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SUMMARY OF IMPACTS 

The chief impacts on water quality were large increases of 

suspended sediments and turbidity in the spring, and elevated nutrient 

(nitrogen and phosphorus) concentrations immediately below the 

minesite ditch outfall in early summer. The former problem was caused 

primarily by a mid-April flood resulting from the breach of a 

lakeshore during maintenance of the minesite ditch; the latter by 

application of fertilizer to the minesite drainage area during seeding 

operat ions. Much silt rich in fine particulate organic matter (FPOM) 

was deposited below the outfall by the April flood. 

Biologica I communities in the Muskeg River shotol'ed a variety 

of responses to Muskeg drainage. There is evidence that drainage from 

the minesite ditch (probably the April flood) reduced the biomass of 

periphytic algae, but increased the abundance of certain invertebrates 

and predators, ~n a stony area a short distance below the outfall 

(Stat ion 4) in late April--early May. Scour or siltation of the algae, 

and an increase in food for detritivores (in the form of FPON) were 

suggested as the causes of the algal de"crease and invertebrate 

increase, reipectively. 
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No imp ac ton the in vertebrate fauna of fine sed iments was 

detected until June, when reductions in total invertebrate biomass and 

in the abundance of certain detritivores and predators was noted at 

Station 4. It was suggested that some "conditioning" effect of the 

FPOM-rich sediments deposited by the April flood, such as oxygen 

reduction from active decomposition, was responsible for the 

invertebrate decreases on fine sediments. 

In July, total biomass of algae on glass slides, and the 

abundance of certain detrit ivores and Hydra on simulated "sunken 

wood" substrate, both increased at Station 4 in response to muskeg 

drainage activities. The algal biomass increase was attributed to 

nutrient (nitrogen and phosphorus) enrichment from fertilization and 

seeding in the minesite ditch drainage area. The 
. . 
~ncrease ln 

detritivores was thought to be due to the presence of abundant food, 

in the form of FPOM, deposited by the April flood. Hydra was 

suggested to be responding to possible contributions of zooplankton 

food from the settling pond on the minesite ditch less than 300 m 

upstream from Station 4. 

Only algal biomass on glass slides showed evidence of 

environmental impact as far downstream as Station 3. All other impacts 

were confined to the rlver segment from some point upstream of Station 

3 to the Alsands site. In no case did any particular impact persist 

over as many as two sampling periods, although siltation at Station 4 

may have had varying effects on the biota from mid-April until at 

least July. 
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There were no obvious impacts of muskeg drainage on fish 

populatioi.s. The fish studies were not designed primarily to detect 

impacts, but to fill in gaps in the present knowledge of fish life 

histories in the drainage. 

Siltation and flooding by drainage water stressed white 

spruce (yellowing of lower needles) and drowned herbaceaus species at 

the outlet of the plantsite drainage ditch. An area of 12.6 ha 'Jas 

affected. willow shrubs and black spruce forest were continuously 

inundated and silted at the lower end of the minesite ditch over an 

area of 1.8 ha, but this vegetation is often flooded, and little 

damage was noted. In portions of pine forest in the area that .. as 

flooded and silted, rapid recovery and rapid invasion of bare silt by 

shrubs and herbs is expected. 
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1.0 INTRODUCTION 

Volume I of this report reviewed the publicly available 

literature on stream environments in the Muskeg River basin as 

background to the monitoring studies. This volume (Volume II) 

describes the results of the studies, discusses their effectiveness, 

and makes suggestions about the design of similar monitoring programs 

that might be established in future in the AOSERP area. 

The 1980 monitoring studies were intended to both monitor 

the effects of Als,ands' muskeg drainage on aquatic habitats and 

terrestrial vegetation, and to form the basis of a long-term program 

to monitor the effects of the Alsands development on aquatic habitats 

In the Muskeg River over the life of the project. The long-term, 

routine monitoring program was to be designed based on the experience 

with the 1980 studies, which would test methods and examine the 

suitability of various biological parameters for biomonitoring. 

To meet these objectives, a variety of biological and water 

quality attributes were studied within the zones of potential impact 

and in control areas. Measures of water quality, such as suspended 

solids, dissolved oxygen, major ion, metal and nutrient 

concentrations, were studied to obtain direct information on physical 

and chemical impacts at the time of sampling. Periphytic algae and 
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benthic macroinvertebrates were sampled by several methods to detect 

the biological effects of physical and chemical changes in water 

quality, Biological monitoring had the potential of detecting impacts 

that occurred prior to sampling, and provided a direct measure of 

biological damage, usually the matter of greatest human concern. 

Benthic invertebrates were selected for study because they are 

commonly rated as the most generally useful group for biomonitoring 

(eg Hellawell 1977). Periphytic algae were sampled because they could 

be par t ic u larly useful for monitoring the effects of nutrient loading 

and turbidity (Hellawell 1977). 

A fish sampling program was conducted in conjunction with 

the monitoring studies to supplement available life history 

information on species inhabiting the Muskeg River basin. 

Previous studies on the fish fauna of the drainage (reviewed 

in Volume I) showed that Hartley Creek and the Nuskeg River, at and 

below the Alsands development area, provide spawning and rearing 

habitat for Arctic grayling and two species of suckers. In addition, 

yearly grayling may overwinter in the lower Muskeg River, several 

species of small fish reside in the watershed year-round and small 

numbers of other large species (eg northern pike) use the watershed 

for at least part of the year. 

One de f i c i en c yin the a va i I a b 1 e bas eli 0 e d a t a on f is h 

pop u 1 at ions in the Muskeg River drainage is the lack of informat ion 00 

overwintering locations, and on the distribution and numbers of 

spawners, eggs. fry and juveniles at specific locations and times. 
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Without such data, only very large changes in the fish populations 

could be detected during routine monitoring studies. 

A second deficiency in the available data is that the 

importance of the river as Arctic grayling habitat has not been 

adequately quantified. Angling results indicate the summer population 

density is larger than spring trapping results have suggested (Bond 

and Machniak 1979). Despite two attempts, Bond and Machniak 0977, 

1979) did not obtain a complete count of the number of Arctic grayling 

entering the Muskeg River in spring. Because the fish had begun their 

migration prior to break-up, a counting fence could not be installed 

in time. Their 1978 attempt to count grayling as the fish moved out of 

the rLver in the fall was thwarted by high water. 

The 1980 fish studies were conducted Ln an attempt to 

provide some of this missing baseline information. Specifically, the 

objectives of the fish studies were: 

1. To locate and describe overwintering areas of 

year 1 ing Arc tic grayl ing and, if possible, to 

quantify (as catch per unit effort or direct 

counts) the importance of each site to the 

population; 

2. To locate and quantify the importance of spawning 

and rearLng areas of suckers and grayling; 

3. To monitor and enumerate downstream migrant fish, 

particularly grayling, in the fall; 

4. To survey small fish populations Ln the Muskeg 

River in the fall and early winter; and 
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5. To determine, if possible, the effects of Alsands' 

activities in 1980 on the relative abundance, 

distribution, and fall migrations of Muskeg River 

fish, from a comparison of the 1980 results to 

previously-reported results. 

In the winter of 1979-80, as part of the requirements for 

approval of drainage ditch construction, Alberta Environment requested 

Alsands to develop a monitoring program to assess the impact of the 

two drainage ditches on neighbouring lands and receiving bodies of 

water. 

Prior to removal of the peat and initiation 'of construction 

of the Alsands mining and processing complex, extensive muskeg areas, 

including ponds, would need to be drained. The two points of discharge 

# would be the proposed tailings pond area and the Muskeg River area 

about 1 km south of Alsands' temporary camp. 

Hardy Associates (1978) Ltd. was contracted to assess the 

impact of the discharged water on vegetation and wildlife habitat. The 

purpose of their investigation was two-fold: 

1. To determine the extent and type of vegetation 

damage; and 

2. T 0 d e fin e the s h 0 r tan d 1 0 n g - t e r m e f f ec t s 0 f 

flooding and siltation on vegetation. 

Th is report presents the methods that were used to carry out 

the study, the results of the field o~servations, and the conclusions 

made. 
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2.0 WATER QUALITY 

2.1 Methods 

Water samples were collected on the dates and at the 

locations shown in Table 1. The locations of the principal sampling 

stations are illustrated in Figure 1; other stations not sampled on a 

regular basis are described in the text. 

The program involved taking monthly water samples in 500 ml 

polyethylene bottles at stations 4, 5, 9 and 10 from March to 

December, and analyzing them for biochemical oxygen demand (BOD), pH, 

conductivity, suspended solids and turbidity. Bimonthly samples were 

collected at all 10 stations ~n one litre glass bottles for more 

detailed analysis. Sampling was more frequent and more locations were 

s amp led during periods of flood discharge in April, and during seeding 

and fertilizing of the minesite ditch area in June. February and March 

biweekly samples taken from the two drainage ditches by Hardy 

Associates (1978) Limited are discussed in this report. Analyses 

conducted, sample preservation, and analytical methods used are 

outlined in Table 2. 

All analyses, except those of the field measurements and the 

samples taken during the June fertilization monitoring, were done by 



Table 1. Water analyses and collections conducted as part of Alsands' monitoring program, 
Muskeg River drainage 1980. Numbered stations are shown in Figure 1, unnumbered 
stations described in the text. Parameters in the "short" and "long" lists are as 
in Table 2. 

Date 

80/03/25 

80/04/03 

80/04/10 

80/04/14 

80/05/01 

80/05/31 to 
80/06/01 

80/06/03 

80/06/19-20 

80/06/24 

80/06/30 to 
80/07/01 
80/07/11 

80/08/14 

80/09/10-11 
80/10/09 

80/11/12 

80/12/18 

Stations 

1 to 10 

1 to 7, 8 stations on minesite ditch 
1 to 7, 6 stations on minesite ditch 
1 to 7, 9, 6 other stations on Muskeg 

River, Athabasca R. and minesite ditch 

1 to 10 

3 stations on minesite ditch and Muskeg 
River at outfall 

4, 5, 9, 10, 1 additional site 
on the minesite ditch 

2 to 7, 3 others on minesite ditch 
(sampled before and after fertilizer 
application) 

same as 80/06/19-20 

same as 80/06/19-20 

1 to 10 

4, 5, 9, 10 

1 to 10 

4, 5, 9, 10 

1 to 10 
4, 5. 9, 10 

long list 
short list 
short list 

Parameters 

short list, not including dissolved 
oxygen 
long list 
suspended solids, turbidity (collected 
by Alsands staff) 
short list 

orthophosphate, total PO~, K, SO~, N03 , 

Kjeldahl N dissolved oxygen 

same as 80/06/19-20 

same as 80/06/19-20 

long list 
short list 
long list 
short list 
long list 
short list 

0-



p:r;c 
10 

I 
o 

I 
5 

ki lometres 

7 

Figure 1. Location of sampling sta:ions for ~ater quality, periphyton 
and benthic invertebrates, 1980. 



Table 2. Analytical and preservation methods for chemical parameters. Methodology from 
Standard Methods for the Examination of Water and Wastewater. 14th Edition, 1975; 
Metals-Methods Manual for Water and Wastes, D.O.E., Alberta. Asterisks indicate 
parameters measured monthly (short list); all were measured bimonthly (long list). 

Parameter 

*Temperature 
*80D 
*Dissolved Oxygen 
*pH 
°kConductivity 

Al ka 1 inity 
Total Hardness 

*Suspended So;ids 
Total Dissolved Solids 

*TurbidHy 
Colour 
NH+ 

3 

NO; 
NO; 
TKN 

Sample 
Preservation 

field measurement 
refrigerated 
field measurement 
refrigerated 
refri gera ted 
none (kept cool) 
none (kept cool) 
none (kept cool) 
none (kept cool) 
none (kept cool) 
none (kept cool) 
0.5 ml conc. H2 S0 4 /500 ml 
same as above 
same as above 
same as above 

Analytical 
Method 

mercury pocket thermometer 
5-day incubation 
Hach Kit OX-I0 
meter 
meter 
acid titration 

Sensitivity 

1 C 
n/a 
1 mg/l 
0.01 unit 
0.01 1 llS/cm 
1 mg/l 

calculation from Ca, Mg measurements 1 mg/l 
gravimetric 1 mg/L 
gravimetric 1 mg/l 
turbidimetric 1 NTU 
colorimetric (visual comparison) 10 units 

electrode 1 mg/L 
colorimetric 0.1 mg/L 
colorimetric 0.1 mg/L 
Kjeldahl distillation 0.1 mg/L 

Continued ... 

00 



Table 2. Continued. 

Sample Analytical 
Parameter Preservation Method Sensitivity 

_3 
PO lt same as above colorimetric (SnCl) 10 l1g/L 
TOC none (kept cool) 

<I> 

carbon analyser 1 mg/L 
_2 

none (kept cool) S04 turbidimetric 10 mg/L 
C1 none (kept cool) argentometric titration 1 mg/L 
Ca, ~1g, Na, K none (kept cool) atomic absorption 0.1 mg/L 

1.0 

As 0.5 mL conc. HC1/500 mL colorimetric silver 5 l1g/L diethyldithiocarbamate) 
Hg same as above atomic absorption (cold vapour) 0.2 l1g/L 
Cr, Cu, Fe, Mn, Ni, same as above atomic absorption (carbon red) 1 lJg/L 
Pb, V, Zn 
Phenols H3 PO lt + CUS04 Chloroform extraction 1 lJg/L' 
Oil and Grease 0.5 mL conc. H2 S04/500 mL Freon extraction 1 mg/L 
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the Edmonton laboratory of Hardy Associates (978) :..imited, to which 

the samples were sent either on tne day of collection or within 24 

hours of collection. Samples for the fertilization Donitoring program 

were sent within 24 hours of collection to the Calgary laboratory of 

United Petrolabs Limited. 

2.2 Results and Discussion 

Detailed results are presented in Appendix A at the end of 

this volume. Most data are summarized graphically in the following 

sections. Emphasis has been placed on comparing measurements at 

stations 4,5 and 9, because Station 4 was potentially most affected, 

Station 5 was the most immediate control, and Station 9 was an 

effluent station. Stations 6, 7 and 8 provide information on the 

degree of variability in upstrea:l (control) conditions; data from 

stations 1, 2 and 3 should show various degrees of recovery or detect 

downstream influences not attributable to minesite drainage. Samples 

from Station 10 provided information on the quality of water affecting 

terrestrial vegetation at the outlet of the plantsite drainage ditch. 

2.2.1 Water Temperature 

Table 3 summarizes water temperatures, uS"Jally measured at 

the time of water sample collection. ~aximum-minimu;:; water tempera-



Table 3. Water Temperatures, Muskeg River drainage, March to December, 1980. 

1980 Station 
Date 1 2 3 4 5 6 7 8 9 10 

03/21-25 0 0 0 0 0 0 0 0 0 frozen 

04/03 0 0 0 0 0 0 0 0 
04/10 0 1 2 1 0 
05/01 15 11 14 11 11 13 13 13 11 17 
06/03 15 15 
06/19 19 19 17 18 20 20 17 ~ ..... 
06/20 20 20 19 18 18 19 20 
06/23-24 19 19 19 19 21 20 20 
07/11 18 20 20 20 20 20 20 18 20 16 
08/14 16 16 18 19 
09/10-11 10 10 10 10 10 10 11 10 10 8 
10/09 7 7 8 4 

11/12 0 0 1 1 0 0 1 0 0 1 
12/18 0 0 
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tures below Station 7 during the spring spawning period, and near the 

mouth of the Muskeg River from late September through October, were 

measured as part of the fish studies and are presented in that 

section. 

Unfrozen water at all stations remained at 0 C until early 

April, warming rapidly thereafter to reach 11 to 15 C at stream 

stations by 1 May. By mid-June, water temperatures at many stations 

reached 20 C, and a maximum of 21 C was observed at Hartley Creek 

Station 6 in late June. In the July sampling period, temperatures were 

relatively uniform, at 18 to 20 C in the streams, but the few 

mid-August measurements suggest that some cooling had begun by then. 

At 10 to 11 C, the streams were much cooler in mid-September, and by 

late October and early November, temperatures near freezing were 

common and extensive ice was forming along the banks and in the 

shallow water of the Muskeg River. Station 6 of Hartley Creek was 

frozen over when visited 2 November 1980. 

Water temperatures at stations 4 and 5 were not observed to 

differ by more than I C, and were most frequently identical. The 

temperature of minesite drainage water was usually identical to that 

at Station 5, and was not observed to differ by more than 2 C. 

Although these are "instantaneous" tempera-ture data and do not show 

d iel, day-to-day. or even weekly variations, they are sufficient to 

demonstrate that the Muskeg drainage water did not cause large or 

consistent changes in the water temperatures of the Muskeg River. The 

g rea t est differences observed fall \o'ell within the 1977 Alberta Water 
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Quality Objectives (temperatures not to be increased more tha~ 3 C 

above ambient water temperature)(Alberta Environment 1977). 

The water temperatures recorded in 1980 suggested a more 

rap id s pr ing warming and a longer period near 20 C l.n summer than was 

observed in 1977 and 1978 by Akena (1979). Hartley Creek was found to 

reach much higher temperatures in 1980 than in 1977 and 1978. Because 

Akena (1979) also measured water temperatures only at the time of 

monthly sample collection, these differences may largely reflect 

short-term differences due to the prevailing weather at the time of 

samp ling. 

2.2.2 Water Colour 

Figure 2 summarizes the observations on water colour made 

in 1980. At most stream stations, colour tended to be lowest, but 

still distinctly yellow, tn May and July (20 to 30 units). March 

colour values were somewhat higher (usually 40 to 60 units), and 

September samples showed the maximum colour levels recorded at all 

stream sites (100 to 110 units). November colour figures for all 

stream stations were intermediate between the September and March 

values (60 to 70 units). 

In contrast to the pattern in the streams, colour in the 

min es ite drainage water decreased from February to March and increased 

from May to November, but exceeded 60 units only tn February. In the 

plantsite drainage water, colour was very high (120 to 250 units) in 

the March and November samp les, but did not exceed 40 uni ts dur ing the 

open-water period. 
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Figure 2. Water colour observations, Muskeg River drainage, February to November 1980. 
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Wa ter colour at stations 4 and 5 'Was nearly identical on all 

sampling dates. The data provide no evidence that the generally less 

coloured minesite drainage 'Water affected the 'Water colour of the 

Muskeg River; therefore the minesite drainage met the Alberta Water 

Quality Objectives (colour not to be increased more than 30 units 

above the natural value)(Alberta Environment 1977). 

Seasonal variations in 'Water colour at all stream sites 

studied in 1980 differed from those discussed by Akena (1979) for the 

summer 1976 to summer 1978 period. In the 1976 to 1978 study, su=mer 

colour values in Hart ley Creek (used as an example by Akena) "';ere 

high, exceeding 80 units l.U June, July and August. The reason for the 

lower summer values in 1980 is not kno'Wn, but probably refl-::cts 

natural year-to-year variation. 

2.2.3 Dissolved Oxygen and BOD 

Dissolved oxygen data in units (mg/L) of concentration are 

summarized in Figure 3; Figure 4 presents the results expressec as 

percent saturation. 

The 10'Wes t levels of dissolved oxygen 'Were found during the 

1 at e winter survey (March) 'When concentration,s ranged from 1 to 3 c?/L 

(7 to 22% saturation) at most stream stations. Exceptions were Station 

6 on Hartley Creek, which 'Was anoxic, and Station 4, which had a 

concentration of 11 mg/L (81% saturation). Concentrations were not 

less than 5 mg/L, the Alberta Water Quality Objective (Alberta 

Environment 1977), on any other dates sampled, and 'Were nearly ah;ays 

higher than 7.5 mg/L. 
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Figure 3. Dissolved oxygen concentrations, ~Iuskeg River drainage, ~farch to November, 1980. 
April data are for (from left to right) 3 and 10 April. 
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Stations 4 and 5 often differed 1n dissolved oxygen 

concentration and percentage saturation, but most differences were 

small. In March, Station 4 had clearly elevated dissolved oxygen 

relative to all other stations sampled. The entry of the minesite 

drainage water 100 m upstream (dissolved oxygen 7 mg/L, 48% 

saturation) undoubtedly augmented by agitation at the outfall and by 

f low over the ice surface, appears to have caused the higher dissolved 

oxygen at Station 4. 

In April, dissolved oxygen was the same as or slightly 

higher than that at Station 5 while in May, dissolved oxygen at 

Station 4 was 2 mg/L and 20 percentage points lower than at Station 5. 

From June through August, the differences in percentage saturat ion and 

concentrations were less than 10 percentage points and 1 mg/L, with 

Station 4 values lower than those at Station 5. 

In May and July, however, dissolved oxygen percent 

saturation values had reached the Station 5 control levels by Station 

3, and percent saturation levels at Station 4 were higher than those 

at Station 8, a natural (control) site. From September to November, 

dissolved oxygen concentrations at Station 4 again were slightly 

higher than. or equal to, those at Station 5; percentage saturation 

was consistently slightly higher at Sta.tion 4 (2 to 8 percentage 

points) • 

In April, and sometimes in fall and early winter, 

Biochemical Oxygen Demand (BOD) was higher in the minesite drainage 

water than at the control stations (Figure 5). On 14 April and 1.0 

September, this higher BOD water appeared to cause higher BOD's at 

Station 4. 
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Alar ge flood that eroded part of the minesite drainage area 

on 12 to 13 April has been described elsewhere 1.n this report (Volume 

I, p. 8). The flood was probably responsible for the deposition of a 

thick layer of fine organic material observed in deep water and along 

the banks at Station 4, and upstream to the minesite drainage 

discharge point (This material was observed after the flood, but was 

not not ed under the ice during a late winter survey of fish habitat-

see Fish Studies). This organic material could be responsible for the 

high BOD found at Station 9 on 14 April, and its decomposition could 

have produced the somewhat depressed oxygen levels found at Station 4 

from May to August. 

On 3 and 10 April, the minesite drainage water below the 

road culvert was not confined to a single channel, but was permitted 

to run across the forest floor in an attempt to filter suspended 

sol id s there, and reduce the load contributed to the river. Several of 

the many small watercourses in the forest were sampled on both dates 

to determine the effects of this water treatment on several physical 

and chemical attributes. The results are summarized 1n Table 4. 

On 3 April, at two sites in the single channel, dissolved 

oxygen was 9 mg/L above and at the road crossing, and BOD was 2 mg/L 

above the road crossing and 5 mg/L below the road crossing. In four 

channels sampled along the minesite drainage in the forest below the 

c r 0 s sin g, dis sol v e d 0 x Y g en was lOt 0 1 1 mg /L (x = 10. 8 ) • Ins l.X 

channels, BOD was 2 to 7 mg/L (x = 4.0). On 10 April, two sites 1n the 

main channel at, or just below, the road crossing each had a BOD of 4 

mg/L and one had a dissolved oxygen concentration of 9 mg/L. At four 



21 

Table 4. Selected chemical and physical attributes of the minesite 
drainage water at sites above, within and below the 
forested area near the drainage ditch outfall, April 1980. 
Sites 01, 02, 09 and 010 are above or just within the 
forested area, all others are well within or below the 
forested area.· Units are mg/L unless noted otherwise 

. . . . . . . . . . . . . . . 

Conduc-
pH tivity Turbi- Sus- Ois-

Oate Site @ 20C us/cm @ d; ty '. pended solved Temp. 
25 C . NTU Solids BOD oxygen C 

80/04/03 01 7.48 0.408 140 660 5 9 0 

02 7.89 0.408 155 580 2 9 0 

03 7.89 0.408 160 640 2 10 0 

04 7.91 0.384 45 150 4 11 0 

05 7.92 0.402 72 200 3 11 0 

06 7.78 0.420 95 380 3 11 0 

07 7.66 0.432 60 140 5 

08 7.71 0.396 15 8 7 

80/04/10 09 7.56 0.384 170 672 4 

010 7.75 0.371 190 684 4 9 

011 7.53 0.384 220 862 5 8 

012 7.86 0.378 34 44 10 6 0 

013 7.56 0.366 260 1048 3 9 0 

014 7.59 0.444 155 504 5 8 0 
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other forest channels sampled below the road crossing, dissolved 

oxygen ranged from 6 to 9 mg/L (x = 7.8), and BOD ranged from 3 to 10 

mg/L (x 5.8) • 

Taken together, the data indicate only that dissolved oxygen 

and BOD tended to vary widely from place to place among the various 

discharge channels. They show no clear effect of Itforest filtration" 

on dissolved oxygen or BOD, although the 3 April data suggest a slight 

increase in dissolved oxygen concentration as the water passed through 

the woods. 

On 14 Apr i 1, shortly after the flood) the BOD of triplicate 

samples taken at the mouth of the Muskeg River was 3.3 + 0.7 mg/L 

(x + SE)(Table 5). Thirty meters upstream, on the Athabasca River, the 

BOD was 3.7 + 0.9 mg/L (N=3), and 100 m below the mouth on the 

Athabasca River, a single BOD was 3 mg/L. These data suggest that the 

Muskeg River water had no detectable effect on the BOD of Athabasca 

River water at that time. 

2.2.4 Suspended Solids and Turbidity 

Suspended solids concentra~ions at the ten standard sampling 

stations are shown in Figure 6. More detaile.d data collected by Hardy 

Associates for the plantsite and minesite drainage ditches were 

presented in Volume I (p. 19). 

Suspended solids did not exceed 18 mg/L at any of the stream 

stations in March, nor 17 mg/L on April 3, despite high concentrations 

in the minesite ditch. On 10 April, however, high suspended solids 
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Table 5. Selected chemical and physical attributes (x ± SE) 
of water at various distances from the Athabasca
Muskeg confluence, April 14~ 1980. 

Athabasca Muskeg Athabasca 
30 m upstream 30 m upstream 100 m downstream 

pH @ 20 C 7.97 ± 0.02 7.83 ± 0.02 7.81 

conductivity, 
mS/cm @ 25 C 0.252 ± 0 2.228 ± 0 0.228 

turbi dity, NTU 26 ± 0.6 60 ± 0.6 55 

suspended solids, 126 ± 3.3 132 ± 2.3 150 
mg/L 

BOD, mg/L 3.7 ± 0.9 3.3 ± 0.7 3 

number of samples 3 3 1 
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concentrations in the water of the minesite drainage ditch (up to 1084 

mg /L, depending on the channel samp led), caused suspended solids loads 

at Station 4 to be increased by approximately 28 mg/L over the 17 to 

19 mg/L recorded at the three control stations sampled. The ditch 

w a t er formed an obvious plume for only about 50 m in the Muskeg River $ 

and suspended solids concentrations at Station 4, 100 m below the 

outfall, were relatively low, indicating that much of the sediment 

settled out within the first 100 m below the outfall. At a point 

approximately 4.5 km below Station 4, and at stations 3 and 2, 

suspended solids concentrations were at or near control 

concentrations. Slightly elevated concentrations, not necessarily 

attributable to the influence of the minesite drainage water, were 

aga~n encountered at Station 1 (27 mg/L). 

A sudden flood in the minesite drainage that occurred April 

12 was briefly described in Volume I (p.8). This :lood extensively 

eroded the ditch area immediately upstream of the outfall into the 

Muskeg River. The flood contributed massive quantities of sediment to 

the river, as evidenced on 14 April by a thick layer of black mud on 

the ice and banks near the discharge outlet, and by reddish brown 

sed iment on the banks and ice the remainder of the distance to the 

Athabasca River. Brown to red-brown Muskeg River water was 

distinguishable as a plume in the Athabasca River, extending at least 

1 km downstream from Alexander Island along the east bank. All but a 

small flow from the drainage ditch had been blocked by Alsands crews 

when most samples were taken on 14 April. 
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On 13 April, Hardy Associates (Volume I, p.19) recorded a 

sus pend ed sol id s concentration of 5100 mg/L in the minesite drainage 

ditch near the outfall. On 14 April, concentrations in the small 

amount of drainage water still flowing was 284 mg/L near the road 

crossing and 972 mg/L at the outfall. Control concentrations at 

stations 5 to 7 were 34 to 41 mg/L; 50 m below the outfall suspended 

solids were higher at 62 mg/L. At Station 4, concentrations had 

declined to 25 mg/L, below control concentrations, and at stations 2, 

3 and a point 4.5 km below Station 4, concentrations were at or below 

control concentrations. At Station 1, suspended solids were 84 mg/L, 

probably indicating the end of the slug of flood water from 12 to 13 

April. At the mouth of the Muskeg River, the mean suspended solids 

concentration (± SE) was 132 ± 2.3 mg/L (N=3)(Table 5). Thirty metres 

above the Muskeg mouth on the Athabasca River, mean suspended solids 

concentrations were also relatively high at 126 .!. 3.3 mg/L (N=3), so 

that the Muskeg River water had little effect on Athabasca River 

concentrations: 100 m downstream from the Muskeg River mouth, 

suspended solids were only 150 mg/L (N=l). 

During a helicopter survey of the Muskeg River on 14 April, 

no other source of silt was observed that could have produced the 

higher suspended solids concentrations found at the lower end of the 

r l.ver. Bare ground at a recently-constructed bridge across the river 

near kilometre 20 (cL Walder et al 1980) was examined as a possible 

silt source, but there was no evidence of recent substantial erosion. 

After the April flood, minesite drainage water was diverted 

to a point approximately 700 m below Station 4 until late May, while a 
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settling pond was built above the road crossing. This water was very 

clear after passing through a swampy area, but it eroded the bank at 

the outfall, picking up suspended solids (93 mg/L, Station 9, Hay 1). 

From 10 to 20 m3 of bank material had been eroded by Hay I, forming 

a mudbar that extended into the centre of the Huskeg River 

(approximately 7 m). Because Station 4 had been bypassed by the 

minesite drainage water in Hay, Station 4 suspended solids did not 

differ from that at the control stations. Stations 1, 2 and 3 were 

likewise unaffected, showing that suspended solids had settled out by 

the time the water reached Station 3. 

By the time of the June sampling period, the minesite 

drainage water had been restored to i:s original channel after passing 
# 

through the new settling pond constructed above the road crossing. 

Thereafter, minesite drainage water, at worst, only slightly increased 

sus pend ed solids above control conce:ltrat ions. The ~ncrease was never 

greater than 8 mg/L, and sometir:es decreases were noted, possibly 

caused by the impounding effect of the large mudbar at the outfall. 

Prior to the 14 April flood, the minesite drainage water was 

permitted to flow through the forest, unchanneled, to "filter-out" 

suspended solids. On 3 April, suspe:1ded solids were 580 and 660 mg/L 

in the single channel at and above the road crossing (Table 4). After 

flowing through the forest, the drainage water had suspended solids 

concentrations ranging from 8 to 380 mg/L (mean 176 mg/L, N=S); 

part-way through the forest, concentrations were sti1l 640 mg/L (N=l). 

On 10 April, drainage water at or near the road crossing had suspended 

solids concentrations of 672 to 684 mg/L (N=2). Below the forest, 
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suspended solids at four points were 44, 504, 862 and 1048 mg,/L. The 

latter two values were found in water 1n the main channels which had , 
been eroded out of the forest. Taken together, these observations 

suggest that, initially, "forest filtration" was effective in reducing 

suspended solids contributions to the Muskeg River, but that 

subsequent erosion tended to confine the water to a single main 

channel. This reduced the filtration effect, and in fact added 

sediments to the river, above what the single channel would have 

contributed (as indicated by upstream levels of suspended solids). The 

Apr i 1 1 4 flood e rod e d m u c h 0 f the are a in w h i c h sed i men thad 

previously been deposited, so that in this particular instance, little 

net benefit was gained by filtering drainage water through the forest. 

The Alberta Water Quality Objective for suspended solids is 

that they should be increased not more than 10 mg/L over background 

concentrations (Alberta Environment 1977). This objective must have 

been greatly exceeded at all stations below the minesite outfall, and 

in the Athabasca River 100 m below the Muskeg River mouth, as a result 

of the 12 April flood. On 10 April, the objective was exceeded at 

Station 4, but on all other sampling dates the objective was met. 

High turbidity in the minesite drainage water caused 

increased turbidity at Station 4 in March and on 10 April, and the 

slug of 12 to 13 April flood water was detectable by the elevated 

turbidities at stations 1 and 2 on 14 April (Figure 7). On the latter 

date, a turbidity of 60 + 0.6 NTU (x + SE, N=3) was recorded at the 

mouth of the Muskeg River (Table 5). One hundred metres downstream on 

the Athabasca River, turbidity was increased to 55 NTU (N=l), 29 NTU 
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above the control levels found 30 0 above the Muskeg River (X ~ SE = 

26.±. 0.6, N=3). In May, high turbidity drainage water diverted past 

Station 4 caused no increase in turbidity at Station 3. The addition 

of the settling pond apparently reduced turbidity 1n the minesite 

drainage water on most sampling occasions after May, and turbidities 

were, at worst, only slightly elevated at Station 4 thereafter. 

The Alberta Water Quality Objectives for turbidity are 

expressed in JB:ckson turbidity units (JTU). Turbidity data in this 

rep or tare exp r essed in nephelometric turb idity units (NTU), because 

the nephelometric method is more sensitive to 1m. turbidity .levels 

(Standard Methods 1975). The two units of measurement cannot be 

satisfactorily cross-calibrated (Stcndard Hethods 1975:131), so it 1S 

not possible to determine whether the water quality objectives were 

exceeded. 

The effects of "forest filtration", discussed previously in 

thi!l section, on turbidity, were si:::ilar to its effects on suspended 

solids. On 3 April, turbidity in the minesite drainage ditch at or 

above the road crossing were 155 and 140 NTU CTable 4). Partway 

through the forest, the turbidity was still high, at 160 NTU. After 

passing through the forest, water at five dischnrge points had 

turbidities ranging from 15 to 95 ~TU (meqn 57.4 ~nu). On 10 April, 

however, turbidities at or near the road crossing W2re 170 to 190 NTU 

(N=2). At four points in, or belo .. -, the forest area, turbidities of 

34, 155, 220 and 260 NTU were fou"d, the latter in the main channel 

that had been eroded since the previ()us sampling date. It appears that 

"forest filtration" was initially effective in reducing the turbidity 
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of the minesite drainage water, but that later erosion actually 

increased turbidity levels. 

2.2.5 pH, Conductance and Major Ions 

The pH d if fered I it t Ie among the stream stations--seldom 

more than 0.3 units on comparable sampling dates (Figure 8). The pH at 

Station 4 in July was approximately 0.5 units higher than that at 

Station 5 on the same date, but was within 0.03 to 0.23 units of that 

at the other three control stations. The minesite drainage water thus 

had little effect on pH in the Muskeg River, and was not altered by 

more than 0.5 units from the background value, the Alberta Water 

Quality Objective (Alberta Environment 1977). 

The pH was not obvious ly affected by "forest filtration" 

(see discussion of suspended solids) of the minesite drainage water. 

On 3 April, the pH at two locations near or above the road crossing 

was 7.48 and 7.89 (Table 4). In s~x samples taken within and below the 

forest, pH ranged from 7.66 to 7.92. On 10 April, the pH at two 

locations at or near the road crossing was 7.56 and 7.75. In four 

samples taken in or below the forest, pH ranged from 7.53 to 7.86. 

The effect of the 12 to 13 April flood water on pH w the 

Athabasca River was examined on 14 April (Table 5). One hundred metres 

below the Muskeg River confluence on the true right bank, pH was 7.81, 

the same as the Muskeg River flood water (7.83), but slightly lower 

than the pH at the control site 30 m above the confluence (7.97 + 

0.02, N=3). This change is within the Alberta Water Quality Objective 
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(not more than a 0.5 unit change, Alberta Environment 1977). In any 

cas e, the flood water entering the Athabasca River on April 15 had a 

pH that differed from control concentrations in the Muskeg River 

(stations 5, 6 and 7) by not more than 0.11 units. 

Akena (1979) reported that most pH measurements for the 

Muskeg River drainage in 1976 to 1977 fell within the range 7.12 to 

8.2, approximately the same as that found in 1980 (mostly 7.2 to 8.3, 

Figure 8), 

Conductivity, a measure of total dissolved solids, tended to 

be highest during low-flow periods and lowest during high-flow periods 

(Figure 9, cf. Figure 2, Volume I). A similar pattern was noted for 

the period 1976 to 1978 by Schwartz (1980) and reflects the relatively 

greater contribution of high-conductivity groundwater during periods 

of low flow. 

Conductivity of the minesite ditch water waS higher than 

that of Muskeg River water on all sa."Opling dates except 25 March and 

3 Apr il (Figure 9). The drainage water caused only a barely-detectable 

increase in conductivity at Station 4 in comparison to Station 5 on 

most sampling dates. Higher conductivity on 3 April was found at 

stations 1, 2, 3 and approximately 4.5 km below Station 4 ~n 

comparison to that at two of three control stations. Minesite drainage 

water at the time had conductivity no greater than that at control 

stations, so probably did not cause the slight increases observed. 

"Forest filtration" (see discussion of Suspended Solids) had 

no consistent effect on the conductivity of the minesite drainage 

water (Table 4). Conductivity at or above the road crossing was 0.408 
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mS/cm on 3 April; below or in the forest area it ranged from 0.384 to 

0.'+32 mS/cm. On 10 April, conductivity ranged from 0.371 to 0.384 

mS/cm at or near the road crossing, and was 0.366 to 0.444 mS/cm in or 

below the forest. 

On 14 April, the flood water from the Muskeg River slightly 

reduced conductivity in the Athabasca River 100 m below the confluence 

(Table" 5). The conductivity, pH, turbidity, suspended solids and BOD 

data indicate there was little mixing of Athabasca and Muskeg River 

water within 100 m downstream of the confluence. 

