'· 



TABLE 11. Species composition, species diversity, equitability, and standing crop (number per square 
metre) of benthic macroinvertebrates collected in Surber samples at the Middle Station of 
HacKay River, May-September, 1977. 

May June July August September 
Taxa No./m2 % No.jm2 % No./m2 · % No./m2 % No./m2 

· % 

Oligochaeta 28.70 27.58 32.29 10.11 10.76 1. 00 17.94 1. 23 
Nematoda 
Hirudinea 
Amphipoda 

HyaZeZZa 
Collembo1a 
Ephemeroptera 

AmeZetus 3.59 0.25 
Baetia sp. A 3.59 1.12 208.10 27.36 251.16 23.41 32.29 2.22 
Baetis sp. B 7.18 6.90 10.76 3.37 50.23 6.60 182.99 17.06 229.63 15.76 
Bqetisca 
Brachycercus 7.18 2.25 
Caenis 3.59 1.12 139.93 18.40 
CentroptiZum 118.40 37.09 
Ephernere Z Za 333.68 20.45 
Heptagenia 10.76 10.34 50.23 15.74 6Ll.58 8.49 182.99 17.06 290.63 19.~ 
Isonychia 
LeptophZebia 
NeocZoeon 10.76 1.00 
ParaZeptophZebia 3.59 0.25 
Rhithrogrna 
Stenonema 
Tricorythodes 39.47 5.19 17.94 1. 67 3.59 0.25 

Baetidae 
Odonata 

Aeshna 
Ophiogomphus 7.18 6.90 3.59 1.12 14.35 1.89 25.12 2.34 3.59 0.25 
CaZopteY";JX 

Gomphidac 
f-' Plecoptera 0 

Acroneuria tN 

ArcynopteY'lJX 

(Continued) 



l'ABLE 1/', Continue9.. 
f-' 
0 

May +:> 
.June July August September 

Taxa No. /m2 % Ho./m2 % No./m2 % No./Jl12 % No./m2 % 

Hastaperla 
Isogenus 50.23 3.45 
Ptei'onarcys 3.59 3.45 7.18 0.67 10.76 0.74 
Taeniopteryx 89.70 6.16 

Trichoptera 
Arctopsyche 3.59 1.12 7.18 0.67 
Athripsodes 
Brachycen tY"'.A.S 
Drusinus 
Glossosoma 3.59 0.33 
Hydropsyche 43.06 2.95 
l1ayatrichia 
Neurec Zips is 
OX?Jethira 3.59 1.12 
Rhyacoph1: Za 
unid. pupae 

f.Iemiptera 
Corixidae 3.59 1.12 

Coleoptera 
Dytiscidac 
Elmidae 

Diptera r 

Ccratopogonidae 3.59 1.12 
Chironomidae 
Ablabesrrryia 7.18 0.94 
Cardiocladius 7.18 0.67 
Cladotanyta:r>sus 14.35 13.79 3.59 0.33 
Coelotanypus 
Conchapelopia 10.76. 3.37 7.18 0.67 86.11 5.91 
Cr1:cotopus 14.35 13.79 50.23 15.74 
Cryptoc.Zadope Zma 
Cryptochironomus 3.59 0.47 
Endochironomus 
Eukie ff erie Z Za 21.53 2.01 
Micropsectra 7.18 6.90 14.35 1. 89 14.35 0.98 

(Continued) 
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TABLE 17. Continued. 

May June July August September 
Taxa No./m2 % No./m2 % No./m2 % No. /m2 % No. /m2 % 

Microtendipes 17.94 1. 23 
Orthoaladius 3.59 3.45 114.82 10.70 226.04 15.52 
Pm'a Zauterbornie l Za 
Polypedilum 17.94 1. 23 
Proaladius 
Psectocladius 
Rheotanytarsus 3.59 3.45 10.76 3.37 3.59 0.33 
Smittia 14.35 1. 89 
Tanytarsus 3.59 1.12 7.18 0.49 
Thienemaniella 
T2oibelos 
Triahocladius 

Dolichopodidae 
Hyd!oophorus 

Empididae 10.76 1. 00 10.76 0. 74 
. Rhagionidae 
Simu1iidae 3.59 3.45 200.93 26.41 175.81 16.39 
unid. pupae 3.59 0.47 28.70 2.67 

Araclmida 
Hydracarina 

l\!ollusca 
Ferrissia 
Lyrnnaea 

No. Individuals/m2 104.05 319.33 760.66 1072.81 1456.73 
(t) 
J\fo. Taxa (s) 11 16 12 19 20 

Shannon-Weaver Species 
Diversity Index (d) 3.11 2.90 2.71 3.09 3.23 

I-' 
0 

Equitabi1ity (e) 1. 09 0.63 0.75 0.63 0.65 VI 



TABLE 18, Species composition, species diversity, equitability, and standing crop (number per square 
I-' 

metre) of benthic macroinvertebrates collected in Surber samples at the Lower Station of 0 
Q\ MacKay River, May-September, 1977. 

May June July Au~st September 
Taxa No./m2 % No./m2 % No./m2 % No./m % No./m2 % 

Oligochaeta 53.32 75.00 14.35 9. 75 2B.70 32.00 7.18 2.94 61.00 7.11 
Nematoda 3.59 Lt.OO 
Hin1clinea 7: co 

,J. J;:J 4.00 
1runphipoda 

HyaleZZa 
Collembola 3.59 4.00 
Ephemeroptera 

AmeZetus 17.94 12.19 3.59 4.00 
Baetis sp. A 3.59 5.00 17.94 12.19 14.35 16.00 61.00 25.01 
Baetis sp. B 3.59 5.00 25.12 17.07 3.59 4.00 78.94 32.36 111.23 12.97 
Baetisca 3.59 0.41 
Brachycercus 
Caenis 3.59 0.41 
CentroptiZum 21.53 Vl. 71 
EphemereZZa 68.17 7.94 
fleptagenia 10.76 7.31 7.18 8.00 43.06 17.64 247.57 28.97 
Is onychia 
LeptophZebia 21.53 2.51 
NeocZoeon 
ParaZeptophZebia 3.59 5.00 7.18 0.83 
Rh~~ :hrr~?~na 3.59 1.47 121.99 14.24 
Stenonema 17.94 2.09 
Tr~corythodes 7.18 2.94 3.59 0.41 

Bacticlae 
Odonata 

Aeshna 
Ophiogomphus 3.59 2.43 7.18 0.83 
CaZopteryx 

Gomphidae 
Plecoptcra 

Acroneuria 
Ar•cynopteryx 

(Continued) 
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TABLE 18. Continued. 

Taxa 

Hastape1~Za 
Isogenus 
Pteronarays 
Taeniopteryx 

Trichoptera 
Aratopsyahe 
Athripsodes 
Braahyaentrus 
Drusinus 
GZossosoma 
Hyd:r>opsyahe 
Mayatriahia 
Neurea Zips is 
Oxyethira 
Rhyaaophi Za 

·· wdd. pupae 
Hemiptera 
Corlxidae 

Coleoptera 
Dytiscidae 
Elmidae 

Diptera 
Ceratopogonidae 
Chironomidae 
AbZabesmyia 
Chironomus 
Cladotany tara us 
ConahapeZopia 
Criaotopus 
Cryptoahirono~~s 
EukiefferieZZa 
Miaropseatra 
OrthoaZadius 

l\1ay 
No./m2 

3.59 

3.59 

% 
June 

No./m2 % 
July 

No./m2 % 

3.59 4.0 

5.00 
3.59 4.0 

5.00 

3.59 2.43 
3.59 4.0 

(Continued) 

Aug 
No./m2 · 

3.59 

7.18 
3.59 
3.59 

3.59 

% 

1. 47 

2.94 
1.47 
1.47 

1. 47 

Sept 
No./m2 

17.94 
35.88 

3.59 

7.18 

32.29 

25.12 

7.18 

32.29 

% 

2.09 
4.18 

0.41 

0.83 

3.76 

2.92 

0.83 

3.76 
I-' 
0 
-....] 



TABLE 18. Continued. f-1 
0 
00 

Hay June July Aug Sept 
Taxa No./m2 % No./m2 % No./m2 % No./m2 % No./m2 % 

ParatenC!.ipes 7.18 4.87 
Po lypedi Zwtz 7.18 4.87 7.18 8.00 10.76 4.41 
Rheotanytm•sus 10.76 7.31 7.18 2.94 7.18 0.83 
Tarzytarsus 10.76 1. 25 

Do1ichopodidae 
Hydl•ophorus 

Empididae 3.59 0.41 
Rhagionidae 
Simuliidae 7.18 4.87 3.59 4.00 
unid. pupae 

Aradmida 
Hydracarina 

Mollusca 
Ferrissia 3.59 1. 47 
Lymnaea 

Xo. Individuals/m2 71.76 147.11 89.70 243.98 857.53 

No. Taxa (s) 6 12 13 14 23 

Shannon-Weaver Spc;:cics 
Diversity Index (d) 1. 39 3.36 3.20 2.80 3.07 

Equitability (c) 0.50 1. 25 1. 00 0. 71 0.52 

'· 



1) Dominant taxon (D)~-at least 25%; 

2) Sub-dominant taxon (S)--at least 10%, but less than 25%; 

3) Common taxon (C)--at least 1%, but less than 10%; 

4) Rare taxon (R)-~at least 0.1%, but less than 1%; 

5) Incidental taxon (I)-~less than 0.1%. 

Each of the five categories was g1ven an arbitrary numerical value: 

D=16 

S=8 

C=4 

R=2 

1=1 

109 

Based on the per cent composition data for the taxa (Tables 16-18 ), 

their dominance values were summed to form a "dominance index". These 

indices were used to group the invertebrate taxa into dominance classes 

(Tables 19- 22). 

The data suggest that, as a whole, the dominant benthos at the 

MacKay River (Table 19) are the oligochaete-worms; the mayflies Baetis spp. 

and Heptagenia sp.; the dragonfly Ophiogomphus sp.; the caddisflies 

Arctopsyche sp. and Hydropsyche spp.; the blackfly Simulium spp.; and 

the orthocladiinid chironomids Cricotopus spp. and Orthocladius spp. 

At the Upper Station (Table 20) the dominant benthos are the mayflies 
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TABLE 19. Grouping of the benthic macroinvertehrate taxa from the MacKay River in dominance classes based 
on their dominance index values. 

Index: 
104-88 

Oligochaeta 
Ephemeroptera 

Baetis sp. A 
Baetis sp. B 
Heptagenia 

52-32 
Ephemeroptera 

Centroptilum 
Odonata 

Ophiogorrrphus 
Trichoptera 

Arctopsyche 
Hydropsyche 

Diptera 
Cricotopus 
Orthocladius 
Simuliidae 

28-20 
Ephemeroptera 

EphemereUa 
Rhithrogena 
Tricory thodes 

Plecoptera 
Isogenus 
Pteronarcys 

Diptera 
Micropsectra 
Polypedilum 
Rheotanytarsus 

18-12 
Ephemeroptera 

Ameletus 
Brachycercus 
Caenis 
Paraleptophlebia 

Trichoptera 
Brachycentrus 
Glossosoma 

Diptera 
Ablabesmyia 
Cladotanytarsus 
Conchapelopia 
Microtendipes 
Tanytarsus 
Empididae 

'· 

10-2 
Nematoda 
Hirudinea 
Collembola 
Ephemeroptera 

Baetisca 
Leptophlebia 
Neocloeon 
Stenonema 

Plecoptera 
Hastaperla 
Taeniopteryx 

Trichoptera 
Athripsodes 
Drusinus 
May atrichia 
Neurec lip sis 
Oxyethira 
Rhyacophila 

Hemiptera 
Corixidae 

Coleoptera 
Dytiscidae 
Elmidae 

Diptera 
Ceratopogonidae 
Cardiocladius 
Chironomus 
Endochironomus 
EukiefferieUa 
Paralauterborniella 
Paratendipes 
Smittia 
Rhagionidae 

Mollusca 
Ferrissia 

f-1 
f-1 
0 

•. 



TABLE 20. Grouping of the benthic macroinvertebrate taxa from the upper station of the MacKay River in 
dominance classes based on their dominance index values. 