The sum of constituents, of which conductivity is a measure, 

was calculated for each detailed analysis in the manner recommended by 

Thomas (1953). The two measures were related by the least-squares 

regression equation 

S = 0.6013C - 8.7857 0.97 N 33 

where S is sum of constituents in mg/L, and C is conductivity in 

pS/cm @ 25 Celsius, when analyses that failed various checks for 

internal consistency were eliminated. This equation will slightly 

underestimate the true sum of constituents because the data used to 

derive it rarely included the concentration of sulphate, which was 

measured at a detection limit of 10 mg/L, but was probably present at 

a few mg/L (Schwartz 1980:15). 

The major ions in the natural w.aters of the Huskeg River 

system are 1 · (++) . ( ++) ca c~um Ca ,magnes~um Mg , 

. ( K+ ) , potass~um 

chloride (Cl-) (Schwartz 1980). At most pH values recorded «8.4), 
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carbonate (C0 3 =) ion is present only at insignificant 

concentrations (Hutchinson 1957:657). In terms of reactive 

c one en t rat ions (milliequivalents per litre), the approximate order of 

ion dominance is Ca++ > Mg++ > Na > K for cations and HCOr > 

804 = > C1 for anions. The relative concentrations of Mg++ and 

Na+ among the cations is variable, but Na+ concentrations tend to 

be relatively high. The relative concentrations of 804= and Cl 

is not clear because of analytical problems in the S04= data of 

Akena (1979) and Schwartz (1980), and because of the high detection 

limit for 804= in the data presented here, but Cl-concentrations 

tend to be relatively high. 

Figures 10 to 14 summarize the 1980 data on major ions at 

ten s ta t ions in the Muskeg drainage, and show the i1:!pact of minesite 

drainage water on major ion concentrations in the Muskeg River on the 

dates samp led. 

On 25 March (Figure 10), major ion concentrations at 

stations 1 to 4 were within the range found at contro~ stations on the 

Muskeg River, even though the minesite drainage water being added just 

b . 4 d . 1 . h M ++ + + a ove 8tatl.on was more 1. ute W1.t respect to g , Na • K 

and Cl-. Station 6 on Hartley Creek differed substantially from the 

other control stations. The total ion concentration of the water was 

higher in Hartley Creek, due mostly to much higher Na+ and Cl 

concentrations. Hartley Creek in winter 1.S characteristically higher 

in Na+ and Cl than is Muskeg River water (Schwartz 1980: 15-16). 

On 1 May (Figure 11), Station 4 differed from Station 5 only 

in having a slightly higher concentration of Cl-. None of the 
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stations below the outfall had concentrations of major ions beyond the 

range recorded at the control stations, except Station 1, which had a 

slightly higher concentration of Cl-. These small differences were 

probably not caused by the minesite drainage water) which had a lower 

concentration of Cl- than that at stations 4 or 1. 

The 11 July samples were the only collections to show 

detectable levels of sulphate (at a limited of 10 mg/L) in stream 

water, so S04- was added to the ionic diagram for that mooth 

(Figure 12). To draw the diagram it was necessary to assume a value 

for S04= when it was below the detection limit. This value was 

arbitrarily set at 1.4 meq/L, and is not a measured concentration. 

In July (Figure 12), ionic composition at Station l~ differed 

slightly from that at Station 5, but was well within the range found 

at the four control stations. The minesite drainage water (Station 9) 

was slightly h • h . ++ ++ d -~g er ~n Ca ,Mg an RC0 3 ' and slightly 

lower in Na+ and C1-, than the control water. Of the downstream 

stations (1 to 3), ~on concentrations outside the control range were 

found only at Station 3, where Ca++ was slightly higher. 

Chloride concentrations at Station 4 were slightly higher 

than the control range in September (Figure 13), but the other major 

ions were within the range. Other downstream stations also differed 

slightly from the control stations. Station 2 had a higher Ca++ 

concentration, and Station 3 was slightly higher in K+ and lower in 

Cl • None of the deviations from control concentrations were large, 

however. 
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In November (Figure 14), all down-stream stations had major 

ion concentrations within the control range, except at Station 4, 

where Na+ was just above the range. 

2.2.6 Total Inorganic Carbon 

Total inorganic carbon (TOC), a measure of organic loading, 

tended to be lowest in the March, May and July sampling periods at 

most stream stations (Figure 15). Highest concentrations were found in 

September, at a time of high discharge due to rainfall. Toe 

·concentrations in the minesite drainage ditch were substantially 

higher than those at the control stations only in March. There: was no 

clear increase in TOC at Station 4 or other downstream stations that 

could be attributed to the influence of minesite drainage water. 

The maximum TOC listed by Seidner (980) for the Muskeg 

River (35 mg/L) and Hartley Creek (36 mg/L) in 1976-77 were equalled 

or exceeded only in September in 1980 at stations 1,4,5,6 and 7, 

but only at Station 1 (43mg/L) was the September 1980 TOC 

concentration greater than 36 mg/L. Higher TOC levels were recorded 

twice in the drainage ditches in winter, however (Figure 15). 

2.2.7 Nitrogen and Phosphorus 

Ammonia-, nitrate- and nitrite-nitrogen were below the 

detect10n limit at all 10 stations on all five sampling dates in 1980. 
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The detection limit for ammonia-N was 1 mg/L; that for nitrate- and 

nitrite-N was usually 0.1 mg/L. 

Total Kjeldahl nitrogen (TKN) concentrations, an indicator 

of organic nitrogen, were uniformly low at all stream stations on all 

s amp 1 in g dates (Tab Ie 6). The maximum concentration observed at these 

stations was 2.4 mg/L, and T~1 was commonly undetected at a limit of 1 

mg /L. TKN exc e ed ed t he max imum rep or ted for the Muskeg River by 

Seidner (1980) of 1.66 mg/L in 5 of 20 samples from stations 1 to 4, 

and equalled the maximum in 2 of 20 samples from the control stations 

5 to 8. TKN concentrations in the minesite and plantsite drainage 

ditches tended to be marginally higher than those at the stream sites, 

but exceeded 3.7 mg/L only on the early February sampling date, when 

concentrations were 16 and 26 mg/L, respectively, in the two ditches. 
# 

Total phosphate (as phosphorus), like TKN, was uniformly low 

at all the stream stations on all sampling dates (Table 7). Maximum 

concentrations of 0.060 mg/L were found at stations 6 and 8 on 25 

March, we 11 below the maxima previously reported for the Muskeg River 

and Hartley Creek of 0.09 and 0.33 mg/L, respectively (Seidner 1980). 

Total phosphate concentrations were always low in the drainage ditches 

also. 

On 20 June 1980, the cleared areas on the Alsands site were 

seeded and fertilized. Stream and ditch water was monitored for 

phosphates, nitrogen, potassium and sulphate before and after 

application to determine the effect of fertilization on water quality. 

The results are presented in Table 8. Station 9a is immediately 
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Table 6. Total Kjeldahl nitrogen concentrations (mg/L), Muskeg 
River drainage, February to November, 1980. 

Station 
Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 16 26 

80/02/23 3.7 2.4 

80/03/08 2.8 1.9 

80/03/24 1.1 1.1 

80/03/25 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

80/05/01 1.5 1.8 1.4 2.2 <1 <1 <1 1.2 1.5 3.2 

80/07/11 1.9 1.4 1.8 2.4 1.7 1.5 1.4 1.7 1.4 1.6 

80/09/ <1 <1 1.1 <1 <1 <1 <1 <1 2.7 1.4 

80/11/12 1.2 1.6 1.3 1.5 1.2 1.4 1.2 1.2 1.7 2.2 
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Table 7. Total phosphate (as P) in mg/L, Muskeg River drainage, 
February to November 1980. 

Date 

80/02/09 

80/02/23 

80/03/08 

80/03/24 

80/03/25 

80/05/01 

80/07/11 

Station 

1 2 3 4 5 6 7 8 9 10 

<0.001<0.001 

0.04 0.03 

<0.01 <0.01 

0.03 0.04 

0.02 0.03 0.03 0.03 0.04 0.06 0.04 0.06 0.06 0.03 

0.02 0.02 0.02 0.03 0.04 0.04 0.04 0.03 0.03 0.03 

0.02 0.01 0.01 0.02 0.03 0.01 0.02 0.02 0.01 0.02 

80/09/10-11 0.02 0.02 0.02 0.D2 0.02 0.02 0.02 0.03 0.03 0.03 

80/11/12 0.02 0.01 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.04 



Table 8. Results of nutrient monitoring for fertilization study, June and July, 1980. 

Station 

9a 9b 2 3 4 5 6 7 

Before Treatment: June 19-20, 1980 

Ortho Phosphate P 0.010 0.015 0.005 0.020 0.020 0.010 0.010 0.005 

Total Dissolved Phosphate P 0.055 0.040 0.025 0.025 0.025 0.015 0.025 0.035 

Potassium K 1.400 1.500 0.800 0.800 0.800 0.800 0.600 1.100 

Sulphate SOIf 41.000 34.000 18.000 21.000 21.000 25.000 8.200 5.200 ~ 
(P 

Nitrate N 0.100 0.070 0.060 0.080 0.110 0.090 0.100 0.060 

Kjeldahl Nitrogen N 1.650 1.500 0.950 1.100 1.300 1.100 0.950 1.200 

After Treatment: June 20, 1980 

Ortho Phosphate P 0.950 1.750 <0.005 0.005 0.075 0.020 <0.005 <0.005 . 
Total Dissolved Phosphate p 0.950 1. 760 0.050 0.025 0.075 0.035 0.035 0.035 

Total Phosphate P 1.550 2.150 0.055 0.040 0.075 0.055 0.040 0.060 

Potassium K 3.200 3.500 0.800 0.800 1.000 0.800 0.600 0.900 

Sulphate SOIf 15.500 15.500 4.800 4.800 7.000 7.500 7.700 7.500 

Nitrate N 0.200 0.060 0.010 0.020 0.100 0.060 0.050 0.060 

Kjeldahl Nitrogen N 6.500 6.250 1.000 1.000 1.650 1.250 0.950 0.900 

Continued ... 



Table 8. Continued. 

Station 

9a 9b 2 3 4 5 6 7 

June 24, 1980 

Ortho Phosphate P 0.030 0.520 0.010 0.020 0.035 0.015 0.020 0.026 

Total Dissolved Phosphate P 0.035 0.520 0.040 0.050 0.140 0.055 0.050 0.070 

Total Phosphate P 0.110 0.755 0.055 0.060 0.165 0.075 0.060 0.095 

Potassium K 1.700 2.400 0.800 0.900 1.000 0.700 0.700 1.200 J:-
I,() 

Sulphate SOlf 14.500 16.500 5.000 5.500 6.700 7.500 8.200 6.700 

Nitrate N03 0.040 0.110 0.010 0.030 0.060 0.040 0.030 0.020 

Total Kjeldahl Nitrogen N 1.700 3.300 1.000 1.150 1.150 1.100 0.850 1.750 

June 30 - July 1, 1980 

Ortho Phosphate P 0.020 0.025 0.010 0.015 0.005 0.015 0.010 0.015 

Total Dissolved Phosphate .p 0.090 0.125 0.075 0.060 0.095 0.050 0.055 0.065 

Total Phosphate P 0.110 0.220 0.090 0.060 0.160 0.105 0.085 0.110 

Potass i urn K 1.400 1.600 0.800 0.800 1.000 0.700 0.700 0.900 

Sulphate S04 15.700 15.700 5.200 6.700 10.300 7.500 8.000 7.500 

Nitrate N0 3 0.030 0.020 0.040 0.050 0.020 0.050 0.040 0.040 

Total Kjeldahl Nitrogen N 0.650 0.530 0.510 0.500 1.100 0.620 0.600 0.700 
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upstream of the settling pond; 9b is ilIllllediately downstream of the 

pond. 

Immediately after fertilization (the same day), phosphate, 

potassium, and total Kjeldahl nitrogen increased markedly in the 

drainage ditch water (9a and 9b), but water in the Muskeg River 

(Station 4) was not clearly affected. 

Four days later on 24 June 1980, phosphate, potassium and 

K j e Id ahl-N concentrations had returned to near pre-treatment levels at 

Station 9a, but were still clearly elevated at Station 9b. At Station 

4 on the Muskeg River, phosphates (total dissolved and total) were 

elevated above pretreatment and control station levels, but other 

monitored constituents were not obviously affected. Further downstream 

at Stations 2 and 3, levels of all monitored constituents were similar 

to pretreatment and control concentrations. 

Ten to eleven days after treatment (30 June to 1 July), 

levels of monitored constituents were near or at pretreatment levels 

at Station 9a, but total dissolved phosphates and total phosphates 

were still elevated above pretreatment concentrations at Station 9b. 

At station 4 on the Muskeg River, phosphates were higher than 

pretreatment or control station levels, but levels of other monitored 

constituents had returned to near pretreatment and control 

concentrations. Downstream stations on the Muskeg River (2 and 3) 

continued to show no effect of the fertilization treatment on water 

quality. 

By 11 July 1980, 21 days after treatment, concentrations of 

most monitored constituents, including phosphates, had decreased to 
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pretreatment and control levels (Table 7). Kjeldahl-N was slightly 

higher at station 4, but not at stations 5 or 9. 

Station 7, a control station, appeared to show a slight but 

prolonged increase in phosphates during the monitoring period, 

a 1 thou gh 0 th er cons tituents remained relat ively unchanged. Stat ion 7 

was c lose to the area where fertilizer was loaded onto the helicopter 

for spreading. It may be that windblown fertilizer caused the apparent 

slight ~ncrease in phosphates at this station. 

Sulphates appeared to show a sharp decrease at most stations 

from pretreatment to immediate post-treatment sampling times. This was 

caused by a change in sensitivity of a laboratory procedure used by 

the analysts, and is not a real change kn concentration (Dr, G. Dyson, 

1980, Senior Chemist, United Petro Laboratories, personal communi-

cat ion). 

The results outlined above show that fertilization had a 

distinct but short-term and spatially-restricted effect on the quality 

of the water in the Muskeg River and the minesite drainage ditch. 

2.2.8 Metals 

Iron (Fe), manganese (Mu), copper (Cu), nickel (Ni), 

vanadium (V), z~nc (Zn), chromium (cd, lead (Pb), arsenic (As) and 

mercury (Hg) were determined from unfiltered samples, therefore the 

following data all refer to total concentrations. 

Total iron concentrations ranged from 0.017 to 1.06 mg/L at 

the eight stream stations during the five sampling periods in 1980 
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(Table 9). All concentrations were below the means previously 

reported for the Muskeg River and Hartley Creek of 1.42 and 1.1 mg/L, 

respectively (Seidner 1980). Similarly low concentrations of iron were 

found in the drainage water at stations 9 and 10. The data provide no 

c lear evidence of a change in iron in Muskeg River water that 1.S 

attributable to the influence of minesite drainage water. 

Total manganese at the eight stream stations ranged from 

0.007 to 1.096 mg/L during the five periods sampled (Table 10). Both 

limits thus lie beyond the previously reported minima and maxima of 

0.015 to 0.97 mg/L, and 0.009 to 0.42 mg/L for the Muskeg River and 

Hartley Creek, respectively (Seidner 1980). The mean Mn concentration 

reported by Seidner (1980) for the Muskeg River (0.21 mg/L) was 

attained only once in the Muskeg River in the 1980 s~ples, at Station .. 
8 on March 25 (0.294 mg/L). Total Mn in the drainage waters (stations 

9 and 10) ranged from 0.022 to 0.804 mg/L, within the previously 

reported range for natural waters in the drainage basin. The data 

provide no evidence of a change in total Mn in Muskeg River water 

attributable to the effects of minesite drainage. 

Total copper concentrations at the stream sites ranged from 

less than 1 to 25 j.lg/L (Table 11), within the range recorded for 

1976 and 1977 in the Muskeg River and Hartley Creek «1 to 26 j.lg/L 

and < 1 to 28 j.l g / L, res p e c t i vel y) by S e i d n e r (1 980 ). Min es it e 

drainage water had total copper concentrations of from <1 to 26 

j.lg/L. In the plantsite drainage water, the range of total copper 

concentrations was from 2 to 25 j.lg/L. There was no evidence that 



Table 9. Total iron (mg/L), Muskeg River drainage, February to November 1980. 

Station 
Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 0.29 1.00 

80/02/23 0.92 0.54 

80/03/08 0.13 0.03 
\.J1 
w 

80/03/24 0.12 0.13 

80/03/25 0.061 0.047 0.040 0.048 0.114 0.036 0.047 0.017 0.037 0.095 

80/05/01 0.45 0.64 0.62 0.64 0.68 0.30 0.92 1.06 0.13 0.32 

80/07/11 0.096 0.091 0.092 0.105 0.107 0.104 0.111 0.102 0.090 0.124 

80/09/10-11 0.35 0.38 0.35 0.35 0.35 0.30 0.35 0.33 0.56 1.45 

80/11/12 0.13 0.13 0.13 0.13 0.13 0.12 0.14 0.14 0.14 0.14 



Table 10. Total manganese (mg/L) Muskeg River drainage, February to November 1980. 

Station 

Date 1 2 3 4 5 .6 7 . 8. 9 10 

80/02/09 0.15 0.35 

80/02/23 0.38 0.45 

80/03/08 0.065 0.022 
V1 
~ 

80/03/24 0.077 0.072 

80/03/25 0.009 0.007 0.037 0.035 0.043 0.096 0.027 0.294 0.065 0.804 

80/05/01 0.037 0.058 0.060 0.052 0.058 0.005 0.043 0.070 0.036 0.100 

80/07/11 0.033 0.010 0.001 0.022 0.050 0.024 0.034 0.014 0.032 0.071 

80/09/10-11 0.107 0.043 0.037 0.046 0.033 0.038 0.028 0.053 0.102 0.104 

80/11/12 0.080 0.092 0.095 0.092 0.095 0.071 0.094 0.101 0.113 0.111 

.. 



55 

Table 11. Total copper- (\.Ig/L), Muskeg River drainage, February 
to November 1980. 

Station 

Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 7 7 

80/02/23 26 26 

80/03/08 8 13 

08/03/24 13 10 

80/03/25 6 7 3 6 10 6 9 17 11 29 

80/05/01 5 <1 <1 <1 <1 3 <1 25 14 2 

80/07/11 19 19 8 .. 7 14 3 4 <1 9 13 

80/09/10-11 1 <1 3 6 <1 <1 3 <1 2 2 

80/11/12 2 <1 2 <1 <1 2 2 <1 <1 2 
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minesite drainage water seriously increased total copper 

concentrations in the Muskeg River. 

Total nickel concentrations frequently exceeded the 1976-77 

max imum 0 flO p.g /L reported by Seidner (1980) for the Muskeg River) 

even at the control stations (Table 12). Two very high concentrations 

were found: 100 p.g/L at the plantsite drainage ditch in late 

February, and 333 p.g/L at Station 4 in July. Concentrations of 

nickel up to 46 p.g/L were found at the control stations. Nickel 

concentrations were considerably higher at Station 4 than at the 

control stations on 11 July and 10 to 11 September. 

Seidner (1980) never found detectable concentrations of 

total vanadium (detection limit p.g!L) in the 1976-77 samples from 

Muskeg River and Hartley Creek. In contrast, total vanadium ranged 

from 29 to 109 p.g/L at the four control stations on two 1980 

sampling dates (Table 13). Similarly high concentrations, up to 126 

p.g/L, were usually found on the same sampling dates at the four 

downstream stations (1 to 4), and in the minesite drainage water 

(Station 9). With the exception of Station 1 on May I, vanadium 

concentrations were below the 1 pg!L detection limit on all other 

sampling dates at all stream sites and ~n the drainage ditch. 

Because of the high vanadium levels at the control sites, 

some natural mechanism must explain the results. The high 

concentrations occurred during 10Ol-flow periods in March and July, 

when groundwater contributes a relatively greater proportion to flow. 

Vanadium in groundwater therefore may account for the high stream 

concentrations found. 
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Table 12. Total nickel concentrations (~g/L)) Muskeg River 
drainage, February to November 1980. 

Station 
Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 25 35 

80/02/23 54 100 

80/03/08 12 20 

80/03/24 18 18 

80/03/25 17 8 23 28 12 46 31 19 23 69 

80/05/01 17 8 12 10 10 11 17 14 23 24 

80/07/11 15 8 19 333 16 9 18# 15 13 22 

80/09/10-11 <1 3 <1 43 <1 <l 7 <1 <1 <1 

80/11/12 <1 2 4 <1 <1 <l <1 3 3 2 
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Table 13. Total vanadium concentrations (~g/L) Muskeg River 
drainage, February to November, 1980. 

Station 
Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 70 140 
80/02/23 <1 <1 

80/03/08 

80/03/24 

80/03/25 78 126 89 113 76 109 65 69 107 276 

80/05/01 20 <1 <1 <1 <1 <1 <1 <1 <1 24 

80/07/11 17 1 24 41 41 29 70 32 81 62 

80/09/10-11 <1 <1 <1 <1 <l <1 <1 <1 <1 < 1 

80/11/12 <1 <1 <1 <1 <1 <1 <1 <1 <1 <. 1 
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Total zinc concentrations never reached the maximum 1976-77 

concentrai..ion of 91 \.1g/L recorded by Seidner (1980) for the Muskeg 

River and Hartley Creek (Table 14). Levels of zinc at the control 

stations ranged from <1 to 28 \.1g/L, and often exceeded those at 

downstream stations (range <1 to 12 \.1g/L). Concentrations of total. 

zinc reached 59 \.1.g/L in the minesite drainage ditch in February, 

but on most other occasions were at or near the 1 \.1g/L detection 

limit, and had caused no large increases in zinc in the Muskeg River 

below the outfall. 

Total chromium concentrations at the stream stations did not 

r eac h the 16 \.1g /L maximum reported by Seidner (1980) for the Muskeg 

R i v er in 1976 -77, but the late March samp Ie from Hart ley Creek had a 

higher chromium content than Seidner's previously-reported maximum of 

10 \.1g/L (Table 15). Detectable concentrations occurred only during 

low-flow periods in March and July, suggesting that groundwater, which 

contributes a relatively high proportion of the flow at such times, 

was responsible for the relatively high concentrations of chromium. 

Concentrations of chromium were higher at Station 4 than at Station 5 

tn both March and July, but higher concentrations occurred at other 

control stations in March. 

Lead was seldom found at detectable concentrations (>1 

\.1g/L) at the stream stations, but was occasionally high in the 

drainage water. In September, lead at do~strean stations 1 and 4 

reached 9.8 and 5 \.1g/L, respectively. 

At control stations 7 and 8, concentrations of 3 and 8 

\.1g/L, respectively, were found. A September lead concentration of 3 
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Table 14. Total zinc concentrations (~L), t~uskeg River 
drainage, February to November 1980. 

Station 

Date 1 2 3 4 5 6 7 8 9 

80/02/09 <1 

80/02/23 59 

80/03/08 <1 

80/03/24 <1 

80/03/25 6 <1 4 4 7 28 10 11 4 

80/05/01 <1 12 <1 4 <1 <1 <1 <1 <1 

80/07/11 11 3 6 2 3 2 <1 7 27 

80/09/10-11 6 3 3 2 8 5 5 7 5 

80/11/12 <1 <1 <1 <1 <1 <1 2 2 1 

10 

<1 

35 

<1 

<1 

5 

<1 

35 

<1 

1 
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Table 15. Total chromium concentrations (pg/L), Muskeg River 
drainage, February to November 1980. 

Station 
Date 1 2 3 4 5 6 7 8 9 10 

80/02/09 5 10 

80/02/23 2 <1 

80/03/08 3 6 

80/03/24 9 11 

80/03/25 11 8 3 4 2 10 3 15 32 15 

80/05/01 <1 <1 <1 <1 <l <1 <1 <1 <1 <1 

80/07/11 4 1 2 10 5 3 4 1 8 10 

80/09/10-11 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

80/11/12 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
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llg/L was found in the plantsite drainage water (Station 10). In 

November, total lead concentrations at stations 9 and 10 were 21 and 

26 llg/L, respectively. The November sample from Station 1 had a 

concentration of 13 pg/L total lead. February and March samples 

collected by Hardy Associates showed lead concentrations of 125 

llg/L ~n the minesite drainage water on 23 February, and 16 to 61 

llg/L in February in the plantsite drainage water. In all other 

samples, lead concentrations were below the detection limit. 

Arsen ic and mercury were found at detectable concentrations 

(>5 llg/L and> 0.2 pg/L, respectively) only in winter in the 

drainage water. Arsenic reached 56 pg!L at Station 10 on 20 and 24 

March pg/L at Station 9 on 23 February and 24 March. The highest 

mercury concentration found was 0.4 pg/L at Station 9 on 23 

February. 

2.2.9 Phenol, and oils and Grease 

Concentrations of phenol were nearly alv,'ays below the 0.001 

mg/L detection limit. In February, phenol at 4 and 8 mg!L was found at 

S~ation 10, and Station 9 samples had phenol concentrations of 8 mg/L. 

The only other detectable concentrations were found in July, when 

stations 7 to 10 had phenol levels of 0.001 mg/L. 

Oils and grease were at detectable concentrations (> 1 mg/L) 

only ~n February in the drainage ditch water. At Station 10, these 

concentrations were 20 and 30 mg/L on two dates; at Station 9, they 

were 20 and 90 mg/L on two dates. 
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2.3 Conclusions 

The most pronounced effects of muskeg drainage on the water 

quality of the Muskeg River were increases in suspended solids and 

turbidity, especially as a result of the April flood accident, and a 

temporary, short-term increase in nutrient concentrations immediately 

below the minesite drainage outfall caused by a fertilizer application 

to the ditched areas during seeding operations. Dissolved oxygen 

concentrations at Station 4 may have been slightly decreased 

temporarily by decomposition of organic sediment contributed by the 

April flood, and were certainly increased at Station 4 in !-larch by 

aeration of water at the ditch outfall. Other water quality changes 

arising from the addition of minesite drainage ... ·ater were usually 

slight, when they were detectable at all. 
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3.0 BENTHIC INVERTEBRATES 

3.1 Methods 

3.1.1 Selection of Stations and Substrate Types 

The most common benthic habitat ~n the Muskeg River is 

depositional, in which the dominant substrates are the fine sediments 

sand, silt and mud (Walder et al1980). For this reason, the benthic 

fauna of fine sediments was monitored most closely. It is in 

depositional areas that siltation, an important possible impa::t from 

muskeg drainage, would be heaviest. Sunken wood and ot:,er large debris 

is another common substrate type ~n the Huskeg Ri';er, as 1S stony 

bottom, although the latter is relatively more important in the 

erosional habitat of the lower reaches. Both of these hard substrate 

types were sampled at most stations in one period to determine if 

invertebrate communities of various substrates respo:1ded in the sa;ne 

ways to muskeg drainage. 

Benthic invertebrates were collected at :he ten stations 

sampled regularly for water quality (Figure 1). Stati,:ms 1 and 2 were 

erosional habitats characterized by stony substrate, a~d were selected 
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to represent the lower reaches of the Muskeg River, where the habitat 

type is common. Stations 3 to 10 were primarily depositional sites 

with fine sediment substrate, although short sections of stony 

substrate were present at or near stations 3, 4, 6 and 7. 

The primary intention of th~ sampling design was to 

establish permanent stations that could be used to monitor the impact 

on the benthos of the Alsands project as a whole over the long term, 

not just to determine the effects of muskeg drainage on the river in 

1980. The purpose in sampling regularly the benthos of the stony 

substrates at stations 1 and 2 was to provide a basis for cOQparison 

in subsequent years on the substrate type characteristic of the lower 

reaches of the Muskeg River. Good control sites on stony substrate 

above the Alsands lease are scarce or absent, so stations 1 and 2 are 

of little value in assessing impacts within sampling periods. The 

results of sampling at these stations are presented with the results 

of sampling on soft substrates (stations 3 to 8) in Section 3.2 only 

because it is a convenient way of summarizing the data, and not 

because stations 1 and 2 were expected to provide information on 

impact due to Muskeg drainage. 

The ditch sites, stations 9 and 10, were not directly 

comparable to the river sites. They were sampled to determine if they 

were being colonized by benthic invertebrates. The degree of 

colonization, and the type of colonizin-g taxa, wel-e examined to 

determine, under the most adverse conditions, how detrimental the 

muskeg drainage water might be. 
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For the purposes of the 1980 study, Station 4 is the 

principal impact station because it is just 100 m below the :Jinesite 

drainage outfall, expected to be the most important source of any 

environmental impact. Station 3 is a "recovery" station several 

kilometres below the outfall. It would be expected to show less impact 

t han Station 4, and should provide a measure of the degree of r-ecovery 

from an impact at that point. Stations 5, 6, 7 and 8 are all 

considered control stations because they are all upstrea.:n of the 

expected impact point. Station 5 is the main control station because 

it· is jus t 100 m above the minesite outfall, and only 200 m above the 

main impact station (4), which it closely resembles in its ?hysical 

characteristics. Stations 6, 7 and 8 differ from stations 3, 4 and 5 

in being narrower and deeper, and having lower discharge. Samyles from 

stations 6, 7 and 8 provide a measure of the differences that occur 

naturally in the drainage, and that are unrelated ~o the effects of 

the minesite drainage water. 

3.1. 2 Field and Laboratory Methods 

No practical sampler was available at the time the s~udy was 

conducted that would sample all substrate types adeq~atelyl, 

1. AEL has recently developed a lightweight, battery-vperated 
airlift sampler that is useable in shallvw or deep water 
without diver assistance, requires no com?ressed-air tanks 
and shows promise of being able to sample most substrates. 
This sampler should be tested in subsequent mcnitoring 
studies on the river. 
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therefore several sampling techniques had to be adopted. Fine 

sediments (stations 3 to 8) were sampled with an Ekman grab (15.24 

2) . 1· ern • Tr~p ~cate samples were collected at each site at 3 random 

distances (table of random numbers or blind stick toss) across the 

width of the stream. Samples were sieved in the field (mesh aperture 

0.47 mm) and stored in 10% formalin (4% formaldehyde) and Rose Bengal 

dye (100 mg of dye per litre of preservative) in whirlpac plastic bags 

for final sorting in the laboratory. The dye stains the animals pbk, 

improving sorting efficiency (Lackey and May 1971). 

Stony substrate at stations 1 and 2 were sampled with a 30 

em diameter Neil1 cylinder sampler (Neil1 1938) fitted with a net of 

0.77 mm mesh aperture. Randomly-allocated triplicate samples were 

collected and stored in the manner described above for Ekman sa3ples. 

Natural wood and debris substrates are difficult to sam?le 

quantitatively, so an artifical substrate, the multiplate sa..-:tpler of 

Hester and Dendy (1962), was used to mimic sunken wood and debris. 

Each sampler consisted of nine tempered masonite plates 0.4 cm2 ) 

separated by plastic washers and strung on a stainless steel eyebolt 

locked with a wingnut. The total surface area available for 

colonization was 1034.6 cm2 • Three multiplate samplers were set in 

place at random distances (table of random numbers) across a transect 

at each station 1 to 7 on 15 to 17 Hay and at Station 8 on 2 June, the 

next date on which a helicopter became available. At stations 1 and 2 

the samplers were wedged into the gravel and cobble substrate to hold 

them in the current. At stations 3 to 8, the samplers were suspended 
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on a line from a rope stretched across the r1ver. above the water. Each 

suspended sampler was weighted with two one-ounce fishing sinkers 

wired to the bottom of the eyebolt, and was provided with enough line 

so that it would rest on the bottom. During high water 10 late August 

through early October, however, rJany samplers were lifted off the 

bottom by the current. Two additional transects of three multiplate 

samplers each were set at Station 5. 

The multiplate samplers were permitted to colonize until the 

Ju ly sampling period, then were retrieved for the first time. Each was 

dismantled, the organisms and attached matter were scraped into 

whirlpac bags containing 10% formalin and Rose Bengal, the device was 

reassembled and returned to its location in the river. Thereafter, the 

samplers were retrieved at the regular benthic sampling periods (see 

below). At Station 5, one of the three sets of multiplate s~mplers was 

ret r i eved in Ju 1y, it and another set were collec ted in Augus t, and it 

was intended that all three sets be ~ollected in October, to test the 

effects of incubation time on colonization. By October, however, many 

of the multiplate samples at Station 5 and elsewhere had been lost to 

the September high water or to beaver activity, 

Small areas of stony bottom were found unexpectedly at 

stations 3, 4, 6 and 7. It was decided to sample them once (April to 

Nay) because certain taxa common on this substrate type (eg many 

Ephemeroptera, Plecoptera and Trichoptera) are likely to be good 

indicators of drainage-related impact. The stony substrate at Station 

7 was deep, so the cylinder sam~ller could not be used and a kick 
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technique was substituted. Kick samples were also taken at stations 1 

and 2 so they could be compared directly to the other stations 

samp led. 

The kick samples were ta"<en randomly (see description for 

Ekman s amp Ie s) by hold ing a D-frame pond net (mesh aperture 0.77 mm) 

on the bottom and kicking up the substrate for 30 seconds in 

approximately a 0.15 m2 area immediately upstream of the net mouth. 

Kick samples were preserved and stored as described for the Ekman 

samples. 

The sample schedule for all sample types ~s presented in 

Table 16. 

In the laboratory, the benthic invertebrates were 

h and-sorted from the accompanying debris. Identifications were made to 

the lowest taxon possible, with the aid of the keys and descriptions 

in the references listed in Table 17, and each taxon was enumerated. 

The total biomass of each sample was estimated as voluoe to the 

nearest 0.1 ml by liquid displac-2ment, after the sau:?les had been 

drained and briefly blotted on paper towelling. 

3.1. 3 Data Analysis 

Two approaches were tri-2d in the data analysis. If the 

impact of muskeg drainage was massive and catastrophic, a large 

dec I ine in both total numbers and total bior-ass of benthic 

invertebrates could be expected. Total numbers and total biomass 



Tab 1 e 16. Sampling dates (mold) and methods, 1980. 

Station 

Method 1 2 3 4 5 6 7 8 9a lOb 

Ekman 04/26 05/02 04/30 04/28 04/24 05/02 05/04 
06/02 06/03 06/03 06/04 06/04 06/03 06/04 
07/13c 07/11 07/11c 07/12 07/10 07/12 
08/17 08/16c 08/15 08/17c 08/16 08/14 
10/13 10/09 10/10 10/11 10/11 10/11 

cylinder 05/04 05/04 
06/03 06/02 

" 07/12 07109 0 

08/15 08/16 
10/11 10/08 

kick 05/02 04/26 05/01 04/24 04/28 04/24 07/Ilc 07/13 
08/17 18/14c 

10/09 10/09 

multiplate 07/12 07109 07/13 07/Ilc 07/11 07/l2c 07/10 07/12 
08/15d 08/16d 08/17~ 08/16d 08/15c 08/17 08/16d 08/14 
10/11 ]0/03 10113 10/09 10/10 10/11 10/11 10/11 

a drainage ditch diverted during first two sampling periods 
b sampling method changed to kicks after June because Ekmans were ineffective 

c samples lost by the air transporter 
d samples lost to beaver activity or flooding 

, 
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Table 17. References used for identification of benthic invertebrates. 

General Reference: Pennak (1978), Edmondson (1959), Merritt and 
Cummins (1978) 

Hirudinea: Davies (1971), Klemm (1972) 

Ephemeroptera: Edmunds et al (1976) 

Plecoptera: Baumann et al (1977), Baumann (1975) 

Hemiptera: Brooks and Kelton (1967) 

Trichoptera: Wiggins (1977) 

Chironomidae: unpublished keys of A. Hamilton and O. Saether, 
Freshwater Institute, Winnipeg. Manitoba, 
Pankratova (1970), Oliver et al (1978), Saether 
(1977) 

Mollusca: Clarke (1973),Burch (1972) 
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therefore were examined Ln analysis of varLance to test this 

hypothesis. If the impact of muskeg drainage was less severe, changes 

in the cQmposition of the benthic invertebrate communities would be 

expected, Ln which the abundance of certain taxa or groups of taxa 

might increase or decrease. 

Testing of the latter hypothesis was complicated by the 

necessity to deal with large numbers of species. To reduce the problem 

to a manageable SLze, it was necessary to consider only the most 

in formative taxa. Rare taxa usually provide lit tle informat ion, so for 

e ac h s amp 1 e t yp e, only those taxa compris ing at leas t 10% of anyone 

sample, or found in at least 10% of the samples, were considered. Many 

taxa still remained after selection by the "10% rule", so principal 

component analys is (peA) was used to reduce the number of variables to 

be consider~d still further. 

Principal component analysis LS described in detail by 

Morrison (1976), and Green (1979) discusses applications of peA Ln 

environmental studies. The following introductory description LS 

adapted from Marriott (1974). 

Principal components analysis transforms a set of variables 

(eg species abundances) Xl X to a new set Y1 ••• y p p 

such that 

1. Each new variable (principal component) is a li.near 

combination of the old variables for example 

y. 
L 

• a. x ; 
Lp P 
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2. The sum of square of the coefficients 

a ij • j = 1 ••• p, is unity, and 

3. Of all possible c08binations of this type, Yl (the 

first principal component) accounts for the greatest 

proportion of the total variance (eg, in species 

abundance), Y2 accounts for the greatest proportion 

of the remaining variance (ie the residual variance 

after the effect of the first component is removed), 

Y3 accounts for the greatest proportion of the 

remaining variance not accounted for by the first two 

components, and so on, until the complete set of 

principal components has been defined. peA thus 

defines a new set of variables that are un~rrelated 

with each other and are arranged in order of 

decreasing variance ex?lained. 