Index: 
36-28 

Ephemeroptera 
Baetis sp. B 
Heptagenia 

Diptera 
Cricotopus 

24-20 
Ephemeroptera 

Baetis sp. A 
Trichoptera 

Arctopsyche 
Hyd:r>opsyche 

16-10 
Oligochaeta 
Ephemeroptera 

AmeZetus 
CentroptiZum 
EphemereZZa 
Rhithrogena 

Odonata 
Ophiogomphus 

Plecoptera 
Isogenus 
Pteronarcys 

Trichoptera 
Brachycentrus 
GZossosoma 

Diptera 
AbZabesmyia 
Micropsectra 
OrthocZadius 
Po Zyped1: Zum 

8-2 
Nematoda. 
Ephemeroptera 

BrachycercuB 
Caenis 
ParaZeptophZebia 
TricorythodeB 

Plecoptera 
HastaperZa 

Trichoptera 
Athripsodes 
DrusinuB 
Mayatrichia 
Neurec Up sis 
RhyacophiZa 

Hemiptera 
Corixidae 

Coleoptera 
Elmidae 

Diptera 
CardiocZadius 
CZadotanytarsus 
Endochironomus 
EukiefferieUa 
Microtendipes 
ParaZauterbornieZZa 
Paratendipes 
Rheotanytarsus 
Smittia 
Tanytarsus 
Empididae 
Rhagionidae 
Simuliidae 

f-1 
f-1 
f-1 



TABLE 21. Grouping of the benthic macroinvertebrate taxa from the middle station of the M2cKay River 
in dominance classes based on their dominance index values. 

Index: 
36-28 

Oligochaeta 
Ephemeroptera 

Baetis sp. A 
Baetis sp. B 
Heptagenia 

Diptera 
Simuliidae 

•. 

20-16 
Ephemeroptera 

Centroptilwn 
Odonata 

Ophiogorrrphus 
Diptera 

Cricotopus 
Orthoc lad ius 

'· 

12-10 
Ephemeroptera 

Caenis 
Tricorythodes 

Diptera 
Cladotanytarsus 
Conchape lopia 
Micropsectra 
Rheotanytarsus 

8-2 
Ephemeroptera 

Ameletus 
Brachycercus 
Ep hemere lla 
Neocloeon 
Paraleptophlebia 

Plecoptera 
Isogenus 
Pteronarcys 
Taeniopteryx 

Trichoptera 
Arctopsyche 
Glossosoma 
Hydropsyche 
Oxyethira 

Hemiptera 
Corixidae 

Diptera 
Ceratopogonidae 
Ablabesmyia 
Cardiocladius 
Cryptochironomus 
EukiefferieUa 
Microtendipes 
Polypedilwn 
Smittia 
Tanytarsus 
Empididae 

1-' 
1-' 
N 



TABLE 22. Grouping of the benthic macroinvertebrate taxa from the lower station of the ~~cKay River in 
dominance classes based on their dominance index values. 

Index: 
44-40 

Oligochaeta 
Ephemeroptera 

Baetis sp. B 

36-32 
Ephemeroptera 

Baetis sp. A 
Heptagenia 

(Continued) 

12-10 
Ephemeroptera 

Ameletus 
Rhithrogena 

Diptera 
Polypedilum 
Rheotanytarsus 

8-2 
Nematoda 
Hirudinea 
Collembola 
Ephemeroptera 

Baetisca 
Caenis 
Centroptilum 
Ephemere Z Za 
Leptophlebia 
ParaZeptophZebia 
Stenonema 
Tricory tho des 

Odonata 
Oph1:ogomphus 

Plecoptera 
Hastaperla 
Isogenus 
Taeniopteryx 

Trichoptera 
Arctopsyche 
Drusinus 
Hydropsyche 
May atrichia 

Coleoptera 
Dytiscidae 
Elmidae 

Diptera 
Ceratopogonidae 
Chironomus 
Conchapelopia 
Cricotopus 
Cryptochironomus 

f-1 
f-1 
V4 



TABLE 22. Continued. 

Index: 
44-40 36-32 12-10 

•. 

8-2 
EukiefferieZZa 
Micropsectra 
Orthocladius 
Paratendipes 
Tanytarsus 
Empididae 
Simu1iidae 

Mollusca 
Ferrissia 

•. 

t-' ,..... 
+>-
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Baetis spp. and Heptagenia sp.; ·the caddisflies Arctopsyche sp. and 

Hydropsyche spp.; and the chironomid Cricotopus spp. Other common forms 

include the riffle mayflies Ameletus sp., Ephemerella spp., and Rhithrogena 

sp., and the stoneflies Isogenus sp. and Pteronacys sp. The diverse 

caddisfly fauna is dominated by the Brachycentrus sp. and Glossosoma sp. 

According to Barton and Wallace (1977), such a benthic community structure 

is characteristic of the Type (or Zone) IV Streams, i.e., "large, high 

gradient streams which cut through glacial till and thus have substrates 

consisting of boulders and gravels." 

At the Middle Station, where exposed tar sand is a common feature of 

the substratum, the benthic community (Table 21) is dominated by the oligochaete 

worms; the blackfly Simulium; and the mayflies Baetis spp. and Heptagenia. 

Other common benthic invertebrates include the mayfly Centroptilum sp.; 

the dragonfly Ophiogomphus sp.; and the Orthocladiinae midges Cricotopus 

spp. and Orthocladius spp. This benthic association appears to conform 

to the Type (or Zone) VI Streams of Barton and Wallace (1977), i.e., 

"streams cutting through oil sands deposits." 

At the Lower Station (Table 22), the dominant benthos are the oligochaetes 

and the mayflies Baetis spp. and Heptagenia sp. Several slow-water forms 

seem to be restricted to the Lower Station (Tables 12 and 16), e.g., 

the mayflies Stenonema and Hexagenia; the damselfly Calopteryx; a 

predaceous dytiscid beetle; and the bloodworm Chironomus sp. 
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Species Diversity 

The diversity of the benthic cor:mumities at the MacKay River was 

characterized by: 

1) the Shannon-Weaver Species Diversity Index (d); 

2) taxonomic diversities (t); and 

3) ~fucArthur's Equitability Index (e). 

The results are summarized in Table 23. 

On the whole, benthic diversity (d and t) was greatest at the Upper 

Station, lowest at the Lower Station, and intermediate at the Middle Station. 

This variation is most likely correlated with the difference in substrate 

types at the three stations. The predominantly rubble substrate at the 

Upper Station provided a more complex and stable habitat for the 

invertebrates and hence a more diverse fauna (Percival and Whitehead, 1929; 

Sprules, 194 7; Hynes, 1970). The predominantly gravel and exposed tar 

sand substrates at the }~ddle Station are more subject to movement and 

wash-out than rubble and hence the reduced benthic diversity. 

The Lower Station, which is situated in the depositional zone, has a 

substrate which includes large amounts of silt and sand and, consequently, 

a reduced faunal diversity (Hynes, 1970). 

Seasonally, species diversities (d) fluctuated considerably at the 

three stations (Figure 18). There seemed, however, to be a general increase 



TABLE 23. 

Station 

Upper 

Middle 

Lower 

Seasonal variations in the species diversity (d), taxonomic diversity (t), and equitability (e) 
of the benthic macroinvertebrate communities at the MacKay River. May-September, 1977. 

Standard 
Parameter May June July August September Mean Deviation 

d 3.09 3.60 3.05 3.85 3.21 3.36 0.3497 
t 17 18 19 31 21 21.20 5.6745 
e 0. 71 0.94 0.63 0.68 0.62 0. 716 0.1305 

d 3.11 2.90 2. 71 3.09 3.23 3.00 0.2043 
t 11 16 12 19 20 15.60 4.0373 
e 1.09 0.63 0. 75 0.63 0.65 0.75 0.1965 

d 1. 39 3.36 3.20 2.80 3.07 2.76 0.7950 
t 6 12 13 14 23 13.60 6.1074 
e 0.50 1. 25 1. 00 0. 71 0.52 0.796 0.3236 

1--' 
1--' 
---..] 
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1n taxonomic diversity (t) from spring to fall (Table 23 and Figure 18). 

An analysis of the seasonal distribution of the benthic taxa indicated 

that out of the 80 taxa found in the MacKay River, 23 taxa were found in 

May, 34 in June, 44 in July, 55 in August, and 46 in September. The 

greater taxonomic diversity in August and September is probably related 

to the "winter species" type of life cycles found inthe majority of the 

benthos in northern latitudes (Hartland-Rowe, 1964; Clifford, 1969; 

Clifford et al.~ 1973). Most of these species hatch from eggs in summer 

and fall and persist through the winter (with or without growth) to emerge 

the following spring or summer. 

Standing Crop 

Both temporal and spatial variations in benthic macroinvertebrate 

standing crops (number/m2
) have. been examined (Figure 19 and Tables 16-18). 

Seasonally, it appears that the standing crop of benthos increased 

from May to September. The increment was greatest between July and 

August. Again, this phenomenon probably reflects: 

1) The dominant life-history pattern (i.e., winter species type) that 

occurs in the benthic community of most brown-water streams (Clifford, 1969; 

Clifford et al. ~ 1973) . Spring and summer emergence can probably account 

for the lower observed standing crop in May and June and the hatching (from eggs) 

in late summer and fall can account for the increase in August and September. 

2) Suspended sediment concentrations were generally higher in 

spring than in late summer and fall and increased sedimentation tends to 
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lower benthic density. 

Spatially, the mean standing crop declined from the Upper to the 

Lower Station (Table 24). This variation can probably be attributed to: 

1) substrate size, and 2) sedimentation. The larger substrates (mainly 

cobble) at the Upper Station probably provided a greater diversity of 

habitat particularly for dipterans and caddisfly larvae. The larger 

substrates also provided the stability needed for colonization. Barber 

and Kevern (1973) investigated the influence of substrate on macroinvertebrate 

standing crop (numbers and biomass). They found that the biomass of 

dipteran larvae (primarily chironomids and simuliids) was positively 

correlated with substrate size, and that higher numbers and greater biomass 

of trichopterans were associated with larger substrates. 

The substrate-standing crop relationship at the MacKay River can be 

demonstrated by examining the standing crop of several of the dominant 

benthos at the Upper, Middle, and Lower Stations (Figure 20). The slightly 

higher mean standing crop of Baetis sp. B at the Middle Station is probably 

best explained by the smaller size of the Baetis nymphs (as compared with 

Heptagenia sp. nymphs). Smaller nymphs are usually associated with smaller 

substrates (Macan, 1957), and, generally, gravel is the common substrate 

type found at the ~fiddle Station. Heptagenia sp. and Cricotopus sp. showed 

a more gradual decline in mean standing crop from the Upper to the Lower 

Stations; however, the trichopterans (Arctopsyche sp. and Hydropsyche sp.) 

showed a rapid decline from Upper to Middle and Lower Stations. 
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TABLE 24. Variation of benthos mean standing crop (number/m2
) at the 

Upper, Middle, and Lower Stations of the MacKay River. 
May to September, 1977. 

Dominant Mean 
Substrate Standing 

Station Types Crop Range 

.·-. Upper rubble, 1064.92 (226.04-2386.02) 
boulder 

Middle gravel, 742.72 (104. 05-1456. 73) 
rubble 

Lower gravel, 282.02 (71.76-857.53) 
sand, mud 
silt 



---------·------------ -

200 

(\J 

:::!! 

...... 
d z 

0 

200 

(\J 

~ 

...... 
0 100 
z 

Baetis sp.B (Ephemeroptera) 

~ 
UP MID LOW 

Arctopsyche sp. (Trichoptera) 

UP MID LON 

200 Cricotopus sp. (Diptera) 

N 
:::!! 

...... 100 
d z 

UP MID LOW 

N 
:::!! 

...... 

200 

d 100 
z 

(\J 

:::!! 

200 

....... 100 
d z 

123 

Heptagenia sp. ( Ephemeroptera) 

UP MID LDW 

Hvdropsvche sp. ( Trichoptera) 

UP MID LOW 

FIGURE 20. Mean standing crop (No./m2
) 

of several dominant benthos 
at the Upper, Middle, and 
Lower Stations of the 
MacKay River, 1977. 