The first few principal components may account for most of 

the variability in the original data, and these few can then be used 

in any further analysis in place of the original data, with minimal 

loss of information. In some cases the principal components of taxon 

abundance data may have a clear ecological meaning themselves, but 

even if they do not they can be inte:.-preted In terms of the abundance 

of the constituent taxa. 
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In this study, peA was done on the covariance matrix so that 

the absolute abundances of the taxa would be accounted for (Harriott 

1974:20, Horrison 1976:268, Green 1979). One was added to all 

abundance data, then the data were transformed to logarithms (the log 

(x + 1) transformation) before all statistical analyses were 

performed.The principal cpomponent analyses and analyses of variance 

were done with the aid of the BMDP package of computer programs (Dixon 

and Brown 1979) on the Honeywell/Multics system at the University of 

Calgary computing centre. 

In the data analysis the following general procedure was 

adopted. The data were tested in an analysis of variance to determine 

if there were differences among all stations taken together, and (if 

Station 5 had been sampled) if there was a difference between stations 

4 and 5. Bec#ause the comparison of stations 4 and 5 was implicit in 

the sampling design (see also Section 3.1.1), the ~ priori F-test 

was appropriate (Winer 1971), and was used. If stations 4 and 5 were 

found to differ (ie, if an impact was detected), or (when Station 5 

had not been sampled) if the overall analysis of variance showed 

differences among stations, all stations Here compared to determine 

the extent and degree of impact. An a posteriori test, the 

Newman-Keuls procedure (Winer 1971) was used for multiple comparisons 

because the decision to make the comparisons depended on the outcome 

of the initial analysis of variance and/or F-tests. 

A h yp 0 the tic a 1 examp Ie of the use and interpretat ion of an 

analysis may clarify the approach. Station 4 is found to differ from 
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Station 5 1n an F-test, so all stations are compared. All control 

stations and the recovery station are found to be similar, and Station 

4 differs from all these except one control station. The 

interpretation would be that a detectable impact on the river benthic 

fauna occurred but was restricted to the region upstream of Station 3 

to Station 4. The impact, however, was not measurably different from 

the influence of the natural environment at at least one location in 

the drainage basin. 

3.1. 4 Other Sampling 

An attempt was made 1n October to determine whether 

invertebrate drift below the drainage outfall was changed 1n 

comparison to drift measured above the outfall. Because quantities of 

frazil ice kept clogging the nets, no quantitative analysis was 

poss ib Ie. 

It had been proposed to measure heavy metal concentrations 

in selected benthic taxa at a control and an impact station, but 

despite intensive effort, not enough material from any single taxon 

could be collected for a proper chemical analysis. Lutz and Hendzel 

(1976) encountered similar difficulties, and for the Nuskeg River were 

able to analyze metals only in a single major taxon (Hemiptera). The 

species constituting a major taxon may be very different in their 

ecology, and may differ among stations. Comparisons among stations 
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with respect to metaJ. concentrations in major taxa, though possible, 

would have little meaning and were not attempted in this study. 

3.2 Results and Discussion 

3.2.1 Multiplate Samples 

Only the July data were analyzed for the multiplate 

samplers, because most of the August samples were lost by the 

transporter, and because many of the October satuples could not be 

recovered due to beaver damage and flood loss. Total benthic 

invertebrate abundance and biomass data are summarized in Table 18. 

The total abundance and biomass results show ~he value of 

using a standardized substrate in benthic sampling. The 95% confidence 

1 imits of the means are very narrOH in most cases--much narrower than 

tho s e f ou nd f or many of the natural substrate samp les (see following 

sec t ion). The relatively high precision of the multiplate data means 

that statistical comparisons will be quite sensitive to differences 

among the stations. 

Table 19 presents the results of analyses of variance on 

benthic invertebrate mean abundance and mean biomass among the eight 

stream stations. There were significant differences in both measures 

among stations. Stations 4 and 5 did not differ in mean abundance, but 

did differ in mean biomass. 
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Table 18. Geometric mean abundance and biomass of benthic 
invertebrates, and 95% confidence limits, multiplate 

.samplers, July 1980.1. . . .. 

. number/sample . rill/sample 

Station GM95% conf. limits GM 95% conf. limits. 

1 96.9 45.4 - 206 0.60 'VO - 2.0 

2 20.2 5.2 71.6 0.23 0.10 0.38 

3 29.1 2.6 - 251 0.53 0.20 - 0.95 

4 200 78.6 - 508 0.59 'Vo - 2.9 

5 95.5 49.2 - 184 2.9 0.26 - 11 

6 90.5 31.7 - 255 0.59 'VO - 2.2 
7 51.7 31.1 - 85.3 0.45 'Vo - 2.2 

8 58.6 18.8 - 179 0.38 'VO - 1.4 

1. Figures are backcalculated from log (x + I)-transformed data. 

n 

3 

3 

3 

3 
3 
3 

3 

3 
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Table 19. Summary of analyses of variance, benthic invertebrate 
abundance (top) and biomass (bottom), multiplate 
samplers> .July 1980 .. 

. . - .............. . 

numbers/sample 
Source SS d. f. MS F P 

Station 2.04450 7 0.29207 7.36 0.0005 

4 vs. 5 0.15294 1 0.15294 3.86 >0.05 

Error 0.63475 16 0.03967 

Total 2.67925 24 

m l/sample 
Source SS d. f. t~S F P 

Station 0.48885 7 0.06984 4.64 0.0053 

4 vs. 5 0.22140 1 0.22140 14.7 <0.005 

Error 0.24098 16 0.01506 

Total 0.72983 24 
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The differences in mean biomass among all the stations were 

examined in more detail to determine the relationship of Station 4 to 

the other stations (Table 20). These data show, that, although biomass 

at Station 4 was lower than at Station 5, it was not detectably 

different from that at the three other control stations (6 to 8). The 

r elat ively high biomass at Station 5 was due to just nine specimens of 

the large leech Nephelopsis obscura, which occurred in slightly 

lower numbers in the samples from the other st&.tions--probably a 

fortuitous occurrence. 

Principal components were analyzed to determine if the 

muskeg drainage water affected the composition of the invertebrate 

communities in "submerged wood" habitat. The first three principal 

components (PC 1 s) together accounted for 69.5% of the total variance 

in the abundance data, and the first .PC alone accounted for 38.7% 

(Table 21). 

In interpreting the principal components, the coefficients 

(load ings) due to the abundances of the various taxa are examined. 

Taxa with the largest absolute values of the coefficients have the 

greatest influence in determining the PC score of a sample. positive 

coefficients contribute to a positive value for the PC; negative 

coefficients contribute to negative values for the PC. 

In the present case, PC 1 can be roughly interpreted as a 

comparison of the abundances of Tricorythodes, Paraleptophlebia, 

Hydra, Micropsectra and Oligochaeta to those of Heptagenia, 

Pteronarcys, and Baetis, because these taxa have the heaviest 



Table 20. Multiple comparisons of mean log (x + 1) millilitres per sample (biomass) by the 
Newman-Keuls procedure, multiplate samples, July 1980. Cell values are the 
Studentized range statistic Q. Stations linked by ljnes dp not differ in biomass 
of benthic invertebrates per sample. 

X log (x + 1) 
Stn. ml/sample n 

2 

8 

7 

3 

4 

1 

6 

5 

Station 

0.091 
0.139 
0.160 
0.184 
0.202 
0.204 
0.207 
0.586 

- P > 0.05 
** P < 0.01 

3 

3 

3 

3 

3 

3 

3 

3 

Station 
2 8 7 3 4 1 6 5 

1.637-

6.986** 6.309** 6.013** 5.674** 5.420** 5.392** 5.349** 

2 8 7 3 4 1 6 5 

00 
o 
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Table 21. Principal component coefficients (loadings) for the first 
three PCls, log (x + 1) taxon abundance, multiplate 
samples, July 1980. 

Taxon PC 1 PC 2 PC 3 

Hydra 0.366 0.546 0.109 
01igochaeta 0.283 0.006 0.137 
GZossiphonia 0.008 0.080 -0.046 
HeZobdeUa 0.083 -0.055 0.006 
Gammarus 0.023 0.155 -0.075 
Baetis -0.226 -0.067 0.139 
Heptagenia -0.451 -0.117 0.231 
ParaZeptophZebia 0.489 -0.331 -0.166 
Tricorythodes 0.501 -0.335 0.249 
Fteronarcys -0.421 -0.076 0.194 
Acroneuria -0.088 0.012 0.023 
PoZycentropus 0.086 0.057 0.183 
Lepidostoma -0.023 -0.004 0.141 
Microtendipes 0.042 -0.035 0.055 
Parachironomus 0.026 -0.027 0.034 
ParaZauterbornieZZa 0.026 -0.049 -0.114 
Micropsectra 0.308 0.065 0.343 
Rheotanytarsus -0.151 -0.073 0.097 
Tanytarsus 0.129 0.026 -0.049 
AbZabesmyia 0.180 -0.007 0.058 
Larsia 0.067 -0.038 -0.094 
Corynoneura -0.034 0.040 0.077 
Po Zypedi Zv.m (s. s . ) 0.012 -0.053 -0.028 

Variance explained 1.335 0.601 0.458 
% total variance 38.7 17.5 13.3 
cumulative % t.v. 38.7 56.2 69.5 
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loadings on PC I, the former set being positive, the latter negative 

(Table 22). It is evident from Table 23, however, that Heptagenia 

and Pteronarcys were collected only at stations 1 to 3, and Baetis 

was found only at Station 1, so that PC 1 at stations 4 to 8 is 

primarily a measure of the abundance of the positive-loading taxa, 

Tricorythodes, Paraleptophlebia, Hydra, Micropsectra and 

Oligochaeta (the tlTricorythodes group"). PC 2 is primarily a 

comparison of the abundance of Hydra to that of Tricorythodes and 

Paraleptophlebia, and PC 3 is mostly a measure of Micropsectra and 

Tricorythodes abundance (stations 4 to 8) or Heptngenia abundance 

( s tat ion s 1 and 2), a 1 tho ugh the c 0 e f f i c i en t s are rat her low 

(Tables 22). ' 

Analyses of var1ance on the scores of the first three 

principal components showed differences among statio~s for all three 

PC's, and in particular showed differences between stations 4 and 5 

(Tab 1 e 24). The differences are examined in detail in Tables 25 to 27, 

and are most easily interpreted by reference back to the mean 

abundance data for the most influential taxa (Table 23). 

Station 4 had a higher PC I score than any other station, 

including all the control stations; that is, the Tricorythodes group 

as a whole was more abundant at Station 4 than elsewhere. It appears 

from Table 23 that the greater abundance of Hydra, Micropsectra 

and Oligochaeta at Station 4 was the most important difference in the 

Tricorythodes group between stations 4 and 5; ie, muskeg drainage 

evidently caused an increase in Hydra, Micropsectra and 

Oligochaeta abundance at Station 4. The increase 1n Hydra abundance 
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Table 22. Taxa with the highest absolute PC coeff~cients. Principal 
component scores are determined primarilj by the log 
(x + 1) abundance of these taxa. (Multi~late samples 
July 1980) 

PC 1 

Triaorythodes 
ParaZeptophZebia 
Hydra 
Miaropseatra 
Oligochaeta 

PC 2 

Hydra 

PC 3 

Miaropseatra 
Triaorythodes 
Heptagenia 

0.501 
0.489 
0.366 
0.308 
0.283 

VS Heptagenia 
Pteronarcys 
Baetis 

0.546 vs Triaorythodes 
Para Zeptoph Zebic 

0.343 
0.249 
0.231 

-0.451 
-0.421 
-0.226 

-0.335 
-0.331 



84 

Table 23. Mean numbers per sample of taxa 10ading most heavily 
on the first three principal components~ 
multiplate samples, July 1980. . , . ~ . . . . . . .. . . 

Stations 
Taxa 1 2 3 4 5 6 7 8 

Triaorythodes 0 0 8.0 50.3 52.0 1.0 0 0 

ParaZeptophZebia 0.3 0 15 11.7 33.0 57.3 3.7 2.3 

Hydra 0.3 3.0 0.7 48.3 1.7 3.7 41.7 26.3 

Miaropseatra 0 0.3 0.7 41.3 0.3 1.0 0 0.3 

Oligochaeta 0 0 1.0 18.7 0.7 6.7 0 4.3 

Heptagenia 33.3 6.0 2.3 0 0 0 0 0 

ptel'onaray s 20.7 5.7 0.7 0 0 0 0 0 
Baetis 9.0 0 0 0 0 0 0 0 
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Table 24. Analyses of variance and planned comparisons on the first 
three principal components, multiplate samples, July 1980 . 

. . . . . . 

Source S~ d.f. . t·1S F P 

PC 1 

Station 21.50548 7 3.07221 32.89 <0.001 
Stn 4 vs 5 0.94584 1 0.94584 10.12 <0.01 

Error 1.49452 16 0.09341 

Total 23.00000 23 

PC 2 

Station 20.16502 7 2.88072 16.26 <0.001 

Stn 4 vs 5 3.78352 1 3.78352 21.35 <0.001 

Error 2.83498 16 0.17719 

Total 23.00000 23 

PC 3 

Station 20.04492 7 2.86356 15.5 <0.001 

Stn 4 vs 5 5.82170 1 5.82170 31.52 <0.001 

Error 2.95508 16 0.18469 

Total 23.00000 23 



Table 25. Multiple comparisons of mean PC 1 scores per sample by the Newman-Keuls procedure, 
multiplate samples, July 1980. Cell values are the Studentized range statistic Q. 
Stations linked by lines do not differ in PC 1 scores. 

PC 1 
Stn. -x score 

1 -1. 746 
2 -1.049 
3 -0.008 
7 0.004 
8 0.067 
6 0.536 
5 0.701 
4 1.495 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

n 1 2 

3 

3 3.950* 
3 9.850** 5.900** 

3 9.918 5.968** 

3 10.274** 6.324** 
3 12.932** 8.982** 

3 13 .868** 9.918** 

3 18.367** 14.417** 

1 2 

Station 
3 7 8 6 5 4 

4.018-

8.518** 8.450** 8.093** 5.435** 4.500** 

3 7 8 6 5 4 

co 
0--



Table 26. Multiplate comparisons of mean PC 2 scores per sample by the Newman-Keuls procedure, 
multiplate samples, July 1980. Cell values are the Studentized range statistic Q. 
Stations linked by lines do not differ in PC 2 scores. 

PC 2 
Stn. x score 

5 -1.253 
3 -0.812 
6 -0.734 
1 -0.502 
2 0.328 
4 0.335 
8 1.299 
7 1.339 

Station 

P > 0.05 
* P <: 0.05 

** P < 0.01 

n 5 3 

3 

3 
3 

3 3.090 
3 6.505** 4.691* 
3 6.534** 4.720* 

3 10.501** 8.686** 
3 10.665** 8.851** 

5 3 

Station 
6 1 2 4 8 7 

4.370* 
4.399* 3.444 
8.365** 7.412** 3.995* 3.967* 
8.530** 7.575** 4.160* 4.131* 0.165 

6 1 2 4 8 7 

():) 
--.J 



Table 27. Multiple comparisons of mean PC 3 scores per sample by the Newman-Keuls procedure, 
multiplate samples, July 1980. Cell values are the Studentized range statistic Q. 
Stations linked by lines do not differ in PC 3 scores. 

PC 3 -Stn. x score 

6 -1.153 
7 -0.706 
8 -0.677 
3 -0.295 
5 -0.226 

2 0.237 
1 1.076 

4 1.744 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

n 6 7 

3 

3 
3 
3 
3 3.736 

3 5.602* 3.801 
3 8.984"** 7.182** 

3 11.676** 9.874** 

6 7 

Station 
8 3 5 2 1 4 

4:. 

7.065** 5.526** 5.248** 3.381** 

9.757** 8.218** 7.940** 6.074** 2.692 

8 3 5 2 1 4 

00 
00 
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mostly accounts for the higher PC 2 score at Station 4 com?ared to 

Station 5. Micropsectra and Tricorythodes abundances (PC 3) alsv 

were greater at Station 4 than at any corttrol station. 

Micropsectra and most Oligochaeta are detritivores that 

feed on fine particulate organic matter (FPOM)(Mert"itt and CllInmins 

1 9 7 8, Pen n a k 1 9 7 8 ). I twa s not e d pre v i 0 u sly (s e e Wa t e r Qu alit y 

Section) that the April flood deposited a thick layer of FPOM at 

S tat ion 4) and this rich food supply might have promoted the increases 

in the populations of Micropsectra and Oligochaeta there. Ot":l.er ROM 

consumers (eg; Trichorythodes, Paraleptophlebia) did not r.espond 

in the same way, however. 

It is not obvious why Hydra should have incr2ased in 

response to the muskeg drainage water, and only a tentative hy?othesis 

can be suggested. Hydra lS a predator 1.n small invertebrates, 

e spec i all y C I ad oc era, Cop epoda, small insects and annelids (Pennak 

1978). Some of the drainage water came from small lakes, including the 

settling pond less than 300 m above Station 4. It is possible that 

planktonic Crustacea from the lakes drained by the ditch system 

increased the food supply of Hydra in the Muskeg River, pernitting a 

larger population to build up. Some support for this interpretation 

comes from the fact that stations 7 and 8, which also had high ~ 

counts, lie just below or within nearly-Ientic areas within which a 

crustacean plankton community could be expected, but stations 3, 5 and 

6, all of which had low Hydra numbers, are far downstream from 

lentic areas. In a German study, Hydra was a dominant organism 
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downstream from a small pond, and was most common when Cladocera and 

Copepoda were abundant (Kn'opp 1952, in Hynes 1970). 

In a similar manner, dif=erences among the other stations 

may be explained. Stations land 2 had lower PC 1 scores than all 

other stations because they had sub3tantial numbers of the taxa that 

loaded negatively on PC 1 (Heptcqenia, Pteronarcys and Baetis), 

whereas the other stations usually had none of these, but did have 

large numbers of the positive-loading taxa (Table 23). Both stations 1 

and 2 are erosional, stony-botto'!l types, and the most important 

negatively-loading taxa may be erosional forms (Merritt and Cummins 

1978). As mentioned above, stations 7 and8 had high numbers of 

Hydra, but Tricorythodes and Paraleptophlebia numbers were low 

(Tables 23) leading to the high?C 2 scores at these two stations 

(Table 26). .. 

The species composition of the communities found on the 

multiplate samplers suggests that the samplers adequately mimic 

"submerged wood" habitat, as they ".rere intended to do. Of the eight 

most informative species in the principal component analysis, seven 

(Tricorythodes, Paraleptoph:'ebia, Hydra, Hicropsectra, 

Heptagenia, Baetis and Pteronarcvs) are characteristically or 

commonly associated with submerged :ogs, branches, sticks, roots and 

debris (Herrit and Cummins 1978, Penna~ 1978, Edmunds et al 1976). 

In summary, it appears that the muskeg drainage water had a 

subtle enrichment effect on the inv:rtebrate fauna of submerged wood 

habitat in the Muskeg River during the June to early July period in 

1980. The effect was detectable at S~ation 4, 100 m below the outfall, 
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did not extend as far downstrea::!l as Station 3, and consisted of 

lncreases in abundance primarily of Hydr~, Micropsectra and 

Oligochaeta. 

3.2.2 Kick Samples 

It was not possible, ln many cases, to choose closely 

comparable stations for kick sampling. Above Station 2, only 

occasional small, isolated patches of stony bottom suitable for kick 

sampling were found, so the choice or sampling sites was limited. The 

sites sampled at stations I to 3 were boulder, cobble and sand riffles 

up to 50 em deep, and the site sa:.qled at Station 4 was similar but 

from 50 to 75 em deep. The two control sites were quite different from 

each ... ;other, that at Station 6 being a rapid riffle 30 to 40 em deep, 

and that at Station 7 being a one-metre deep, boulder, cobble and silt 

glide. Of the two, Station 6 appeared to be the more comparable to the 

downstream stations. 

The differences in the ph::sical attributes of the sampling 

station make it difficult to inter?ret unambiguously any biological 

differences among them. In the follo~ing discussion, a difference in a 

biological parameter at Station 4 ;;as interpreted as impact-related 

only if the Station 4 value was higher or lower than that at all 

other stations. This criterion is based on tl;e assumption that, since 

the ph y sic a 1 at t rib ute sat S tat ion 4 did not appear to be ext reme 

among all the stations, neither should the benthic community be so; 
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the ref 0 r e an extreme biological meaS:..lrement 1.S probGlb 1y an indication 

of impact from the minesite drainage water. 

Table 28 presents the total invertebrate abundance and 

biomass data for the kick samples. Analyses of variance (Table 29) 

showed there were differences in botG abundance and biomass among the 

six stations sampled, but mUltiple comparisons (Tables 30 and 31) 

showed that Station 4 did not di:fer from all other stations with 

respect to either total abundance or biomass. There was therefore no 

convincing evidence of an impact of muskeg drainage on these two 

parameters. 

Principal components were analyzed to determine if drainage 

water had an effect on the composition of benthic communities in stony 

habitat. PC 1 accounted for 26.1% of the total variance of 

invertebrate abundance (Table 32), and is roughly int~rpretable as 

" a bun dan ceo f d e t r i t i v 0 res and pre d a tor s ", b e c au sen ea r 1 y all 

coefficients are positive· and apply to taxa known to consume decaying 

organic matter (especially FPOH), or to taxa that are at least partly 

predatory (Merritt and Cummins 1978, Pennak 1978, Edmunds et al 1976, 

Wiggins 1977). In fact, the highest coefficients apply to just eight 

detritivore taxa (Table 33). Only six taxa loaded negatively on PC 1, 

all of them lightly. 

An ana lys is of variance indicated differences existed among 

the stations in PC 1 scores (Table 34), and multiple comparisons 

(Table 35) demonstrated that Stati:m 4 had a higher mean PC 1 score 

than all other stations (that is, the detritivore and predator taxa 
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Table 28. Geometric mean abundance and biomass of benthic 
invertebrates, an~ 95% confidence limits, kick samples 
April - May 1980 .. 

number/m2 ml/m2 

Station GM 95% conf. limits GM 95% conf. limits 

1 233 53.8- 1000 0.7 variance = 0 

2 686 406 - 1160 2.2 0.5 - 5.8 

3 445 173 - 1140 14.4 0.8 - 134 

4 2490 1070 - 5770 16.4 9.8 - 27.2 

6 3200 1660 - 6160 7.5 5.4 - 10.4 

7 281 74.9 - 1050 3.2 0.9 - 8.3 

n 

3 

5 

2 

3 

3 

5 

1. All figures are ba~kcalculated from log (x + I)-transformed data. 
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Table 29. Summary of analyses of variance, benthic invertebrate 
abundance (top) and biomass (bottom), kick samples, 
April - May 1980. 

. . . . 
. . . . . . . . . . . 

log (x -1- 1) numbers/m2 

Source SS 

Station 3.75074 
Error 1.17931 

Total 4.93005 

log (x -1- 1) mlJm2 

Source 

Station 
Error 

Total 

SS 

2.37582 
0.61840 

2.99422 

d.L MS 

5 0.75015 
15 0.07862 

20 

d. f. MS 

5 0.47516 
15 

20 

0.04123 

F P 

9.54 0.0003 

F p 

11.5 0.0001 



Table 3u. Multiple comparisons of log (x + 1) numbers of benthic invertebrates per m2 by the 

Stn. 

1 
7 
3 
2 

4 
6 

Station 

- P > 0.05 
* P < 0.05 

** P < 0.01 

Newman-Keuls procedure, kick samples, April-May 1980. Cell values are the studentized 
range statistic, Q, calculated as suggested by Winer (1971:216). Stations linked by 
lines do not differ in invertebrate abundance/m2 

x log (x + 1) Station 
no. 1m2 n 1 7 3 2 4 6 

2.370 3 
2.451 5 
2.469 2 
2.837 5 2.960-

3.396 3 6.502** 5.989** 5.875 3.543* 
3.506 3 7.200** '6.686** 6.572** 4.240* 0.697 

1 7 3 2 4 6 

\0 
V1 



Table 31. Multiple comparisons of log (x + 1) volume (biomass) per m2 by the Newman Keuls 
procedure, kick samples, April-May 1980. Cell values are the Studentized range 
statistic, Q, calculated as suggested by Winer (1971:216). Stations linked by 
lines do not differ in invertebrate biomass/m2 

x log (x + 1) Station 
Stn. ml/m2 n 1 2 7 6 3 

1 0.230 3 

2 0.511 5 

7 0.619 5 3.404 

·6 0.931 3 6.135** 3.676* 2.730 

3 1.188 2 8.384** 5.924** 4.980** 

4 1.242 3 8.857** 6.398** 5.452** 2.722 

Station 1 2 T 6 3 

P > 0.05 
* P < 0.05 

** P < 0.01 

4 

\0 
0\ 

4 



97 

Table 32. Principal component coefficients (loadings) for the first 
four PCls, log (x + 1) taxon abundance, kick samp1es, 
April/May 1980. 

Taxon PC 1 PC 2 PC 3 PC 4 

Oligochaeta 0.399 -0.445 0.045 0.106 
GZossiphonia 0.058 -0.160 0.065 -0.053 
HeZobdeZZa 0.062 -0.359 0.252 -0.160 
Pisidium 0.708 -0.448 -0.135 -0.195 
Sphaerium -0.048 -0.138 0.153 0.070 
HyaZeZZa 0.053 -0.244 -0.014 -0.045 
Heptagenia 0.102 0.335 0.084 -0.085 
LeptophZebia 0.105 -0.057 -0.002 0.273 
neronareys -0.190 0.137 -0.203 -0.022 
IsoperZa 0.010 0.146 0.041 -0.096 
Dubiraphia 0.239 -0.230 0.166 -0.298 
Optioservus 0.663 0.565 -0.185 -0.058 
Psyehomyia 0.004 0.128 -0.159 0.259 
PoZyeentropus -0.018 -0.349 0.193 0.002 
Braehyeentrus -0.062 0.142 -0.078 0.090 
Lepidostoma 0.773 -0.174 -0.332 0.097 
Hexatoma 0.047 -0.026 -0.024 0.081 
Be zz-ia/Pa Zponyia -0.256 -0.250 0.211 -0.040 
Simulium 0.899 0.498 0.040 -0.377 
Chrysops 0.135 -0.242 0.209 -0.236 
Mieropseetra 0.348 -0.088 0.605 0.276 
Thienemannimyia gpo 0.112 -0.063 0.137 0.028 
Crieotopus/OrthoeZadius -0.131 0.499 0.712 0.118 
Dip Zoe Zadius 0.610 0.030 -0.009 0.653 
EukiefferieZZa 0.007 0.661 0.201 -0.179 
ParakiefferieZZa 0.434 -0.031 0.491 0.035 
PoZypediZum (s.s.) 0.067 -0.457 0.159 -0.174 

Variance explained 3.439 2.625 1.691 1.139 
% total variance 26.1 20.0 12.9 8.6 
cumUlative % t.v. 26.1 46.1 59.0 67.6 
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Table 33. Taxa with absolute PC coefficients of at least 0.250, 
Principal component scores are determined primarily by 
the log (x + 1) abundance of these taxa. 

PC 1 

Simulium 0.899 
Lepidostoma 0.773 
Pisidium 0.708 
Optioser7JU.s 0.663 vs Be zzia/Palpomyia -0.256 
Dip loa ladius 0.610 
Parakiefferiella 0.434 
Oligochaeta 0.399 
Miaropseatra 0.348 

PC 2 

EukiefferieUa 0.661 Po lypedi lwn (s.s.) -0.457 
Optioser7JU.s 0.565 Pisidium -0.448 
Criaotopus/ Oligochaeta -0.445 
Orthoaladius 0.499 vs Helobdella -0.359 
Simulium 0.498 Polycentropus -0.349 
Heptagenia 0.335 Bezzia/Palpomyia -0.250 

PC 3 

Cricotopus / 
Orthoaladius 0.712 Lepidostoma -0.332 
Micropsectra 0.605 vs 
Parakiefferiella 0.491 
Helobdella 0.252 

PC 4 

Diplocladius 0.653 Sim'.!.liVJT! -0.377 
Miaropsectra 0.276 vs DubiY'aphia -0.298 
Leptophlebia 0.273 
Psyahomyia 0.259 
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Table 34. Analyses of variance on the first four principal 
components of log (x + 1) benthic taxon abundance, 
kick samples, April/May 1980. 

Source SS d. f. t1S F P 

PC 1 

Station 18.33170 5 3.66634 32.96 <0.001 

Error 1.66830 15 0.11122 

Total 20.00000 20 

PC 2 

Station 15.36715 5 3.07343 9.95 <0.001 

Error 4.63285 15 0.30886 

Total 20.00000 20 

PC 3 

Station 10.99664 5 2.19933 3.66 0.023 

Error 9.00336 15 0.60022 

Total 20.00000 20 

PC 4 

Station 13.47579 5 2.69516 6.20 0.003 

Error 6.52421 15 0.43495 

Total 20.00000 20 



Tab 1 e 35. Multiple comparisons of mean PC 1 scores by the Newman~Keuls procedure, kick samples, 
April/May 1980. Cell values are the Studentized rahge statistic Q, calculated as 
suggested by Winer (1971:216). Stations linked by linesdo.not differ in PC 1 scores. 

PC 1 -Stn. x score 

1 -1. 267 

7 -0.896 

3 -0.356 

6 0.399 

2 0.676 

4 1.471 

Station 

P > 0.05 

* P < 0.05 

** P < 0.01 

n 1 

3 

5 1.977 

2 4.854** 

3 8.877** 

5 10.353** 

3 14.590** 

1 

Station 
7 3 6 2 4 

2.877 

6.900** 4.023* 

8.376** 5.499** 1.476 

12.613** 9.735** 5.712** 4.236** 

7 3 6 2 4 

...... 
0 
0 
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taken together were more abundant at Station 4). The detritivores may 

have been responding to the FPOM contributed in the muskeg drainage 

water (see Iyater Quality section), and the predators to the increased 

detritivore abundance. 

PC 2 accounted for 20.0% of the total var~ance in the 

abundance data (Table 32), and can be interpreted as a comparison of 

a bu nd an c e s of eros ional and depos it ional taxa. To the extent that can 

be determined, all of the taxa with positive coefficients are 

characteristic of lotic-erosional (swift) habitats, and all of the 

taxa with negative coefficients are commonly found ~n lotic-

depositional (slow) habitats (Merritt and Cummins 1978, Edmunds et al 

1976, Pennak 1978, Wiggins 1977). The taxa of uncertain identity, 

Cricotopus/Orthocladius and Bezzia/Palpomyia, have at least some 

knovlU members typical of erosional and depositional habitat, 

respectively. Whether habitat is erosional or depositional u 

determined largely by current speed, therefore it is reasonable to 

interpret differences in PC 2 scores as being due to differences ~n 

current speed at the stations. 

Analysis of variance de::;onstrated that mean PC 2 scores 

differed significantly among stations (Table 34). Hultiple comparisons 

showed that stations 
, 
.I. , 2, 3, 4 and 7 did not have significantly 

different PC 2 scores, but that the 3ean PC 2 score for Station 6 was 

significantly higher than those at all other" stations CTable 36); ie, 

the higher PC 2 score at Station 6 reflects the effects of a higher 



Table 36. Multiple comparisons of mean PC 2 scores by the Newman-Keuls procedure, kick samples, 
April/May 1980. Cell values are the Studentized range statistic Q, calculated as 
suggested by Winer (1971:216). Stations linked by lines do not differ in PC 2 scores. 

PC 2 
Stn. x score 

4 -0.961 
7 -0.847 
3 0.103 
2 0.175 
1 0.329 
6 1.684 

P > 0.05 
* P < 0.05 

** P < 0.01 

n 4 

3 
5 
2 
5 
3 4.125 
3 8.458** 

4 

Station 
7 3 2 1 6 

8.093** 5.055* 4.825* 4.333** 

7 3 2 1 6 

,. 

...... 
0 
N 
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current speed at that station. There was no detectable impact-related 

effect on PC 2. 

PC 3 and PC 4 do not have an obvious ecological 

interpretation (Tables 32 and 33). They are comparisons of abundances 

of certain positive-loading to negative-loading taxa after the effects 

of de tritivore-predator abundance and current speed have been removed l 

and can be thought of as kinds of indices of community composition. 

Analyses of variance on them showed that both PC's differed among 

stations (Table 34), and multiple comparisons provided evidence that 

Station 4 differed only from one other station, having a lower PC 4 

score than Station 2 (Tables 37 and 38). No evidence of an impact-

related effect was apparent. 

3.2.3 Ekman and Cylinder Samples l 

Total abundance and total biomass of benthic invertebrates 

collected in the Ekman and cylinder samples are summarized in Table 

39. The 95% confidence limits for the means are very wide i:n most 

cases--much wider than those in either the kick sample or multiplate 

sample data. The multiplate samples all come from identical substrates 

and would be expected to be much less variable than those from natural 

substrates. The Ekman and cylinder samplers sampled smaller areas 

1. 

and 0.0707 
2 

m respectively) t han did the 

The s e s amp 1 e types are cons idered together for convenience 
only, not because they are considered directly comparable 
(See Section 3.1). 



Table 37. Multiple comparisons of mean PC 3 scores by the Newman-Keuls procedure, kick samples, 
April /May 1980. Cell values are the St~dentized range st~tistic Q; calculated as 
suggested by Winer (1971:216). Stations linked by lines do not differ in PC 3 scores. 

PC 3 Station 
-Stn. x score n 1 3 4 2 7 6 

1 -0.884 3 
3 -0.670 2 
4 -0.446 3 
2 -0.351 5 
7 0.747 5 
6 1.118 3 4.592 

Station 1 3 4 2 7 6 

P < 0.05 (very nearly significant - criticaf value = 4.595) 

This test is less sensitive (more conservative) than the initial analysis of variance (Winer 
1971), hence the apparent contradiction (the analysis of variance found significant 
differences among means). 

..... 
0 
~ 



Table 38. Multiple comparisons of mean PC 4 scores by the Newman-Keuls procedure, kick samples, 
April/May 1980. Cell values are the Studentized range statistic Q, calculated as 
suggested by Winer (1971:216). Stations linked by lines do not differ in PC 4 scores. 

PC 4 -Stn. x score 

4 -1.123 
6 -0.633 
3 -0.428 
1 -0.080 
7 -0.001 
2 1.273 

Station 

P > 0.05 
* P -: 0.05 

** P < 0.01 

n 4 

3 
3 
2 

3 
5 3.023 
5 6.456** 

4 

Station 
6 3 1 7 2 

.. 

5.136* 4.583* ... 3.646 

6 3 1 7 2 

I-' 
0 
V1 



Tab 1 e 39. Geometric mean abundance and biomass of benthic invertebrates, and 95% confidence 
limits, Ekman and cylinder samples, four 1980 sampling periods.1. 

Sampling numbers/m2 ml/m2 

Station Period GM 95% conf. limits Gr1 95% conf. limits n 

1 April /r~ay 1 120 562 2 250 4.7 2.9 7.1 3 
June 593 356 982 2.8 variance = a 3 
July 1 650 676 4 030 4.2 variance = a 3 
October 557 292 1 060 8.8 4.8 15.6 3 

2 April/May 4 250 143 - 126 000 10.9 'Vo 157 3 
June 1 180 108 - 12 800 2.4 'Vo 13.7 3 
July 1 460 141 - 14 900 5.5 0.8 23.2 3 ..... 
October 95.2 20.9 422 1.4 variance = 0 3 0 

'" 
3 Apri 1 /~1ay 4 260 456 - 39 800 4.3 variance = 0 2 

June 5 830 145 - 233 000 15.7 ° .1 261 3 
July 3 110 343 - 28 100 19 2 0.8 230 3 
October 3 710 61.1 - 221 000 23.6 'Va - 1 000 3 

4 April/May 723 47.7 10 700 4.3 variance = a 3 
June 1 140 585 2 200 4.3 variance = 0 3 
July 2 250 134 - 37 600 24.5 3.8 135 3 
October 451 4.2 39,000 7.0 0.4 45.9 3 

5 April/May 1 340 220 8 090 10.8 0.9 73.2 3 
June 6 000 834 - 43 200 24.4 8.3 68.3 3 
July 1 090 32.3 - 35 600 17.0 3.6 69.9 3 
October 753 528 1 070 4.3 variance = 0 2 

.. Continued . • . 



Table 39. Continued 

Sampling numbers/m2 ml/m2 
Station Period Gr~ 95% conf. limits GM 95% conf. limits n 

6 April /May 604 29.7 - 11 900 5.5 1.8 14.2 3 
June 1 780 1 010 3 140 14.0 ",0 392 3 
July 1 950 58.8 - 63 500 4.3 variance = 0 3 
October 1 420 14.2 - 133 000 11.1 1.1 69.8 3 

7 April/May 4 580 956 - 22 000 54.8 21.2 139 3 
June 5 160 1 160 - 23 000 37.0 0.8 793 3 
July 811 214 3 060 34.8 10.3 112 3 ~ 

October 1 440 31.3 - 64 000 18.4 0.2 326 3 0 
-..J 

8 April /May 1 830 661 5 040 54.6 15.0 192 3 
June 1 870 545 6 430 28.5 18.8 42.9 3 
July 551 6.2 - 42 300 81.5 3.4 - 1 530 3 
October 700 31.4 - 15 200 11.1 1.1 69.8 3 

l'A1l figures are back-calculated from log (x + I)-transformed data. 