124 

The longitudinal variation in benthos standing crop can also be 

explained by the increase of sedimentation downstream (Table 24). The 

inverse relation of sediment concentration and benthos standing crop is 

well documented (Gaufin 1959· Cordone and Kelley, 1961). ' , 

Profienciency of Rock Basket Sampler in Collecting Benthos from the 

MacKay River 

Substrate variability in the MacKay River is one of the main problems 

in locating ecologically comparable habitats for benthic sampling. One 

method of overcoming this problem is to use an artificial substrate sampler 

which will ensure substrate uniformity. In this study, the rock-basket 

sampler, as described in McCart et aZ. (1977) was used to collect benthos 

at the three stations. The objectives of this experiment were: 

1) to compare the benthic species collected by the rock-basket 

sampler to those collected by the Surber sampler; 

2) to compare the number of taxa and individuals collected by the 

two methods (i.e., rock-basket sampler and the Surber sampler); and 

3) to compare the diversity and evenness of the benthic communities 

which developed on the artificial substrates to those of the natural 

population. 

The data resulting from this study are presented in Tables 25 to 27. 



TABLE 25. Species composition, species diversity, equitability, and total number of benthic macroinvertebrates 
collected by the rock basket samplers at the Upper Station of MacKay River, June-September, 1977. 

June July Aug Sept 
Taxa No. % No. % No. % No. % 

Oligochaeta 1 0.03 
Nematoda 
Hirudinea 
Amphipoda 

HyaZeUa 
Collembola 
Ephemeroptera 

AmeZetus 2 0.06 8 0.19 2 0.38 
Baetis sp.A 2 0.12 88 2.84 710 16.74 
Baetis sp. B 
Baetisca 

10 0.60 133 4.30 . 144 3.40 83 15.93 

Brachycercus 
Caenis 
CentroptiZum 4 0.09 
Ephemere Ua 15 0.90 2 0.06 3 0.58 
Heptagenia 24 1.44 92 2.97 78 1. 84 36 6.91 
Isonychia 
LeptophZebia 
NeocZoeon 
ParaZeptophZebia 
Rhithrogena 5 0.30 23 4.41 
Stenonema 
Tricorythodes 70 2.26 9 0.21 

Baetidae 4 0.24 3 0.58 
Odonata 

Aeshna 
Ophiogomphus 1 0.02 
CaZopteryx 

Gomphidae 
Plecoptera f--1 

Acroneuria 2 0.38 N 
ln 

Arcynopteryx 5 0.12 

(Continued) 



TABLE 25. Continued. ........ 
N 
0\ 

June July Aug Sept 
Taxa No. % No. % No. % No. % 

HastaperZa 1 0.06 
Isogenus 20 0.64 223 5. 26 8 1. 54 
Pteronarcys 13 0. 78 41 1. 32 42 0.99 10 1. 92 
Taeniopteryx 7 1. 34 

Trichoptera 
Arctopsyche 268 16.06 223 7. 21 89 2.10 
Athripsodes 
Brachycentrus 909 54.45 593 19.17 66 1. 56 22 4.22 
Drusinus 5 0.12 
GZossosoma 99 19.01 
Hydropsyche 33 1. 98 246 7.95 758 17.87 140 26.88 
Mayatrichia 1 0.03 
NeurecZipsis 
Oxyethira 
RhyacophiZa 3 0.07 
unid. pupae 1 0.06 2 0.38 

Hemiptera 
Corixidae 

Coleoptera 
Dytiscidae 
Elmidae 

Diptera 
Ceratopogonidae 
Chironomidae 
AbZabesmyia 1 0.03 
BriZZia 27 0.87 
CardiocZadius 
CZadotanytarsus 4 0.13 
ConchapeZopia 2 0.06 30 0.71 1 0.19 
Cricotopus 3 0.18 64 2.07 170 4.01 
Cryptotendipes 15 0.49 
Orthocladiinae 71 1.67 
Endochironomus 10 0.24 

(Continued) 



TABLE 25. Continued. 

June 
Taxa No. % 

EukiefferieUa 2 0.12 
Labrundinia 
Miaropseatra 
Miarotendipes 
Orthoaladius 11 0.66 
Paralauterborniella 
Paratendipes 
Polypedi.Zum 1 0.06 
Psectroa Zadius 
Rheotanytarsus 
Smittia 
Tanytarsus 
Thienemanniella 

Do1ichopodidae 
Hydrophorus 

Empididae 
Rhagionidae 
Simu1iidae 367 21.99 
Tipu1idae 
unid. pupae 

Arachnida 
Hydra carina 

Mollusca 
Ferrissia 
Lymnaea 

(Continued) 

July Aug 
No. % No. 

170 
10 

392 12.67 1017 

49 1. 58 56 
71 

62 2.00 211 

73 

6 

958 30.97 152 
2 

8 0.26 46 

1 0.03 

1 

% 

4.01 
0.24 

23.98 

1. 32 
1.67 
4.98 

1.72 

0.14 

3.58 
0.05 
1. 08 

0.02 

Sept 
No. 

76 

2 

2 

% 

14.59 

0.38 

0.38 

f-1 
N 
--...] 



TABLE 25. Continued. f--1 
N 
00 

June July Aug Sept 
No. % No. % No. 9: 

0 No. % 

No. Individuals 1669 3095 4241 521 

No. Taxa (s) 17 25 31 18 

Shannon-Weaver Sp~ies 
Diversity Index (d) 1.90 3.16 3.54 2.99 

Equitability (e) 0.29 0.52 0.54 0.61 

'· '· 



TABLE 26. A comparison of benthic macroinvertebrates collected by basket samplers with rock and tar sand 
substrates from the Middle Station of the MacKay River. June-September, 1977. 

Rock Substrate Tar Sand Substrate 
June .July Aug Sept July Aug Sept 

Taxa No. % No. 9.: 0 No. % No. 9.: 
0 No. % No. % No. % 

Oligochaeta 4 1. 38 2 0.76 9 4.19 1 0.32 7 2.15 
Nematoda 
Hirudinea 
.. '\mphipoda 

Hyalella 1 0.46 
Co11embo1a 
Ephcmcroptcra 

Ar.:l? le tus 2 0.69 13 4.94 5 2.33 1 0.32 7 2.15 
Eaetis sp. A 51 17.60 70 19.34 39 14.83 4 1. 86 85 26.07 31 9.87 25 7.69 
Baetis sp. B 3 0.83 12 4.56 4 1..86 4 1. 27 3 0.92 
Baetisca 1 0.31 1 0.31 
Brachycercus 
Caenis 37 10.22 6 2.28 9 2.76 1 0.32 9 . 2. 77 
CentropU lttm 42 14.48 31 11.79 12 3.82 
Ephemerella 7 2.41 1 0.28 3 1. 39 
Heptagenia 48 16.55 84 23.19 58 22.05 44 20.47 llS 35.28 53 16.88 63 19.38 
Is onychia 1 0.31 
Leptophlebia 11 5.12 7 2.15 
Neocloeon 1 0.32 
Par>aleptophlebia 1 0.28 14 5.32 4 1. 86 6 1. 84 34 10.83 21 6.46 
Rithrogena 1 0.46 
Stenonema 
Tricory tho des 22 6.08 1 0.38 8 2.45 4 1. 27 

Baetidae 10 3.81 3 0.92 3 0.96 
Odonata 

Aeshna 2 0.76 1 0.46 6 1. 91 6 1.86 
Ophiogomphus 1 0.28 2 0.62 
Calopteryx 

Gomphidae 
Plccoptera f-' 

N 
A croneuria !..0 

Arcynopteryx 

(Continued) 



TABLE 26. Continued. 
1-' Rock Substrate Tar Sand Substrate CJ-.1 

June July Aug Sept July Aug Sept 0 

Taxa No. 9< 0 No. % No. 9< 
0 No. 9< 

0 No. % No. % No. % 

Hasta:perla 
Isogenus 1 0.28 59 27.45 1 0.32 57 17.54 
Pteronarcy r; 6 1. 66 2 0.64 1 0.31 
Taeniopteryx 39 18.14 26 8.00 

Trichoptera 
Arctopsyche 1 0.38 
Athripsodes 
Brachycentrus 
Drusinus 
GZossosoma 
Hydropsyche 
Nay atrichia 55 15.19 1 0.38 2 0.93 51 15.64 
NeurecZipsis 
o~·yethira 3 1.14 
Rhyacophila 
tmid. pupae 

i-Iemiptera 
1 0.38 

Corixiclae 4 1. 86 5 1. 54 
Coleoptera 
Dytiscidae 
Elmiclae 

Diptcra 
Ceratopogonidae 1 0.31 
Chironomidae 
Ablabesmyia 19 6.05 
Cardiocladius 
Cladotanytarsus 4 l. 38 ,.., 0.93 L.. 

Coelotanypus 2 0.55 
Conchapelopia 11 3.79 13 3.59 6 2.28 17 7.91 5 1.53 9 2.87 69 21.24 
Cricotopus 26 8.96 3 0.83 10 3.81 2 0.64 
C~Jptociadopelma 1 0.31 
CY'~rptochironomus 
Enclochironomus 2 0.61 
Eukie ff er1:e Z Za 9 3.42 1 0.46 
M-icropsectra 1 0.38 19 6.05 4 1. 23 

(Continued) 



TABLE 26. Continued. 
Rock Substrate Tar Sand Substrate 

June July Aug Sept July Aug Sept 
Taxa No. g, No. % No. % No. % No. % No. g, No. % 0 0 

Microtendipes 1 0.38 4 1. 86 6 1. 91 4 1. 23 
OrthocZadius 2 0.55 
ParaZauterbornieZZa 1 0.38 2 0.64 
PoZypediZwn 8 2.21 3 0.92 4 1. 27 
ProcZadius 2 0.64 7 2.15 
PsectocZadius 5 1. 90 3 0.92 17 5.41 
Rheotanytarsus 25 8.62 4 1.10 10 3.81 1 0.31 3 0.96 
Smittia · 

. Tan.ytarsus 1 0.38 1 0.31 35 11.14 
Trdenerr.anie Z Za 3 1.14 1 0.32 
Tr•ibeZos 2 0.64 
Trichoc Zadius 1 0.32 

Dolichopodidae 
Hydrophorus 

Empididae 
1 0.31 

Rhagionidae 
' · Simuliiclac 45 15.52 48 13.26 30 9.20 1 0.32. 

unid. pupae 25 8.62 1 0.28 22 8.36 37 11.77 
Araclmida 

Hydracarina 
Mollusca 
Ferrissia 
Lymnaea· 

No. Individuals 290 362 263 215 326 314 325 

No. Taxa 12 19 26 19 18 29 20 

Shannon-Weaver Species 
Diversity Index (d) 3.14 3.11 3.76 3.14 2.63 3.93 3.37 

f-1 
lN 

Equitability (e) 1.00 0.63 0.77 0.68 0.50 0.76 
f-1 

0.75 



TABLE 27. Species composition, species diversity, equitability, and total number of benthic macroinvertebrate~ 
collected by the rock basket samplers at the Lower Station of ~~cKay River, June-September, ~ 
1977. 

June July Aug Sept 
Taxa No. % No. % No. 0/ No. % '0 

Oligochaeta 1 0.49 1 0.69 6 2.69 
Nematoda 
Hirudinea 1 0.95 
Amphipoda 

Hya"leUa 
Collembola 
Ephemeroptera 

Ame"letus 9 4.47 3 2.08 3 1. 34 
Baetis sp. A 6 5. 71 3 2.08 14 6.28 
Baetis sp. B 2 1. 39 6 2.69 
Baetisca 
Brachycercus 1 0.49 
CaeniB 1 0.45 
Centropti"lum 3 1.49 18 12.51 
Ephemere"l"la 1 0.49 
Heptagenia 73 36.34 53 50.49 89 61.85 68 30.49 
Is onychia 
Leptoph "lebia 1 0.45 
Neoc"loeon 1 0.69 
Para"leptoph"lebia 
Rhithrogena 

18 8.07 

Stenonema 
Tricorythodes 12 11.43 

Baetidae 1 0.49 2 0.90 ..L 

Odonata 
Aeshna 
Ophiogorrrphus 
Ca"lopteryx 1 

Gomphidae 
0.69 27 12.11 

P1ecoptera 
Acroneuria 
Arcynopteryx 

(Continued) 

'· '· '· 



TABLE 27. Continued. 