-!. 
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kick technique (approximately 0.1500 m2 ), and the kick and the 

cylinder methods were both used on similar substrate. It is possible 

that the high variability of the Ekman and cylinder samples was a 

result of sampling patchily-distributed populations in which the 

Ifpatches ll covered approximately the same areas as the cylinder and 

Ekman sampled. If so, either larger (eg; kick technique) or smaller 

sampling areas would tend to reduce the sample variances (Elliott 

1971: 70, Green 1979:39). In future sa:;npling, the kick technique would 

appear to be preferable to the cylinder sampler for this reason, and 

some s oft-sediment sampler other than the Ekman grab should be tested 

to see if the very large variances can be reduced. 

Two-way ana lys is of var iance of the total abundance data 

found no significant interaction between sam?ling period and station 

( Tab 1 e 40). Mean abundances differed significant 1y among stations and 

times, but Station 4 did not differ in mean abundance from Station 5 

in any sampling period. 

In a two-way analysis of variance of the mean benthic 

biomass, a significant interaction ,,;as found (Table 41). Examination 

of the simple effects revealed that mean biomass differed among 

stations in all four sampling periods, but that only in June did 

Station 4 and 5 differ. Multiple comparisons of the June data provided 

evidence that biomass at Station u was lower than that at control 

stations 7 and 8, as well as Stat~on 5, but was not different from 

that recorded at control station 6 or at the recovery station 3 
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Table 40. Analysis of variance and planned comparisons, benthic 
invertebrate abundance in log (x + 1) no/ml, Ekman 
and cylinder samples, 1980. 

Analysis of Variance 
Source 

Station 
Period 
Station x Period 
Error 

Total 

Planned comparisons: 

Period 

April-May 
June 
July 
October 

(- -)2 *F = Xl - Xl 

MS error (l + l ) n1 n2 

SS 

4.30748 
2.77462 
6.79627 

12.86690 

26.74527 

Stn. 4 vs 

d. f. MS F P 

7 0.61535 2.95 0.0095 
3 0.92487 4.46 0.0067 

21 0.32363 1.56 0.0906 
62 0.20753 

93 

Stn. 5 by period 

F 1, 62* P 

0.51 >0.05 
3.78 >0.05 
0.72 >0.05 
0.29 >0.05 
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Table 4l. Analysis of variance and planned comparisons, benthic 
invertebrate biomass in log (x + 1) ml/m2, Ekman and 
cylinder samples, 1980. 

Analysis of Variance 
Source SS d. f. MS F P 

Station 8.73417 7 1. 24774 12.95 
Period 0.62788 3 0.20929 2.17 
Station x Period 4.63088 21 0.22052 2.29 0.0062 
Error 5.97350 62 0.09635 
Total 16.96643 93 

Simple effects: Stations 
Period SS d.f. MS F P 

April-May 3.84084 7 0.54869 5.69 <0.001 
June 3.53953 7 0.50565 5.25 <0.001 
July 3.79041 7 0.54149 5.62 <0.001 
October 2.08088 7 0.29727 3.08 <0.005 

Simple effects: Peri ods 
Station SS d. f. MS F P 

1 0.25691 3 0.08564 0.89 >0.05 
2 0.83037 3 0.27679 2.87 <0.05 
3 0.77950 3 0.25984 2.70 <0.05 
4 0.90732 3 0.30244 3.14 <0.025 
5 0.75050 3 0.25017 2.60 <0.05 
6 0.40068 3 0.13356 1.39 >0.05 
7 0.31468 3 0.10489 1.09 >0.05 
8 1.15892 3 0.38631 4.01 <0.01 

Planned comparisons: Stn. 4 vs Stn. 5 by period 
Period Fl 62 P 

April-May 1.90 >0.05 
June 7.21 <0.01 
July 0.35 >0.05 
August 0.50 >0.05 
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(Table 42). Station 3, however, did not differ from any of the control 

stations. 

It appears that muskeg drainage caused a decrease in total 

benthic invertebrate biomass at Station 4 in June 1980. The biomass 

was no lower there, however, than that produced as a result of natural 

events at at least one location (Station 6) uninfluenced by the 

minesite drainage water, and the impact ,.;ras restricted to less 

distance downstream than Station 3. 

Community composition was examined by an analysis of the 

principal components of taxon abundance. The first PC accounted for 

21.4% of the total variance in the data (Table 43), and apparently 

represents a comparison of the abundances of depositional taxa and 

erosional taxa. The taxa with the largest negative coefficients (Table 

44) \.ere· found almost exclusively at stations 1 and 2, the two 

erosional sites, whereas the taxa with the largest positive 

coefficients were seldom found there, although they were common at one 

or more of the depositional sites. Most of the observed distributions 

of taxa relative to depositional and erosional habitat match those 

reported by Merritt and Cummins (1978), but occasional differences 

were observed. Larsia and Tanvtarsus, both reported as 

lot ie-eros iona 1 by Merrit and Cummins, were found almost exclusively 

at depositional sites in this study. Micropsectra, considered as a 

depositional form by Merrit and Cummins, was primarily an erosional 

form in the Ekman-cylinder samples. 



Table 42. Multiple comparisons by the Newman-Keuls procedure of log (x + 1) benthic 
invertebrate biomass (ml/m2 ), Ekman and cylinder samples, June 1980. Cell values 
are the Studentized range statistic Q, Stations linked by lines do not differ in 
invertebrate biomass/m2 • 

log (x + 1) 
Stn. x biomass n 2 1 4 

1 0.529 3 
1 0.580 3 
4 0.724 3 

6 1.175 3 
3 1.223 3 3.813 

5 1.405 3 4.814* 4.533* 3.742* 

8 1.470 3 5.171** 4.890* 4.099* 

7 1.580 3 5.775** 5.495** 4.704* 
.---------------------.-----.... --~ 

Station 

- P > 0.05 
* P < 0.05 

** P < 0.01 

2 1 4 

Station 
6 3 5 8 7 

2.225 

6 3 5 8 7 

...... ...... 
N 
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Table 43. Principal component coefficients (loadings) for the 
first three PCls, log (x + 1) taxon abundance/m2 , 

Ekman and cylinder samples, April to October 1980. 

Taxon PC 1 PC 2 PC 3 

Oligochaeta 1.14 -0.197 0.429 
HeZobdelZa 0.421 0<131 0.319 
Pisidiwn 0.203 0.612 0.602 
Sphaeriwn 0.484 0.169 -0.140 
HyaZelZa 0.253 0.169 0.163 
GaTT07larus 0.076 0.050 -0.035 
Baetis -0.056 0.039 0.180 
Heptagenia -0.336 0.142 0.083 
Leptophlebia -0.113 -0.135 0.061 
Paraleptophlebia -0.011 0.007 -0.097 
EphemereZla -0.072 0.010 0.028 
Tricorythodes -0.019 0.238 -0.191 
Fteronarcys -0.306 0.077 0.229 
Acroneuria -0.054 0.028 0.012 
Dubiraphia 0.093 0.058 0.080 
Optioservus -0.625 0.287 0.318 
Psychomyia -0.154 0.054 0.083 
Potycentropus 0.055 0.056 0.091 
Brachycentrus -0.290 0.107 0.189 
Limnephilus 0.030 -0.012 0.008 
Levtdostoma -0.224 0.180 0.100 
Hexatoma -0.101 0.160 -0.105 
BezziajPaZpomyia 0.687 0.162 -0.285 
Simulium -0.207 0.050 0.291 
Chrysops 0.290 -0.012 -0.186 
Cryptochironomus 0.141 0.108 -0.212 
Dicrotendipes 0.042 -0.010 0.003 
Microtendipes -0.003 0.209 -0.111 
ParaZauterbornieZla 0.303 0.067 -0.302 
Paratendipes 0.170 0.116 0.189 
PoZypedilwn (PentapedilwnJ -0.046 0.023 0.038 
Saetheria -0.024 0.059 -0.012 
Stenochironomus -0.006 -0.030 -0.003 
CZadotanytarsus -0.058 0-.276 -0.195 
Micropsectra -0.240 0.769 -0.248 
Rheotanytarsus -0.169 0.112 0.137 
Tanytarsus 0.327 0.068 0.056 
AbZabesmyia 0.061 0.088 0.005 
Larsia 0.490 0.243 0.085 

Continued 
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Table 43. Concluded. 

Taxon PC 1 PC 2 PC 3 

ProcZadius 0.992 0.098 0.140 
CT'icotopus -0.068 0.123 0.267 
Cricotopus/OrthocZadius -0.220 0.355 0.210 
HeterotrissocZadius -0.014 0.020 -0.161 
ParakiefferieZZa -0.080 0.069 -0.016 
ThienemannieZZa -0.028 0.020 0.033 
PoZypediZum (s.s.) 0.281 0.599 -0.458 

Variance explained 4.941 2.127 1.884 
% total variance 21.4 9.2 8.1 
cumulative % t.v. 21.4 30.6 38.7 
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Table 44. Taxa with absolute PC coefficients of at least 0.250 on 
the first three principal components. Principal 
component scores are determined primarily by the log 
(x + 1) abundance/m2 of these taxa (Ekman and cylinder 
samples 1980). 

PC 1 

Oligochaeta 1.140 Optioservus -0.625 
ProcZadius 0.992 Heptagenia -0.336 
Bezzia/PaZpomyia 0.687 vs Pteronarcys -0.306 
Larsia 0.484 Brachycentrus -0.290 
Sp Juxer-iwn 0.484 
He ZobdeUa 0.421 
Tanytarsus 0.327 
ParaZauterbornieZla 0.303 
Chrysops 0.290 
Po lypedilwn (s.s.) 0.281 
HyaZeUa 0.253 

PC 2 

Micropsectra 0.769 
Pisidiwn 0.612 
Po Zypedi lwn 0.599 
Cricotopus/ 0.355 
Orthoc Z,adius 
Optioservus 0.287 
Cladotanytarsus 0.276 

PC 3 

Pisidium 0.602 Polypedilv.m -0.458 
Oligochaeta 0.429 Paralauterborniella -0.302 
He lobde lta 0.319 Bezzia/Palpon;jia -0.285 
Optioservus 0.318 vs 
Simuliwn 0.291 
Crico-topus 0.267 
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Because taxa with negative coefficients were almost entirely 

restricted to stations 1 and 2, differences lnPC 1, if any, among the 

remaining stations are attributable to differences in the abundance of 

taxa having positive coefficients. The taxa with the highest positive 

coefficients (Table 44) are detritivores or predators, and most of the· 

detritivores consume FPOM (Merritt and Cummins 1978, Pennak 1978, 

Edmunds et a1 1976, Wiggins 1977). 

Analysis of varlance on PC 1 demonstrated significant 

differences in mean PC 1 scores among stations and periods, but 

Station 4 differed from Station 5 only in June (Table 45), Station 4 

had a lower PC 1 score (ie, fewer of the selected detritivores and 

predators taken together) than did Station 5, but there was no 

evidence that it differed from any of the other control stations, or 

from the.recovery station, Station 3 (Table 46). The muskeg drainage 

water evidently reduced certain detritivores and predators on fine 

substrate at Station 4 in June, but not below abundances found 

naturally at control stations unaffected by the drainage water. The 

effect was not evident at Station 3, the recovery station, suggesting 

that the impact was restricted to the reach near the outfall. 

PC 2 accounted for only 9.2% of the total variance 1.n the 

abundance data (Table 43). Only six taxa had negative coefficients for 

this component, and none of these was large. Six other taxa. all 

detritivores, had relatively high positive coefficients (Table 44), so 

that PC 2 reflects their abundance to a large extent. 
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Table 45. Analysis of variance and planned comparisons on the first 
principal component of log (x + 1) taxon abundance/m2~ 
Ekman and cylinder samples, 1980. 

Analysis of variance 
Source SS d. f. t1S F P 

Station 54.74792 7 7.82113 24.98 <0.0001 

Period 6.51216 3 2.17072 6.93 0.0004 

Station x Period 10.12197 21 0.48200 1.54 0.0975 

Error 19.09545 61 0.31304 

Total 90.47750 92 

Planned comparisons: Stn 4 vs 5 by period 
Period F;L,61 P 

April - May 0.060 >0.05 

June 6.83 <0.025 

July 0.01 >0.05 

October 0.11 >0.05 



Table 46. Multiple comparisons of mean PC 1 scores per sample by the Newman-Keuls procedure, 
Ekman and cylinder samples for June 1980. Cell values are the Studentized range 
statistic Q, calculated as suggested by Winer (1971). Stations linked by lines do 
not differ in PC 1 scores. 

PC 1 
Stn. x score 

1 -1.438 

2 -0.926 

4 0.238 

6 0.423 

3 1.023 

8 1.032 

5 1.432 

7 1.~98 

Station 

P > 0.05 

* P < 0.05 

** P < 0.01 

n 1 2 

3 

3 1.526-

3 4.997** 3.470* 

3 5.548** 4.022* 

3 7.337** 5.811** 

3 7.364** 5.838** 

3 8.557** 7.030** 

3 8.754** 7.227** 

1 2 

Station 
4 6 3 8. 5 7 

3.757 

4 6 3 8 5 7 

This test is less sensitive (more conservative) than the planned-comparison F-test between menns 
(Winer 1971), which provided convincing evidence that the mean PC 1 score for Station 4 differed 
from that of Station 5. 

....... 

....... 
00 
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An analysis of variance found that PC 2 differed am~ng 

stations only 1n May and July (Table 47). Mean PC 2 scores did nOt 

differ between stations 4 and 5 in any sampling period, so there was 

no evidence of an impact from muskeg drainage on this component. 

PC 3 had no c lear ecological interpretation and accounted 

for only an additional 8.1% of the total variance (Tables 43 and 44)) 

so was not analyzed further. 

The May, June and Ju ly Ekman samples from Station 4 were 

collected from the fine organic silt deposited by the mid-April flood 

from the minesite drainage ditch. The fact that no evidence of a 

change in the benthic community was found 1.n the early May samples 

suggests that the initial impact of the flood, if any, was short-lived 

and not very large. The depression of the abundance of certain taxa 

noted in June suggests that the sediments had become less habi.table, 

perhaps because of rapid decay and a consequent reduct ion in oxygen in 

the sediments. A small decrease in dissolved oxygen in the open water 

at Station 4, possibly indicative of organic decomposition in the 

sediments, was noted from May through August (see Water Quality 

section). 

3.2.4 Benthic Fauna of the Drainage Ditches 

The benthic fauna of the plantsite drainage ditch (Station 

10) was very sparse. No animals were found in the May Ekman samples, 
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Table 47. Analysis of variance and planned comparisons on the second 
principal component of log (x + 1) taxon abundance/m2, 
Ekman and cylinder samples, 1980. 

Analysis of Variance 
Source 

Station 
Period 
Station x Period 
Error 
Total 

55. d. f. 

15.01180 7 
11.47431 3 
29.82554 21 
35.17211 61 

91.48376 92 

Simple effects: Stations 
Period 

April - May 
June 
July 
October 

Simple effects: Period 
Station 

1 
2 
3 
4 
5 
6 
7 
8 

5S d. f. 

10.12109 7 
3.67548 7 

25.91274 7 
2.49396 7 

SS d. f. 

5.21454 3 
9.44424 3 
6.72505 3 
0.49812 3 
3.81868 3 
0.09417 3 
8.03584 3 
2.99393 3 

MS 

2.14454 
3.82447 
1.42026 
0.57659 

MS 

1. 44587 
0.52507 
3.70182 
0.35628 

.... 

MS 

1. 73818 
3.14808 
2.24168 
0.16604 
1. 27289 
0.03139 
2.67861 
0.99798 

Planned comparisons: Stn 4 vs Stn 5 by period 
Period 

April - May 
June 
July 
October 

SS F 1, 61 

0.95 
0.31 
1.34 
0.80 

F 

3.72 
6.63 
2.46 

F 

2.51 
0.91 
6.42 
() c.'? 
v.u'-

F 

3.01 
5.46 
3.89 
0.29 
2.21 
0.05 
4.64 
1. 73 

P 

>0.05 
>0.05 
>0.05 
>0.05 

p 

0.0033 

P 

<0.05 
>0.05 
<0.001 
>0.05 

p 

<0.05 
<0.005 
<0.025 
>0.05 
>0.05 
>0.05 
<0.01 
>0.05 
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and only three chironomids and one trichopteran were found in the June 

Ekman collections. Subsequent collections were made by kick sampling, 

so that a large area could be san;>led (0.25 m2 per sample). In the 

three July kick samples, a total of only 27 chironomids, 1 mayfly, 1 

oligochaete, 3 blackfly larvae sad 1 caddisfly were found, and no 

invertebrates were found in the three October kick samples (the August 

samples were lost in transit). The plantsite drainage ditch thus 

appears to be very unfavourable habitat for benthic invertebrates. 

The minesite drainage ditch (Station 9) was not sampled 1n 

the April-Mayor June periods be:::ause the drainage water had been 

diverted out of the channel. The July samples, however, taken below 

the pond outfall, revealed a diverse c:hironomid fauna consisting of at 

least 18 genera, and reaching a eean total abundance of 484/m 2 • In 

addition, Simulium larvae w~re common 
') 

(155/m~), and occasional 

specimens of Gammarus lacustris, Dolichopodidae, Mollibdella 

gradis (Hirudinea), and Dytiscicae were collected. The August 

samples were lost in transit, but in October a moderately abundant 

benthic fauna was again found (total abundance l03/m 2 ). The October 

samples contained, in addition to eight species of chironomid, the 

net-spinning caddisfly Hydropsyche (321m 2 ), Gammarus lacustris 

(121m 2 ), Simulium, Chrysops (deerfly larva), Leptophlebia, and 

three leeches of the species ::rpobdella punctata and Dina 

parva. 

Hydropsyche is often CO::::I;lon below lake outlets (eg; Hynes 

1970), but is not tolerant of heavy siltation. Its occurrence at 

Station 9 in October is evidence that heavy siltation was not a 
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problem in the minesite ditch below the settling pond in that month. 

Taken together, the July and October results show that Station 9 was a 

satisfactory habitat for many benthic invertebrates, and suggest that 

water of satisfactory quality was being contributed to the Muskeg 

River at those times. 

3.3 Conclusion 

The conclusions of the benthic invertebrate studies are 

summarized in Table 33. 

The response of the benthic community to Alsands' Muskeg 

drainage program was complex. Benthic invertebrates inhabiting fine 

sed imen t s s howe d no detec table response to muskeg drainage ini tially 

(April-May), even though large quantities of sediment "'ad been 

deposited 1n their habitat only two weeks prior to sampling as a 

result of the mid-April ditch wall failure. At the same time, there 

was no evidence that certain detritivores and predators in the benthic 

fauna of stony substrates increased, but that the effect was 

restricted to the zone upstream from Station 3 to Station 4. 

Th e f au na 0 f fin e sed iments did show a response to muskeg 

drainage in June, when both the total benthic biomass, and the 

abundance of certain detritivores and predators was reduced at Station 

4. The fauna had recovered by some point upstream of Station 3. The 

impact was undetectable by July, nor was it detected in October. 



Table 48. Summary of impacts on the Muskeg River benthic fauna of muskeg drainage water from 
the minesite drainage ditch, 1980. 

Peri od Substrate 

Apri 1-~1ay fine sediments 

stony 

June fine sediments 

July fine sediments 

sunken wood 

October fine sediments 

Impact 
Station 4 (main impact station) .Station 3 (recovery) 

nil 

increase in certain detritivores. predators 

decrease in total biomass of benthic 
invertebrates 
decrease in certain detritivores, predators 

ni 1 

increase in certain detritivores, predators 

nil 

nil 

nil 
nil 

nil 

...... 
N 
W 
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The benthic fauna of sunken wood substrate, studied in July, 

showed a response to muskeg drainage similar to that e~:hib ited by the 

fauna of stony habitat in April-~1ay; ie, the abundance of certain 

detritivores and predators increased. The impact was undetectable as 

far downstream as Station 3. 

The findings that detritivores and predators decreased in 

fine sed iments in June, but increased on stony substrate in April-May 

and on sunken wood substrate in July, are not necessarily 

con t r ad ictory. Environmental conditions and taxonomic compos ition were 

different ~n the various sampling periods and on the various 

substrates. 

A detailed experimental study would have been required to 

fully explain the above results, but one reasonable hypothesis could 

be advanced. The most pronounced impact on water quality by muskeg 

drainage was siltation (see Water Quality section), and the most 

obvious physical impact on Station 4 was the deposition of a thick 

I ayer of silt laden with fine particulate organic matter (FPOM) in the 

depositional zone. It therefore seems likely that siltation was 

chiefly responsible for the observed i~pacts. 

Possible mechanisms for the impacts were touched upon in 

Section 3.2, and relate primarily to the role of FPO:1. Briefly, the 

deposited FPOM would have served as a food source for most of the 

detritivores impacted at Station 4, and -those on solid substrates 

responded by increasing in abundance. Certain predators on solid 

substrates likewise increased in abundance, perhaps ~n part 1.n 
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response to the increased abundance of detritivore prey, but in one 

case (Hydra) possibly in response to prey cont:cibuted from the 

plankton of the settling pond. FPO}! would have decomposed in the 

depositional zone at Station 4, reducing oxygen 10 the fine sediment 

habitat, reducing the habitability of this substrate to benthic 

invertebrates and thus reducing the numbers of certain of them. 

The finding that a diverse and moderately abundant benthic 

invertebrate community inhabited the minesite drainage ditch below the 

settling pond (Station 9) U1 July and October suggests that the 

quality of the drainage water was satisfactory on those dates, and 

should have had little impact on benthic communities downstream. The 

near-absence of benthic invertebrates at Station 10, however, shows 

t ha t muskeg drainage activities can produce aquatic habitats that are 

nearly uninhabitable to bottom fauna. 
. ... 
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4.0 PERIPHYTIC ALGAE 

4.1 Methods 

4.1.1 Selection of Stations and Substrate Types 

Stations 1 to 8 (Figure 1), were sampled for periphytic 

algae. The rationale for the selection of these stations for chemical 

and biological monitoring is described at length in Section 3.1.1. 

Stones were selected as the principal natural substrate for 

sampling of periphytic algae. Several qua1.1titative methods have been 

described f0r sampling subr.::erged rock (eg Hynes 1970:56-59), and in 

most streams stones are plentiful. Unfortunately, stones in the Muskeg 

River above Station 2 are usually in inaccessibly deep water, are 

silted over, or are absent altogether. Other hard substrates, such as 

submerged wood, roots, branches and twigs, are plentiful above Station 

2, but are difficult to sample quantitativeJ.y. Some sunken w00d 

substrates \vere sampled in this study, but only incidentally in an 

attempt to describe the natural flora on hard substrates at certain 

stations where stones could not be sampled. Only sa"TIples from stones 

were used 1n the analysis of environmental ir:lpact on natural algal 

communities. 
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During the first sampling trip, it was found that no sto~les 

were available for sampling at stations 5, 7 or 8, which comprised 

three of the four control stations selected for study. To overcome 

this problem, it was decided to collect samples from a parallel series 

of artificial substrates (glass microscope slides) incubated at all 

stations. 

4.1. 2 Field and Laboratory Methods 

Periphytic algae were sampled from stones at all stations 

except 5, 7 and 8 with a Stockner toothbrush sampler (Stockner and 

Armstrong 1971), a device based on the brush and suction principle 

described by Douglas (1958). Randomly-allocated triplicate samples 

were made at each site as follows. Three points were chosen at random 

distances (table of random numbers or blind stick toss) along a 

transect across the stream. At each point five, (April-May) or three 

( a 11 other times) s tones were selec ted withou t looking, and the sarq Ie 

removed. Each replicate was thus a composite of three or five 

brushings. The replicates were stored in separate four-ounce screw~op 

jars, to which a few drops of Lugol's solution was added. 

Plexiglass racks of glass microscope slides (McCart et al 

1977) were incubated at each sampling station. At stations 3 to 8, 

each rack y,'as suspended approximately 30 cm below the surface fro:1 a 

plastic float anchored by a line in a slow-flowing area. At stations 1 
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and 2, the samplers were placed directly on the bottom in stony 

riffles. As was discussed with respect to benthic inve,:tebrat':: 

samples, the slide samples at stations 1 and 2 were not intended to be 

directly comparable to those from upstream stations, but to provide 

baseline data for this substrate type in habitat typical of the lower 

reaches of the river. 

Slides were set 1n place during the April-Xay sampling trip, 

and were sampled during the subsequent collection periods. Slides were 

allocated at random to triplicate samples from each rack. The slides 

were scraped clean each time, and the algae were stored in 4 oz jars 

of filtered river water (see belo· .... ), preserved with a few drops of 

Lugol's solution. 

River water filtered thro'J.gh Whatman GF/C filters was used 

for topping up the periphyton samples in the field. These glass fibre 

filters retain particles down to 1.2pm in dia3eter with 98% 

efficiency, according to the manufacturer's s?ecifications, 

considerably smaller than the minimur:! dimension of any of the 

unicellular algal species found in this study. 

The schedule for salnpling periphytic algae 15 presented 1n 

Table 49. 

In the laboratory, samples for identification were 

thoroughly agitated and subsamples were pipected to settling chambers. 

The volume of the subsamples depende:i upon the density of the original 

sample (ie, amount of silt, detritus, etc). Settli:-.g time was based 

upon a standard rate of three hours per centimetre of ~hamber height. 



Table 49. Sampling dates (rna/d) fer periphytic algae, Muskeg River and Hartley Creek, 1980. 

Sampling 
l' Method 1 2 3 5 6 7 8 

Stockner 05/02 05/02 05/01 05/02 05/02 
06/03 06/02 06/02 06/03 06/04 
07/12 07/09 07/12 07/11 

08/15a 07/12 
08/14a 08/15 08/16 08/17 08/16 08/17 

10/12 10/08 b b b b b 

Slides 06/03 06/02 06/02 06/03 06/03 06/04 06/04 06/03 
07/12 07/09 07/12 07/11 07/11 07/12 07/10 07/12 ...... 
08/15 08/16 08/17 08/16 08/15 c 08/16 08/14 N 

\.0 

c C C c 10/10 10/11 10/11 

a. samples taken from branches, sunken wood, and other debris 

b. sampling ndt possible because of high water 

c. samplers lost due to high water or beaver activity. 
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The subsamples were thee examined whole using a Leitz 

Diavert Inverted Microscope equipped with phase contrast illumination. 

The a 19ae were identified to the species level where possible with the 

enumerations (as cells/cm2 ) and identifications carried out at 

magnifications of 750X and up to 1750X, respectively. 

For the complete identification of diatoms a concentration 

amount of the subsamples was pipetted onto a coverslip and ashed in a 

muffle furnace (560° C ± 10 0 C) for 15 min. The cleaned diatoms 

were then mounted in Piccolyte and examined under a wild M12 

Microscope. This method allowed accurate identifications of diatoms in 

t he whole subsamp Ie by comparison with cleaned diatoms in the ashed 

sample. In order to convert the cells/cm2 to biomass values it was 

necessary to estimate the volumes of cells of the various species. 

Volume estimates were made by approximation us~ng geometric shape or 

shapes that most closely resembled the shape of the cell (Findenegg, 

1969) . 

Identifications were based mainly upon the works of 

Bourrelly (1966, 1968, 1970), Cleve-Euler (1951-1955), Desikachary 

(1959), Hilliard (1966, 1967), Hustedt (1927-196..+), raged (1974), 

Nygaard (1977), Prescott (1962), Patrick and Rei;ner (1966,1975), 

Skuja 0948,1964), Sreenivasa and Duthie (1975), Whitford and 

Schumacher (1973). 

Not all the slide samples were analyzed because they were 

taken only as a supplement to the natural substrate samples. All 

samples have been retained for possible future reference. 
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It had been proposed to use chlorophyll ~ as the measure 

of '?eriphyton biomass. The samples ,,-'ere taken, b,.!t the analytical 

results were considered unreliable, and the met:'lOd of volumetric 

estimation noted above was substituted. 

4.1. 3 Data Analysis 

Biomass, usually as chlorophyll 2., has often been found 

useful as an overall indicator of algal responses to environmental 

conditions (eg; Vollemyeider 1974). Changes in the total quantity of 

algae could reasonably be expected in response to siltation (decline) 

or nutrient enrichment (increase), t',yO of the most pronounced impacts 

on water quality in this study (Section 2.0). In toe data analysis, 

log (x + 1 )--transformed tlBtal algal biomass was analyzed in analysis 

of variance to detect differences among stations that could be related 

to impact from muskeg drainage. 

Some environmental changes may have had se~ective effects on 

the flora, causing changes in the speCies coopos:':::ion of the algal 

c ommu ni ties. Tes ting of this hypothes is required tnat the large number 

of species variables be reduced to a managea:-le quantity. This 

reduction was accomplished first, by selecting species according to 

the" 10% rule", then by reducing the number of varia')les still further 

through principal component analysis. Both proced:.:res are described 

above in Section 3.1.3. 
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4.2 Results and Discussion 

4.2.1 Taxonomic Composition 

The compos ition of the periphytic algal flora is summarized 

by major group in Appendix Tables Bl to E9. Table 50 summarizes the 

taxonomic composition by species. 

A total of 244 species from eight major gwups (Divisions) 

was recorded in the study. Hore than half (53.7%) were Bacillariophyta 

(diatoms), which accounted for 131 species. None of the remaining 

Divisions accounted for more than 20% of the spe21es. Ch~orophyta 

(green algae) were represented by 47 species (19.3%), Chrysophyta 

(yellow-brown algae) by 26 species (l0.7%), Cyano?hyta (b:'ue-green 

algae) by 23 species (9.4%), Cryptophyta (cryptomonads) by 9 species 

(3.7%), and Rhodophyta (red algae) and Pyrrhophyta (dinoflagellates) 

each by 1 species (0.4%). 

The number of alga species found in this study is higher 

than that found in other similar studies on rlvers 1n Alberta, 

including several in the AOSERP area CTable 51). The relative 

proportion of the total number of species comprised by major groups, 

however, is about the same as in other studies. Differences in the 

n umber of species recorded in these studies is not ne.::essarily related 

to ecological conditions in the · .. :aters examined, but may merely 



Table 50. Species composition, single cell volume, maximum abundance, month of maximum abundance, and substrate type colonized, 
periphytic algae in the ~'uskeg River and Hartley Creek, 1980. 

Single Naximum abundance (natural/slides)l Month of
2 

Cell Station VolUme ~'ax;mulO 
Taxon (\1m]) 2 3 4 5 6 7 8 natural/slides Substrate' ...... 

w 
Chlorophyta 

w 

,111i<i:Jl.r·"r/emlnlf) (!onT'ol.IIUw ~O 1/2 1/3 2/3 1/2 1/2 2/0 0/2 0/2 6/6 sew 
11. jid"" /. aU GO I/O 2/0 2/2 2/2 2/2 2/0 0/2 2/0 5-0/6-8 sew 
A. j"a1catu:1 var. (wicularoia 340 2/0 1/2 2/0 0/2 0/2 2/0 6/6 SG 
iJll l.boclwc te s p. 400 3/0 7/0 S 
CW'~er'ia klebuU 180 1/0 7/0 S 
C/toetophol'a sp. 625 2/0 8,10/0 S 
Chlamydomonas spp. 80 2/2 2/0 2/0 2/0 1/0 1/0 5,6/6 SGW 
Coe l-O!; I,I'um m-iel'OpOl·u.m 2G8 2/0 8/0 S 
Clo:1 tel'i/an dianac 28 000 0/1 0/10 G 
c 1. !ll'Gci le 8 200 I/O 10/10 W 
Cl. leib7.einii 26 363 1/0 1/0 5,8/0 S 
Clo:1ter'iwrI spp. 24 980 2/0 1/0 1/0 5,8/0 SW 
Co:;rnm'l~!lJlI spp. 9 430 2/0 2/0 5/0 S 
Cr'ueigellia quarlr·ata 30 2/0 2/0 2/0 0/3 7/7 SG 
[)'i(,tyuaplwer'iuTII pl'l~maT'dm 20 3/0 3/3 3/3 3/2 0/3 6/6 SG 
l:'u(lutl'opoiu !'1:chtCT'i 80 1/0 7/0 S 
J:o l ie Z 1a lOIlUise La 85 1/0 8/0 W 
Mm,O/'apltiJiwn (l1'Clwt.wn 80 1/0 S 
f.iuuucolia spp. 3 000 3/3 0/3 0/3 I/O 2/0 8/8 SG 
Ncpl11'(Juyt illm auar'dh imlliln 120 2/0 8/0 5 
OcdogurI r:/lm spp. 1 1tJ5 2/3 2/0 2/2 2/0 2/0 5,7,8/8 SWG 
(Jo('~!lG(,£~; bot:'uci 420 I/O S 

Continued 



Table 50. Continued. 

Single Maximum abundance (natural/51 ides) 1 Month of 2 Cell Station Volume ~laximufl1 
Taxon (11m' ) 2 3 4 5 6 7 8 natural/slides Subs tra tel 

Chlorophyta (Continued) 
Ooo!lotia parva 38 1/0 2/0 2/0 2/0 7,8/0 S ,.... 
"j,,firtuf,,,r'ltfll /1(}I'Jjfllulfn 80 3/0 7/0 S I,.,J 

I'. dUIJlex 60 3/0 8/0 S 
.l:"-

I'. Leir',1ll 28 2/0 7/0 S 
!'laiUll1ollw) sp. 120 1/0 8/0 W 
Dce1tedu:Jftlu:J al)llnda718 38 2/0 8/0 S 
D. al'<?1/(liu:; var. platueiiuea 38 1/0 2/0 0/2 8/7 SG 
s. bijuga 38 1/2 2/0 3/0 2/2 2/0 7/5,6 GW 
s~ denl'ieuZatlis 50 1/0 3/0 2/2 3/0 7/7 SG 
n. dimol'pltlw 180 2/0 2/0 8/0 SW 
,l;eellude:Jm!lu lOll[JU:J 58 2/0 2/0 7/0 S 
,;. ubli<lllla) 220 2/2 0/2 2/0 3/2 0/2 7/6,7 GS 
:;. (llI(uir'/cllruifl llJO 2/0 2/0 2/2 0/2 2/0 0/2 7/7 SG 
.'l. :Jt! y'('a iU:J 38 1/0 2/0 6/0 S 
.';"O//J'j"icldia (!omplanata 20 1/0 7/0 s 
,:piro(l!ll'(/ spp. 16 960 1/0 2/3 1/2 0/2 1/0 0/2 8/5,7 SG 
:.;t iUCOU/Ollilllll uL.agllai1:Ze 5 000 3/0 3/3 4/0 SG 
:_;/,. Itr.:man 462 0/3 3/0 3/0 0/2 3/0 5,7 /8 SG 
'/'l:Jil'llt.'dl'UIl 1fIi.11 imum 150 1/2 2/0 1/0 1/1 0/1 2/0 1/0 B/B SGW 
1'. ml:,l"imwn var. teiT'alobatulTl 75 2/0 7/0 S 
1'. (Juzula iWII 110 1/0 8/0 S 
Ulol)u·ix ulIbti ll-istJima 435 2/0 10/0 S 
i:!lU"';I1li/ spp. 18 000 2/0 7/0 S 

Continued 



Table 50. Continued. 

Single Maximum abundance (natural /s 1 ides)l Month Of2 Cell 
Volume Station Maximum 

Taxon (pIIIJ) 2 3 4 5 6 7 8 natural/slides Substrate' 
...... 

Cyanophyta w 
VI 

1111'ri>acna flol1 - ai/Hac 50 2/0 2/0 3/0 4/0 7/0 S 
,1. I'II/·iu/,i /./" Ijl" .1 0/3 3/0 li,11/5 ~~G 

Anabaena spp. !.JO 2/0 1/3 3/0 3/0 2/0 2/0 B/13 SWG 
Calot:/rl·ix spp. 60 2/0 7/0 S 
Chaclllucu'ir1101/ inm'w; t(llW 20 0/2 2/0 2/2 0/3 5/6,10 SG 
(:/zpuo(.Jo(!euu l "imnet;'ieu~; iBO 2/0 2/0 7,8/0 S 
(:ltt'. mi,tlltlU; 60 2/0 13/0 S 
Coe lO;;F/we1' illl7l' kll t:: i IIsri(lll/llll 20 0/3 0/7 G 
r;7o(!(lcal>::a )'ltf,(';:trin 38 2/0 2/0 I/O 2/0 0/3 5.7 /10 SWG 
t:olfll)/lol;{J/ta.! r'J:tl ! ill '[UI t 1'/:; '15 0/4 0/6 G 
I'ijtl~ll)!!'l (h ... ·'·U!liflL·(1 - (,!(:t..'l'u!ca 'IS 2/0 3/0 6,8/0 S 
/" hil'Uel 235 3/0 5/0 S 
/.!.'t·iwI/<'lh . .'d/u 'J{lIUI~1l ," .J 3/0 0/2 2/0 l3/tl SG 
N('~Jt.o(~ 1}·ltt~d(}:}l{!!1 35 3/0 4/4 7/5 SG 
();;{~/ l'ai,f/'ia (J1fl(}Ut:(! SO 3/0 10/0 S 
O. <lUat'./lrii 50 3/0 4/0 3/0 3/0 4/0 5,7/0 S 
o. l-ilnnet.t"(!t1 10 3/0 2/0 7/0 S 
o. f ilt/o:rtl 70 0/2 3/0 6/6 SG 
n. millllc:Jol<.'lI:.Jl:J 32 3/0 3/0 0/3 5,7/8 SG 
/!jzol"l1idiu/fl t(;tlUt;! 10 4/4 4/4 4/3 4/0 3/2 4/0 0/3 0/4 5,7-10/6,8 SGW 
Ui <'II 1m'La hrlCtnat 1: teL' 50 2/0 2/0 3/0 6/0 S 
'l'olypotll1'{x dt"tUl'ta 235 3/0 8/0 S 

Continued 



Table 50. Continued. 

Single Maximum abundance (natural/slides)l Cell Month Of2 

Volume Station Maximum 
Taxon (11m3 ) 2 3 4 5 6 7 8 natural/slides Substrate3 

>-' 
w 

Chrysophyta '" Iii t,'/dd<1 (Jlndat,; i 80 1/0 6/0 S 
C'!If'UU:1I lit/a sPl', 20 1/0 2/0 1/0 6,7/0 S 
C'll1'vsoeJa'ollfu 1- {rw pal'va 20 0/1 1/0 1/0 5,7/6 SG 
ChJ'YDlJ(:occus f'ufe3CCnIJ 100 4/3 4/3 3/3 3/2 2/2 3/0 0/3 0/3 6/6 SGU 
Vinobr'vorl Cl'em,zatwn 260 1/0 5/0 S 
[I. dilJur'uellu 260 1/0 1/0 2/3 2/1 0/2 6/6 SG 
f). ae1'l.ulat,la 240 2/0 2/2 2/0 2/0 0/2 2/0 0/2 6,8/6 SG 
lJ. Goe"iale 280 2/0 3/0 2/0 2/1 1/1 0/3 6/6 GSW 
r.~)iVi:r;[:: (J!'Goi Uv 60 1/0 0/1 6/7 SG 
!-:. t /I/;U l.o:1<l 60 011 0/1 0/7 G 
KL'/)!tV,·iorl I ittm'ale 30 1/2 11 011 2/0 0/2 7/6 SG 
Mrl71 (l1Ii(J//(l.'1 (lk t'OI«lIllOIl 880 I/O 6/0 S 
M. Gl'{lunt"U({UtIl11cl 2 415 1/0 6/0 S 
M. tOTnJlO'ata 509 2/2 3/0 2/2 0/2 1/0 0/2 6/6 SG 
MIJtIOil{YfJ otll'ian:J var. "(luanu 78 2/0 6/0 S 
Oulz/'uft/mIGD spp. 33 110 2/0 6/0 S 
l':lcudokephY"ioll p:;eudoapil'a Ze 35 2/0 2/0 2/0 I/O 2/0 011 6,7/7 SG 
". II t.t'/a/.um 40 1/0 1/1 1/0 0/2 6/6 SG 
j'. lllirill [.(1 L iev £11111111 45 2/0 I/O 7/0 S 
pUL!lldupudille l Za (!l'Kelll:iv 120 I/O 6/0 S 
.C;a 1-{) /":ljO{x'(1 fr'C(llien i {:J[J i"lll 60 0/2 0/1 0/6 G 
:)·~tltlotJal!J.£ lI1ullil.i[el'(l 30 1/0 1/0 6,7/0 S 
L;piwij"e,'ornc)//(w vOlI/'utlii 66 3/0 0/2 6/6 SG 
.')'YTaH'tl peicl'aen £ t: 180 2/0 2/0 1/0 1/2 0/2 6/6 SG 

Continued 



Table 50. Continued. 

Single Maximum abundance (natural/slides)l Cell Month of 2 

Volume Station Maximum 
Taxon (\Jm' ) 2 3 4 5 6 7 8 natural/slides SUDstrate J 

,.... 
w 

Xanthophyta -...j 

1'1,[./JOllema !l trial< lOl)wn 1 256 3/0 0/3 3/0 0/3 6/6,7 SG 
T. /J{J/II/J!/"illllltl 1 256 3/0 7/0 S 

!Jacillariophyta 
AeltllCll1 the:] lwwaolata 140 2/0 2/2 2/2 1/0 1/2 2/0 0/2 0/2 5-7/5,7,8 sew 
11. lWlCeolata var. duvia 130 2/0 1/0 6/0 S 
A. l {,war'i" 180 I/O 2/0 1/0 1/0 0/2 7/5 esw 
11. 1ft ,:<.: r·oeeplra 'La' 130 2/0 8/0 S 
A. rnilllitif][~blla 150 3/2 3/3 3/2 3/3 2/2 2/0 0/3 2/3 5-8/5-7 sew 
A"h'UJIlt/WU spp. 120 1/0 2/0 2/0 5,8/0 S 
AlIIl'itOl'U vvrlZ iv 2 500 I/O 2/2 2/0 1/2 6-817 ,8 SG 
Am. pCl'[llll1i tla 180 I/O 8/0 S 
11111(,;'i/;/''-'III'" (h·lltwirl,1 3 200 3/2 3/2 I/O 2/2 2/2 2/0 0/2 1/2 5/6-10 SGW 
,1f!Of!l{lU1!(J°iu vi tr'ea 360 I/O 0/2 7/6 GS 
('(lloneia v,:lItr'l>olJa 1 200 I/O 10/0 S 
Co(}uoflaiu /,eJieu ltlll 3 680 0;2 0/2 2/0 I/O 1/0 6,716 SG 
Co. placeniula var. l.ineata 1 200 2/5 2/4 3/4 3/5 2/4 3/0 0/4 2/4 5,7/6-8 SGW 
Cy"lot.ella glomel'at-a 220 2/0 2/2 2/0 sew 
Cy. meneahiana 750 1/0 I/O 2/0 2/0 I/O I/O 2/2 8/8 GSW 
Cy. ateUigcl'CI 80 0/2 2/0 3/0 0/2 6/6 SG 
CYUVI t.op leHI'(l :;u lea 50 774 1/0 1/0 1/0 5,6,8/0 SW 
('!I"i!>.:iZ(1 aJJi1ziD 1 800 1/0 5/0 S 
CYII/f.,c·l.l." eini.llla 12 ~GO 2/0 2/0 0/1 8/6 GS 

Continued. 



Table 50. Continued. 

Single Ma x imuOl abundance (natura l/s 1 ides) 1 

Month of 2 Cell Station Volume Maximum 
Taxon (pm' ) 2 3 4 5 6 7 8 na tura 1 /s 1 ides Substrates' ...... 

w 
CUII/b. eymbiformiv var. / 

(X) 

fW!l(1I/1W tea ~(l 7 950 I/O 8/0 SW 
c'ymbella lWla~a 240 2/0 8/0 S 
Cymbe lin laneco lata 292 491 0/2 I/O 2/2 8/8,6 GSW 
r:YlTlbe lla mhzu ta 280 2/2 3/2 3/2 2/2 1/1 2/0 0/2 0/2 5/6-10 SGW 
(ijlnbe lla mtcl'oeepha Za 120 2/0 I/O 7/0 SW 
(:!llIIbe II (J "dmdrz f. /a I-e nil 140 1/2 8/8 SG 
c'{IIIIi). IJ/'o:J~/'(/La var. / 

cnwl':J/Jaldii 2 200 1/0 8/0 S 
(:{llIIiJ"I/u uinl/fi/«( 120 1/0 1/0 2/0 0/1 0/2 7 /6. to SG 
/II.'I//,,>,i/<I tellldll 200 0/1 ·0/10 SG 
Ilia/,I/I;/ hie'/II,t/e val'./ 

!ftC'j!,J""1I 17 GOO 'I/O 5/0 S 
fJt:. !ell:ld HiO 3/0 2/2 3/2 2/2 0/2 3/0 5,6/6 SG 
1' /, 1.,'I11,,! var. e7.oll(/((/.,,1<I 450 2/0 3/3 2/0 5,8/B SG 
1''-. "',}:/rll',· 22 (jOO 'I/O I/O I/O 10/0 S 
Ili/,l'JI,el:! oiJ/olI!/ella BUO I/O 7/0 s 
1-.'11 t 0/11, ltm <.d:; 1',1 ludolJ<l 33 650 0/2 0/2 0/5 G 
I-_,d [",:11Iitt lJ(/l't.!;C 3 BOO 'I/O 2/0 2/0 I/O 2/2 2/0 5/10 SGI~ 

l·.i-,i~ltell/ia tur'lIida 12 000 3/2 2/2 2/2 2/1 1/2 2/0 0/2 0/2 5/6,8 SGW 
Jc'W/O ~ fa (/j'ezw va r. binderl8 480 0/1 0/10 G 
F.'l/rzo/Ja ad",,/.u 360 0/2 0/8 G 
Ic'zmutio <JlII'"i'(Jla 452 I/O 0/2 1/2 1/2 0/2 0/2 5-8/6-10 SGW 
EWIO~ ia j"lexl{u:Ja 4 500 I/O 8/0 W 

Continued 
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Table 50. Continued. 

Single Maximum abundance (natural/slides) 1 

Cell Station Month of 2 

Volume Haxill1ull1 
Taxon (11m3 ) 2 3 4 5 6 7 8 natural/slides Substrates 3 

...... 
w 

Baci llariophyta (Continued) \0 

[,'1/110 t -ia lor·mica 8 200 1/0 8/0 W 
i':ullotia pect illaZ ia va r. minor' 335 0/2 1/2 0/2 0/2 8/8,10 \~G 
Elmotia spp. 848 1/0 1/0 0/2 0/3 SG 
Fr'il(] £lm'£a capucina 200 0/3 0/2 2/3 8/8 ~:.G 
P. capl/cilla var. meaoZepta 200 2/0 1/0 8/0 SW 
1:'. eOflGtrUCI'lS 200 2/0 I/O 5,8/0 S 
F. <,,,lIlll-r'IW/1Il .var. ldlloduu 260 0/2 2/0 0/2 6/6 SG 
F. (!c,,,tonefl:J lv 480 2/0 7/0 S 
F. pimwta 120 1/0 1/1 2/0 7/7 SG 
t. vtIllehcl''iae 220 3/0 2/0 2/0 2/0 2/0 5/0 S 
1-'. Vil·L.!~;(!ell:; 210 3/0 3/0 3/3 2/3 2/3 2/0 0/3 5,8/6-8 SGW 
Fmai Zw·-ia spp. 320 1/0 0/2 0/2 6/6,10 SG 
"','unf-,,l i" 1'/t"",/,,,{dr!1f 1\:, 200 I/O 0/1 0/2 I/O 0/2 0/2 5 .7/6,3 SG 
GO/l/pItU/lI.!lIk1 at:wlII nil iI/III 1 885 2/0 2/2 2/2 1/2 0/2 2/0 0/2 0/2 5,7,8/6,8 SG 
G. (WllIllillatWII var. cZal.'WJ 1 017 2/0 5/0 S 
G. <.1f/<jl,uLI/LHr" 350 2/0 3/2 3/0 2/0 2/0 I/O 5,8/6 SGW 
(;. dluh.)i.OfllUfN 460 0/1 0/10 G 
(;,P''1,J{(!flrml1I hr'{'!,lli:JO" ii 1 300 1/2 0/2 6/6 SG 
(i. '/}'[': II., 2 412 I/O 6/0 S 
G. (fJ'acile 210 0/1 0/4 0/10 G 
G. int,l'icatlfm 1 400 2/2 2;2 1/0 0/2 I/O 0/2 0/3 5,6/10 SG 
n. u/it\(lr O{"IIll1 4?O 3/0 1;0 011 10/10 SG 
Go. 1/'I1'Vt~ lum 340 3/3 2/2 2/2 2/2 2/2 2/2 0/3 1/3 5/6,8 SGW 

Continued 
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Table 50. Continued. 

Single ~'aximum abundance (natural/slides) 1 

Cell Station Month of 2 

Volullie Maximum 
Taxon (1,1Il' ) 2 3 4 5 6 7 8 natural/slides Substrates J 

..-

.p.. 

8acillariophyta (Continued) 0 

r.. "11/'" / (Iii" (:wn va r.1 901\ 2/0 5/0 S 
t)tJtlIlIlIIi.,Jlllfrt 

G. tJ'IIII(!ut./I111 1 492 3/0 3/2 2/2 2/2 1/2 2/0 0/2 2/2 5/6.8.10 SGW 
G. t'entl1itJo[;uJn 7 380 2/2 8/6 G 
GOlllpltullclI/a S pp. 280 3/2 3/3 3/2 3/2 0/2 2/0 0/3 2/4 5/8 SGW 
Cyt'uuiuma aCliminatwlI 46 158 1/0 0/2 2/1 0/2 1/0 0/2 8/6.8 GS 
/lall I. :welda Omf)lduxyu 1 230 0/1 0/6 G 
/lawwa aI'CW; 750 2/0 6/0 S 
/lowwa at'cWl va r. umpldoxya 385 011 0/10 G 
Me lvuir'a val'iam; 1 000 3/3 3/3 2/2 2/2 I/O 1/2 5,8/6,8 SGW 
Meridivll Cil'uldm'e 1 000 0/2 2/0 5/6 SG 
NlltJ{:(!1l1a OflUlIlJta IjflO 1/0 2/0 0/1 1/0 0/2 8/7 SG 
N. (/ I'th!lW iu 75 I/O 0/1 0/2 7,8/8 SG 
N. mIT'ora 2 800 2/0 8/0 5 
N. "'l[)i~a(J 2UO 1/0 2/0 2/0 0/2 1/2 0/2 2/0 5,8/6-8 SG 
N. el'up~o(!el'ha la 400 3/2 3/2 3/2 2/2 2/3 3/0 0/3 2/3 5-7/6,8 SG 
N. (!/'Yl'lo<!(}phaZa var. v,mtel' 220 1/0 1/0 3/0 2/0 0/1 2/0 0/2 0/2 5/8 SG 
N. UW'viti<lta 131 Wi 1/0 5/0 S 
N. eluirwrwiu 1 050 1/0 0/1 7/7 SG 
N. f]l!li'l(;n~tl:H Vilr. l'O:Ji-"lI(li,a 1 050 2/0 1/1 8/10 SH 
N, l<l1I"l:u[atCl 425 I/O 7/0 5 
N. m",/i,:el<lwJ 340 I/O 2/0 1/0 8/0 S 

Continued 



Table 50. Continued. 

Single Maximum abundance {natural/51 ides)1 
Cell Station Month Of2 

Volume Maximum 
Taxon (\1m3 ) 2 3 4 5 6 7 8 natural/slides Substrates J 

I-' 

Bacillariophyta (Continued) 
.t:--..... 

N. [Jl<pula var. l'<)otunOllZar>ilJ 460 1/0 2/0 2/2 2/0 1/0 0/1 5,6,8/6 SG 
Navi(!l( la r-adiosa 3 240 2/0 2/2 0/2 I/O 2/0 1/2 5-7/6,8 SGW 
N. r>einiIardt1:i 9 350 I/O 0/2 1/0 6/6 SG 
N. rhYTiooocplJaZa 1 850 I/O 1/2 0/1 0/2 6,8/8 SG 
N. ,wz.inal'/lJl/ var. /lltCl'mcJ{a 920 1/2 2/3 3/2 2/2 2/3 2/0 0/2 0/2 8/6,8 SGW 
N. ""[1"/1",,1 rJl" 1 an4 3/2 2/2 2/2 2/2 1/2 2/0 0/2 5/6-8 SGW 
N. ~lw(:!ll<l 1 450 1/0 7/0 s 
N. vir·-[dllla 2 200 2/0 0/2 1/0 0/2 1/2 8/8 SGW 
N./Vi'Jl,10 spp. 400 3/0 2/2 2/0 1/2 0/3 2/0 0/2 2/2 10/5 SGl4 
N..:idiwn /;l:llode 520 2/0 8/0 S 
Nii~H(!hiu ueicII/JI'is 110 2/2 2/3 3/3 2/2 2/2 2/0 0/2 2/3 5,6/6 SGW 
Nfr. ((IIII,hi};f'1 80 0/1 G 
N [L. (Jell'i (0 l.la I.a 5~0 2/0 110 5,8/0 s 
Nit. di:.nrip<1ia 300 2/2 1/2 2/0 2/0 0/1 2/0 5-7/6 SG 
flif .. rlillllr","lfcl v(}r. (fr'fll(( HOD 0/1 0/2 0/6 G 
Nil. j',lIltioJ;I/(l 145 1/0 1/0 8,10/0 S 
Nll. liliL:(]"i:J 7~O 1/2 2/0 1/2 1/2 I/O 6/6,8 SGW 
Ni I. /"ll,:" 375 1/0 2/2 1 /0 2/0 '1/2 2/0 0/2 2/2 8/7-10 SGW 
N! t. t'c!uLo. 2 120 l/U o/e. 1/0 ufo GS 
Nit. aiuma 280 0/2 1/0 2/1 1/2 2/0 0/3 0/2 7 ,8/6 SGW 
til I,. If (:I"lol,zc(f 15 150 1/0 'l/O 6/0 S 
IV/t-. t'L.'i'mic!u!(ll'iv 8 245 I/O 2/2 2/2 1/2 0;2 1/0 1/3 !),6,U/O S(;W 
,vi t:;;;eiria spp. 350 3/3 4/3 3/3 3/3 2/4 3/0 0/3 2/4 8/5,10 SGW 

Cont inued 
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Table 50. Continued. 

Single Maximum abundance (natural/slides)1 Cell Stat ion Month of2 
Volume MJxill1uOl 

Taxon (I'm') 2 3 4 5 6 7 8 natural/slides Substrates) 
...... 
~ 

Bacillariophyta (Continued) N 

['illl/l< laJ'ia bicepH 9 220 0/2 I/O 1/0 7,B/B SG 
I'. lIIulJolepta 6 800 1/0 1/0 0/2 0/1 6,7/8 SG 
1'. L'lr'hUv 53 000 i/O 1/0 7,B/0 SW 
Pilllllllm'ia spp. 7 250 2/0 1/1 0/2 1/0 0/2 5/6 SG 
lillOiuolJpilenia cw'vata 320 2/0 2/0 0/2 0/2 2/0 5,6,8/B SG 
/ll/O/,a /odia flibba 6 100 2/2 2/2 3/2 2/0 1/1 2/0 1/0 7,8/6-B GSI~ 
lillOf'. o/l,ba. Vilr. VelliT'-ioo:Ja 19 079 2/0 1/2 2/0 0/2 2/0 0/2 2/0 5-8/6,B SGW 
Dtalll'Ollei~ aneeps 1 480 1/0 0/2 I/O 8/8 SGW 
s. fun£thil 420 I/O 7/0 5 
:.:t.eplull/odi :WIIH h(/11 t;w(!hia 172 2/0 6/0 S 
.','1l1,jpelia anUII:Jlal.a 1 1)62 2/0 2/2 2/1 0/2 2/2 0/2 1/0 5-8/6-8 SGW 
,f;tt. I i"f!(Jr';n 75 285 1/0 6/0 S 
::!lIII!1 ",[ I ill lUll I UUO '1./0 UU 5,&/0 5 
.:;y. (Jlllphi(jep/tala var. a:J.lJtJ'·iaa<l 320 2/0 5/0 S 
:;y. <'!II.' I, '/>ltm 426 1/0 5/0 S 
:;y. del ic!uti:will/(/ var./ 

all!lu:~ t i :rDi"i(] 2 500 0/1 0/10 G 
t:!I. }'f.lriiafllt 260 0/2 3/3 2/2 2/2 1/2 1/2 8/6 SGW 
.~'!I. U/.fltl 4 2~O 4/2 3/2 4/2 3/2 1/2 4/0 0/2 0/3 5/6 SGW 
';y. II /.l/a va r. u/zaaell(l 8 810 0/2 0/8 G 
{;y. lltl/a va r. HlJ.baequCl 1 ia 9 232 0/2 0/2 0/2 8/8 GW 
:;y. u lila Vel r. dllll iea 9 232 2/0 2/0 2/2 2/2 2/2 2/0 0/2 0/2 5-8/6,8 SGW 
Sy. tenel'a 280 1/0 1/0 3/0 2/0 0/2 1/0 5/8 SG 

Cont inllC'd 



Table 50. Continued. 

Taxon 

Bacillariophyta (Continued) 
Synedr'a s pp. 
Tube Uaroia fenca tl'ata 

[uglenophyta 
[-,iIU[<:I/(1 GC'IW 

f:. !lI'aail is 
1'I1UCUU (!Gudatua 
1i'aclte lomurwa hivpida 
T. ltiHl'ida Val': COI'O/w/.a 
1'. volvocilla 

Cryptophyta 
(:Ill'(.J()"'c ""'t:J (~(}e"u tea 
c. 11<JI',I:1lc(l/.U 

L'/'!I/d, '1I/!"}fl(ltJ /n'uvi:.J 
el'. Ol'oua 
C/'. 111'/1'01:011/ i 
(.'1'. uvata 
C}'Y1Jtoll/,ma:; spp. 
Hlior!.)!!IdfHll' "n'flllt.(/ 

Single 
Cell 

Volume 
(11m 3 ) 

650 

4 500 
2 200 
1 200 

12 073 
12 073 
1 440 

45 
120 
auu 

2 000 
4HO 

2 200 
800 
132 

H. IIdlllda val'. Il<IlIlwplallktoll'iea 40 

2 

1/3 

2/0 
1/0 
1/0 
1/0 

I/O 

2/0 2/0 
1/0 
1/2 

I/O 3/0 
1/0 

Maximum abundance {natural/slides)l 
Station 

3 4 5 6 

2/0 2/3 0/2 2/0 

1/0 
1/0 1/0 

2/0 

2/0 1/0 

2/0 1/0 I/O 
I/O 

1/0 
1/0 

I/O I/O 

2/2 2/0 
1/2 1/0 

7 

0/3 

0/2 
0/2 

Honth Of2 
Maximum 

8 natural/slides 

6/6 
5/8 

0/2 6/6 
7/0 

0/2 8/8 

6/0 
8/0 

8/0 
ll/O 

5,8/0 
5/0 

6,7/0 
5/6 

5,7/6 
6,7/6 
6,7/0 

Continued 

Substrates 3 

...... 
JO-

SG \.oJ 

SG 

SG 
S 
SG 
S 

SW 

SW 
S 
$ 
S 
S 
SG 
SG 
SG 
S 



Table 50. Concluded. 

Single 
Cell 

Taxon Volume 
(IJII13 

) 

Rhodophyta 
Awlouinetla m:07cw'''(1 960 

Pyrrhophyta 
l'el'idiniwn illcon:;pic.1Iwrt 1 380 

4/0 

1 order-oF-magnitude index: 1 .; 100 cell S/CIII' 

2 

3/0 

. 2 
3 
4 

101 - 1000 cells/cm2 

1001 - 10 000 cells/clII' 
10 000 - 100 000 cells/clII' 

5 > 100,000 cells/cm2 

l rlwlluer of month: b late IIpril - early May 
6 June 
7 ,lilly 
8 lIugust 

10 October 

J S stones; W wood: G glass slides 

.. 
Maximum abundance (natural slides)! 

Sta t ion 

3 4 5 6 7 

3/0 

I/O 

Month of 
Maximum 

8 natural/slides 

5/0 

5/0 

Substrates] 

S 

S 

....... 
~ 
~ 
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Table 51. Percentage of total number of species of periphytic algae 
by botanical Division, several Alberta r.iver studies . 

. . . . . .. 

Present Athabasca Mackay S.Sask. 5 AOSERP 
Study Riverl. River 2 River 3 . Ri versli 

Number of species 244 191 142 201 197 

Chlorophyta 19.3 17.8 17.6 22.4 16.2 

Cyanophyta 9.4 11.0 16.9 12.9 16.8 

Chrysophyta 10.7 8.9 5.6 < 6.5 0.5 

Baccilariophyta 53.7 61.3 56.3 58.2 63.4 

Euglenophyta 2.4 2.1 0.5 

Cryptophyta 3.7 1.0 1.4 1.0 

Pyrrophyta 0.4 

Rhodophyta .",; 0.4 1.5 

1 
McCart et al (1977) - glass slides 

2 
McCart et al (1978) - glass slides, plexiglass plates 

3 

Green and Davies (1980) - stones 
It 

Hickman et al (1979) - stones, plankton 
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reflect differences 1n the number of samples, types of substrate or 

number of stations examined. 

Total algal abundance and biomass was of similar order of 

magnitude on natural substrates (mainly rocks) and glass slides, 

usually ranging from 1 x 105 cells/cm 2 to 1 x 10 6 cells/cm2 , 

and 0.1 x 105 to 

substrate types (Table 52). There were some differences in taxonomic 

composition, however. Thirty-one of 33 slide samples were dominated,. 

in terms of abundance, by diatoms, but diatoms and blue-green algae 

usually dominated the natural substrate samples. One epiphytic diatom 

in particular, Cocconeis placentula variety lineata, dominated 

the slide samples, and was generally much less abundant on the natural 

substrate samples (Table 50). This species has been reported as a 

dominant on artifical substrates in the Athabasca (McCart et al. 1977) 

and MacKay (McCart et al 1978) rivers, suggesting that it is a species 

particularly adept at colonizing new areas. 

The data of Table 50 seem to suggest many other differences 

bet we en t he a 19 al floras of glass slides <lod natural substrates, but 

these must be interpreted with caution. Apparent differences in 

abundance of single species on slides and stones at each station may 

just reflect differences in the number of samples examined (fewer 

slide samples were taken at most stations, natural substrates \.;~re 

sampled only rarely at stations 5, 7 and 8) or differences in 

microenvironment. The slide substrates were not intended to mimic any 

particular natural substrate in any case. Apart fron the dominance of 



Table 52. Geometric mean and 95% confidence limits of total biomass of periphytic algae, 
Muskeg River drainage, 1980. Only samples used in the impact analysis are included. 
Data have been back-calculated from the log (x + 1) - transformed abundances. 

Stockner samples Slide samples 

Sampling 10 5 llm3/mm2 10 5 um3/mm2 

Station Period GM 95% conf. limits .. ,n GM 95% conf. limits n 

1 Apl~; l-r~ay 35.95 10.04 - 128.66 3 
June 0.39 0.11 - 1.32 3 
July 0.10 0.08 - 0.11 ,. 3 
August 0.05 0.02 - 0.14 3 

2 Apri l-t~ay 8.53 2.58 - 28.26 3 
June 0.56 0.14 - 2.19 3 ..... 

~ 

July 0.82 0.29 - 2.33 3 -...,J 

August 6.73 2.96 - 15.28 3 

3 April-May 12.13 6.73 - 21.86 3 
June 3.67 0.29 - 45.74 3 7.11 0 - 560,000 2 
July 2.96 0.93 - 9.38 3 5.75 0.08 - 408.15 2 
August 2.34 0.52 - 10.60 3 5.19 0.06 - 430.01 2 

4 April-May 2.53 0.88 - 7.30 3 
JUlie 0.80 0.02 32.56 .... 1.57 0.41 5.98 2 ~ 

July 3.76' 0.34 41.84 3 14.28 7.72 26.40 3 
August 0.54 0.02 - 15.60 3 9.04 0.82 - 100.00 2 

5 June 4.28 2.25 - 8.17 2 
July 0.95 0.75 - 1.19 3 

3.99 0.08 - 187.11 2 

Continued . . . 



Tabl e 52. Concluded. 
. ................. 

Stockner samples Slide samples 

Sampling 10 5 11m3/mm2 lOS ).Im3/mm2 

Station Period GM 95% conf. limits n GM 95%conf. limits n 

5 August 3.99 0.08 - 187.11 2 

6 April-May 12.21 0.97 - 153.40 3 
June 2.80 0.45 - 17.52 3 
July 5.90 1.45 - 23.96 3 
August 1.89 0.79 - 4.53 3 

7 June 0.94 ° - 913,000 2 ..... 
July 5.84 0.03 - 978.41 2 -I:' 

OJ 

August 3.64 0.45 - 28.91 2 
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the slides by Cocconeis placentula var. lineata and the 

generally lesser importance of blue-greens on slides, the glass 

samplers were colonized by a wide range of other algae that were 

common on natural substrates in the river, and the abundances achieved 

by these species on glass was comparable to that on natural substrates 

(Table 50). Few species were found only on the slides, and these were 

invariably present in low numbers. In general, the slides were 

colonized by a reduced (but still substantial) number of the 

periphytic alga species found naturally in the river, usually at 

.densities similar to those achieved on natural substrates. Evidence of 

environmental impr.tct detected in the slide sample data therefore has 

some meaning 1.n terms of possible damage done to natural algal 

communities in the r1.ver. 

Two other major studies (Lock and Hallac·e 1979, Hickman et 

al 1979) have reported algal species data for a location at or near 

our Station 2. The most abundant algal species in the present study 

cor res p on d mos t closely to those repor ted by Lock and Wallace (1979), 

but there are many differences. Hany of the most abundant genera we 

report (Table 50) are listed merely as IIpresentll by Hickman et al 

(1979). Differences among these studies could easily be due to 

differences in exact location sampled, year sampled, season sampled, 

or sampling method, but it would be worthwhile to arrange for an 

exchange of samples among investigators to reduce as much as possible 

differences arising from the t"L~onomic preferences of the various 

phycologists. 

In the June samples, particularly the Stockner samples from 

stations 1 and 2, algae which a:-e typically constituents of the 
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plankton of lentic waters, especially small chrysophytes and 

c ryp t omonads, were remarkably common. The chrysophytes alone accounted 

for approx imately 70% of the total numbers and 40 to 70;~ of the total 

biomass at stations 1 and 2 in June. These were certainly not truly 

epilithic at the time of sampling, and it seems most likely that their 

abundance in the samples is an artifact of the Stockner sampling 

method. Water drawn into the sampler as the plunger ~s lifted 

contaminates the sample with phytoplankton. In the great majority of 

stream studies this poses no problem, because plankton concentrations 

are usually low in streams, and the "phytoplankton" consists usually 

of small numbers of detached benthic algae. In the Muskeg River, 

however, a substantial temporary phytoplankton population could 

develop in the many kilometres of near-Ientic channel and connected 

pools above Station 2, particularly during periods of low flow, and 

these algae would be swept downstream with rising water levels. In the 

present case, the Stockner sampleS were collected during a short 

period of increased flow after a long period of low-flow conditions 

(Inland Waters Directorate, in prep.), and it is most likely that the 

upstream near-lentic areas are the source of the planktonic algae in 

the collections. 

It should be noted that the slide samples in June also had 

higher numbers of chrysophytes and other typical plankters in June, 

but the absolute numbers and proportion of total numbers were much 

lower than those cited above (Appendix B). This suggests that some 

plankters settle on the slides and/or are introduced into the saI:1?les 

in the adherent water. 



151 

In v~ew of the problem of possible sample contamination, the 

scraping method employ.::d by Hickman et al (1979) is clearly better 

suited than is the Stockner method to sampling in the Muskeg River, 

and ought to be adopted for natural substrate sampling in subsequent 

studies. 

4.2.2 Impact Analysis: Stockner S~ples 

Only the samples from the April-May, June, July and August 

sampling periods from stations I, 2, 3,4 and 6 were used in these 

analyses. Because of the high water, it was not possible to collect a 

camp 1 ete set of samp les in October, end Stockner samp les from stations 

5 and 8 were taken in only one sampli:1g period from sunken wood, roots 

and other large debris hard substrates. No stones were accessible for 

sampling at stations 5, 7 and 8. 

The S to c kn er sam? les used .... ere taken from approximately the 

same stony areas used for the bent:.ic invertebrate kick samples. As 

noted in the Benthic Invertebrate section, there was little choice of 

stony sampling sites possible above Station 2, so those selected were 

often not closely comparable. Sta:ion 6, the only available control 

station, was a swifter site than ti':e others, for example. (The sites 

were briefly described in Section 3.2.2). As for the kick samples, it 

was necessary in the analysis 0: the Stockner data to judge any 

differences at Station 4 as evidence of impact only if the Station 4 

value was clearly greater or less than that at all other stations, 
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on the assumption that Station 4. was not physically extreme, and 

therefore should not show extremes in its algal community. 

The rationale followed in :he impact analysis is analoguous 

to tha t used in the impact analysis :)f the benthic invertebrate data, 

and is described more fully in Sections 3.1 and 3.2. 

Table 52 summarizes the total biomass of periphytic algae in 

the Stockner samples. An analysis of 7arianceof these data (Table 53) 

demonstrated differences among stations in all four sampling periods, 

but multiple comparisons provided evidence that Station 4 was 

"extreme" only in the April-May peeiod, when it had a lower biomass 

than any other station (Tables 54 to 57). The samples were taken just 

two to three weeks after the mid-April flood from the minesite ditch, 

and the biomass reduction is cor:.sistent with damage from scour or 

obliteration by silt. 

Principal components of :he species abundance data were 

analyzed to examine differences in c0~8unity structure among stations. 

PC 1 accounted for 19.3% of the total variance in the data (Table 58), 

and can be interpreted as a comparison of planktonic species, which 

h ave high negative coefficients, and species typically associated with 

substrates, which have high positi\"-= coefficients (Table 59). As was 

pointed out in the previous sectior: (4.2.1), plankters were abundant 

only in the June samples, and then ?rimarily at stations 1 and 2. At 

other times and sites, therefore, PC 1 is primarily a measure of 

overall abundance of periphytic algae. 
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Table 53. Analysis of variance of total algal biomass, Stockner 
samp 1 es, 1980. 

Source . SS d.f. MS F P 

Station 7.07575 4 1. 76894 18.12 
Period 10.36440 3 3.45480 35.38 
Station x Period 11.23058 12 0.93588 9.58 <0.001 
Error 3.90569 40 0.09764 

Total 32.57642 59 

Simple Effects: Station 
Peri od SS d. f. MS F P. 

Apri 1 /~1ay 2.05132 4 0.51283 5.25 <0.005 
June 2.22977 4 0.55744 5.71 <0.001 
July 6.28305 4 1. 57076 16.09 <0.001 
August 7.74214 4 1. 93554 19.82 <0.001 

Simple Effects: Period 
Station SS d. f. MS F P 

1 14.74088 3 4.91362 50.32 <0.001 
2 3.36367 3 1.12122 11.48 <0.001 
3 0.90897 3 0.30299 3.10 <0.05 
4 1.42503 3 0.47501 4.86 <0.01 
6 1.15642 3 0.38547 3.95 <0.025 



Table 54. 

Station 

4 

2 

3 

6 

1 

Station 

P > 0.05 
*P<0.05 

** p < 0.01 

Multiple comparisons of total algal biomass~ Stockner samples, April-May 1980, 
by the Newman-Keuls procedure. Cell values are the Studentized range statistic Q. 
Stations joined by lines do not differ in total algal biomass. 

mean Station log (x + 1) 
]Jm3 /mm2 n 4 2 3 6. 1 

5.403 3 
~. 

5.931 3 2.927* 

6.084 3 3.775* ..... 
\J1 

6.087 3 3.791* ~--

6.556 3 6.391** 3.464-

4 2 3 6 1 



Table 55. 

Station 

1 

2 

4 

6 

3 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

Multiple comparisons of total algal biomass, Stockner samples, June 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. 
Stations linked by lines do not differ in total algal biomass. 

mean Station log (x + 1) 
].1rn3/mrn2 n 1 2. 4 6 3 

4.594 3 

4.747 3 

4.905 3 1.724 
~ 

I...rt 

5.447 3 4.728** 3.880* 3.004* V1 

5.564 3 5.377** 4.529* 3.653* 0.648-

1 2 4 6 3 



Table 56. 

Station 

1 

" L 

3 

4 

6 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

Multiple comparisons of total algal biomass~ Stockner samples, July 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in total algal biomass . . . 

mean Station log (x + 1) 
)Jm 3 /mm 2 n 1 2 3 .. ... 4 .6 

3.980 3 

4.912 3 5.166** 

5.471 3 8.265** 3.099* 
I-' 
Vt 

5.575 3 8.841** :1.675* 0--

5.771 3 9.928** 4.762** 1.663 

1 2 3 4' 6 



Table 57. 

Station 

1 

4 

6 

3 

2 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

(. 

Multiple comparisons of total algal biomass, Stockner samples, August 1980, by 
the Newman-Keuls procedure. Call values are the Studentized range statistic Q. 
Stations linked by lines do not differ in total algal biomass. 

mean Station log (x + 1) 
~m3/mm2 n 1 4 6. 3 2. 

3.730 3 

4.737 3 5.582** 

5.277 3 8.575** 2.993* 
..... 
Ln 

5.370 3 9.091** 3.509* -....j 

5.828 3 11.629** 6.047** 3.054-

1 4 6 3 2 
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Table 58. The first two principal components of algal species 
abundance, Stockner samples, 1980 

Species 

ChZamydomonas spp. 
StigeocZonium nanum 
Ankistrodesmus convolutuB 
A. falcatus 
Dietyosphaerium primarum 
Seenedesmus denticuZatu8 
Se. obZiquus 
Tetra~dron minimum 
Anabaena spp. 
Anabaena fZoB - aquae 
Nostoe paZudosum 
OseiZlatoria agal'dhii 
O. nrinnesotensis 
Phormidium tenue 
RivuZaria haematites 
Chrysoeoeeus rufescens 
Dinobryon sCl,tularia 
Dinobryon sociale 
MaZZomonas tonsurata 
Pseudokephyrion pseudospiraZe 
Ps. unduZatissimum 
Diatoma tenue 
Dia. tenue var. eZongatu~ 
Fragi Zaria vaudzeriae 
F. virescens 
Synedra radians 
Sy. tene2~a 

Sy. uZna 
Sy. ulna var. daniea 
Melosira varians 
Aehnanthes Zanceolata 
Ach. minutissima 
Cocconeis pZacentuZa var. Zineata 
Amphipleura peZZucida 
Amphora ovaZis 
Cymbe Zla minuta 
Corrrphonema spp. 
C. acuminatum 
C. angus tatum 
C. intrieatum 

Coefficents 

PC 1 

-0.517 
0.216 

-0.280 
0.253 

-0.808 
-0.049 
-0.058 
-0.116 
-0.028 
0.002 
0.145 
0.828 
0.029 
0.014 

-0.025 
-0.761# 
-0.135 
-0.734 
-0.652 
-0.458 
-0.225 
0.792 
0.375 
0.277 
0.776 

-0.046 
0.226 

-0.012 
0.147 
0.637 
0.226 
0.586 
0.615 
0:598 
0.019 
0.587 
0.696 
0.392 
0.912 
0.157 

Continued 

PC 2 

0.589 
-0.142 
0.380 

-0.092 
0.841 

-0.347 
-0.315 
-0.175 
-0.558 
-0.421 
-0.525 
-0.054 
-0.040 
0.259 

-0.125 
0.668 
0.326 
0.631 
0.558 
0.228 
0.292 
0.700 

-0.062 
-0.010 
0.148 
0.229 
0.213 
0.640 
0.060 
0.493 

-0.079 
-0.204 
-0.114 
0.295 

-0.072 
0.008 
0.502 
0.042 
0.596 
0.229 



Table 58. Concluded. 