June July Aug Sept 
Taxa No. % No. % No. % No. % 

HastaperZa 
Isogenus 1 0.49 1 0.95 1 0.69 27 12.11 
Pteronarcys 5 4. 76 5 3.47 1 0.45 
Taeniopteryx 36 16.14 

Trichoptera 
Arctopsyche 
A thripsodes 
Brachycentrus 
Drusinus 
GZossosoma 
Hydropsyche 
May atrichia 27 25.71 1 0.69 4 1. 79 
NeurecUpsis 
Oxyethira 
RhyacophiZa 
unid. pupae 

Hemiptera 
Corixidae 1 0.49 

Coleoptera 
Dytiscidae 
Elmidae 

Diptera 
Ceratopogonidae 
Chironomidae 
AbZabesmyia 1 0.69 1 0.45 
Chironomus 
CZadotanytarsus 1 0.69 
ConchapeZopia 1 0.49 1 0.45 
Cricotopus 
Cryptochironomus 
EukiefferieZ Za 
Micropsectra 7 3.14 f-' 

lN 
OrthocZadius lN 

(Continued) 



TABLE 27. Continued. f-1 
Vl 

June July Aug Sept 
+:» 

Taxa No. % No. £: 
0 No. % No. £: 

0 

Paratendipes 
PoZypediZwn 
Rheotanytarsus 89 44.33 12 8.33 
Tanytarsus 

Dolichopodidae 
Hydrophorus 

Empididae 1 0.49 
Rhagionidae 
Simuliidae 16 7.96 
unid. pupae 3 1.49 2 1. 39 

Arachnida 
Hydracarina 

Mollusca 
Ferrissia 3 2.08 
Lymnaea 

No. Individuals (t) 201 105 144 223 

No. Taxa (s) 14 7 16 17 

Shannon-Weaver Sp~cies 
Diversity Index (d) 2.03 1. 93 2.14 3.09 

Equitability (e) 0.43 0.71 0.38 0.71 

•. 
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Species Similarity 

To determine how well the benthic communities on rock-basket samplers 

approximated those in samples from natural substrates, the benthic taxa 

collected by the two methods were compared. Four major insect Orders-­

the Ephemeroptera, Plecoptera, Trichoptera, and Diptera--were compared. 

For each Order, the number of benthic species (or taxa) collected during 

a particular period was divided into three groups: Group I, species 

(or taxa) that were collected by both the basket and the Surber sampler; 

Group II, species that were collected by the basket sampler only; and 

Group III, species that were collected by the Surber sampler only. The 

results are summarized in Tables 28 to 31. 

The results of this study (Table 28) indicate that 32-34% of the 

benthic taxa were collected by both techniques; 29-43% of the benthic 

taxa were only collected by the rock-basket sampler; and 23-38% of the 

taxa were only found in Surber samples. Selectivity of the basket sampler 

seemed to be highest at the Upper Station and decreased downstream. The 

reverse was true for the Surber sampler. 

At the Upper Station (Table 29), the basket sampler was most efficient 

in collecting Plecoptera, Trichoptera, and the Diptera (mostly chironomids 

and sirnuliids). Overall, three basket samplers at the Upper Station were 

capable of collecting 65-85% of the total benthic species found at that 

station. 

At the Mrrddle Station (Table 30), the basket sampler collected slightly 



•. 

TABLE 28. Mean per cent composition of benthic species (or taxa) collected by both the basket and Surber 
sampler (Group I), those collected by the basket sampler only (Group II), and those collected 
by the Surber sampler only (Group III) at the Upper, ~1iddle, and Lower Stations of MacKay River. 
~~y-September, 1977. 

Station 

Upper 

Middle 

Lower 

•. 

Group I 

32.30 

32.80 

33.80 

'· 

Group II 

42.66 

36.42 

28.49 

Group III 

23.26 

30.80 

37.72 

1-' 
lN 
Q'\ 



TABLE 29. A comparison of the number of benthic species (or taxa) collected by both the basket and Surber 
samplers (Group I) with those collected by the basket sampler only (Group II), or those 
collected by the Surber sampler only (Group III) for several Orders at the Upper Station of 
the MacKay River, June-September, 1977. 

June July August September 
Order I II III I II III I II III I II III 

Ephemeroptera 
No. Species 3 2 3 4 2 1 4 2 1 4 1 2 
% 37.5 25.0 37.5 57.14 28.57 14.29 57.14 28.57 14.29 57.14 14.29 28.57 

Plecoptera 
No. Species 0 2 0 0 2 0 1 2 0 3 1 0 
% 100.0 100.0 33.33 66.67 75.0 25.0 

Trichoptera 
No. Species 1 2 1 0 4 0 1 3 1 1 2 0 
% 25.0 50.0 25.0 100.0 20.0 60.0 20.0 33.33 66.67 

Diptera 
No. Species 1 4 4 2 8 3 5 9 3 3 1 4 
% 11.11 44.44 44.44 15.39 61.54 23.08 29.41 52.94 17.65 37.5 12.5 50.0 

Total 
No. Species 5 10 8 6 16 4 11 16 5 11 5 6 
% 21.74 43.48 34.78 23.08 61.54 15.39 34.38 50.0 15.62 50.0 15.63 27.27 

f-1 
(..N 
--...] 



TABLE 30. A comparison of the number of benthic species (or taxa) collected by both the basket and Surber I-' 
Vl 

samplers (Group I) to those collected by the basket sampler only (Group II) or by the Surber 00 

sampler only (Group III) for several Orders at the Middle Station of the MacKay River. 
June-September, 1977. 

June July August September 
Order I II III I II III I II III I II III 

-
Ephemeroptera 

No. Species 3 2 3 5 2 2 4 4 1 6 4 1 
% 37.5 25.0 37.5 55.56 22.22 22.22 44.44 44.44 11.11 54.55 36.36 9.09 

Plecoptera 
No. Species 0 0 0 0 2 0 0 0 1 2 0 1 
% 100.0 100.0 66.67 33.33 

Trichoptera 
No. Species 0 0 2 0 1 0 1 ') 1 0 1 1 '-' 

% 100.0 100.0 25.0 50.0 25.0 50.0 50.0 

Diptera 
No. Species 3 2 1 1 6 4 3 7 5 2 2 5 
l!: 
0 50.0 33.33 16.67 9.09 54.55 36.36 20.0 46.67 33.33 22.22 22.22 55.55 

Total 
No. Species 6 4 6 6 11 6 8 13 8 10 7 8 
% 37.5 25.0 37.5 26.09 47.83 26.09 27.59 44.83 27.59 40.0 28.0 32.0 



TABLE 31. A comparison of the number of benthic species (or taxa) collected by both the basket and Surber 
sampler (Group I) to those collected by the basket sampler only (Group II) or those collected 
by the Surber sampler only (Group III) for several Orders at the Lower Station of the MacKay 
River. June-September, 1977. 

June July August September 
Order I II III I II III I II III I II III 

Ephemeroptera 
No. Species 3 2 2 2 1 2 3 3 2 7 1 3 
% 42.86 28.57 28.57 40.0 20.0 40.0 37.5 37.5 25.0 63.64 9.09 27.27 

Plecoptera 
No. Species 0 1 0 0 2 0 0 2 0 2 1 1 
% 100.0 100.0 100.0 50.0 25.0 25.0 

Trichoptera 
No. Species 0 0 0 1 0 0 0 1 0 0 1 2 
% 100.0 100.0 33.33 66.67 

Diptera 
No. Species 3 1 2 0 0 3 1 2 5 2 1 4 
% 50.0 16.67 33.33 100.0 12.5 25.0 62.5 28.57 14.29 57.14 

Total 
l)lo. Species 6 4 4 3 3 5 4 8 7 11 4 10 
% 42.86 28.57 28.57 27.27 27.27 45.46 21.06 42.10 36.84 44.0 16.0 40.0 

f-' 
t.N 
<..0 
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more Ephemeroptera and Diptera taxa than did the Surber sampler. Three 

basket samplers at the Middle Station were capable of collecting 63-74% 

of the total benthic taxa found at that station. 

At the Lower Station, the basket samplers were more efficient than 

the Surber only in collecting Plecoptera and Trichoptera.. In contrast, 

the Surber sampler collected more species of Ephemeroptera and Diptera. 

Three basket samplers at the Lower Station were capable of collecting 

55-72% of the total benthic taxa found at that station (Table 31). 

Factors which might affect the performance of the basket sampler are: 

1) current, 2) faunal compositions at the sampling site, and 

3) artificial substrate and fauna compatibility. 

Number of Taxa and Individuals 

Figure 21 is a comparison of the number of invertebrate taxa and 

individuals collected by the three Surber samples and three rock-basket 

samples at the Upper, Middle, and Lower Stations during June to September, 

1977. The results indicate that, on the whole, the basket sampler collected 

more benthic taxa at the Upper and Middle Stations, but that, at the Lower 

Station, the Surber sampler collected more different taxa than the basket. 

In terms of the number of individuals collected, the basket samplers, 

on the average, collected more individuals than the Surbers. 

Species Diversity 

Table 32 summarizes d and e values for benthic samples collected by the 

two different methods. It appears that, except at the Middle Station, 
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FIGURE 21. Comparison of the number of invertebrate taxa and 
individuals collected by the basket and Surber samplers. 
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TABLE 32. A comparison of the Shannon-Weaver Species Diversity Indices (d) and MacArthur's Equitability ~ 
N 

Indices ce) for.the rock-basket samples (B) and the Surber samples (S) at the Upper, Middle, 
and Lower Stations of the MacKay River. June-September, 1977. 

June July August September Means 
Station Parameters B s B s B s B s B s 

Upper d 1. 90 3.60 3.16 3.05 3.54 3.83 2.99 3.21 2.90 3.42 
e 0.29 0.94 0.52 0.63 0.54 0.68 0.61 0.62 0.49 0. 72 

Middle d 3.14 2.90 3.11 2.70 3.76 3.09 3.14 3.23 3.29 2.98 
e 1. 00 0.63 0.63 0.75 0. 77 0.63 0.68 0.65 0. 77 0.67 

Lower d 2.03 3.36 1. 93 3.20 2.14 2.80 3.09 3.07 2.30 3.11 
e 0.43 1. 25 0. 71 1. 00 0.38 0. 71 0. 71 0.52 0.56 0.87 
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samples taken from natural substrates (by the Surber) have higher d and e 

values than those taken by the basket samplers. This indicates that the 

benthic communities developed on the artificial substrates were less 

diverse and equitable (or less even) than those in the natural streambed. 

Insufficient colonization time is the most likely cause of the lower d 

and e values for the basket samples. Future benthic studies involving 

artificial substrate samplers should include trial studies to determine 

the optimum exposure period for colonization by northern benthos, i.e., 

the time required to establish a dynamically stable benthic community 

on the artificial substrates. 

Exposed Tar Sand 

Exposed tar sand is a common feature of the substratum at the Middle 

Station. A study was conducted to compare the utilization of the tar 

sand and rock as substrates by the benthos. The results are presented 

in Table 26. The results indicated that the characteristics of benthic 

communities (in terms of density, taxonomic and species diversities, 

equitability) on the two types of substrates were very similar. Some 

minor differences in species composition (chironomids in particular) were, 

however, observed. Of the 10 species of chironomids found in July, 

four species (40%) were restricted to the tar sand substrate. In all 

likelihood, the exposed tar sand is non-toxic and inert. 

Invertebrate Drift 

Invertebrate drift studies were conducted on July 15-16 and August 

19-20, 1977. The objectives of these studies were: 
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1) to determine the qualitative composition of the drift, and 

2) to quantify total drift density (number/m 3
) and drift rate 

(number/second) at the Lower MacKay River. 

Drift Composition 

Data on the drifting invertebrates collected from seven one-hour 

drift samples from each sampling period are summarized in Table 33. The 

results indicate that the drift fauna in July was dominated by trichopterans 

(mainly one species of Mayatrichia), mayflies (mainly Baetis spp. and 

Heptagenia sp.), blackflies (Simulium spp.), and chironomids. 

In August, the drift was mainly composed of Ba:etis spp. and Heptagenia~ 

Simulium sp. and the chironomids. 