Species 

G. parvu Lurn 
G. truncatum 
NavicuZa 
NavicuLa cryptocephaLa 
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NavicuLa cryptocephaLa var. venter 
NavicuLa saLinarum var. intermedia 
NavicuLa punctata 
Epi themia sorex 
Epithemia turgida 
RhopaLodia gibba 
Rh. gibba var. ventricosa 
Suril'e L Za angus tatum 
Nitzschia spp. 
Nitzschia acicuLaris 
Nitzschia dissipata 
Nitzschia vermicuZaris 
Rhodomonas ~inuta 
AudouineZLa vioLacea 

Variance explained 
% total variance 
cumulative % total variance 

Coefficients 

PC 1 

0.694 
0.810 
0.118 
0.935 
0.291 
0.098 
0.389 
0.495 
0.580 
0.326 
0.216 
0.461 
0.810 

-0.210 
0.282 
0.082 

-0.461 
0.614 

16.612 
19.3 
19.3 

PC 2 

0.127 
0.454 

-0.198 
-0.089 
-0.248 
-0.758 
0.281 

-0.302 
-0.351 
-0.309 
0.004 
0.314 

-0.462 
0.736 
0.296 
0.304 
0.059 
0.247 

8.206 
9.5 

28.8 
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Table 59. Species with the highest absolute coefficients (>0.250) 
for the first two PC's, algal abundance in Stockner 
samples, 1980. 

PC 1 

Phormidium tenue 
Synedra ulna 
Navicula cryptocephala 
Gomphonema angustatv~ 
Oscillatoria agardhii 
G. truncatum 
Nitzschia spp. 
Diatoma tenue 
Fragilaria virescens 
Gomphonema spp. 
G. parvulum 
Melosira varians 
Cocconeis placentula yare 

Uneata 
Audouinella violacea 
Amphipleura pellucida 
Cyrrbella minuta 
Achnanthes minutissima 
EPithemia turgida 
EPithemia sorex 
Suri1>e l la angus taturn 
Gomphonema acwninatv~ 
Navicula punctata 
Navicula cryptocephala 

venter 
Nitzschia dissipata 
Fragi laria vauc7zeriae 
S11nedra tenera 
A~kistrodesmAs falcatus 

PC 2 

var. 

Dictyosphaerium primarwn 
Nitzschia acicularis 
Diatoma tenue 
Chrysococcus rufescens 
Synedra ulna 
Dinobryon sociale 
Gomphonema angustatwT!. 

1.42 
1.20 
0.935 
0.912 
0.828 
0.810 
0.810 
0.792 
0.776 
0.696 
0.694 
0.637 

0.615 
0.614 
0.598 
0.587 
0.586 
0.580 
0.495 
0.461 
0.392 
0.389 

0.291 
0.282 
0.277 
0.266 
0.253 

0.841 
0.736 
0.700 
0.668 
0.640 
0.631 
0.596 

vs 

vs 

Dictycsph.aeriv~ 
primarurn 

Chrysococcus Y~fescens 
Dinobryon sociale 
;\fa llorr:onas tcnsurata 
Chlamydomonas spp. 
Rhodomonas minuta 
Pseudokephyrion 

pseudospiraZe 
Ankistrodesmus 

convC)lutus 

-0.808 
-0.791 
-0.734 
-0.692 
-0.517 
-0.461 

-0.458 

-0.280 

liavicu?-a salinal""v .. m 
intermedia 

Anabaena spp. 
Nostoc paludosa 
Nitzschia spp. 
Anabaena floc-aquae 
Ephhem'ia turgida 

var. 
-0.758 
-0.558 
-0.525 
-0.462 
-0.421 
-0.351 

Continued 



Table 59. Concluded. 

PC 2 

Chlamydomonas spp. 
Mallomonas tonsurata 
Gomphonema spp. 
Melosira varians 
Gomphonema truncatum 
Ankistrodesmus convolutus 
Dinobryon sertularia 
SurirelZa angus tatum 
Amphipleura pellucida 
Pseudokephyrion 

undulatissimum 
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0.589 
0.558 
0.502 
0.493 
0.454 
0.380 
0.326 
0.314 
0.295 

0.292 

Saenedesnrus 
dentiaulatus 

S. obliquus 
RhopaZodia gibba 
Epithemia sorex 

-0.347 
-0.315 
-0.309 
-0.302 
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Analysis of varl.ance of the PC 1 data provided evidence of 

dif:erences among stations in the April-May, June and August sampling 

periods, but not in the July period CTable 60). Multiple comparisons 

(Tables 61 to 63) provided no evidence that Station 4 was "extreme" 

with respect to PC 1 in any of these sampling periods, so there is no 

evidence of any impact-related effect on this component. 

PC 2 accounted for a much smaller proportion of the total 

variance than PC 1, only 9.5% (Table 58), and has no obvious 

ecological interpretation (Table 59). Several of the species with high 

positive coefficients are typically planktonic, but these will have 

been influential only in the June data, particularly at stations 1 and 

2. In the remainder of the samples PC 2 is primarily a comparison of 

positively-to negatively-loading periphytic species. 

An analysis of variance of the PC 2 data showed clear 

differences among stations and dates, with no station-date interaction 

(Table 64). Multiple comparisons (Tables 65 to 68) provided no 

evidence that Station 4 was "extreme" with respec:t to PC2 on any 

s amp 1 in g d ate, therefore there was no evidence of any impac t-related 

effect with respect to PC 2. 

Th e remaining principal components each accounted for only a 

small proportion of the total variance in the data «8%), and were not 

expected to provide much more additional information on differences In 

community composition. They were therefore not examined further. 
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Table 60. Analysis of variance of PC 1 scores. Stockner 
samples, 1980 

Analysis of variance 
. Source SS d. f. HS F P 

Station 4.09767 4 1.02442 6.95 
Period 30.98182 3 10.32727 70.03 
Station x Period 18.02170 12 1. 50181 10.18 <0.001 
Error 5.89881 40 0.14747 

Total 59.00000 59 

Simple Effects: Station 
Peri od SS d. f. t1S F. P 

April-May 3.33385 4 0.83346 5.65 <0.01 
June 12.60479 4 3.15120 21.37 <0.001 
July 1.08377 4 0.27094 1.84 >0.05 
August 5.09699 4 1. 27425 8.64 <0.001 

Simple Effects: Period 
Station SS d. f. t1S F P 

1 19.91385 3 6.63795 45.01 <0.01 
2 23.25587 3 7.75196 52.57 <0.001 
3 3.78614 3 1.26205 8.56 <0.001 
4 0.91426 3 0.30476 2.07 >0.05 
6 1.13352 3 0.37784 2.56 >0.05 



Table 61 

Station 

4 

6 

3 

2 

1 

Station 

P > 0.05 
* P < 0.05 

** P < 0.01 

Multiple comparison of mean PC 1 scores, Stockner samples, April-May 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in PC 1 scores. 

PC 1 Station 
- 4 x score n 6 3 2 1 

0.382 3 

0.796 3 1.867 

1.148 3 3.455* 
.... 

1.577 3 5.390** C)'\ 
.j>-

1.623 3 5.597** 3.730 

4 6 3 2 1 



Table 62. 

Station. 

2 

1 

4 

3 

6 

Station 

- P > 0.05 
**P < 0.01 

Multiple comparisons of mean PC 1 scores, Stockner samples, June 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. Stations 
l~nked by lines do not differ in PC 1 scores. 

PC 1 Station 
- 2 1 .4 .. 3 6 x score. n 

-2.142 3 

-1.873 3 1.213 

-0.312 3 8.254** 6.635** 

-0.223 3 8.655** 7.442** ...... 
(j\ 

V1 

0.053 3 9.900** 8.687** 1.646 

2 1 4 3 6 



Table 63. 

Station 

1 

4 

6 

3 

2 

Station 

P > 0.05 
*P < 0.05 

**P < 0.01 

Multiple comparisons of mean PC 1 scores, Stockner samples, August 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in mean PC.1 scores. . . . . . . 

- -' - ..... - .. 

PC 1 Station 
-x score n. 1 4 . 6: : .3: . 2 

-0.970 3 

-0.251 3 3.243* 

0.112 3 4.880** 
..... 

0.194 3 5.250** 2.007 C]\ 
C]\ 

0.804 3 8.001** 4.758** 3.121 

1 4 6. 3 2 
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Table 64. Analysis of variance of PC 2 scores~ Stockner 
samples, 1980 
. . . . . ... 

Analysis of variance: PC 2 
Source 5S d. f. MS F P 

Station 4.08837 4 1.02209 6.20 <0.001 

Period 44.82198 3 14.94066 90.64 <0.001 

Station x Period 3.49656 12 0.29138 1.77 >0.05 

Error 6.59309 40 0.16483 

Total 59.00000 59 



Table 65. Multiple comparisons of mean PC 2 scores, Stockner samples, April-May 1980, by the 
Newman-Keuls procedure. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in mean PC 2 scores. " 

. , - - . - .... - ...... 

PC 2 Station 
Station -x score n 6, ,1. 4 ,2 3 

6 0.233 3 

1 0.652 3 

4 0.715 3 

2 0.836 3 
--

3 0.975 3 3.165 

Station 6' 1 ' 4' '2 3 

P > 0.05 

This test is less sensitive (more conservative) than the overall analysis of variance F test 
(Winer 1971), which provided strong evidence among stations. 

..... 
0\ 
co 



Table 66 

Station 

6 

1 

4 

2 

3 

Station 

P > 0.05 
'''P < 0.05 

**P < 0.01 

Multiple comparisons of PC 2 scores, Stockner samples, June 1980, by the Newman-Keuls 
procedure. Cell values are the Studentized range statistic Q. Stations linked by 
lines do not differ in mean PC 2 scOre .. 

. .... . . . 

PC 2 Station 
x score n 6 1 . ·4··· 2 ... 3 

0.162 3 

1.028 3 3.694* 

1.046 3 3.771* 

1.176 3 4.326* ..... 
0\ 
\D 

--

1.674 3 6.450** 2.756 

6 1 4 2 3 



Table 67. Multiple comparisons of mean PC 2 scores, Stockner samples, July 1980, by the 

Station 

6 

3 

1 

4 

2 

Station 

P > 0.05 
*P < 0.05 

Newman-Keuls procedure. Cell values are the Studentited range statistic Q. 
Stations linked by lines do not differ.in meatiPC2 score •.. 

PC 2 Station 
-x. score n 6 3 .1. 4 ·2 

-1. 503 3 

-1.259 3 

-0.916 3 

-0.871 3 2.696-

-0.428 3 4.586* 3.545 

6 3 . 1 ~ .. 4 2 

..... 
'-l 
0 



Table 68 .. Multiple comparisons of mean PC 2 scores, Stockner samples, August 1980, by the 
Newman-Keuls method. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in mean PC 2 score. 

PC 2 Sta t ion 
Station -x score n 3 6 :4. 2 1 

3 -1.068 3 

6 -0.854 3 

4 -0.807 3 

2 -0.431 3 
1 -0.364 3 3.003 

Station 3 6 4' 2 1 

P > 0.05 

This test is less sensitive than the overall analysis of variance F test (Winer 1971), which 
provided strong evidence of a difference among stations in PC 2 scores. 

~ 

" ~ 
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4.2.3 Impact Analysis: Slide Samples 

The artificial substrate samples were added to the program 

on short notice to supplement the natural substrate data, which could 

be obtained consistently for only five of the eight stations. Some 

slide samples were analyzed from all stations for at least one 

sampling date, but for the purposes of impact assessment effort was 

concentrated on the analysis of the samples from control stations 5 

and 7, main impact station 4, and recovery station 3. Only samples 

from the latter four sites were used in the impact analysis. The high 

water during September and early October, and beaver damage, made many 

samplers irretrievable, so no samples from October were used for the 

impact analys is. 

The mean b iomas s data are summarized in Table 52. Analys is 

of variance of these data showed a significant interaction between 

station and sampling period, and examination of the siulple effects 

showed significant differences among stations only in June and July, 

but not in August (Table 69). The planned comparisons of stations 4 

and 5 showed a significant di:ference between the two stations only in 

July (Table 69). Hultiple com?arisons (Table 70) showed the reason for 

this difference. Station 5 had a lower biomass than any of the other 

three stations, which did not differ among themselves. The difference 

in June was restricted to Station 3 vs Statioc 7; all other 
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Table 69. Analysis of variance and planned comparisons of mean 
biomass (vm3/mm) of attached algae on glass slides, 1980. 

, .. . ... . . ~ .. 

. SOUl~ce .SS d. f .. r~s .F P 

Station 0.80579 3 0.26860 3.84 
Period 0.41326 2 0.20663 2.95 
Station x Period 2.15982 6 0.35997 5.14 0.0055 
Error 0.98014 14 0.07001 
Total 4.35901 25 

Simple Effects: Station 
Period SS d. f. MS F P 

June 1.02157 3 0.34052 4.85 <0.025 
July 1.55242 3 0.51747 7.39 <0.005 
August 0.20062 3 0.06687 0.96 >0.05 

Simple Effects: Period 
. Station SS d. f. MS F P 

3 0.02065 2 0.01033 0.15 >0~05 

4 1.08444 2 0.54222 7.74 <0.01 
5 0.57911 2 0.28955 4.14 <0.05 
7 0.72049 2 0.36025 5.14 <0.025 

Planned comparisons: Stn 4 vs Stn 5 by peri od 
Period F P 

June 2.74 >0.05 
July 29.74 <0.001 
August 1.80 >0.05 



Table 70. Multiple comparisons of mean biomass of attached algae on glass slides, July 1980, by 
the Newman-Keuls procedure. Cell values are the Studentized range statistic Q. 
Stations linked by lines do not differ in mean biomass. 

Station 

5 

3 

7 

4 

Station 

* P < 0.05 
** P < 0.01 

P > 0.05 

mean Station 
log (x + 1) 

llm3/mm2 n 5 3 7 4 

4.976 2 

5.759 3 4.584** 

5.766 3 4.625* 

6.155 2 6.903** 2.319 

5 3 '7 4 

-- ---. ----------------------------------

~ 

" J:-. 
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comparisons of station pairs showed insignificant differences 

(Table 71). 

There is a fairly clear interpretation of the above 

findings. On 20 June 1980, after the June sampling period, large 

quantities of a nitrogen-phosphorus fertilizer were spread over the 

cleared area drained by the minesite ditch. Elevated concentrations of 

Nand P were detected soon after in the drainage ditch and l.n the 

r1.ver downstream. (The impact on water quality is described l.n the 

Water Quality section.) It is likely that the elevated algal biomass 

observed at Station 4 was an enrichment effect arising from 

fertilization of the minesite drainage area with these important algal 

nutrients and, although elevated nutrient levels were not detected at 

Station 3, the enrichment effect on the algal communities ',.;as 

detectable that far downstream. 

The high algal biomass detected at Station 7, "'ell upstream 

from the minesite ditch outfall, was nevertheless probably caused by 

fer t i lizer Nand P enrichment also. Personnel loaded the fertilizer l.n 

an open helicopter bucket within 100 m west of this site, small 

amoun t s were spilled on the ground, and downdraft from the helicopter 

rotors would have spread the fertilizer widely. Slightly elevated 

nutrient levels were detected at Station 7, and were attributable to 

this cause. Because the amounts were small and were added only 

briefly, the effect was not detectable downstream at Station 5. The 

continuous addition of nutrients in runoff from a large area via the 

minesite drainage, in contrast, evidently had an effect for a 



Table 71. Multiple comparisons of mean biomass of attached algae on glass slides, June 1980, by 
the Newman-Keuls method. Cell values are the Studentized range statistic Q. Stations 
linked by lines do not differ in mean biomass. 

Station 

7 

4 

5 

3 

Station 

P > 0.05 
* P < 0.05 

log(x + 1) 
~m3/mm2 

4.972 

5.196 

5.632 

5.852 

n 

2 

2 

2 

2 

Station 
7 4 5 3 

3.528 

4.704* .. 3.506 

7 4 5 3 

.ti. 

.... 
" '" 
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considerable distance below the outfall. The absence of any 

differences in algal biomass among the stations in August, however, 

shows that the impact did not persist for long. 

Hickman et al (979), and Lock and Wallace (1979) contended 

that nutrients do not limit algal standing crops in the Muskeg River. 

If this were so, algal standing crops would not be expected to 

inc re a sew ith the addition of nutrients to the water. The evidence of 

just such a response in the present study therefore tends to support 

the alternative hypothesis that algal biomass 2:.E.., 1n fact, 

nutrient-limited, at least at times. (See also Volume 1:36,42-43,47). 

The principal components of the species abt:ndance data were 

analyzed to provide information on variations in community 

composition. The first two PC's together accounted :or only 28.5% of 

the total variance CTable 72). PC 1 alone accounted for 16.9~~ of the 

total variance. The components higher than PC 2 each accounted for 

less than 10% of the total variance and were not analyzed further. 

Ne ither of the first two principal components had an obvious 

ecological interpretation (Tables 73), but PC 1 could be roughly 

described as a comparison of the ubiquitous diatom Cocconeis 

placen.tula var. lineata and/or the green alga Scenedesmus 

obliquus to all others. Analyses of variance fo~r.d no significant 

interaction between station and period, and no significant differences 

among stations, for either component (Table 74). Similarly, planned 

comparisons found no significant differences between stations 4 and 5 

for either PC in any period CTable 74). In other words, no evidence 
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Table 72. The first two principal components of algal species 
abundance, slide samples, 1980 . 

. " 

Species 

Co Zeochaete spp. 
Ankistrodesmus convoZutus 
A. faZcatus 
Scenedesmus obZiquus 
Tetra~dron minimunl 
Mougeotia spp. 
Chamaesiphon incrustans 
OsciZZatoria minnesotensis 
Phormidium tenue 
Chrysococcus rufescens 
Dinobryon sertuZaria 
D. sociaZe 
MaZZomonas tonsurata 
FragiZaria virescens 
Synedra spp. 
By. radians 
Sy. tenera 
By. uZna 
Sy. uZna yare danica 
CycZote Z Za meneghiniana 
Melosira varians 
Eunotia curvata 
E. pectinaZis yare minor 
Achnanthes Zanceolata 
Ach. minutissima 
Cocconeis placentula yare lineata 
Rhoicofphenia curvata 
AmphipZeura pellucida 
Cymbe l Za minuta 
Gomphonema spp. 
G. acuminatum 
G. angus tatum 
G. intricatum 
G. parvulum 
G. truncatum 
Navicu la s p p • 
Navicula capitata 
Navicula cryptocephala 
N. cryptocephala Yare venter 
N. radiosa 

Coefficients 

PC 1 

-0.049 
0.583 
0.018 

-0.486 
-0.116 
0.587 
0.037 
0.271 
0.436 
0.593 
0.578 
0.459 
0.162 
0.510 
0.662 
0.024 
0.103 
0.985 
0.411 
0.321 
0.833 
0.768 
0.145 
0.202 
0.136 

-0.675 
0.070 
0.715 

-0.090 
0.690 
0.416 
0.298 
0.087 
0.708 
0.545 
0.805 
0.047 
0.494 
0.111 
0.245 

PC 2 

-0.137 
0.538 
0.175 
0.197 
0.028 

-0.614 
0.183 

-0.290 
-0.527 
0.962 
0.283 
0.482 
0.389 
0.752 
0.598 

-0.130 
-0.134 
-0.207 
0.477 
0.059 

-0.374 
-0.662 
-0.687 
-0.018 
-0.064 
-0.121 
-0.366 
-0.118 
0.062 

-0.480 
-0.537 
-0.161 
-0.541 
0.071 

-0.557 
-0.423 
0.212 

-0.310 
-0.425 
0.051 

Cont i nued . . • 



Table 72. Concluded. 

Species 

N. rhynehoeephaZa 
N. saZinarum var. intermedia 
N. punetata 
Epi themia turgida 
RhopaZodia gibba 
SurireZZa angustata 
Nitzsehia spp. 
Nit. aeieuZaris 
Ni t. linearis 
Nit. paZea 
Nit. sigma 
Nit. vermieuZaris 

Variance explained 
% total variance 
cumulative % total variance 
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Coeff; c i ents . 

PC 1 

0.181 
-0.159 
0.584 
0.199 

-0.066 
0.042 
0.559 
0.958 
0.223 

-0.184 
0.625 
0.527 

11. 360 
16.9 
16.9 

PC 2 

-0.195 
0.441 

-0.078 
-0.266 
-0.060 
0.043 
0.128 
0.708 

-0.016 
-0.166 
0.315 
0.455 

7.820 
11.6 
28.5 
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Table 73. Species with the highest absolute coefficients (>0.250) 
for the first two PC's, slide samples~ 1980. 

PC 1 

Synedra ulna 
Nitzschia acicularis 
Melosira varians 
Navicula spp. 
Eunotia curvata 
Amphipleura pellucida 
Gomphonema parvulum 
Gomphonema spp. 
Synedra s pp . 
Nitzschia sigma 
Chrysococcus rufescens 
Mougeotia spp. 
Navicula punctata 
Ankistrodesmus convolutus 
Dinobryon sertularia 
Nitzschia spp. 
Gomphonema truncatum 
Nitzschia vermicularis 
Fragilaria virescens 
Navicula cryptocephala 
Dinobryon sociale 
Phormidium tenue 
Gomphonema acuminatum 
Synedra ulna var. danica 
Cyclotella meneghiniana 
Gomphonema angustatv~ 
Oscillatoria minnesotensis 

PC 2 

Chrysococcus ~dfescens 
Fragilaria virescens 
Nitzschia acicularis 
Synedra spp. 
Ankistrodesmus convolutus 
Dinobryon sociale 
Sy. ulna yare danica 
Nitzschia vermicularis 
Nit. salinarum var. 

intermedia 

0.985 
0.958 
0.833 
0.805 
0.768 
0.715 
0.708 
0.690 
0.622 
0.625 
0.593 
0.587 
0.584 
0.583 
0.578 
0.559 
0.545 
0.527 
0.510 
0.494 
0.459 
0.436 
0.416 
0.411 
0.321 
0.298 
0.271 

vs 

0.962 vs 
0.752 
0.708 
0.598 
0.538 
0.482 
0.477 
0.455 

0.441 

Cocconeis placentula 
v. lineata 

Scenedesmus obliquus 

-0.675 

-0.486 

Eunotia pectinaUs 
minoY' 

var. 
-0.687 

Eu. cUY'vata 
Mougeoti.a spp. 
Gomphonema tr:mcctUlT/ 
G. in-cricatum 
G. acwninatwn 
phOiWlidiurn tenue 
Gomphonema spp. 

Continued ... 

-0.662 
-0.614 
-0.557 
-0.541 
-0.537 
-0.527 
-0.480 



Table 73. Concluded. 

PC 2 

Mallomonas tonsurata 
Nit. sigma 
Dinobryon sertularia 
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0.389 
0.315 
0.283 

vs Navicula cryptocephala 
var venter 

Navicula spp. 
Melosira varians 
Rhoicofphenia Curvata 
Navicula cryptocephala 
Oscillatoria 

minnesotensis 
Epithemia turgida 

-0.425 
-0.423 
-0.374 
-0.366 
-0.310 

-0.290 
-0.266 
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Table 74. Analyses of variance and planned comparisons on the 
first two principal components of algal species on 
glass slides, 1980 . . . . .. 

Analysis of va ri ance: PC 1 
Source SS . d. f. MS F P 

Station 1.63770 3 0.54590 2.75 0.0821 
Peri od 17.92466 2 8.96233 45.12 <0.001 
Station x Period 1.14448 6 0.19075 0.96 >0.05 
Error ·2.78058 14 0.19861 
Total 23.48742 25 

Planned comparisons: Stn 4 vs Stn 5 by period 
Peri od F P 

June 3.93 >0.005 
July 0.83 >0.05 
August 2.55 >0.05 

Analysis of_variance: PC 2 
Source SS d.f. MS F P 

Station 2.37154 3 0.79051 1. 90 >0.05 
Period 14.99382 2 7.49691 17.99 <0.001 
Station x Period 1.15451 6 0.19242 0.46 >0.05 
Error 5.83366 14 0.41669 

Total 24.35353 25 

Planned comparisons: Stn 4 vs Stn 5 by period 

Period F P 

June 0.24 >0.05 
July 0.21 >0.05 
August 1.67 >0.05 
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was obtained of an impact-related ef:ect on the mea<;ures of community 

composition defined by the first two PC's. 

4.3 Conclusion 

The studies of periphytic algae on two types of substrate 

produced evidence of impact from ouskeg drainage activities on the 

flora of the Muskeg River. There \;Tas evidence of a reduction of 

periphyton biomass on stones at Station 4 in late April and early May, 

possibly caused by scour or siltation arising from the mid-April 

drainage ditch flood. In July, the slide samples provided good 

evidence of an algal biomass increase due to nutrient enrichment that 

extended at least as far dO\;Tnstrea:l as Station 3. At the same time, 

evidence of a similar biomass l.ncrease, also probably nutrient

induced, was found at Station 7. Fertilization of the minesite 

drainage area as part of seeding ope:-ations was probably the ultimate 

cause of the biomass l.ncrease below the minesite ditch outfall. At 

Station 7, windblown fertilzer fro:l the helicopter loading area was 

the probable cause of the increase in algal biomass observed there. 

The biomass changes found on both stones and glass slides 

did not persist into the sampling periods following those in which 

they were observed. Community composition, as measured by the first 

t\;TO principal components of the species-abundance data, showed no 

detectable response to muskeg drainage activities on either substrate 

type. 
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The July algal biomass on stones showed no evidence of 

nutrient enrichment effects; the algal biomass on slides did. The 

reason for this is almost certainly that the slide sampling design 

permitted the use of tests sufficiently sensitive to detect 

differences at the impact station. The impact criterion "Station 4 

greater than, or less than, all other stations" for Stockner sample 

d at a is far less sensitive than the criterion "Station 4 greater than, 

or less than Station 5" used in the analysis of the slide sample data. 

A more sensitive impact criterion could not be used in the analysis of 

the Stockner data because it was necessary to sample stations that 

were not always closely comparable (see also Sections 3.1,3.2.2, 

4.2.2). 
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5.0 FISH 

5.1 Methods 

5.1.1 Late Winter 

To locate and describe the overwintering habitat of fish in 

t he Muskeg River and Hartley Creek, a brief survey from 21 to 25 March 

1980 was undertaken. The streams were surveyed by helicopter to locate 

springs and areas of open water. In addition, the stream was visited, 

on skis, at several points for sampling. 

At each sampling site, l.ce, snow and water depth, stream 

wid th and substrate type were recorded. Water temperature was measured 

wit h a mercury pocket thermometer, and dissolved oxygen was determined 

by the Hach method. 

Gee minnow traps baited with sardines were placed at five 

locations (two above the minesite drainage discharge into the Muskeg 

River and three below) for a total of 290.5 hours. An electrofisher 

(Smith-Root Type V-A) was used in two small openings cut in the ice at 

Station 4. Because of thick ice and shallow water at most sites, 

gillnets were not set under the ice. 
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5.1. 2 Spring Survey 

A survey was undertaken from 22 April to 3 May to locate and 

quantify the importance of fish spawning sites in the lower Muskeg 

River and Hartley Creek. Two approaches were used. First, collecting 

gear was used to search for fish, particularly spawning or ripe males 

and females. Second, kick samples were used to sample selected stream 

locations for eggs. 

The two available nonlethal methods, electrofishing and 

seining, were ineffective at most locations because of the deep water 

and steep banks throughout most of the streamlengths sa:.,pled. Gillnets 

(5.1 to 10.2 em stretch mesh) were the principal means of collection, 

and were set transversely to the current at several locations from 

Station 1 to above Station 8. Captured fish were identified to species 

(and, when possible, sex), then checked for spawning condition by 

applying gentle pressure along the abdomen. Fish freely releasing eggs 

or mil t we ret ermed rip e, those not doing so ",'ere termed green (or 

immature, for small specimens), and those with flaccid bellies and 

exuding little or nO milt or eggs were recorded as spent. Fish 

killed or s er ious ly injured in the nets were dissected to determine 

spawning condition, but most fish were released unharmed. 
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On 3 May 1980, a kick samples were used to sample 10 

stations for fish eggs. Along several transects at each station, the 

substrate was lightly disturbed with a foot just upstream of a 

hand-held pond net. Collections were made for five minutes at each 

station to standardize sampling effort. 

A max imum-minimum thermometer was installed at Station 7 for 

the period 22 April to 4 Hay. The thermometer was checked and reset 

daily to obtain .data on temperatures prevailing during the spring 

spawning period. 

5.1. 3 Early Summer Survey 

A brief survey '\o,'as conducted from 5 to 7 June to locate 

rearing areas for fry and juveniles. An electrofisher (Smith-Root Type 

V-A) and a 5 mm mesh se1ne 4 m 1n length were used for the 

collections. 

5.1.4 Fall Survey 

A scheduled September su:-vey was cancelled because of the 

extremely high discharges that month (Volume I, Figure 2). Studies 

were, however, conducted :crom 28 September to 29 October near the 

mouth of the Nuskeg River and from 30 October to 7 November from 

stations 1 to 7 in the Huskeg River and Hartley Creek. Three types of 

collection gear were used: gillnets, minnow seines, and minnow traps. 
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The gillnets were standard gangs of S1X 4.6 'CJ panels, (me 

each of 1.9,3.8,5.1,6.4,7.6 and 10.2 cm mesh (stretched m~asure). 

A 12 m seine with 6 rom main mesh and a 3 rom mesh bunt was used for 

colI e c t ion s made near the mouth of the river between 26 Septeober and 

29 October, and a 6 m seine with 5 mm mesh was used at the upstream 

sites between 30 October and 7 November. Gee minnow traps were baite~ 

with sardines and set for 24 hours in a wide variety of habitats. 

5.1.5 Downstream Movement Study 

High discharges (Figure 2, Volume I) prevented installation 

of a complete counting fence in the Muskeg River until mid-October, 

though partial fences were erected in shallower, quieter areas. The 

fences were installed at var10US sites as changing water conditions 

and erosion forced their relocation (Figure 16). 

The main t rap and fence were similar to those c.escribed and 

used by Bond and Machniak (1977). The trap box had a mesh of 2.5 cm 

hardware c loth and the wing frames had a mesh of 2.5 cm chicken wire. 

A smaller trap was also installed--a 1.2 m cube of 2.5 cm mesh chicken 

wire on a frame of 5 x 5 cm lumber. The wings for the small trap con-
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Oct. 2-12 

small mesh 
box trap 

Oct 3- 28 

fH---Sept. 28 - 29 

Figure 16. Trapping locations on the lower l~skeg River, fall 1980. 
Main fish trap, solid rectangles; minnow traps, solid circles; 
main current, curved arro~s. Enlargement not to scale. 
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s isted of 1.2 xl. 8 m panels of 2.5 cm mesh chicken wne mounted on 

frames of 5 x 5 cm lUluber. Both traps were held in place by range 

stakes, and 30 to 60 cm aprons on the wings of both traps were 

'anchored with boulders, gravel, and sandbags to control erosion under 

the fences. 

To capture small fish moving downstream, a box trap of 

plywood and 5 mm mesh nylon minnow seine material was installed. Wings 

for this trap were constructed from 6 m long minnow seines staked in 

place. Like the larger traps, the small fish trap blocked only a small 

part of the channel, but a substantial flow of stream water was 

directed through it. 

The large traps were nor::lally checked twice daily and the 

small ones once a day. At each check, fish were identified to species, 

counted, measured to the nearest millimetre (fork length), and 

released downstream of the traps. In addition, Arctic grayling were 

weighed to the nearest 0.5 gram. 

During each trap check, the fences were ins?ected for holes, 

and the mesh was cleaned with wire brushes. Particular care was taken 

to keep the aprons well anchored. \o,":len leaf and debris accumulations 

were heavy, the fences were inspected, cleaned and repaired more 

frequently than twice daily. 

A max imum-m in imum thermometer was installed near the mouth 

of the river, and was checked and reset daily: Daily discharge records 

were available from the gauging station just downstream from Station 2 

(Inland Waters Directorate, in preparation). 
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5.2 Results and Discussion 

5.2.1 Late Winter Survey 

At the time of the survey, the Muskeg River and Hartley 

Creek were almost entirely frozen over. Some open pools of water were 

found near the Stanley Creek confluence, and some very small areas of 

open-water were found at locations (0 and (i), shown in Figure 17. 

Physicochemical conditions at 19 locations (Figure 17) are summarized 

in Table 75. 

Un fr 0 zen water was found on top of the ice at four locations 

on the Muskeg River 0,4,5 and k). The overflow water at Station 4 

had deposited a thin layer of reddish-brown sedime,"lt on the ice, and 

had clearly come from the minesi::e drainage ditch. Drainage ditch 

water had also flowed over the lee surface at Station 5. The origin of 

superficial water at stations 1 and k is unknown. 

Ice cover, except at the t",o small open-wa:er sites sampled, 

ranged ln thickness from 40 to 120 cm (mean 62.3 em), and 10 most 

areas was covered with snow from 1 to 35 em (mean 18.4 em) in depth. 

Water depths at the 19 stations sampled ranged from 10 to 106 em (mean 

50.2 em), but only five sites had water depths.exceeding 50 cn. 

Dissolved oxygen did not exceed 3 mg/L except at Station 4 

(11 mg/L), and was 0 mgiL at Station 6 on Hartley Creek, where a dead 
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Figure 17. Location of sampling stations, late \.,inter sur'ley, 
Harch 21-25, 1980. 



Table 75. Late winter physico-chemical conditions, Muskeg River and Hartley Creek, March 21 - 25, 1980. 
Water temperature at all stations was O°C. 

Water Cover Thickness (cm) 
Top Layer 

Station Snow Ice Water 

1 0 12 7 
2 6 0 0 
3 12 0 0 
4 0 8 12 
5 0 11 5 
6 35 0 0 
7 35 0 0 
8 25 0 0 
a 35 a 0 
b 35 a a 
C a 0 0 
d 35 0 0 
e 35 0 0 
f 0 0 0 
9 35 0 0 
h 33 0 0 
; 0 0 0 
j 28** 0 0 
k 1 5 18 

~1ean 18.4 
n 19 

* means of measurements at two holes 
** means of measurements at three holes 

Water 
Ice Depth(cm) 

81 30 
120 40 

66 70 
51 28 
92 35 
70 90 
40 34 
62 90 
70 50 
67 30 
65 10 
62 45 
67 55 
0 30 

70* 90* 
59 40 
0 30 

84** 106** 
57 50 

62.3 50.2 
19 19 

D.O. Stream 
(mg/L) Substrate Width (m) 

2 sand/gravel 15 
1 cobble 15 
2 silt/sand 12 

11 sand/cobble 12 
3 silt/sand 12 
0 sand/sticks 2.5 
1 cobble/sticks 7 
2 silt/sand/sticks 7 
1 mud 5 

silt/sand 
silt/sand/rocks 5 

2 sand/s i It 4 
3 silt/sand 10 

rocky riffl e 
2 15 
2 Silt/sand/boulder 10 
1 cobble 15 

silt/sand/cobble 16 
2 sand 10 

2.3 
15 

...... 
1.0 
w 
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Table 76. Fish species caught in the Muskeg River and Hartley Creek, 1980. 