Drift Rate and Density 

Discharge, water depth, and current data were used to compute the benthic 

drift rate (number of organisms/second) and drift density (number of 

organisnl.s/m3
) at the Lower Station of the MacKay River. The results are 

presented in Table 34. In this study, drift rate is defined as the 

quantity of organisms passing through the entire width transect per unit 

time at the Lower Station of the MacKay River. Drift density is defined 

as the quantity of organisms per unit-volume of water. 

The results indicate that drift densities and drift rates were highest 

at night for both study periods. This probably reflects the preponderance 

of night active species in the benthic corrnnuni ty of the MacKay River. 
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TABLE 33. Total number of drifting invertebrates collected and their 
relative frequencies at the Lower Station of the HacKay River. 
July-August, 1977. 

July 15-16 August 19-20 
Taxa No. % No. $1, 

0 

Oligochaeta 36 0.83 1 0.02 

Crustacea 
Copepoda 4 0.09 
Ostracoda 6 0.14 
Cladocera 34 0.79 13 0.21 
Branchiura 1 0.02 
Amphipoda 1 0.02 

Collembola 3 0.07 1 0.02 

Odonata 1 0.02 

Ephemeroptera 1157 26.73 4826 76.60 

Plecoptera 39 0.90 45 0. 71 

Trichoptera 1683 38.89 47 0.75 

Hemiptera 4 0.09 1 0.02 

Diptera 
Chironomidae 248 5.73 504 8.00 
Simuliidae 1104 25.51 826 13.11 
Empididae 2 0.05 2 0.04 
Tipulidae 1 0.02 

Hydracarina 5 0.12 33 0.52 

Total 4328 6300 



TABLE 34. Fluctuations in total benthic drift densities and drift rates for a single diel period in July 
and in August at the Lower Station of the ~mcKay River, 1977. 

DUSK--------------DA~X---------------DA1~ 
Time (MDT) : 1130-1230 1630-1730 2030-2130 2330-0030 0230-0330 0630-0730 1030-1130 

JULY 15-16 
Total Drift Density 

(No . I m 3 ) 8 . 4 7 6.16 5.51 78.89 80.37 12.36 8.61 

Total Drift Rate 
(No./hr) 45,770.4 33,285.6 29,775.6 426,290.4 434,286.0 66,787.2 46,526.4 

DUSK- -------- --- -- ·-DARK------- -- -- --DA~ 
Time (:MDT): 1100-1200 1600-1700 2000-2100 2300-2400 0200-0300 0530-0630 0900-1000 

AUGUST 19-20 
Total Drift Density 

(No/m 3
) 4.64 4.46 2.06 65.90 48.59 64.67 3.41 

Total Drift Rate 
(No./hr) 5,680.8 5,457.6 2,520.0 80,661.6 59,475.6 79,156.8 4,172.4 

I-' 

"""' 0'\ 
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FISH 

Introduction 

Fisheries studies on the MacKay River began in May, 1977, to 

provide baseline data for comparison with future studies. The specific 

objectives were: 

1) to describe on a seasonal basis the species composition and 

relative abundance of fish in the MacKay River; 

2) to describe the life histories of major species; 

3) to locate potential spawning and overwintering areas within 

the study area; 

4) to describe the use of the MacKay River by fishermen; 

5) to assess the relative importance of the MacKay River to the 

fisheries of the region. 

~~terials and Methods 

Collection of Samples 

Standard gangs of monofilament gillnets consisting of two 15 m x 2.4 m 

panels of stretched mesh 6.4 and 8.9 em (2.5 and 3.5 inch) were set monthly 
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from May to September at the Lower and Middle Stations and from June to 

September at the Upper Station (Figure 1). In most cases, nets were set 

for approximately 24 hour periods. When this was not feasible, nets were 

set in the evening and picked up the following morning. Catch by species 

and the length of the gillnetting effort were recorded. 

Inshore habitats were sampled with a fine mesh nylon marquissette 

minnow seine, 6 m in length. Seine hauls averaged approximately 5 m 

parallel to shore. Subsamples were collected for life history analysis. 

Very large collections of small species and young-of-the-year were also 

subsampled (i.e., 1/4, 1/5, 1/10, etc.) and counted immediately or 

preserved in 10% fonnalin for later identification and enumeration. 

Records were kept of the number of seine hauls and the numbers of each 

species taken to determine species distribution and relative abundance. 

Similar methods were used in sampling nearshore habitats at various 

locations on the MacKay River during the August float trip. 

During winter studies (December, 1977, and January, 1978), 

shortened gillnets (15m x 1m) of either 6.4 em (2.5 inch) or 8.9 em 

(3.5 inch) stretched mesh were set under the ice at the Lower and Middle 

Stations for 44 to 72 hours. The Upper Station was not sampled because 

of low water levels. 

Life History Analysis 

Fish sampled for life history analysis in May and September were 
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dissected fresh in a field laboratory. At other times, fish were shipped 

frozen to AEL's Calgary laboratory for analysis. 

Fish retained for life history analysis were measured to the nearest 

millimetre (fork length for all species except sculpins, burbot, and 

sticklebacks) and weighed to the nearest 0.1 g on a triple beam balance. 

Sex and gonad weight were recorded and the state of maturity assessed 

according to McCart et al. (1972). Egg size was determined by aligning 

ten typical eggs on a millimetre scale and dividing by 10 to calculate 

an average diameter. 

Fecundities were determined for trout-perch (Percopsis omiscomaycus) 

by direct counts of eggs in ovaries preserved in 10% formalin. The eggs 

of other species were insufficiently developed for accurate enumeration. 

Otoliths and scales were removed from all species with the exception 

of northern pike and examined for age determination under a binocular 

microscope (otoliths) or scale enlarger. After a preliminary examination 

the best method for aging purposes was selected. Scales only were removed 

from pike since their otoliths are generally accepted to be unreadable. 

Criteria for the identification of annuli were similar to those of 

Lagler (1956)(scales), and Nordeng (196l)(otoliths). 

Stomach contents were identified to major taxa during dissection 

and listed without regard to proportionate volume. These data indicate 

the frequency of occurrence and range of food items consumed. 
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Results and Discussion 

Species Composition and Abundance 

During the course of the study, 19 species of fish representing 10 

families were collected at pemanent sampling stations on the MacKay 

River (Table 35). The number of species decreased from 18 at the Lower 

Station to 11 at the Middle Station and 9 at the Upper Station. Eight 

species including northern pike, lake chub, longnose dace, longnose sucker, 

white sucker, trout -perch, walleye, and slimy sculpin were found at all 

stations, while seven were evidently restricted to the Lower Station. 

These were: lake whitefish, mountain whitefish, emerald shiner, flathead 

chub, burbot, yellow perch, and spoonhead sculpin. With the exception of 

yellow perch, these species were uncommon and all are probably more 

properly identified with the Athabasca River than with the N~cKay River. 

Pearl dace (SemotiZus margarita [Cope]) was the only species previously 

reported from the MacKay River drainage (Griffiths, 1973) not captured in 

this study. 

Walleye was the most abundant of eight fish species collected in 

gillnets, constituting 34% of the total gillnet catch at all sampling 

stations (Table 36). Other species commonly sampled included white 

suckers (19.4%), longnose suckers (16.5%), goldeye (16.0%), and 

northern pike (10.7%). Lake whitefish, Arctic grayling, and flathead chub 

together accounted for only 3.5% of the total catch. 



TABLE 35. Distribution of fish species collected at permanent sampling stations on the MacKay River, 1977. 
Overall relative abundance is indicated as follows: A=abundant, C=common, R=rare. 

Common Name 

lake whitefish 

mountain whitefish 

Arctic grayling 

goldeye 

northern pike 

lake chub 

emerald shiner 

spottail shiner 

flathead chub 

longnose dace 

longnose sucker 
white -sucker 

burbot 

brook stickleback 

trout-perch 

yellow perch 

walleye 

slimy sculpin 

spoonhead sculpin 

Total Number of Species 

Scientific Name 

Coregonus clupeaformis (Mitchill) 

Prosopium uJi Uiamsoni (Girard) 

Thymallus arcticus (Pallas) 

Hiodon alosoides (Rafinesque) 

Esox lucius Linnaeus 

Couesius vlumbeus (Agassiz) 
L -

Notropis atherinoides Rafinesque 

Notropis hudsonius (Clinton) 

Platygobio gracilis (Richardson) 

Rhinichthys cataractae (Valenciennes) 

Catostomus catostomus (Forster) 

Catostomus commersonii (Lacepede) 

Lota lota (Linnaeus) 

Culaea inconstans (Kirtland) 

Percopsis omiscomaycus (Walbaum) 

Perea flavescens (Mitchill) 

Stizostedion vitreum (Mitchill) 

Cottus cognatus Richardson 

Cottus ricei (Nelson) 

Code 

LKWT 

MTWT 

GRAY 

GOLD 

PIKE 

LKCB 

EMSH 

SPSH 

FLCB 

LNDC 

LNSK 

WTSK 

BURB 

BRST 

TRPH 

YWPH 

WALL 

SLSC 

SPSC 

Upper 
Station 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

9 

Middle 
Station 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

11 

Lower 
Station 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

18 

Relative 
Abundance 

R 

R 

R 

c 
c 
A 

R 

R 

R 

c 
A 

A 

R 

R 

A 

c 
A 

c 
R 

f-' 
(J1 
f-' 



TABLE 36. Summary of data for fish collections at all permanent gillnet and seining stations on the 
I-' 
Vl 

MacKay River, 1977, indicating numbers of each species captured by each method and per cent 
N 

of the total catch. 

Gillnetting Seining 
_?pecies N % of Total N % of Total 

lake whitefish 3 1.5 1 <0.1 
mountain whitefish - - 1 <0.1 
Arctic grayling 1 0.5 3 <0.1 
goldeye 33 16.0 
northern pike 22 10.7 3 <0.1 
lake chub - - 2121 45.5 
emerald shiner - - 10 0.2 
spottail shiner - - 9 0.2 
flathead chub 3 1.5 
longnose dace - - 165 3.5 
longnose sucker 34 16.5 807 17.3 
white sucker 40 19.4 504 10.8 
bur bot - - 2 <0.1 
brook stickleback - - 1 <0.1 
trout-perch - - 908 19.5 
yellow perch - - 74 1.6 
walleye 70 34.0 5 0.1 
slimy sculpin - - 42 0.9 
spoonhead sculpin - - .1 <0.1 

Totals 206 4657 

•. '· •. 
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Among the species collected at permanent seining stations, lake chub 

was by far the most common species overall, accounting for 45.5% of the 

fish sampled (Table 36). Other common species included trout-perch 

(19.5%), longnose sucker (17.3%), and white sucker (10.8%). The seine 

samples of the latter two species were primarily young-of-the-year. 

A station by station comparison shows that the lake chub is the 

dominant species at the Upper and Middle Stations but less abundant 

downstream (Table 37). Similarly, sucker young-of-the-year (both species) 

are much more abundant upstream than they are downstream. Trout-perch 

replace lake chub as the dominant species at the Lower Station. 

Fish collected during the float trip (August 17-19, 1977), show a 

pattern of relative abundance and longitudinal distribution similar to 

that described above (Table 38). 

Slimy sculpins are probably more abundant than otherwise indicated. 

Because of their bottom-dwelling habits, they often escape detection in 

seine samples. This is particularly true with rocky substrates. 

Life Histories of Fish Species 

Gold eye 

Goldeye are distributed in major rivers throughout the Great Plains 

area, extending as far north as Aklavik on the Mackenzie River Delta 

(Scott and Crossman, 1973). They prefer either the quiet, muddy waters 

of large rivers and associated lakes and ponds or the shallows of larger 



TABLE 37. Surrrrnary of catches at permanent seining sites on the HacKay River, 1977. Data are expressed as f--1 
Vl 

catch per tmit effort (number of fish per seine) with the numbers of fish actually captured in +:> 

brackets. 
UPPER STATION 

May 14 Jtme 15 Aug. 17 Sept 29 Total % of 
Effort (seines): 3 9 3 4 19 Total 

lake whitefish 
motmtain whitefish 
Arctic grayling 
northern pike 
lake chub 4.0(12) 15.6(140) 244.3(733) 5.5(22) 47.7(907) 37.0 
emerald shiner 
spottail shiner 
longnose dace - 0. 2 (2) 50.3(151) 1. 3(5) 8.3(158) 6.5 
longnose sucker - 4.0(36) 213.7 (641) 12. 7(51) 38.3(728) 29.7 
white sucker 0.3(1) 0.6(5) 133. 3(400) 2.0(8) 21.8 ( 414) 16.9 
bur bot 
brook stickleback - - - 0.3(1) 0.1(1) <0.1 
trout-perch 1. 0 (3) 16.6(149) 24.0(72) 0.3(1) 11. 8 (225) 9.2 
yellow perch 
walleye - 0.1(1) - - 0.1(1) <0.1 
slimy sculpin 1. 0 (3) 0. 2 (2) 3.7(11) 0. 3(1) 0. 9 (17) 0. 7 
spoonhead sculpin 
TOTAL 6. 3(19) 37. 2 (335) 669.3(2008) 22.3(89) 129.0(2451) 100.0 

(Continued) 

•. •. 