Common Name Scientific Name Code 

mountain whitefish Prosopium wiZZiamsoni (Girard) MTWT 

Arctic grayling ThymaZZus arcticus (Pallas) GRAY 

northern pike Esox Zucius Linnaeus PIKE 

pearl dace SemotiZus margarita (Cope) PLDC ..... 
1.0 
0' 

lake chub COztC[J1:U[; p Zumbcus (Aga s s i z) lKC[3 

finescale· dace Chrosomus neogaeus .CCope) FSDC 

longnose dace Rhinichthyes cataractae (Valenciennes) LNDC 

white sucker Catostomus commersoni (lac~p~de) WTSK 

longnose sucker Catosto~us catostomus (Forster) LNSK 

trout-perch Percopsis omiscomaycus' (~Ja 1 ba urn) TRPH 

burbot Lota Zota (Linnaeus) BURB 

brook stickleback CuZaca -incorwt;ans (Kirtland) BRST 

slimy sculpin CaUua cognatus Richardson SLSC 



Table 77. Summary of fish collections, Muskeg River and Hartley Creek, spring 1980. UNKN = 
unknown (fish seen but not netted); G=green,:R.= Ripe;S = Spent, I = Immature 

No. hauls Fish Caught 
a rea se i iled I 

seconds shocked r~a 1 es Females or 
Date Stn. Method hOU1~S gi 11 netted Species G R S G R S G Total 

80/04/22 7 electrofisher 303 s WTSK 1 1 
UNKN 1 

4 gillnet, 15 m 14.5 h GRAY 1 1 
5.1 em mesh 

80/04/23 2 minnow seine, 5 hauls, 108 m2 0 ...... 
4 m long \0 

-...J 

gillnet, 15 m 
5.1 em mesh 4.75 h GRAY 2 1 3 

electrofisher 697 s PLDC 1 

7 gillnet, 10 m 8 h GRAY 8 2 10 
6.4 em mesh 

80/04/24 7 electrofisher 100 s UNKN 1 

F6 electrofisher 268 s UNKN 1 

80/04/26 3 gillnet, 15 m 26 h WTSK 1 1 
5.1 em mesh PIKE 4 4 6 14 

~. GRAY 1 
80/04/26 2 gillnet, 15 m 18.5 h PIKE 1 1 

10.2 em mesh lHSK 1 1 
GRAY 1 1 
LNSK 3 3 6 

(Continued) 



Table 77. Summary of fish collections, Muskeg River and Hartley Creek, spring 1980. UNKN = 
unknown (fish seen but not netted), G = green, R = r;pe~ S = spent~ I = immature. 
Concluded. 

f 

No. hauls Fish Caught 
area seined 

seconds shocked Males Females 
Date Stn. Method hours gillnetted Species G R S G R S S Total 

80/ 04/27 FlO gillnet, 15 m 18 h PIKE 2 2 

7 gillnet, 10 m 13,5 h PIKE 2 1 2 2 7 
6.4 cm mesh LNSK 2 2 

WTSK 1 1 4 2 8 
80/04/28 F12 gillnet, 10 m 23 h GRAY 1 1 ...... 

6.4 cm mesh LNSK 15 2 17 1.0 
<X' 

80/04/29 F13 gillnet 14 m 22.5 h 0 
6.4 cm mesh 

2 gillnet, 10 m 1.5 h GRAY 2 1 1 2 1 8* 
5.1 cm mesh LNSK 6 2 9* 

PIKE 1 1 3* 
80/04/30 3 drift gill net 375 1112 0 
80/05/02 1 gillnet, 15 m 1.25 h 0 

6.4 Clll mesh 

* one fish of each species escaped 
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Table 78. Maximum - minimum thermometer readings, 75 m below 
Station 7, Muskeg River, spring 1980. 

0 

Temperature C 

Date .Time Read .. Maximum .Minimum Comments 

BO/04/22 1445 h MST 5 5 installed 
BO/04/23 0730 h ~lST 6 5 
BO/04/24 OBIS h MST 6.5 3.5 
BO/04j25 OB30 h MST 11 A 
BO/04/26 OBOO h MST 9 4 
BOj04/27 OB30 h MDT 12 7 
BO/04/28 0730 h MDT 11 B.5 
BO/04/29 0730 h MDT 12.5 9 
BO/04j30 0730 h MDT 13 10 
BO/05/01 0730 h MDT 13 9.5 
80j05/02 0730 h MDT 13.5 9 
BO/05/03 0730 h MDT 14.5 10 
BO/05/04 0730 h MDT 15 10 removed 
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Figure 18. Locations of fish sa.-npling stations, Euskeg ~iver and 
Hartley Creek, 1980. ~ositions of F16 to F23 are 
approximate only. 
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On 27 April, a mature, green male was tMen at Station 3, 

and a ripe male was collected at Station 2. A spent male was taken on 

29 April at the Water Survey of Canada gauging station on Hartley 

C reek (Site F12). Two spent and one ripe female grayling, and one ripe 

male grayling, were collected at Station 2 on 29 April. 

A total of 34 longnose suckers was collected at several 

sites from stations 2 to 7 on the Muskeg River, and at the gauging 

station on Hartley Creek, between 26 and 29 April. All of the 26 males 

examined were ripe, but none of the seven females was ripe. 

A total of 26 longnose suckers was observed in two small 

riffle areas on 3 May, one 50 m do'..mstream of the ninesite drainage 

outfall and the other at Station 4. These fish behaved as though they 

we rea b ou t to spawn, with sever al males surround ing each female, then 

the females moving away. In 15 mbutes of observation, however,' no 

spawning was observed. 

Ten wh i t e suckers were captured in the Husi:.eg River. between 

26 and 29 April. None of the SiX mature females was ripe, but one of 

the two id entified males was. The re:naining two fish were immature or 

green and were released. 

Twen ty-s even northern pike were captured between stations 2 

and 7 from 26 to 29 April. Two spent females were taken at Station 7 

on 28 April, but the remaining seven identified fe.::nales were green. 

Five of the 11 identified males we::e classified as ripe when caught,· 

but several more ran some milt when they were being removed from the 
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nets, even though they were classed as green upon dissection. 

The results of the fish egg survey are presented in Table 

79. The eggs were of two SHe classes with mean diameters + SE (n) of 

1.9 mm .±.. 0.001 (50), and 3.2 mm .±.. 0.03 (47). Ranges for the egg 

diameters of the two size classes were 1.6 to 2.1 mm, and 2.8 to 4.1 

mm, respectively. All eggs found were translucent, not opaque, 

indicating that they were alive at the time of collection. 

The presence of many eggs at a site constitutes firm 

e v id enc e 0 f spawning, either at the site or immediately upstream. The 

most eggs, all in the small size class, were found at Site E8 (Figure 

1 9) , a riffle area of cobble and boulders covered extensively by 

aquatic moss. Most I ar ge eggs were found at Site E7, a boulder and 

cobble riffle area at Station 4, 100 m below the minesite ditch 

outfall. Eggs of both size-classes were usually found in predominantly 

rocky-bottomed areas. Eggs at Site E1, a sandy pool at Station 2, were 

common, but might have drifted down from the riffle area illllnediately 

upstream (Site E2). 

The eggs were evidently from at least two species, but could 

not be identified. Pike eggs range in diameter from 2.5 to 3 mm; 

grayling eggs from 2.7 to 4.3 mm (Scott and Crossman 1973). Ripe eggs 

in the ovaries of longnose sucker are 2.8 to 3 mm in diameter (Scott 

and Crossman 1973), but undoubtedly swell somewhat during water 

hardening. No data are available on the diameter of white sucker eggs, 

but it is probably similar to the egg diameter of the closely-related 

longnose sucker. The large size class of eggs found could belong to 



Table 79. Numbers of fish eggs collected in 5 minute timed kick collections, Muskeg River, May 3, 1980. 
Station locations as shown in Figure 19. 

Station 
Egg 

Diameter (mm) El E2 E3 E4 E6 E7 E8 E9 no E 11 

l.6-2.1 9 5 1 0 0 27 0 4 0 11 

2.8-4.1 5 8 0 0 0 7 224 2 0 4 

damaged* 31 40 0 0 0 0 0 6 0 0 
N 
0 
<..v 

Total 45 53 1 0 0 34 224 12 0 15 

* wrinkled by preservative 
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Figure 19. Location of egg sampling sites, ;:uskeg !tiver) 3 ;iay 1930. 
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any of the four principal spring-spawning species. The small size 

class may be eggs of one of the small species inhabiting the riv~r. 

The data on grayling, though meagre, suggest spawning by 

this species in the Muskeg drainage began by approximately 27 to 29 

Apr i I in 1980. Water temperatures at this time were averaging about 

10 C, nea r the upper limit of temperatures at which spawnl.ng has been 

observed in this species (Ward 1951, Tack 1972). Bond and Machniak 

(1979a) believed that grayling probably spawned in the Muskeg River in 

the last week of April and first week of May in 1976 and 1977. Station 

2, a s tat ion with large gravel riffles and sand and bou lder-bottomed 

pools, showed the best evidence of grayling spawning because of the 

presence of ripe and spent females there. The results of the egg 

survey confirmed that at least one or the large fish species spawns at 

Station 2. 

The limited data on the two sucker speCl.es indicates only 

that short, rocky-bottomed sections near Station 4 are probably used 

for spawning by longnose suckers. The egg survey results demonstrated 

that at least one of the large fish species spawns there. 

As indicated by the spent females found at Station 7, some 

northern pike had spawned by 28 April; however, precise spawning 

locations were not identified. 
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5.2.3 Early Summer Survey 

The results of the early summer survey are presented in 

Table 80. 

Young-of-the-year Arctic grayling were found at sites F17 

and FIB on 5 June, and at Site F22 on 7 June. The fry ranged in length 

fro~ 27 to 35 mm and had no yolk sacs. 

Grayling hatch in 13 to 18 days at 7 to 11 C at a length of 

8 mm, and retain the yolk sac for eight days (Scott and Crossman 

1973: 393). The fry caught 5 to 7 Ju~e probably hatched approximately 

15 to 21 May, if spawning occurred in the last week of April, as the 

results suggest. The fry had, therefore, grown rapidly since hatc';ing. 

They had time to drift a considerable distance downstream fro~ the 

spawning sites, so their occurrence a:: sites F17, F18 and F22 does not 

necessarily mean that grayling spawn near these locations. 

Bond and Machniak (1979) found grayling fry (numbers not 

reported) in the first week of June 1977 at Station 2 and near the 

mouth of the Muskeg River. They captured grayling fry in the third 

week of June 1976 and 1977 at Station 2, near the mouth of Hartley 

Creek and near the Huskeg River mouth. Fry captured in the first week 

of June 1977 ranged from 18 to 27::lm in length; those caught in the 

third week of June in 1976 and 1977 ranged from 27 to 42 mm. Grayling 

fry caught in 1980 were slightly longer than those caught at a 



Table 80. Summary of fish collections, Muskeg River and Hartley Creek, early summer 1980. 

Area seined 
distance and 

Date Stn. Method seconds electrofished Fish Caught 

80/06/05 F16 electrofisher 500 m, 945 s nil 

Fl7 seine 900 m2 4 GRAY, fork lengths 30 - 36 mm,500 (approx) 
sucker fry 16 mm in length 

F18 seine 420 m2 8 GRAY young of the year 28 - 34 mm 
4 PIKE young of the year or juveniles 

electrofisher 335 s nil 

80/06/06 F20 seine 615 m2 60 sucker fry,ca. 20 mm 
1 LNDC 
1 PLDC or LKCB 
1 MTWF, fork length 30 mm 

"" 1 TRPH, fork length 65 111m 0 
'-I 

2 electrofisher 450 m, 1532 s 5 PLDC or LKCB (4 40-43 mm, 1 96 mm) 
1 GRAY 312 mm fork length 

F22 electrofisher 450 m, 707 s 100 PLDC or lKCB 40-45 mm 
1 PIKE, fork length 452 mm 

80/06/07 F22 seine 3 hauls, not 32 GRAY, fork length 27 - 35 mm 
quantitative 12 PLDC or LKCB 

300 (approx) sucker fry ca. 20 nnn 

80/06/07 F23 electrofisher 35 m, 347 s 1 LNSK, fork length 161 mm 
·3 PLDC or LKCB, fork lengths 90, 86, 82 mm 

F24 . e 1 ectrofi sher 175 rn, 796 s 6 PLDC or LKCB, fork lengths 33, 64, 83, 85, 
90, 113 mm 
1 LNDC, fork lengths, 61 mm 
2 WTSK, 1 ripe male, fork lengths 337, 376 mm 
1 BRST, mature female, fork lengths 55 mn 
1 PIKE - escaped 
3 dace - escaped 
5 suckers - escaped 
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comparable time in 1977, approximately the same size as those caught 

one to two weeks later in 1976 and 1977. 

Four pike young-of-the-year (lengths 26 to 34 mm) were 

c augh t 5 June 1980 a t Site F18. Pike eggs can hatch in four to five 

days at 18 to 20 C, but usually hatch in 12 to 14 days at "prevailing" 

water temperature, apparently somewhat above 11 C (Scott and Crossman 

1973:359). The young are 6 to 8 mm at hatching, remaining inactive for 

6 to 10 days while resorbing the yolk sac (Scott and Crossman 1973). 

These data suggest the pike caught 6 June had been spa;.med at least 18 

to 24 days earlier (12 to 18 May). To account for the growth observed, 

the spawning probably took place one or two weeks earlier than that. 

Bond and Machniak (1979) captured two pike fry 23 and 30 mm in length 

near the mouth of the Nuskeg River on 12 June 1977. They caught four 

pike fry (lengths not given) on 22 June 1978, near Site F22. 

S ever a 1 h und r ed sucker late mesolarvae or early metalarvae 

were found at Site F17 on 5 June 1980. Large numbers of sucker 

metalarvae were caught 6 June at Site F20, and 7 June at Site F22. 

Specimens retained for identification were poorly preserved, so the 

descriptions of sucker larvae by Fuiman (1979), and Fuiman and Whitman 

(1979), could not be used to identify the fry to spec1es. 

According to summary reviews by Scott and Crossman (973), 

both longnose and white sucker eggs probably hatch in two weeks at 

water temperatures of approximately 10 to 15 C, and the larvae remain 
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1n the gravel for one to two weeks before emerging. These data suggest 

the larvae caught in June 1980 hatched from eggs spawned in the first 

or second week of May, within the period found by Bond and Machniak 

(1977, 1979) for white and longnose suckers spawning in 1976 and 1977. 

Bond and Machniak (1977) present length-frequency data for 

sucker fry caught 15 to 16 June 1976 in the Muskeg River and Hartley 

Creek. The great majority, possibly 90%, were between 16 and 23 mm in 

fork length, approximately the same size as those caught 5 to 7 June 

1980 (this study). 

The principal small fish species collected was either lake 

chub or pearl dace. All specimens checked 1n the laboratory were lake 

chub, but workers could not consistently separate the two species in 

the field, particularly in the case of the numerous small specimens 

caught. Bond and Machniak (1979) reported lake chub to be far more 

abundant than pearl dace in the lower Muskeg River. 

Other small fish found were: one longnose dace and one brook 

stickleback at Site F24, and a troutperch at Site F20. A single young

of-the-year mountain whitefish (fork length 30 mm) collected at Site 

F20 is evidence of some spawning by this species 1n the Muskeg River. 

Bond and Machniak (1979) found no evidence of spawning by mountain 

whitefish in the Muskeg River in 1976 and 1977. 
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5.2.4 Fall Survey 

Results of the fall and early winter survey are presented in 

Tables 81 to 84. 

Minnow traps were fished for a total of 240 trap-days near 

the mouth of the Muskeg River from 30 September to 27 October, 

inclusive, and for 59 trap-days in the remainder of the river below 

the Alsands camp from 31 October to 7 November, inclusive. Longnose 

sucker and lake chub and/or pearl dace were by far the most frequently 

caught small fish near the mouth, with white suckers a distant third. 

Above the mouth area, only a single unidentified sucker was caught and 

brook stickleback were the most abundant fish in the catches. All but 

one of the fish caught in minnow traps upstream of the mouth area were 

t ak en at a single site, Station 5. Limited seining also captured small 

numbers of small suckers (both species) near the mouth, but seining at 

upstream locations was impractical because of fouling of the net by 

float ing ice. 

Longnose suckers caught ~n minnow traps near the Muskeg 

mouth ranged from 35 to 60 mm fork length, and were pcobably all 

underyearlings. Bond and Machniak (1979) reported that young-of

the-year longnose suckers in the Muskeg River reached about 50 mm. 

White suckers caught in the minnow traps ranged from 30 to 80 mm fork 

length, within the range for young-of-the-year reported by Bond and 

Machniak (1979). 



Tabl e 81. Summary of minnow trapping results, mouth area of the Muskeg River, fall 1980. 

Approx. Catch 
Date Number of Fishing LKCB or 

Checked Traps Time(h) PLDC WTSK LNSK TRPH BURB FSDC BRST SLSC TOTAL 

80/09/30 3 72 1 1 
80/10/01 3 24 1 1 
80/10/02 3 24 1 1 
80/10/03 9 24 3 17 20 
80/10/04 9 24 1 3 22 26 
80/10/05 9 24 3 1 4 
80/10/06 9 24 1 1 
80/10/07 9 24 0 
80/10/08 9 24 2 1 3 
80/10/09 9 24 4 1 1 6 
80/10/10 9 24 0 
80/10/11 9 24 2 2 
80/10/12 9 24 1 4 5 N ..... 
80/10/13 9 24 14 1 9 2 26 ..... 
80/10/14 9 24 1 1 2 
80/10/15 9 24 26 1 6 33 
80/10/16 9 24 0 
80/10/17 9 24 0 
80/10/19 9 48 2 1 3 
80/10/20 9 24 1 1 2 
80/1 0/21 9 24 0 
80/10/22 9 24 0 
nO/1 0/23 9 24 8 3 1 12 
80/10/24 9 24 2 2 
80/10/25 9 24 1 1 
80/10/27 9 48 1 2 3 .1 1 8 

Totals 720 66 12 66 3 5 5 1 1 159 
Mean catch/IO trap-days 2.8 0.5 2.8 0.1 0.2 0.2 0.04 0.04 6'6 



Table 82. Minnow trap catches, upstream sites on the Muskeg River and Hartley Creek, fall 1980. 

Date 
Checked 

80/10/31 
80/11/01 
80/11/02 
80/11/03 
80/11/04 
80/11/05 

80/11/07 

Station 

7 
2 
2 
6 

F29 
F30 
F31 
F32 

5 
F34 
F35 
F36 
F37 

Total 

Number of 
Traps 

3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
3 
4 
4 

mean catch/IO trap-days 

*200 III upstream of this station 
**500 m upstream of this station 

Approx. 
Fishing 
Time{h) 

24 
21 
22 
17 
24 
22.5 
41 
22.5 
18 
43.5 
44 
43 
43.5 

386 

BRST 

15 

15 

2.5 

UNID. 
SUCK 

1 

1 

0.2 

BURB 

1 

1 

0.2 

N ..... 
N 
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Table 83. Summary of seining results, Muskeg Riv.er, fall 1980. 
r~uskeg River mouth area is shown in Figure J6. 

Station/ Number of 
Date Location hauls, area Catch and fork lengths 

80/10/05 ~luskeg R. 2 hauls 3 LNSK, 60 mm 
mouth area 1 SLSC, 70 mm 

80/10/08 Muskeg R. 6 hauls 2 PIKE; 350, 400 mm 
mouth area 2 ~nSK, 60 mm 

1 LNSK, 50 mm 
1 TRPH, 60 mm 

80/10/09 Muskeg R. 2 hauls 2 PIKE; 250, 370 mm 
mouth area 

80/10/22 t·1uskeg R. 3 hauls 1 SLSC, 35 mm 
2 GRAY; 317,323 mm 
1 LNSK, 35 

... ; 
80/10/31 2 6 hauls, ni 1 (much f1 oating ice) 

460 m2 

80/11/04 Muskeg R. 8 hauls 1 SLSC 
mouth 



Table 84. Summary of gillnetting results, Muskeg River, fall 1980 •. 

Date 
Lifted 

80/10/31 

80/11/01 

80/11/02 

80/11/04 

80/11/05 

80/11/07 

Station! 
Location 

. 7 

2 

2 

F28 

F29 

F30 

F31 

F32 

5 

F34 

F35 

F36 

1 

F38 

Fishing 
Time(h) 

22 

18.5 

21 

39 

18.5 

41 

21 

11 

21.5 

43.5 

44 

43 

43.5 

43 

441.5 

Catch 

LNSK GRAY WTSK 

1 1 

1 1 

1 

1 

1 

1 

3 

5 3 1 

8 8 4 

PIKE Total 

0 

2 

0 

2 

0 
N 

1 ...... 
.f:-

1 

1 

1 

1 4 

0 

0 

3 12 

0 

4 24 
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The nea r-absence of young-of-the-year suckers in the Muskeg 

River minnow trap catches in late fall and early winter does not 

necessarily mean these fish were not present in the locations trapped. 

It is possible that low temperatu::es kept the fish too inactive to 

enter the traps. 

Over 400 net-hours of gillnetting in the Muskeg River. from 

31 October to 7 November, produced only a small number of suckers, 

grayling and pike. No concentrations of any of the four species were 

found at the 13 locations sampled, tending to confirm the suggestion 

of Bond and Machniak (1979) that these species (except possibly some 

young-of-the-year) do not overwinter in the Muskeg drainage. 

Alternatively, low water temperatures during the sampling period could 

have kept catches low by reducing ::he activity and movements of the 

fish. 

5.2.5 Downstream Hovement Study 

The results of the study of fall downstream movements are 

summarized in Table 85 and Figure 20. 

Very few fish were capturec by the partial fences, and none 

were caught in the small fish trap. After the complete fence was 

closed on 16 October, the number of fish caught increased, but the 

catches remained low (less than 20 individuals of each species) for at 

lea s t f ou r days. Small runs of white sucker and northern pike were 



Table 85. Numbers of fish caught by the large fish traps., Muskeg River., fall 1980. 

Date 
White Northern Lonqnose Arctic Mountain 

Sucker Pike Sucker Grayling Burbot Whitefish Total 

Sept. 27 1 1 
28 1 1 

Oct. 13 1 1 
15 2 2 
16 5 3 1 2 11 
17 18 3 11 1 33 
18 10 1 3 14 
19 4 2 6 
20 12 6 7 1 26 
21 25 9 5 1 40 
22 84 22 6 2 114 
23 75 28 4 3 110 
24 125 20 10 3 1 159 
25 103 41 12 15 1 1 173 
26 57 36 6 99 
27 2 2 
28 37 20 6 63 
29 20 8 5 33 

Totals 576 205 76 25 5 1 888 

% Total 64.9 23.1 8.6 2.8 0.6 0.1 

Trap 
Number 

2 
2 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

N 
I-' 
0-
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enumerated between 21 and 29 October, after which the fence was 

removed because of heavy flows of drifting ice. The migrations took 

place during steadily falling river discharge and generally declining 

water temperatures (Figure 5), but there was no sudden, large change 

in either factor that might have triggered the runs. 

The downstream run of white suckers totalled at least 575 

fish, and consisted almost entirely of fish less than 350 mm fork 

1 ength. Bond and Machniak (1977, 1979) counted total upstream spring 

migrations of 2839 white suckers in 1976 and 2920 in 1977. Most of the 

f is h less than 350 mm for length (primarily immatures) remained in the 

Muskeg drainage after the end of the spawning period. The 1980 results 

support the suggestion (Bond and Machniak 1979) that many immature 

white suckers remain in the Muskeg River until freeze-up. 

The 205 pike caught moving downstream in 1980 had a Size 

distribution similar to that of the 433 moving upstream in 1977 (Bond 

and Machniak 1979). Bond and Machniak (1979) found their fish to be 

mostly immature. The combined results suggest that small numbers of 

pike, mostly immatures, use the Muskeg drainage as a feeding area 1n 

the open-water season, and that a substantial proportion of them 

remain in the drainage until just before freeze-up. 

Bond and Machniak (1977, 1979) counted very few longnose 

suckers less than 300 mm in fork length (immatures) moving upstream in 
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spring of 1976 and 1977. In fall 1980, none of the 76 downstream 

migrants of this species exceeded 220 tum (Figure 21). The combined 

results suggest small numbers of immature longnose suckers use the 

Muskeg drainage as a feeding area, remaining there until freeze-up, if 

not longer. 

On ly 25 grayling were captured by the downstream trap. Their 

mean fork length + SE was 304 + 13.7 mm (range 110 to 382 mm) and 

their mean weight was 397 + 29.9 g (range <20 to 623 g). 

The reason for the absence of a sizeable downstream 

migration of grayling during the fall fence study is not clear. Bond 

and Machniak (1979) note the several hundred grayling migrating 

upstream in the spring evidently remain throughout the summer, and 

t ha t, in 1978, at least some fish remained until 13 October. Machniak 

and Bond (1979) found that Arctic grayling moved out of the nearby 

Steepbank River in early October at the same time the immature white 

suckers migrated downstream. More than 70% of the Steepbank grayling 

run occurred over a two-day period when steadily falling water 

temperatures had reached minima of 1 C or less. 

In the present study, grayling were present 1.n the Muskeg 

River until at least 7 November in 1980 (Table flO). It may be that 

the fall grayling run was not missed by the partial fences operated 

from 27 September to 15 October, but occurred after the full fence was 

removed 20 October, and possibly after 7 November. Alternatively, 

grayling in the Muskeg River may not have a distinct downstream run in 

fall, but may move down in small numbers from late summer through 

fall. 
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5.3 Conclusions 

In late winter 1980, low dissolved oxygen levels ~md shallow 

water depths in the Muskeg River and Hartley Creek made these streams 

unfavourable overwintering habitats at most locations sampled. Whether 

any species of economic value overwintered there in 1980 is not known. 

Fish spawning locations were found at several locations in 

the Muskeg River drainage near cnd downstream from the Alsands 

development area. Some longnose suc',::ers probably spawn at Station 4, 

100 m below the minesite drainage ditch outfall, and some Arctic 

grayling probably spawn at Station 2. Unidentified fish eggs, denoting 

spawning sites, were found at seve:::-al points, particularly in stony 

areas, from the Muskeg River off the Alsands runway to Station 2. 

Young-of-the-year grayling, suckers and at least some pike 

r ear in the Muskeg River at and downstream from Station 2. Rearing may 

occur further upstream also, but it was difficult to effectively 

sample small fish above that point. 

Late fall sampling tended to confirm Bond and ~achniak's 

(1979) contention that few pike, grayling or suckers overwinter in t:,e 

Muskeg drainage, with the possible exception of young fish. Small runs 

of whi te suckers and pike moved out of the river in late October just 

before freeze-up, but no distinct fall downstream run of other 

species, including Arctic grayling, was detected. 
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In the initial stages of a routine monitoring study on the 

Muskeg River, only very large changes in the fish populations would be 

detectable because detailed "before" data on certain critical periods 

and life history stages (eg numbers of eggs or spawning and rearing 

fish at specific locations and tines) are unavailable. For example, 

any catastrophic effects due to muskeg drainage, such as the total 

failure of a year-class, would show up in the small fish surveys, but 

substantial reductions in hatching S:lccess would not be demonstrable. 

8 ome effects, however, such as year class weaknesses or differences in 

growth, may become apparent when data from subsequent years are 

compared to the baseline data on older fish provided by Bond and 

Machniak (1977, 1979). 

The evidence from the prese:1t study is limited, and does not 

reveal any clear effect, adverse or otherwise, of Alsands' Muskeg 

drainage on the fish populations of the Huskeg River. The minesite 

drainage water raised late winter dissolved oxygen levels in the 

immediate vicinity of the outfall (Station 4), a beneficial effect, 

but there is no evidence that this area is used by overwintering fish. 

8mall numbers of longnose suckers pro:,ably used this area for spawn!.ng 

in 1980, and eggs of one or more large fish species found here and 

elsewhere in 1980 were alive when collected. It 1S not known, however, 

whe ther more spawning occurred at the location in previous years. The 

spawning times of grayling, pike and suckers appeared to be nearly 

identical to those documented lU 1976 and 1977 by Bond and Machniak 

(1977, 1979a), but the data are not complete for 1930. The size of 
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young-of-the-year suckers, pike, and grayling in 1930 was similar to, 

or slightly greater than, that of young-of-the-year collected on 

comparable dates in 1976 and 1977, but whether their abundance was 

similar is not known. 
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6.0 TERRESTRIAL VEGETATIO~ 

6.1 Methods 

Prior to the field survey, maps and air photos of the water 

discharge areas were reviewed. A brief field reconnaissance of the two 

water discharge areas was carried out on 4 and 5 August 1981. A 

combination of helicopter and foot access was used to visit the sites. 

At each site, notes were made of any symptoms of vegetation 

stress such as yellowing of leaves or needles, dieback of growing 

shoots, and the presence of root suckers or adventitious roots. The ... ; 

timing of the field examination allowed nearly a full growing season 

for symptoms of vegetation stress to develop, yet the observations 

were early enough to avoid including effects of early fall frosts. 

Unidentified plant specimens were collected for later identification. 

Notes were made on site factors such as depth and 

distribution of standing water, and, in the Muskeg River area, depth 

and distribution of new sediment. The presence of debris and silt 

marks indicating previous high water marks was also recorded. Photos 

(35 mm) of the vegetation and site conditions ,.;ere taken from both the 

air and the ground. 
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6.2 Results and Discussion 

Vegetation stress symptoms due to flooding and sedimentation 

were evident l.n both discharge areas. Because water discharge rates 

and sediment l.n the two areas differed, each is described separately 

l.n terms of predisturbance vegetation, current site conditions, 

symptoms of vegetation stress, and impact on vegetation. 

6.2.1 Tailings Pond Area (NW 1/4 3Z-95-10-W4) 

The vegetation of the tailings pond area is characterized by 

aspen poplar forest 10 to 20 m high growing on well to.imperfectly 

drained soils. The terrain IS level to gently undulating (Figure 22, 

P I ate 1). White spruce is occas ionally present as full sized trees but 

more frequently as saplings. The understory consists of a variety of 

shrubs and herbs (Plate 2). A list of plants encountered In the study 

area including common and scientific names appears in Table 86. For a 

more detai led description and map of the vegetation of the lease area 

see the impact assessment report by the Alsands Project Group (1978). 

Interspersed along the drainage ditch is a scrub black 

s pruce-tamarack-sedge fen on low lying poorly drained soils. The water 

table is at or near the surface. This fen is not patterned, but 
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Plate 1. 

Plate 2. 

Aerial view showing the tailings pond discharge area. Aspen 
poplar forest is surrounding scrub black spruce-tamarack sedge 
fen on right. Yellowing of aspen is due to a recent tent 
catapillar investation. 

Understory of aspen forest near tailings pond discharge area 
showing abundant shrubs and tall herbs. 
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Table 86. Common and Scientific tl3mes of Plants Encountered 
in the Study Area. 

Common Name Scientific Name 

Trees 
White spruce 
Black spruce 
Jack pine 
Aspen 

Shrubs 
Saskatoon berry 

. Swamp bi rch 
Current 
Pri ckly rose 
Wild red raspberry 
Wi110w 
Low bush cranberry 

.. Herbs 
Yarrow 
Anemone 
Sedges 
Bunchberry 
Larkspur 
Fireweed 
Horsetail 
Wil d strawberry 
Northern bedstraw 
Feathermoss 
B1 uebe 11 
Palmate-leaved colts foot 
Bulrush 
Sphagnum moss 
Meadow rue 
Cattail 

Pieea gZauea 
Pieea mariana 
Pinus banksiana 
PopuZus trenrdZoides 

AmeZanchier aZnifoZia 
Betula gZanduZosa 
ltibes sp. 
Rosa acicuZaris 
Rubus strigosus 
Salix spp. 
Viburnum edu Ze 

AehilZea miZZefoZium 
Anemone Sp. 
Carex spp. 
Cornus eanadens1:s 
Delphinium gZaucum 
EpiZobiv~ angustifoZium 
Equisetum spp. 
Fl'agarIa virg1.>niana 
GaZiv~ boreaZe 
Fly Zocomiv.m s pp . 
Martensia panie<.data 
?eta.:J1:tes paZmatus 
Scirp:{s spp. 
Sphagnum spp. 

Typha Zatifo Zia 
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consists of a ring of stunted trees around a central shrub and sedge 

covered area. 

The tailings pond discharge was made up of clear water 

containing small amounts of sediment. The majority of the water flowed 

into the area soon after snowmel::. Because of the depressional 

topography of the area, continued slow drainage fromn the cleared 

plan t site, and summer rains, much of the affected area remained under 

water at depths up to 60 em for the entire growing season. The extent 

of the affected area (about 12.6 ha) is shown in Figure 22. 

Although the aspen was flooded (Plate 3), the first symptoms 

of stress appeared in white spruce as yellowing and browning of the 

lower needles (Plate 4). The willow and rose shrubs did not appear to 

be stressed at this time. The herb layer was completely covered by 

water except along the edges of the flooded area, where damage was 

i n d i cat e d b y y ell 0 win g 0 fIe a v e s ( PIa t e 5). Sin c e the f en are a is 

normally subject to high water levels, the scrub spruce-tamarack-sedge 

vegetation was not showing any evidence of stress or damage. 

The impact of continued d:.-ainage t~ater discharge is likely 

to affect the aspen poplar forest most seriously. If the current high 

water levels remain for the next two to three years, first white 

spruce then aspen are likely to die feom lack of oxygen 10 the rooting 

zone. Shrubs, except perhaps wil 10-'" , as well as most herbs are also 

likely to die out. Initial invading species scattered among the dead 

tree trunks are likely to be aquatic herbs such as cattail, and sedges 

with willow and dwarf birch. The scrub black spruce-tamarack 
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Plate 3. Flooded aspen and willow are not showing signs of stress at 
this time. 

Plate 4. White spruce in flooded low area where the yellowing of needles, 
particularly noticeable on the lower branches, is the result 
of flooding. 



Plate 5. Shrub and 
flooding. 
caused by 
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herbaceous cover growing in an area of shallow 
The yello\ving of leaves indicates some stress 

flooding. 
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fen area will probably remain unaffected by the higher water levels. 

Consequently, water discharge into the tailings pond area will 

probably result in the replacement of upland aspen forest by aquatic 

and fen vegetation types. In the event that the water level drops, a 

return to the upland aspen forest is likely. 

6.2.2 Muskeg River Area (SE 1/4 93-95-l0-W4) 

The vegetation of the Muskeg River area is characterized by 

jack pine fores t on well drained soils on the bench above the river 

(Figure 23, Plate 6). Codominant trees include aspen and scattered 

white spruce; a variety of shrubs and herbs makes up the lower strata. 

A black spruce-tamarack-jack pme forest is found on an 

imperfect ly to poorly drained area below the bench. Th~ central part 

of this low area and the banks of the Muskeg River are characterized 

by willow shrub. 

The Muskeg River discharge at the time of flooding had a 

high sediment load. A flood height of up to 60 cm w~s indicated by 

silt marks and the debris caught in the vegetation (Plate n. 
Subsequently, the water level dropped as the discharge flowed into the 

Muskeg River, leaving behind a considerable amount of sedir:J~nt. The 

extent of the affected area (about 1.8 ha) is shown w Figure 23. On 

the basis of flood duration and the thickness of sediment, the 

following three impact zones were identified. 
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Plate 6. 
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Aerial view showing the B::.skeg River discharge area. Vegetation 
consists of jack pine forest with aspen on ~ell drained soils, 
and black spruce-tamarack-jack pine forest w~th some willow 
shrub on imperfectly to poorly drained soils. 



Plate 7. 
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The depth of flooding up to 60 cm is indicated by the silt 
marks and debris on the vegetation. 
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Zone I - High Impact 

Zone I comprises the willow shrub and black 

spruce-tamarack-jack pine forest areas. At the time of the study, 

these areas were flooded by discharge waters. The sediment thickness 

was estimated to be over 20 cm; however, an accurate measurement could 

not be made at the time of the field survey. Symptoms of vegetation 

stress included the production of new willow shoots, the yellowing and 

browning of black spruce needles (Plate 8), and dieback of the growing 

tips of black spruce. 

Zone 2 - Moderate Impact 

This zone occupies the lower slope positions characterized 

by jack pine forest. The area, except for minor depressions, was no 

longer flooded; however, the surface was covered by 10 to 18 cm 0: 

sediment. Pine trees were not growing in the irrnnediate area, but 

several white spruce showed yellowing of needles and dieback of 

growing leaders (Plate 9). As well, the white spruce was res?onding by 

forming new adventitious roots fro::l the part of the trunk buried by 

sediment. Many shrubby species, including willow, prickly rose, and 

low bush cranberry, were responding by producing new shoots. 

Herbaceous species were invading the sediment with a ground cover of 
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Plate 8. 

Plate 9. 

Stress due to flooding 
on black spruce is 
indicated by yellowing 
and browning of 
needles. 

Die back of leaders 
and browning of needles 
of ~hite spruce are 
symptoms of stress due 
to flooding. 
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nearly 50% by sending up new shoots from underground rhizomes and 

stolons (Plate 10). 

Zone 3 - Light Impact 

This zone loS found under the jack pine forest higher on the 

bench above the Muskeg River. At the time of the study, the area was 

no longer flooded; however, about 1 cm of sediment had been deposited 

throughout. The only affect of this sediment was the burial of 

feathermosses located in depressions. Otherwise the vegetation was not 

affected. 

The impact of continued drainage water discharge into the 

Muskeg River will probably not have much effect on the vegetation of 

this area. This lack of impact could .be maintained pro'"iding that the 

rate of water flow is controlled and that most of the sediment settles 

in the pond north of the road. The continued flooding in the -."illow 

shrub and black spruce forest is not likely to have much effect. The 

sed imen t d epos ited in the pme forest 1S likely to be rap id ly invaded 

by shrubs and herbs. The white spruce trees affected by flooding are 

likely to recover next year. 

6.3.0 Conclusions 

The impact of drainage water on the vegetation near the two 

discharge points was minimal. At the tailings pond discharge, the 
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Plate 10. Rapid invasion by herbaceous species that have been buried by 
sediment is primarily accomplished by rhizomes and stolons. 
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major ef~ect of current flooding was on white spruce, which was 

showing yellowing ·of lower needles; and on herbaceous species, most of 

which have drowned. If the flooding remains, aspen and several shrubs 

are likely to die out and be replaced by willow and swamp birch. 

At the Muskeg River discharge, there has been continuous 

flooding and high sedimentation of a willow shrub and black spruce 

forest. Since the vegetation of these areas is often subject to 

flooding, little impact is expected. In the portions of the pine 

forest subjected to sedimentation, rapid recovery by stressed trees 

and rapid invasion of bare surfaces by shrubs and herbs is expected. 