TABLE 37. Continued. 

May 14 June 16 
Effort (Seines): 6 3 
lake whitefish 
mountain whitefish 
Arctic grayling 
northern pike - -
lake chub 7.7(46) 2.0(6) 
emerald shiner 
spottail shiner 0.3(2) -
longnose dace 0.3(2) -
longnose sucker 0.2(1) 0.3(1) 
white sucker - -
bur bot 
brook stickleback 
trout-perch 1. 3 (8) 11. 3(34) 
yellow perch 
walleye 
slimy sculpin 0. 5 (3) 0.3(1) 
spoonhead sculpin 
TOTAL 10.3(62) 14.0(42) 

(Continued) 

MIDDLE STATION 
Aug. 17 Sept 28 

3 3 

- 0.3(1) 
128.3(385) 320.3(961) 

- -
- -

5.0(15) -
1.7(5) 12.0(36) 

0.7(2) -

- 0.3(1) 

135.0(405) 333.0(999) 

Total 
15 

0.1 (1) 
93.2(1398) 

0.1 (2) 
0.1(2) 
1.1 (17) 
5.5(82) 

2.9(44) 

0.3(5) 

103.4(1551) 

% of 
Total 

0.1 
90.1 

0.1 
0.1 
1.1 
5.3 

2.8 

0.3 

100.0 

I-' 
tn 
tn 
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TABLE 37. Continued. U1 

01 

LOlVER STATION 
:May 10 June 17 Aug. 15 Sept 26 Total % of 

Effort (Seines): 10 11 6 3 30 Total 

lake whitefish - 0.1 (1) - 0. 0 (1) 0.1 
mountain whitefish - 0.1(1) - - 0.1(1) 0.1 
Arctic grayling 0.1(1) - 0.3(2) - 0.1(3) 0.3 
northern pike 0.1 (1) 0.1(1) - - 0.1(2) 0.2 
lake chub 7.6(76) 7.0(77) 1.3(8) - 5.4(161) 16.2 
emerald shiner 0.1 (1) 0.8(9) - 0.3(10) 1.0 
spottail shiner 0.7(7) - - - 0. 4 ( 7) 0.7 
longnose dace 0.3(3) - ·- - 0.1 ( 3) 0.3 
longnose sucker 1.8(18) 2.7(30) 1. 5 (9) ·- 1. 9 (57) 5.7 
white sucker 0.1(1) - 0. 7(4) 1.7(5) 0.3(10) 1.0 
bur bot - - 0' 3 (2) - 0.1(2) 0.2 
brook stickleback 
trout-perch 8.9(89) 28.8(317) 38.0(228) 1. 7 (5) 21.3 (639) 64.3 
yellow perch - - 10.5(63) 3. 7 (11) 2.5(74) 7.4 
walleye - 0.1(1) 0. 5(3) - 0.1(4) 0.4 
slimy sculpin 0.6(6) 0.7(8) 0.8(5) 0. 3 (1) 0.7(20) 2.0 
spoonhead sculpin - - 0. 2 (1) - 0.0(1) 0.1 
TOTAL 20.3(203) 40.5(445) 54.2(325) 7.3(22) 33.2(995) 100.0 

•. •. 



TABLE 38. Summary of catch by species in near-shore habitats sampled August 17-19, 1977. 
expressed as total numbers of fish in three seine hauls. 

Upper Middle Lower 
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 

lake whitefish 
mountain whitefish 
Arctic grayling 2 
goldeye 
northern pike 
lake chub 733 106 30 750 66 40 198 385 24 46 7 4 
emerald shiner 
spottai1 shiner 
flathead chub 
longnose dace 151 13 10 2 2 5 4 
longnose sucker 641 6 15 180 10 20 18 15 3 5 
white sucker 400 35 15 120 46 44 54 5 6 17 2 2 
bur bot 2 
brook stickleback 2 2 
trout-perch 72 13 6 2 2 6 3 1 114 
yellow perch 63 
walleye 9 3 
slimy sculpin 5 11 
spoonhead sculpin 1 

Totals 2002 195 66 1060 126 108 276 405 - 37 66 17 196 

Data are 

Total 
N % 

2 <0.1 

2389 52.5 

187 4.1 
913 20.1 
746 16.4 

2 <0.1 
4 0.1 

219 4.8 
63 1.4 
12 0.3 
16 0.3 

1 <0.1 

4554 100.0 

f-' 
tn 
-....] 
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lakes. The biology of the species has been well documented in the Peace­

Athabasca Delta by Battle and Sprules (1960), Kennedy and Sprules (1967), 

and more recently by ,Kooyman (1972) and Donald and Kooyman (1977). 

In the MacKay River, a total of 33 innnature goldeye, ranging in size 

from 232 to 287 fork length (Figure 22) was collected. There is no 

evidence that goldeye spawn in the MacKay Rive- and both young-of-the-year 

and mature fish are absent. Like the Athabasca River, the MacKay River 

probably serves only as a summer feeding area for innnature goldeye .. Data 

on their seasonal abundance at permanent gillnet stations (Figure 23, 

Table 39) show them present from ~~y to September at the Lower Station, 

from May to July at the Middle Station, and absent altogether from the 

Upper Station. By September, goldeye had left the MacKay River, presumably 

migrating to overwintering areas elsewhere. 

Data describing the length-age relationships, sex ratios, and maturity 

of goldeye are presented in Table 40. Chi-square analysis indicated that 

females were significantly more abundant than males (P<O.OS) at age 6 and 

overall. The length-age relationship of goldeye (aged by scales) from 

the MacKay was almost identical to that of fish collected from the Athabasca 

River (McCart et aZ.., 1977) which were aged with otoliths. Growth curves 

for both the MacKay and Athabasca rivers are similar to those (Figure 24) 

for populations in Lake Claire, Alberta, and the Saskatchewan Delta, Manitoba. 

At ages 3 to 6, the lengths of the MacKay and Athabasca River fish were about 

intermediate between the two latter populations but the growth rate appears 

to be slower. The samples from the Athabasca and MacKay rivers may, 

however, be biased. 
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TABLE 39. Summary of gillnet catches at permanent sampling sites on the MacKay River, 1977. Data are 
expressed as catch per unit effort (number of fish per hour per standard gang x 1000) with 
actual numbers of fish captured in brackets. 

UPPER STATION 
June 15 July 15 Aug. 17 Sept 29 Total % of 

Effort (hours): 7 22 20 23.5 72.5 Total 

lake whitefish 
grayling 
goldeye 
northern pike 429(3) - 150 (3) 170(4) 138 (10) 17.9 
flathead chub 
longnose sucker 143(1) 91 (2) 700(14) 85(2) 262(19) 33.9 
white sucker 429(3) 46(1) - 213(5) 124(9) 16.1 
walleye 286(2) 46(1) 750(15) - 248 (18) 32.1 
TOTAL 1286(9) 182(4) 1600(32) 468(11) 772 (56) 100.0 

l'1IDDLE STATION 
:May 14 June 16 July 15 Aug. 18 Sept 29 Total % of 

Effort (hours): 26 23 17 9 23.5 98.5 Total 

lake whitefish 
grayling 39(1) - - - - 10(1) 1.4 
goldeye 192(5) 87 (2) 647(11) - - 183(18) 24.7 
northern pike 115(3) - - 111 (1) 170(4) 81(8) 11.0 
flathead chub 
longnose sucker 231(6) - - - 85 (2) 81 (8) 11.0 
white sucker 269 (7) 43(1) 118 (2) - 213(5) 152 (15) 20.5 
walleye 808(21) 87 (2) - - - 233 (23) 31.5 
TOTAL 1654 ( 43) 217(5) 765(13) 111 (1) 468 (11) 740 (73) 100.1 

(Continued) 
f-' 
Q\ 
f-' 



TABLE 39. Continued. 
f-1 
a. 
N 

LOWER STATION 
May 10 June 17 July 16 Aug. 21 Sept 27 Total % of 

Effort (hours) : 17.5 15.5 16 22 26 97 Total 

lake whitefish 171 (3) - - - - 31 (3) 3.9 
grayling 
goldeye 457(8) 65 (1) 125 (2) 182 ( 4) - 155 (15) 19.5 
northern pike 57 (1) 65 (1) 63(1) - - 31 (3) 3.9 
flathead chub 171 (3) - - - - 31 (3) 3.9 
longnose sucker 400 (7) - - 46(1) - 83(8) 10.4 
white sucker 400 (7) 129(2) 63(1) 46(1) 192(5) 165 (16) 20.8 
walleye 857 (15) 65 (1) 188 (3) 364(8) 77 (2) 299(29) 37.7 
TOTAL 2514 ( 44) 323 (5) 437 (7) 636(14) 269 (7) 794 (77) 100.1 

•. '· •. 



TABLE 40. Observed length-age relationships (based on scales), and age-specific sex ratios of goldeye 
from the MacKay River, 1977. 

Pork Length Males Females 
(mm) % % 

Age Mean S.D. Range N % Mature N % Mature Unsexed Total 

0 - - - 0 - - 0 - - 0 0 

1 - - - 0 - - 0 - - 0 0 

2 - - - 0 - - 0 - - 0 0 

3 - - - 0 - - 0 - - 0 0 

4 240.0 7.2 232-246 1 33.3 0.0 2 66.7 0.0 0 3 

5 264.0 10.6 248-280 6 46.1 0.0 7 53.9 0.0 0 13 

6 268.2 9.1 253-287 3 18.8 0.0 13 81.2 0.0 0 16 

Total 10 31.2 22 68.8 0 32 

f-' 
0\ 
V-1 



~ 

E 
E 
~ 

:X: 
1-
~ 
z 
UJ 
...J 

:11: 
Ck: 
0 
Is-

164 

500 

400 

300 

200 

100 

0 

Saskatchewan Delta, Mori. __ _ 

(Kennedy and Sprules, 1967) ---;..----
~··,.. ............. -· .,.,.,. ....... 

. . ...--::. ........ Lake Claire, Alto. 
-~ .,,...,.. 

,.......,. .... .... (Kennedy and Sprules,l967) 
................. _,, .... 

.. / 

/ ,/ 
/'' ...-"'/ 

.. / ...-"""" 
.. / +.,.-'+MacKay River, 1977 

.. / .~~ 
/ /...-"' 

.· / 

/ /,/ 

;· /// 

/ 
/ 

/ 
I 

/ 
I 

I 
I 

I 
I 

2 3 4 5 6 7 8 9 10 II 12 13 

AGE (Years) 

14 

FIGURE 24. Comparison of growth rates of goldeye in the ~~cKay River 
and two other locations in Alberta and Manitoba. All 
ages are based on scales. Points and vertical lines 
are mean fork lengths + 1 S.D. 



165 

In order to explain the scarcity of 5 year old fish in certain lake 

populations and conversely their abundance in river populations, Kennedy 

and Sprules (1967) postulated large summer feeding runs from lakes into 

rivers by these fish. Such nms have since been.documented (Donald and 

Kooyman, 1977) by tagging studies. If these represent fish just approaching 

maturity, a biased sample consisting of fast growing young fish and slow 

growing older fish would result, given that maturity in fish is governed 

more by size than by age (Bell et al.~ 1977). The average size at first 

maturity for fish in Lake Claire was 270 mm fork length compared to 

263.8 ~ 12.3 (N=32) for goldeye collected in the HacKay River. 

The frequency of occurrence of food items in goldeye stomachs is 

presented in Table 41. Goldeye eat a wide variety of food items ranging 

from benthic invertebrates to surface insects. Odonata nymphs (41.9%), 

Trichoptera larvae (19.4%), Coleoptera (41.9%), and Hymenoptera adults 

(25.8%) were major food items. Vegetable matter (leaves, twigs, needles) 

was, however, the most frequent item encountered. 

Northern Pike 

Northern pike were captured throughout the open water season of each 

permanent station (Figure 23 ; see also Table 39), but there was no 

obvious pattern in seasonal abundance, perhaps because of the small sample 

size (N=21). If any upstream spawning migration does occur in the }~cKay 

River, it was likely already completed by the first sampling period on 

May 10, 1977. Of three mature pike captured at this time, all were 

spawned-out males. 
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TABLE 41. Frequency of occurrence of food items in stomachs of four 
species of fish sampled from the MacKay River, 1977. 

WALL PIKE GOLD TRPH 
Food Item N % N % N % N % 

Benthos 
Ephemeroptera 1 3.2 34 89.5 
Odonata 4 13.3 1 11.1 13 41.9 
Plecoptera 2 6.7 3 9.7 
Trichoptera 6 19.4 
Chironomidae 1 3.2 25 65.8 
Simuliidae 1 3.2 
Ceratopogonidae 3 7.9 

·''. Tipulidae 1 3.3 
Oligochaeta 1 2.6 

Surface Insects 
Corixidae 2 6.5 
Coleoptera 13 41.9 
Diptera 2 6.5 1 2.6 

Tabanidae 2 6.5 
Hymenoptera 8 2.5.8 
Lepidoptera 1 :3.2 

·'' .. Unidentified Insect Parts 6 19.4 
Arachnida 3 9.7 
Fish Remains 24 80.0 9 100.0 1 :s. 2 1 2.6 
Vegetable l\1atter 19 61.3 
Digested l\1atter 2 6. 7 11 3S.S 11 28.9 

Stomachs Containing Food 30 9 31 38 

Stomachs Empty 23 12 1 9 

Stomachs Analysed 53 21 32 47 
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Spawning appears to be limited in the MacKay River. Despite extensive 

sampling in nearshore habitats from the Upper to Lower Stations (Tables 36, 

37, and 38), no young-of-the-year were ever captured. 

Northern pike sampled during the study ranged from 210 to 718 mm fork 

length (Figure 22) with most fish in the 425-575 mm range. Their growth 

rate is evidently slower than other populations described in Alberta or 

the Northwest Territories (Figure 25). However, because of the small 

sample size (N=21), the growth rate should be considered tentative 

pending additional samples. 

:Males mature as early as age 4 while all were mature by age 5. All 

females from age 3 to 10 were mature with the exception of one age 6 female 

(Table 42). Overall sex ratios did not differ significantly from a 1:1 

ratio (X2 =0.4; P>0.05). 

Twelve of 21 stomachs examined were empty (Table 41). The remaining 

9 stomachs all contained fish remains (longnose dace, longnose sucker 

juveniles and young-of-the-year, sculpins) with an occasional Odonata nymph. 

Longnose Suckers 

Several authors have demonstrated a correlation between longnose 

sucker spawning migrations and increasing water temperatures (Bond and 

Machniak, 1977; Brown and Graham, 1954; Geen et al.~ 1966). The 

critical stream temperature associated with the onset of spawning migrations 

appears to be 5 C. 
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TABLE 42. 

Age 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Total 

Observed length-age relationships (based on scales), age at maturity, and age-specific sex 
ratios of northern pike from the ~1acKay River, 1977. 

Fork Length Males Females 
(rnm) !l: 

0 % 
Mean S.D. Range N % Hature N % Mature Unsexed Total 

- - - 0 - - 0 - - 0 0 

- - - 0 - - 0 - - 0 0 

- - - 0 - - 0 - - 0 0 

210 - - 0 ..., - 1 100;0 100.0 0 1 

357.3 47.0 323-426 3 75.0 66.7 1 25.0 100.0 0 4 

446.3 13.4 434-465 2 50.0 100.0 2 50.0 100.0 0 4 
460.0 29.1 428-496 2 40.0 100.0 3 60.0 66.7 0 5 

495.7 36.0 453-541 4 100.0 100.0 0 - - 0 4 

- - - 0 - - 0 - - 0 0 

- - - 0 - - 0 - - 0 0 

588.0 112.6 520-718 0 - - 2 100.0 100.0 0 2 

520 - - 1 100.0 100.0 0 - - 0 1 

12 57.1 9 42.9 0 21 

I-' 
0\ 
<..0 
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Longnose suckers were first sampled at the Lower and Middle Stations 

on May 11 and 14 at which time water temperatures were about 14 C. All 

longnose suckers were either completely spent or nearly so, suggesting that 

spawning was already over. Bond and Machniak (1977) describe a similar 

pattern in the Muskeg River, another tributary of the Athabasca. At 14 C, 

longnose suckers had ceased moving upstream and began moving downstream. 

In the MacKay River, the peak in numbers which occurred at the Lower and 

Middle Stations in May (Figure 23) may have been the result of such a 

downstream movement. Reasons for the increased catches of longnose 

suckers at the Upper Station in August are unknown, but may have been due 

to greater gillnet efficiency during the low water levels at this time. 

The exact spawning locations of longnose suckers are m1knawn. Longnose 

sucker young-of-the-year were widely distributed throughout the study area 

but were most abundant at the Upper Station (Tables 37, 38, Figure 26). This, 

coupled with the fact that longnose sucker fry often migrate downstream 

from spawning areas shortly after emergence (Geen et aZ.~ 1966), suggests 

that most longnose suckers spawn upstream of the study area .. 

Data describing growth and age at maturity for longnose suckers are 

presented in Table 43. Although data are scarce, particularly for females 

(N=7), longnose suckers in the }bcKay River appear to mature at an advanced 

age. All males 8 years and older were mature while the youngest mature 

female sampled was age 13. Overall sex ratios did not differ significantly 

from an expected 1:1 ratio (X2 =1.8, P>O.OS). 
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TABLE 43. Observed length-age relationships (based on otoliths), age at maturity, and age-specific sex ....... 
--.:] 

ratios of 1ongnose suckers from the ~1acKay River, 1977. 
N 

Fork Length r-1a1es Females 
(mm) % % 

Age Mean S.D. Range N % Mature N % Hature Unsexed Total 

0 34.2 5.8 23-45 0 - - 0 - - 17 17 

1 - - - 0 - - 0 - - 0 0 

2 86.0 12.9 56-100 0 - - 0 - - 15 15 

3 - - - 0 - - 0 - - 0 0 

4 - - - 0 - - 0 - - 0 0 

5 - - - 0 - - 0 - - 0 0 

6 174.0 5.7 170-178 1 50.0 0.0 1 50.0 0.0 0 2 

7 - - - 0 - - 0 - - 0 0 

8 319.3 54.4 264-388 1 33.3 100.0 2 66. 7 0.0 1 4 

9 321.3 26.6 292-344 2 66.7 100.0 1 33.3 0.0 0 3 

10 359 - - 1 100.0 100.0 0 - - 0 1 

11 397.0 26.9 378-416 1 50.0 100.0 1 50.0 0.0 0 2 

12 374.3 15.9 356-385 3 100.0 100.0 0 - - 0 3 

13 415.0 24.0 398-432 1 50.0 100.0 1 50.0 100.0 0 2 

14 406.5 14.8 396-417 2 100.0 100.0 0 - - 0 2 

15 - - - 0 -· - 0 - - 0 0 

16 - - - 0 - - 0 - - 0 0 

17 429.5 54.4 391-468 1 50.0 100.0 1 50.0 100.0 0 2 

Total 13 65.0 7 35.0 33 53 

•. '· •. 
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A comparison of the growth rate of MacKay River longnose suckers with 

those of other populations in Alberta and the Northwest Territories 

(Figure 2~ indicates that longnose suckers in the MacKay are relatively 

long lived but slower growing than those in the Athabasca River and two 

populations in the Northwest Territories. 

With the exception of an occasional corixid adult or chironomid 

larvae, the stomach contents of longnose suckers usually contained plant 

material and other matter too digested for identification. 

White Sucker 

The biology of white suckers is in many ways similar to that of longnose 

suckers. The two species are often found together in lakes, rivers, and 

streams throughout most of Canada and hybridization between the two species 

has been documented (Hubbs et aZ.~ 1943). 

White sucker spawning migrations appear to start when daily maximum 

water temperatures approach 10 C (Geen et aZ.~ 1966). By the time the 

Lower and Middle Stations were sampled (May 10 to 14), water temperatures 

were 14 to 15 C. This, coupled with the fact that all white suckers 

sampled at this time were ripe (males only) or spawned-out (males and 

females), suggests that spawning had already occurred. 

At the Lower and Nliddle Stations, there were two peaks in abundance 

of white suckers, one in May and one in September. At the Upper Station, 

there were peaks in June and late September. These peaks may represent 
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a post-spawning downstream migration early in the season, and a downstream 

movement to overwintering areas in the fall. 

Young-of-the-year were widely distributed throughout the study area 

(Figure 28) but like longnose sucker young-of-the-year were concentrated 

in the upstream part of the study area (Tables 37, 38). Since young-of-the­

year often move downstream shortly after emergence (Geen et aZ.~ 1966) 

suggesting that, like those of longnos~ suckers, the spawning areas of 

white sucker extend some distance upstream. 

White suckers collected in the study area ranged from 26 (young-of­

the-year) to 416 mm (Figure 22). All life history stages were sampled 

although juveniles aged 1 to 7 were scarce. Either juvenile white suckers 

occupy areas outside of the study area and have a distribution different 

from that of mature and maturing fish, or the sample was biased because 

fish approximately 100 to 250 mm fork length are too large to be captured 

by seine or too small to be captured in gillnets. 

Data describing the age-length relationship, age at maturity, and sex 

ratios of white sucker in the MacKay River are presented in Table 44. 

All males were mature by age 8 and females by age 12. Data for younger age 

classes are absent. In the Muskeg River (Bond and Machniak, 1977), males 

matured as early as 3 years and females at 4 years. A comparison of growth 

data, however, shows a significantly faster growth rate in the Muskeg River 

than in the MacKay River (Figure 29) . 
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TABLE 44. Observed length-age relationships (based on otoliths), age at maturity, and age-specific sex 
ratios of white suckers from the MacKay River, 1977. 

Fork Length Males Females 
(mm) 9: 

" % 
Age Mean S.D. Range N % Mature N % Mature Unsexed Total 

0 37.0 5.1 26-48 0 - - 0 - - 37 37 

1 - - - 0 - - 0 - - 0 0 

2 - - - 0 - - 0 - - 0 0 

3 - - - 0 - - 0 - - 0 0 

4 140 - - 0 - - 1 100.0 0.0 0 1 

5 292 - - 1 100.0 0.0 0 - - 0 1 

6 - - - 0 - - 0 - - 0 0 

7 - - - 0 - - 0 - - 0 0 

8' 326.0 40.2 262-352 3 50.0 100.0 3 50.0 33.3 0 6 

9 344.0 33.8 286-376 3 50.0 100.0 3 50.0 66.7 0 6 

10 352.3 32.1 283-379 5 71.4 100.0 2 38.6 100.0 0 7 

11 368.3 12.7 349-385 3 42.9 100.0 4 57.1 50.0 0 7 

12 373.4 11.4 356-387 3 57.1 100.0 4 42.9 100.0 0 7 

13 381.5 25.4 354-412 5 83.3 100.0 1 16.7 100.0 0 6 

14 391.0 15.9 379-409 2 66.7 100.0 1 33.3 100.0 0 3 

15 416 - - 0 - - 1 100.0 100.0 0 1 

Total 25 55.6 20 44.4 37 82 
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Sex ratios did not differ significantly from an expected 1:1 ratio 

at any age or overall (X2 =0.56, P>O.OS). 

The stomach contents of white suckers were examined but found to be 

unidentifiable. 

Trout-Perch 

The trout-perch typically inhabits the quiet backwaters of large 

turbid rivers and shallow, sandy areas in lakes. Trout-perch in the 

MacKay River were cormnonly found in such habitats rather than the faster 

current of riffled areas. They were widely distributed throughout the 

study area (Figure 30, Table 38) and accounted for 19.5% of all fish 

seined at permanent sampling stations (Table 36). Maximum abundance, 

however, was recorded in the slower lower section of the river where they 

accounted for 64.2% of all fish sampled. 

Trout-perch sampled from the study area ranged in length from 11 to 

89 rmn fork length (Figure 31). 

The growth rate of trout-perch from the MacKay River has been compared 

with those from the Athabasca River, the Mackenzie Delta, and Mackenzie 

River (Figure 32). With the exception of the latter, all growth rates 

are based on otolith-derived ages. Growth in the MacKay River is initially 

similar to that in the Mackenzie Delta but declines with age. Comparison 

with the Athabasca River trout-perch indicates that, at the same age, 

mean fork lengths differ by approximately one season's growth. Since 
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all samples from the MacKay River were collected early in the study period 

before any significant growth had occurred, growth may in fact be identical 

to growth in the Athabasca River. Maximum recorded age was 6 in the 

:Mackenzie Delta, 5 in the :MacKay River, and 3 in the Athabasca River. 

Age at first maturity (Table 45) was 2 years for males and 3 years 

for females. By age 4, all fish were mature .. Sex ratios did not differ 

significantly from an expected 1:1 ratio at any age or overall. 

The exact time of trout-perch spawning in the MacKay River is unknown 

but apparently occurs over an extended period. Large numbers of recently 

hatched young-of-the-year (11-15 mm) were collected at both the Upper and 

Lower Stations June 14-17, suggesting that most spawning occurred near the 

end of May or early June. However, th~ presence of mature green females 

with relatively large eggs (J.l-1.6 mm) in mid-June together with the 

occasional young-of-the-year (<17 mm) captured in mid August together 

suggest that some spawning may occur well into July. 

Mean fecundity for six trout-perch sampled on June 16 and ranging in 

fork length from 55 to 73 mm was 189 + 13.8 (range 172-204). 

The stomach contents of 47 trout-perch were examined of which 38 

(81%) contained food (Table 41). Ephemeroptera nymphs (89.5%) and 

chironomid larvae (65.9%) were by far the most common food items consumed. 

Other items included ceratopogonids, oligochaetes, adult midges, and trout­

perch young-of-the-year. 



TABLE 45. Observed length-age relationships based on otoliths, age at maturity, and age specific sex 
ratios of trout-perch from the MacKay River, 1977. 

Fork Length (rrrrn) l\1ales Females 
Age Mean S.D. Range N % % Mature N % % Mature Unsexed Total 

0 17.1 6.7 11-33 - - - - - - 23 23 

1 34.1 7.0 29-38 - - - - - - 8 8 

2 49.3 10.2 44-54 5 71.4 80.0 2 28.6 0.0 5 12 

3 55.9 5.7 46-64 7 53.9 85.7 6 46.1 83.3 1 14 

4 70.0 4.5 62-79 13 54.2 100.0 11 45.8 100.0 0 24 

5 79.6 5.9 72-89 1 14.2 100.0 6 85.7 100.0 0 7 

Totals 26 51.0 25 49.0 37 88 

•. 
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Walleye 

The walleye is apparently the most abundant of the larger fish species 

in the Athabasca River (McCart et al. _, 1977). It is also the most aboodant 

of the larger fish species captured in the MacKay River, accoooting for 

34% of the total gillnet catch (Table 36). During the spring upstream 

migration, they were heavily fished for by residents of Fort MacKay and 

Fort McMurray as well as by Syncrude personnel living at the plant site. 

While no creel census was taken, anglers that we talked to in the spring 

indicated they had no difficulty in filling their daily limits. 

Data describing length-age relationships, age at maturity, and age­

specific sex ratios of walleye from the MacKay River are presented in 

Table 46. Age at first maturity for males was 7 years and by 10 years 

all males were mature. Data on the age at maturity and growth for females 

are lacking since only four females, all immature, were sampled in the 

MacKay River. Reasons for the imbalance in the representation of the 

sexes are not known. 

In Figure 33, the growth rate of walleye in the MacKay River, 1977, 

is compared with those of walleye from four locations in Alberta and 

Saskatchewan. As indicated, walleye in the :MacKay River grow at a much 

slower rate than walleye populations·in either North Wabasca Lake, 

Lac La Ronge, Kehiwin Lake, or the Athabasca River. On the other hand, 

walleye in the MacKay River attain greater ages. Maximum scale-based 

age was 14 years in the MacKay compared to 11 in the Athabasca and 6 in 

North Wabasca Lake. Differences in growth are not likely due to the 

preponderance of males in the MacKay since most walleye in the Athabasca 

River were also males (80%). 



TABLE 46. Observed length-age relationships (based on scales), age at maturity, and age-specific sex j-J 
00 

ratios of walleye from the HacKay River, 1977. 0\ 

Fork Length Males Females 
(mm) 

-- % % 
Age Mean S.D. Range N % Mature N % Mature Unsexed Total 

0 54.3 10.4 28-68 0 - - 0 - - 10 10 

1 - - - 0 - - 0 - - 0 0 

2 - - - 0 - - 0 - - 0 0 

3 139 - - 0 - - 0 - - 1 1 

4 260 - - 1 100.0 0.0 0 - - 0 1 

5 311.0 2.8 309-313 2 100.0 0.0 0 - - 0 2 

6 309.6 10.7 301-328 2 40.0 0.0 3 60.0 0.0 0 5 

7 358.3 25.1 329-385 4 100.0 75.0 0 - - 0 4 

8 373.2 27.1 345-439 8 88.9 100.0 1 11.1 0.0 0 9 

9 397.3 24.4 365-431 8 100.0 87.5 0 - - 0 8 

10 411.2 14.7 385-438 11 100.0 100.0 0 - - 1 12 

11 418.3 15.1 409-448 6 100.0 100.0 0 - - 0 6 

12 444.0 14.1 434-454 2 100.0 100.0 0 - - 0 2 

13 450.0 1.4 449-451 2 100.0 100.0 0 - - 0 2 

14 440 - - 1 100.0 100.0 0 - - 0 1 

Total 47 92.1 4 7.9 12 63 
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Walleye spawn in the spring shortly after spring break-up and usually 

at water temperatures ranging from 6 to 9 C (Scott and Crossman, 1973). 

Preferred spawning areas are over rocky substrates in white water below 

dams or impassable falls. In the study area, rapids are much more frequent 

near the Upper Station. This area would thus appear more stiitable for 

spawning purposes. However, only 14 young-of-the-year walleye (Figure 34) were 

captured throughout the study area, suggesting that spawning is limited. 

Possibly more spawning occurs in areas farther upstream. 

The seasonal abundance of walleye at the Middle and Lower Stations 

was greatest in May (Figure 23) and is possibly associated with a spawning 

migration. In view of the scarcity of females described above and the high 

temperatures (14 to 15 C), it is likely, however, that spawrting, if any, 

was already finished. 

No walleye were captured in late September at the Upper and Middle 

Stations suggesting that walleye had by this time moved dowrtstream to 

overwintering areas elsewhere. 

Of 53 walleye stomachs examined, 23 (43.4%) were empty (Table 41). 

Of those containing food, fish remains, including flathead chub and 

sculpins, were the most connnon food items (80.0%). Odonata nymphs (13.3%), 

plecoptera nymphs (6.7%), and tipulid larvae (3.3%) were also eaten. 

Other Species 

Other species are those for which no life history info1~tion 1s presented, 
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primarily because numbers were insufficient. These include lake whitefish, 

Arctic grayling, lake chub, emerald shiner, spottail shiner, flathead chub, 

longnose dace, burbot, brook stickleback, yellow perch, slimy sculpin, 

and spoonhead sculpin. 

Length-frequencies for longnose dace and lake chub are presented in 

Figure 31. With the exception of a single mature female (76 1nm fork length) 

all other longnose dace were immature juveniles and young-of-the-year. 

Similarly, the majority of lake chubs were also juveniles and young-of­

the-year. The distribution of lake chub and longnose dace are shown in 

Figures 35 and 36, respectively. 

Length-frequencies of the remaining species are presented in Table 47. 

Of these, lake whitefish, flathead chub, and burbot were rarely sampled 

and, as previously discussed, are more properly identified with the 

Athabasca River than with the MacKay. Yellow perch also seem to be largely 

limited to the Athabasca River but they apparently spawn at the mouth of 

the MacKay River though they do not venture far upstream. 

Fish Overwintering 

At least four species of fish use the }4acKay River as an overwintering area: 

Arctic grayling, northern pike, longnose sucker, and white sucker (Table 48). 

Of these, the grayling was rarely sampled during the open water season 

but the others were either abundant or common. Grayling may occur during 

the summer in areas upstream of the study area or in tributaries to the 

MacKay River (e.g., the Dunkirk and Dover) and move downstream to overwinter 
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TABLE 47. Length-frequency of other species collected from the MacKay 
River, 1977. Four letter codes are listed in Table 35. 

Size Class Species 
(m) MIWT EMSH SPSH BRST YWPH SLSC SPSC 

10-19 3 
20-29 
30-39 .. 1 1 3 
40-49 1 1 23 1 
50-59 1 2 9 4 
60-69 2 2 
70-79 5 2 
80-89 2 
90-99 1 

Totals: 1 8 4 4 35 11 1 

Species 
LK\VT GRAY FLCB BURB 

0-49 
50-74 
75-99 

100-124 
125-149 2 
150-174 
175-199 1 
200-224 
225-249 
250-274 
275-299 2 
300-324 1 
325-349 1 2 
350-374 1 3 
375-399 1 

Totals: 3 6 3 2 
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TABLE 48. Surmnary of gillnet catches at the Lower and Middle Stations 
on the MacKay River, December, 1977 and JanuarJ, 1978. 

Station Lower Lower Middle 
Sampling Period Dec. 8-11 Jan. 12-15 Jan. 13-15 
Effort (hours/ 

mesh size) 72/6.4 em 72/6.4 em 44.5/8.9 em 

Arctic grayling 4 

northern pike 3 1 

longnose sucker 1 

white sucker 1 
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in the study area. Alternatively, they may enter the mouth of the MacKay 

after leaving streams known to support grayling (e.g., the Ells, Mlskeg, 

and Steepbank). 

Sculpins (probably C. cognatus) and longnose sucker fry were found 

in the stomachs of pike taken during the winter suggesting that these 

species also overwinter in the MacKay River. 

The Sport Fishery 

Recreational use of the MacKay River is confined to angling near its 

mouth. Angling is most intense on weekends shortly after spring break-up, 

coinciding with the upstream migration of the walleye. Walleye are by far 

the preferred species but northern pike are also angled. Goldeye, 

although abundant, are not highly regarded and are usually released when 

caught. They become more important as a sport fish in the summer when 

catches of walleye and pike are low. 

Angling in the MacKay River drops off with declining walleye catches 

in June and July. By August and September, very few people fish in the 

MacKay River. 

Because of the large walleye run present in the MacKay River and its 

accessibility, it is one of the preferred rivers in the area for fishing. 

In view of the additional development of tar sands proposed for this area, 

demands on the sport fishery of the MacKay River can be expected to 

increase significantly in the future. 
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There is no domestic fishery on the MacKay River itself. However, 

residents of Fort MacKay are permitted to gi11net the Athabasca River near 

the mouth of the MacKay and illl.doubtedly capture fish that would otherwise 

move into the MacKay. 

Fisheries Assessment 

In the absence of sufficient data, an accurate assessment of the 

MacKay River to the overall fisheries of the region is difficult. However, 

in view of the fact that the HacKay River is the largest watershed in the 

western region of the Athabasca Oil Sands area, its contribution to the 

fisheries of the region has to be considered high. 

The MacKay River is a major summer feeding area for goldeye, northern 

pike, and walleye and supports a relatively important sports fishery. 

As development proceeds, demands on it are certain to increase at a faster 

rate than for less accessible rivers, i.e., those further north or on the 

east bank of the Athabasca River. 

The major importance of the MacKay River to the fisheries of the 

region is probably as a spawning, rearing, and summer feeding area for fisn 

species commonly regarded as forage species. These include lake chub, 

longnose sucker, white sucker, and trout-perch. They are probably the 

most abundant forage species in the region for more desirable fish species 

such as walleye and northern pike. 
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