In order to confirm the long term impact of discharge water 

on vegetation, annual surveys are recommended. Prior to a survey, any 

new aerial photography of the area should be reviewed. Field surveys 

should take place in late July or early August to avoid symptoms of 

vegetation damage caused by early fall frosts. 
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8.0 APPENDICES 

APPENDIX A: WATER QUALITY fu~ALYSES 

All detailed analyses were checked for internal consistency 

by a variety of methods to detect any gross analytical errors. 

In a pe.rfectly accurate complete analysis, the sum of all 

the cations in milliequivalents per litre (meq/L) must exactly equal 

the sum of all the an~ons. In practise, there is usually a slight 

discrepancy between the sums, because analytical methods are never 

perfectly accurate and because all ions are not usually included 1D an 

analys is. 

In the pre sen t study, ion balance was checked by the method 

of Thomas (1953); ie, the difference between major cation and anion 

concentrations was expressed as a percentage of total 10ns. 

Calculations vere checked if the percent difference exceeded the 

I imits in Table AI. If sulphate, which had a high detection limit, was 

not found 1n the analysis, the ion balance was recalculated including 

sUlphate at a concentration just below the detection limit. If the ion 

balance was still outside the acceptance range, it was considered 

likely that there was a serious error in the reported concentration of 

one or more major ions, and these data were not used U1 any subsequent 

analysis. 



Table Al Limits of expected values for calculations used to check the accuracy of detailed 
water analyses. Analyses having one or more values falling outside the expected 
ranges were treated as described in the text. 

Absolute Value 1 2 

Range 1 
Ranoe 

TDS rcations - E3nions x 100 ms and sum.constit. 
(mg/L) Lions TDS - sum constituents (mg/L). Conductivity Conductivity 

<l00 7 -6 to +20 

101-200 5 -8 to +30 

201-300 4 -12 to +40 

301-500 4 -14 t~+45 

501-1000 3 -16 to +50 

1 slightly modified from Dole, cited in Thomas (1953:40) 

2 Hem (1970:235) 

0.55 to 0.75 

(at all TDS) 
;l> 
N 
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For most analyses, total dissolved solids (TDS) was 

determined gravimetrically. This permitted a check to be made on the 

analysis by a comparison of sum of constituents (calculated as 

recommended by Thomas 1953) to TDS, which should be within a few mg/L 

of each other in most natural waters' (Thomas 1953, Hem 1970). In the 

present data, TDS would generally be expected to exceed the sum of 

constituents, because silica was not included in the analysis and 

sulphate was analyzed only at a high detection limit. When TDS - sum 

of constituents exceeded the acceptance limits in Table AI, the 

difference was recalculated by including sulphate at a concentration 

just below the detection limit In the sum of constituents. If the 

difference was still outside the acceptance limits, it was determined 

if silica at a concentration within the previously-reported range 

(Seidner 1980) could account for tr.e remainder of the difference. If 

not, the other ratios used to check the analysis were examined to 

determine which measure was most likely in error so that this datum 

could be removed from any further analysis. 

Conductivity, sum of :onstituents and TDS are all 

approximate measures of the same thing; ie, the dissolved salts 

present in water. The latter two can be expected to have an 

approximately constant relationship to conductivity, depending in part 

on the ion species present. The ratio of TDS (or sum of constituents) 

to conductivity can be expected to :all within the range 0.55 to 0.75 

(Hem 1970). When these ratios fell outside the expected range, it was 

determined if sulphate at a concentration just below the detection 
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limit, and (for sum of constituents/conductivity) silica within the 

known range (Seidner 1980) could account for the discrepancy. If not, 

the 0 ther rat ios used to check the ana lys is were examined to determine 

which datum was most likely in error so that it could be excluded from 

further consideration in the data analysis. 



Table A2. Water analyses, Muskeg River drainage, March 25, 1980. All units are mg/l except ion balance (calculated from megll). 
pH, conductivity and colour. Ion balances in parentheses ~Iere calculated assuming sulphate was present just below 
the detection limit. 

Station 
1 2 3 4 5 6 7 8 g 10 

Ca lcium 88 85 83 85 88 96 82 93 95 163 
Magnesium 20 20 20 21 20 26 21 23 16 17 
Sodium 14 13 14 16 15 46 16 11 6.9 2.5 > Potassium 1.9 1.9 1.9 2.0 2.0 2.9 2.0 2.0 1.3 2.0 U1 

Chloride 5 7 7 7 8 35 5 5 2 3 
Sulphate <10 <10 <10 <10 <10 <10 <10 <10 <10 <35 
Total alkalinity (as CaC03 ) 302 296 290 294 290 364 290 314 298 410 
pll @ 20°C 8.48 8.50 8.25 8.57 8.27 8.30 8.33 8.15 8.12 8.36 
Total hardness (as CaCO,) 302 294 289 298 302 346 291 327 303 477 
Conductivi ty liS/COl @ 25"C 647 661 661 647 661 920 661 718 661 949 
Suspended solids 10 16 16 14 17 18 18 15 45 54 
Turbidity, NTU 16 20 18 43 29 36 33 32 64 137 
r.olour, APIIA units 20 40 40 40 50 50 60 40 20 250 
[lOO 4 4 3 4 4 4 3 6 3 5 
TOC 14 15 25 18 23 11 15 16 28 63 
Phenols ,,0.001 ~0.001 ~O.OOI <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ,,0.001 
Oils dnd grease <1 <1 d <1 <l <1 <1 <1 <1 <1 
Total phosphate (as p) 0.02 0.03 0.03 0.03 0.04 0.06 0.04 0.06 0.06 0.03 
/\/II/llorlia-N <.1 -:1 ·:1 <1 d <1 <l <l < 1 <I 
N ilra te-N <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nitri te-N ~0.1 <.0.1 <.0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <.0.1 
101..11 V,jf:lt1"hl 2.J :'.3 1.9 ?,] l.ti 1.:1 1.3 l.iJ 1 -, • t 1.2 
Iron 0.061 O.OH 0.040 0.048 0.114 0.036 0.047 0.017 C.037 0.095 
Mdnganese 0.009 0.007 0.037 0.035 0.043 1.096 0.027 0.294 0.065 0.804 
/\t'~erl ic ·0.005 ,O.OOS <O.OO!; -0.005 ·-0.005 <0.005 <0.005 <0.OU5 <0.005 ..:0.005 
Chl'Ollliulil 0-.011 0.008 0.003 0.004 0.002 0.010 0.003 0.015 0.032 0.015 
Copper 0.006 0.007 0.003 0.006 0.010 0.006 0.009 0.017 0.011 0.)29 

Continued 



Table A2. Continued. 

Station 
2 3 4 S 6 7 8 9 10 

lead <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
~lercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nickel 0.017 O.OOB 0.023 0.028 0.012 0.046 0.031 0.019 0.023 0.069 
Vanadium 0.078 0.126 0.089 0.113 0.076 0.109 0.065 0.069 0.107 0.276 
Zinc 0.006 0.001 0.004 0.004 0.007 0.02B 0.010 0.011 0.004 O.OOS 

Sum cf constituents 310 30S 300 30B 307 424 300 322 300 469 

rcations - r.anions x 100 4.1 3.1 3.6 5.1 5.6 4.2 5.0 4.8 3.1 7.7 
--l:~--- (3.4) (3.8) (3.0) (3.3) (3.1) (3.5) 

Sum of constituents 0.48a 0.46a 0.4Sa 0.48a 0.46a 0.46a 0.45a 0.4Sa 0.45a 0.49a 
--Conduc ( 1 V 1 ty 

a Ion balances satisfactory, but sum of constituents is unusually low. and/or conductivity is unusually high. Addition of any realistic 
concentration of silica (up to 25 mg/l, Seidner 1980) and sulphate just below the detection limit to the sum of constituents does not 
bring the ratio within the expected range. Conductivity error possible. 

>-
C]'\ 



Table 113. Water analyses, Muskeg River drainage, May I, 1980. All units are mg/l except ion balance (calculated from meg/l), pH, 
conductivity and colour. Ion balances and ratios in parentheses were calculated by assuming sulphate was present just 
below the detection limit. 

Station 
2 3 il 5 b 7 ri 9 10 

Calcium 33 32 30 26 27 17 33 43 64 117 
NagnesiuIR 7.6 7.9 7.2 6.9 7.1 5.3 8.4 10 11 15 
Sodium 10 9.7 9.5 11 11 11 10 6.2 4.8 6.0 
Potassium 1.5 1.4 1.5 1.4 1.5 1.3 1.5 1.5 1.4 1.3 
Chloride 4 3 2 3 2 2 3 3 2 2 >-SuI phale dO dO dO <10 <10 <10 <10 <10 <10 <10 -...z 
TuLdl alkallnlly (as CaCO l ) lW 116 lIU lOU 110 134 124 152 l!l8 322 
pI! @ 20 uC 8.26 8.19 8.21 8.1B B.15 8.04 8.0B 8.01 8.26 8.29 
Total hardness (as eaeO J ) 114 112 104 93 97 64 117 14B 205 354 
Conductivity, ~S/cm @ 25°C) 228 22B 204 216 215 170 233 275 324 503 
Suspended solids 1 2 3 2 2 9 4 3 93 62 
Turbidily, NTU [I 13 12 9 13 17 16 12 70 44 
ColoUt', IIPIlIl units 30 30 30 30 30 30 30 30 20 40 
nOD 2 2 2 2 2 3 2 .3 2 2 
lOC 15 15 III 18 16 17 16 14 15 16 
Phenols ~O.OO) <0.001 <.0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Oil' .. 11111 (Jrei!';!! ·1 "1 ·:1 d <1 d d <I ,,1 <1 
lold I phosphdle (os 1') 0.02 0.02 O.Ol O.OJ 0.04 0.04 0.04 0.03 0.0:.1 0.03 
IIlIIlIIonia-N <1 <1 <1 <) <1 <1 <1 <1 <1 <1 
Hi trilt('-N ·0.1 ·:().I ·:0.1 ·:0.1 ·:0.1 <0.1 <.0.1 <.0.1 <0.1 ,,0.1 
N itrilc-N <0.1 <.0.1 <0.1 <.0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Kjeldahl-U 1.5 1.8 1.4 2.2 <1 <1 <1 1.2 1.5 3.2 
Iron 0.45 0.G4 D.o? 0.04 O.Gil 0.30 0.92 1.06 0.13 0.32 
l·ldnganese 0.037 0.058 0.060 0.052 0.0!i8 0.005 0.043 0.070 0.036 0.100 
r,rsen ic <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0;005 
Chromium <0.001 <0.001 <0.001 <0.001 <.0.001 <0.001 <0.001 <0.001 ,0.001 <0.001 
COPIJer 0.005 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 0.025 0.014 0.002 
Lead <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
~lercury <0.0002 <0.0002 <0.0002 <0.0002 <0,0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
!'lid!'l 0.017 O.ClOn n.012 0.010 0.010 0.011 0.017 0.014 0.073 0.0{'4 
V,lflad i UIIl 0.020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.024 

Continued 



Table A3. Continued. 

Station 

2 3 4 5 6 7 8 9 10 

Zinc <0.001 0.012 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Total dissolved solids 168 136 138 144 148 107 172 188 220 372 

Sum of constituents 126 124 122 114 115 87.2 131 156 196 335 > co 

rcations - ranions x 100 5.5 6.3 2.4 3.2 4.0 2.0 5.0 2.7 6.5 6.2 
rlOns (1.5) (2.1) (1.1) (3.8) (4.6)* 

TDS TOS 0.74 0.60 0.68 0.67 0.69 0.63 0.74 0.68 0.68 0.74 
Conductivity 

SuO! of constituents 0.56 0.54 0.60 0.53 0.53 0.51 0.56 0.57 0.60 0.67 
----ConduclTvTty- (0.59) (0.57) (0.58) (0.57) 

IDS - sum of constituents 40 12 16 30 33 19 41** 32 24 37 
(30) (23) (31) (22) 

* excess cations 
** most likely TOS in error (TDS/cond. relatively high, other checks OK). 



Table M. Hater analyses, Muskeg River drainage, July 11, 1980. All units are mg/L except in balance (calculated from megIL), pH, 
conductivity and colour. Figures in parentheses were calculated by assuming sulphate was present just below the 
detection 1 imit. 

Sta tion 
2 3 4 5 6 7 8 9 10 

Calcium 60 61 72 61 56 36 58 65 101 112 
Magnesium 12 12 13 13 12 9.4 13 14 15 12 
Sodium 14 14 13 18 20 17 26 9.5 7.6 5.3 
Potassium 0.9 0.9 1.1 0.9 1.3 1.0 0.8 0.8 1.6 1.3 
Chloride 7 8 5 9 8 6 11 3 2 2 ~ 
Sulphate <10 dO <10 <to <10 <10 10 10 10 10 \0 

Total alKalinity (as CaC03 ) 220 230 254 236 230 160 246 234 314 296 
pH @ 20°C 8.24 8.20 8.25 8.48 8.08 8.25 8.45 8.37 8.49 8.42 
Total hardness (as CaC0 3 ) 199 202 233 206 189 128 198 220 314 329 
Conductivity, IS/em @ 25°C 396 396 456 432 432 336 456 432 575 587 
Suspended solids 1 J 1 1 23 1 6 8 37 36 
Turbidity, NTU 4 4 q 5 10 4 5 5 14 20 
Co lour. APIIA un its 20 20 20 30 30 20 20 20 30 40 
1300 3 3 3 3 3 3 3 3 3 4 
TOC 15 16 17 17 16 18 16 15 18 13 
Phenols <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 0.001 0.001 
Oil s and grease <1 <l ,1 d <l d <l <1 .;i ,I 
Total phosphates (as P) 0.02 0.01 0.01 0.02 0.03 0.01 0.02 0.02 0.01 0.02 
!\IIVlIon i a -N <1 <1 <l <1 <l <1 <1 <1 <1 <1 
Nitra te-tl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 <1 <0.5 <1 
j/i tri te-N <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <l <1 <1 <1 
Total Kjeldahl-N 1.9 1.4 1.8 2.4 1.7 1.5 1.4 1.7 1.4 1.6 
Iron 0.096 0.091 0.092 0.105 0.107 0.104 0.111 0.102 0.090 0.124 
Hdnganese 0.033 0.010 0.001 0.022 0.050 0.024 0.034 0.014 0.032 0.071 
Arsenic <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Chromium 0.00'1 0.001 0.002 0.010 0.005 0.003 0.004 0.001 0.008 0.010 
Copper' 0.019 0.019 0.003 0.007 0.01'1 0.003 0.004 <0.001 0.009 0.013 
Lead <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
14ercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Hickel 0.015 0.008 0.019 0.333 0.016 0.009 0.018 0.015 0.013 0.022 

Continued 



Table A4. Continued. 

Station 
1 2 3 4 5 6 7 8 9 10 

Vanadium 0.017 0.001 0.024 0.041 0.041 0.029 0.070 0.032 0.081 0.062 
Zinc 0.011 0.003 0.006 0.002 0.003 0.002 <0.001 0.007 0.027 0.035 

Total dissolved solids 265 269 301 281 285 225 299 285 385 387 

Sum of constituents 226 234 265 244 237 166 257 243 326 321 

l:cations - ranions x 100 0.2 -1.7 0.4 -0.6 -1.5 -0.4 -3.1 -1.4 0.7 5.0d 
---fions 

TOS TDS 0.67 0.58 0.66 0.65 0.66 0.67 0.66 0.66 0.67 0.66 - Conductivity 

Sum of constituents 0.57 0.59 0.58 0.56 0.55 0.49a 0.59 0.56 0.57 0.55 
--ConducITvn:y-- (0.52) 

TDS - sum of constituents 39 35 35 37 48 59a 32 42b 59c 65d 
(3fl) (49) 

a TDS/conductivity is within the expected range, therefore the sum of constituents is most likely too low. Because the ions balance, 
either MI iun IJdlt- ut' dn UlliUllizetl COflStitU!!1I1: might Ihlve bCCII omitletl 1'1'0111 t.he illlJlysis. SillclI ,'l 10 m9/l (\~ell within the known 
rilnge for this creek) added to sum of constituents would bring the ratios into the expected range. 

"Omissiun of silica could hilve matle the sum of constituents slightly too low. 

c Omission of sil ica probably cannot explain the discrepancy between TDS and sum of constituents. Because all other ratios are ~lithin 
the expected ranges, it is not apparent ~Ihat the cause of the large difference is. 

d The ion balance shows an excess of cations. Because the sum of constituents appears to be low in comparison to TDS. it appears most 
1 if-ely tlwt an important anion was underestimated. 

:> ..... 
0 



Table AS. Water analyses, t1uskeg River drainage, 1980. All units are mg/L except ion balance (calculated from meglL) , pH, conductivity, 
turbidity and colour. Figures in parentheses were calculated by assuming that sulphate was present just below the detection 
limit. Collected 10-11 September, 1980. 

Station 

2 3 4 5 6 7 8 9 10 

Ca lcium 28 32 28 27 27 21 28 21 98 101 
M<lgnesium 6.8 7.4 6.7 6.8 6.8 5.3 7.1 7.1 15 12 
Sodium 12 14 13 12 14 15 12 17 7.1 3.8 

~ 
Potass ium 0.5 0.5 0.6 0.5 0.4 0.4 0.4 0.5 1.7 1.5 ..... 
Chloride 1 1 <1 3 1 2 2 2 <1 1 ..... 
Sulphate <10 dO <10 <10 <10 <10 <10 dO 50 78 
Total alkalinity (as CaCO) 124 122 120 120 120 100 128 102 282 221 
ph @ 20°C 7.69 7.57 7.51 7.38 7.32 7.96 7.73 7.46 7.69 7.94 
Total hardness (as CaC02 ) 98 110 97 95 95 74 99 82 306 301 
Conductivity, lIS/em @ 2:>C 240 228 222 224 204 192 240 222 479 503 
Suspended solids 28 29 21 21 13 21 23 32 31 970 
Turbidity, NTI) 21 18 19 19 19 17 17 17 21 211 
Colour, APIIA units 101 107 110 108 110 110 110 110 47 45 
BOO 2 5 2 4 2 2 2 3 6 4 
roc 43 34 28 35 36 36 36 34 34 42 
"hellols ,0.001 ·0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ,0.001 
Oils and grease <l <l <I <1 <1 <1 d <1 <1 <1 
Total phosphate (as p) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 
I\lI1l11onia-N <1 <1 <1 <1 <1 <1 <1 <1 <I <1 
fl i lra te-N <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
tli I.ri t!!-N -0.1 ·0.1 ·:0.1 ·0.1 <0.1 <0.1 <0.1 <0.1 ,0.1 <0.1 
lolal KJeldahl-N ,1 ,I 1.1 <1 <1 <1 <l " I 2.7 1.4 
Iron 0.35 0.38 0.35 0.35 0.35 0.30 0.35 0.33 0.56 1.45 
M'Hl~Jilne$(! 0.107 0.043 0.037 0.Otl6 0.033 0.038 0.028 0.053 0.102 0.104 
I\r'seu Ie "O.OOl ,,0.001 ·:0.001 ,,0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Chromiulil <0.001 <0.001 ,,0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Copper 0.001 <0.001 0.003 0.006 <0.001 <0.001 0.003 <0.001 0.002 0.002 
Lead 0.0098 <0.001 <0.001 0.005 <0.001 <0.001 0.003 0.004 <0.001 0.003 
Mercury <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nidel <0.001 0.003 <0.001 0.043 <0.001 <0.001 0.007 <0.001 <0.001 <0.001 

Cont inued 



Table AS. Continued. 

Station 
2 3 4 5 6 7 8 9 10 

Vanadium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Zinc 0.006 0.003 0.003 0.002 0.008 0.005 0.005 0.007 0.005 <0.001 

Total dissolved solids 159 150 149 152 137 127 162 140 311 332 

Sum of constituents 123 129 121 122 122 104 127 109 342 331 

rcations - ranions x 100 -0.2 6.8 3.0 -0.6 2.2 2.1 -2.1 6.5 -1.6 1.5 
rlons (2.7) (1. 7) 

TDS TDS 0.66 0.66 0.67 0.68 0.67 0.66 0.68 0.63 0.65 0.66 
Conductivity 

Sum of constituents 0.51 0.57 0.55 0.54 0.60 0.54 0.53 0.49a 0.71 0.66 
Conductlvlty (0.55) (0.59) (0.59) (0.57) (0.54 ) 

TDS - sum of constituents 36 21 28 30 15 23 35 31 _3I b 
(26) (25) (21) 

a Either the sum of constituents is too low or the conductivity is too high. The TDS/conductivity ratio is well within the expected range, 
suggesting that the conductivity measurement Is accurate, therefore the sum of constituents is probably too low. Silica within the 
known range for the Muskeg River (Seidner 1980), if added to the sum of constituents, would place the sum of constituents/conductivity 
ratio within the expected range. 

b There is no ohvious explanation for the high swn of constituents relative to ToS, in fact, the l~tter would be expected to slightly 
exceed lhc lunncl' In lll15 <lll,dy~b. Til!! IIIdJur 1011 (Ifill lUS uclcl'llllll.llIl1l1s /II"C not rellilule 1'01" this sdillple. 

::t> ...... 
N 
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Table A6. Water analyses, Muskeg River drainage, 1980. All units are mgll, except ion balance (calculated from megill, pH, conductivity, 
turbidity and colour. Figures in parentheses were calculated by assuming that sulphate \~as present just below the detection 
limit. Collected 12 November 1980. 

Station 

1 2 3 4 5 6 7 8 9 10 

Calcium 36 34 35 33 32 20 35 37 106 122 
Magnesium 9.4 9.0 9.3 9.0 9.2 6.0 10 10 17 16 
Sodium 9.4 8.8 8.7 8.7 8.6 9.0 8.6 7.4 6.0 4.2 
Potassium 0.6 0.6 0.5 0.5 0.5 0.3 0.5 0.6 1.6 1.4 ;t> 
Chloride 4 4 5 4 5 2 2 5 1 2 ..... 
Sul pha te <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

w 

Total alkalinity (as Cac03 ) 152 150 150 146 142 104 156 156 300 314 
pH @ 20°C 8.22 7.93 8.12 8.29 8.21 7.93 7.52 8.28 8.28 8.25 
Total hardness (as CaC03 ) 128 122 126 119 118 75 128 133 334 370 
Conductivity. \IS/cm.@ 25°C 260 250 250 240 230 180 250 250 480 520 
Suspended solids 12 18 15 12 8 6 10 17 312 47 
Turbidity, NTU 20 20 18 20 19 17 18 18 85 48 
Colour. APHA units 69 66 70 67 68 73 70 68 65 120 
1100 2 4 5 3 3 3 4 4 6 3 
TOC 27 29 29 30 30 27 29 29 18 19 
phenols <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ,,0.001 <0.001 
Oil s and grease <1 <1 <l <1 <1 <1 <1 <1 <1 <1 
Total phospliate (as P) 0.02 0.01 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.04 
IIl11l11lJniJ-N d "I d d d <l <1 -:l ,1 ,1 
Nitra te-N <1 <1 <l <1 <1 <1 <1 <1 <1 <l 
Ni tritc-N <l <1 <l <1 <1 <1 <1 <1 <1 <l 
r u td I Kj e 1 <lJ h 1 N 1.2 1.t.i 1.3 1.5 1.2 1.4 1.2 1.2 1.7 2.2 
Iron 0.13 0.13 0.13 0.13 0.13 0.12 0.14 0.14 0.14 0.14 
Milnq~nese 0.080 0.092 0.095 0.092 0.095 0.071 0.094 0.101 0.113 0.111 
IIt''.eJlIt. .o.OO!; -:O.()U~ O.DO'; .o.oo!,; .O.O!)!) <0.005 ,,0.005 ,O.OOS <O.OO~; ,0.005 
ChrollliulII <0.001 ,,0.001 <O.OUI <0.001 <0.001 <0.001 <0.001 <0.001 .,0.001 <0.001 
Copper 0.002 <0.001 0.002 <0.001 <0.001 0.002 0.002 <0.001 <0.001 0.002 
Lcad 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.021 0.026 

Con tinued 



Table A6. Continued. 

Station 

2 3 4 5 6 7 8 9 10 

r~ercury -::0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Nicke 1 <0.001 0.002 0.004 <0.001 <0.001 <0.001 <0.001 0.003 0.003 0.002 
Vanadium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Zinc <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.002 0.001 0.001 

Sum of constituents 151 147 149 143 141 100 150 154 312 335 :> 
_6.2a 7.4b 9.2b I-' 

l:ca t ions - r.an ions x 100 -2.3 -4.5 -3.8 -4.3 -4.2 -3.6 -3.8 "" -----Uorls-------- (5.7) (7.6 ) 

Sum of constituents 0.58 0.59 0.60 0.60 0.61 0.56 0.60 0.62 0.65 0.64 
--Co n duCfi v 1 ty-

a Anions exceed cations. Error in analysis of one or more major ions. 

b Cations exceed anions. Error in analysis of one or more major ions. 
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Table A7. Water quality analyses minesite drainage ditch at the 
outfall area (Station 9» winter 1980. Data collected by 
Hardy Associates (1978) Limited. All units are mg/L 
unless noted otherwise. Asterisks mark values outside 
of the expected range. 

Sample Feb. 9 Feb. 23 Mar. 8 ~/lar . 8 

Calcium 112 128 122 74 
Magnesium 21 19 27 18 
Sodium 1.2 6.3 8.3 7.0 
Potassium 1.3 1.3 2.1 1.5 
Chloride 3 6 3 2 
Sulphate <10 <10 <10 <10 
Total alkalinity 354 367 424 286 

(as CaC03 ) 

pH @ 20°C 7.52 7.62 7.60 7.74 
Carbonate < 1 < 1 < 1 < 1 
Biocarbonate 431 447 517 349 
Total hardness 333 397 415 259 

(as CaC03 ) .. 
Fluoride 0.10 < 0.10 0.21 0.10 
Silica 5.9 9.8 2.6 2.0 
E.C. mS/cm @ 25°C 0.64 0.59 0.79 0.54 
Threshold odor No. 2 2 2 4 
Color, APHA units 100 55 40 30 
Total filt. residue 351 390 417 274 
Surfactants < 1 < 1 < 1 < 1 
Total organic carbon 37.0 40.0 59 22 
Total inorganic carbon 65.5 110.0 96 69 
Total carbon 102.5 150.0 155 91 
Nitrate & nitrite nitrogen < 1 < 1 < 1 < 1 
Ammonia nitrogen < 1 < 1 < 1 < 1 
Total Kjeldahl nitrogen 16 3.7 2.8 1.1 
Total phosphorus < 0.01 0.04 < 0.01 0.03 
Ortho phosphorus < 0.01 < 0.01 < 0.01 < 0.01 
Phenol 8 8 < 0.001 < 0.001 
Oil & grease 90 20 < 1 < 1 
Sulfide < 0.01 < 0.01 < 0.01 < 0.01 
Chemical oxygen demand 212 70 20 20 
Cadmium < 0.0001 0.0004 < 0.0001 < 0.0001 
Hexavalent chromium 0.005 0.002 0.003 0.009 
Copper 0.007 0.26 0.008 0.013 
Iron 0.29 0.92 0.13 0.12 
Lead < 0.001 0.125 < 0.001 < 0.001 

Continued 
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Tab 1 e A7. Cone 1 uded 

Sample Feb. 9 Feb. 23 Mar. 8 Mar. 28 

t~anganese 0.15 0.38 0.065 0.077 
Sil ver 0.0007 0.0005 
Zinc < 0.0001 0.059 < 0.001 < 0.001 
Vanadium 0.070 < 0.001 
Selenium 0.004 < 0.001 < 0.001 < 0.001 
Mercury 0.0002 0.0004 < 0.0002 < 0.0002 
Arsenic < 0.005 0.020 < 0.005 < 0.020 
Nickel 0.025 0.054 0.012 0.018 
Aluminum 0.31 0.07 0.08 0.10 
Cobalt 0.015 0.030 0.022 0.031 
Boron 0.32 0.02 5.78 2.44 

Sum of constituents 358 392 426 279 

Ecations - Eanions x 100 2.1 5.4 1.0 -1.7 
Eions (4.0) 

Sum of constituents f 

conductivity (uS/em) 0.56 0.67 0.54* 0.52* 
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Table AB. l-Jater quality analyses, plantsite drainage ditch at the 
outfall area (Station 10), winter 1980. Data collected 
by Hardy Associates (1978) Limited. All units are mg/L 
unless specified otherwise. Asterisks mark values 
outside the expected range. 

Sample 

Calcium 
Magnesium 
Sodium 
Potassium 
Chloride 
Sulphate 
Total alkalinity 

(as CaC03 ) 

pH @ 20°C 
Carbonate 
Biocarbonate 
Total hardness 

(as CaC03 ) 

Fluoride 
Sil ica 
E.C. mS/cm @ 25°C 
Threshold odor No. 
Colour APHA units 
Total filt. residue 
Surfactants 
Total organic carbon 
Total inorganic carbon 
Total carbon 
Nitrate & nitrite nitrogen 
Ammonia nitrogen 
Total Kjeldahl nitrogen 
Total phosphorus 
Ortho phosphorus 
Phenol 
Oil and grease 
Sulfide 
Chemical oxygen demand 
Cadmium 
Hexavalent chorium 
Copper 
Iron 

Feb •. 9 

87 
21 
5.0 
1.5 
4 

<10 

'300 
8.15 

< 1 
366 
304 

0.35 • 
0.1 
0.54 
2 

70 
299 
< 1 
16.5 
52.5 
79.0 

< 1 
< 1 

26 
< 0.01 
< 0.01 

4 
20 

< 0.01 
40 

< 0.0001 
0.010 
0.007 
1.00 

Feb. 23 

136 
15 
4.1 
1.5 
6 

<10 

400 
7.84 

< 1 
488 
401 

0.10 
8.9 
0.65 
2 

55 
413 
< 1 
40.0 

110.0 
150.0 
< 1 
< 1 

2.4 
0.03 

< 0.01 
8 

30 
< 0.01 
110 

0.0003 
< 0.001 

0.026 
0.54 

Mar. 8 

100 
16 
4.2 
1.4 
1 

10 

310 
7.95 

< 1 
378 
316 

0.11 
2.4 
0.60 
4 

150 
308 
< 1.0 

12 
78 
90 

< 1 
< 1 

1.9 
< 0.01 
< 0.01 
< 0.001 
< 1 
< 0.01 

30 
< 0.0001 

0.006 
0.013 
0.03 

Mar. 24 

94 
17 
4.7 
1.7 
2 

<10 

312 
7.93 

< 1 
380 
304 

0.10 
2.5 
0.60 
2 

40 
307 
< 1 

41 
74 

115 
< 1 
< 1 

1.1 
0.04 

< 0.01 
< 0.001 
< 1 

0.01 
35 

< 0.0001 
0.011 
0.010 
0.13 

Continued . 
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Table A8. Continued 

Sample Feb. 9 .Feb. 23 Mar. 8 Mar. 24 

Lead 0.016 0.061 < 0.001 0.001 
Hanganese 0.35 0.45 0.022 0.072 
Sil ver 0.0010 0.0003 
Zinc < 0.001 0.035 < 0.001 < 0.001 
Vanadium 0.14 < 0.001 
Selenium 0.004 < 0.001 < 0.001 < 0.001 
~1ercury 0.0002 < 0.0002 < 0.0002 < 0.0002 
Arsenic < 0.005 0.010 < 0.005 0.056 
Nickel 0.035 0.100 0.020 0.018 
Aluminum 0.09 0.16 0.10 0.18 
Cobalt 0.020 0.029 0.010 0.012 
Boron 0.40 < 0.02 4.11 1. 78 

Sum of constituents 301 413 326 312 

~ations - ranions x 100 

Lions 2.3 0.9 0.6 0.2 
# 

Sum of constituents 7 con- 0.56 0.64 0.54* 0.52* 
ductivity (~S/cm) 
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Tab 1 e A9. "Short listll analyses of water quality, regular stations, 
Muskeg River drainage, 1980 • 

. . . . . . . . 

Con duc-
1980 tivity Tur- susp. 
Date pH @ mS/cm @ bidity soli ds , BOD DO 
(m/d) Stn. 20 C 25 C NTU mg/L mg/L mg/L Temp. C 

03/22 1 2 0 
03/22 2 1 0 
03/24 3 2 0 
03/22 4 11 0 
03/22 5 3 0 
03/21 6 0 0 
03/24 7 1 0 
03/24 8 2 0 
03/23 9 7 0 

04/03 1 7.74 0.456 14 8 2 10 0 
2 7.53 0.444 14 12 2 7 0 
3 7.59 0.456 14 17 3 8 0 
5 7.89 0.396 15 10 3 6 0 
6 8.15 0.539 11 12 3 9 0 
7 7.32 0.396 14 5 5 5 0 

04/10 1 8.11 0.270 21 27 7 11 
2 7.72 0.258 19 21 4 10 
3 7.78 0.240 22 17 4 10 
4 7.74 0.228 27 46 3 9 0 
5 7.77 0.219 21 18 3 9 1 
6 7.84 0.175 22 17 4 9 2 
7 7.71 0.249 20 19 4 9 1 

04/14 1 7.80 0.288 58 84 2 
2 7.78 0.198 34 28 2 0 
3 7.67 0.192 21 18 2 1 
4 7.64 0.180 15 25 5 
5 7.70 0.180 15 34 2 
6 7.77 0.156 16 37 2 
7 7.70 0.191 13 41 2 

05/01 1 10 15 
2 10 11 
3 12 14 
4 8 11 
5 10 11 
6 10 13 
7 8 13 

Continued 
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Table A9. Continued. 

Condue-
1980 tivity Tur- susp. 
Date pH @ mS/em @ bidity solids BOD DO 
(m/d) Stn. 20 C 25 C .NTU mg/L mg/L mg/L Temp. C 

05/01 8 7 13 
9 9 11 

10 8 17 
06/03 4 7.94 0.315 15 11 9 15 

5 8.02 0.292 15 7 10 15 
9 7.97 0.580 20 25 9 

10 8.02 0.630 30 68 8 

06/19 2 7 19 
3 8 19 
4 7 17 
5 6 18 
6 9 20 
7 7 20 
9 9 17 

06/20 2 9 20 
3 8 20 
4 6 19 
5 7 18 
6 8 18 
7 8 18 
9 9 20 

06/23-24 2 7 19 
3 7 19 
4 5 19 
5 6 19 
6 8 21 
7 7 20 
9 11 20 

07/01 2 9 18 
07/01 3 9 18 
07/01 4 8 16 
07/01 5 8 17 
06/30 6 8 19 
06/30 7 7 19 
07/01 9 11 17 

Continued 
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Table A9. Continued. 

Conduc-
1980 tivity Tur- susp. 
Date pH @ mS/cm @ bidity solids BOD DO 
(m/d) Stn. 20 C 25 C NTU mg/L mg/L mg/L Temp. C 

07/10 1 8 18 
2 7 20 
3 8 20 
4 7 20 
5 8 20 
6 7 20 
7 8 20 
8 6 18 
9 9 20 

10 7 16 

08/14 4 8.07 0.240 18 7 2 8 16 
5 8.17 0.275 19 11 2 9 16 
9 8.31 0.469 19 IS 2 9 18 

10 8.00 0.584 75 92 2 8 19 

09/10-11 1 9 10 
2 8 10 
3 9 10 
4 9 10 
5 8 10 
6 9 10 
7 7 11 
S 9 10 
9 9 10 

10 8 8 

10/09 4 7.59 0.200 21 4 4 8.0 7 
5 7.65 0.lS0 19 7 4 7.6 7 
9 7.82 0.410 23 3 4 5.S 8 

10 7.69 0.470 44 12 4 9.0 4 

11/12 1 0 13 
2 0 12 
3 1 12 
4 1 11 
5 0 11 
6 0 13 
7 0 10 
8 0 10 

Continued 
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Table A9. Concluded. 

Conduc-
1980 tivity tur- susp. 
Date pH @ mS/cm @ bi dity solids BOD DO 
(m/d) Stn. 20 C 25 C NTU mg/L mg/L mg/L Temp. C 

11/12 9 a 11 
10 1 10 

12/18 4 7.29 0.390 24 26 5 
5 7.11 0.370 30 20 9 
9 7.28 1.00 18 24 6 

10 7.29 1.10 16 28 7 



Table AlO.IIShort list" analyses of water quality, occasi.onal.stations, Nuskeg River drainage, 1980 

Conduc-
1980 tivity Tur- susp. 
Date pH @ mS/cm @ bidity solids, BOD D.O. Temp. 
(m/d) Location 20 C 25 C NTU mg/L mg/L mg/L C 

03/21 Hartley Cr. 100 m above Muskeg con-
fluence 1 0 

Hartley Cr. 500 m above Muskeg con-
fl uence 2 

Muskeg R. 20 m above Hartley confluence 3 0 
Muskeg R. 20 m below Hartley confluence 2 0 

03/22 Muskeg R. off the end of the runway 2 1 
Muskeg R. at Texaco road ford 1 0 

03/23 Muskeg R. grid reference VU687437 2 0 
:> 

04/03 Muskeg R. grid reference VU687437 7.55 0.456 15 9 3 6 0 N 
LV 

04/10 Muskeg R. grid reference VU687437 7.82 0.236 22 19 3 
04/14 Muskeg R. grid reference VU687437 7.66 0.198 22 33 2 

Muskeg R. 50 m below ditch outfall 7.60 0.180 14 62 2 
minesite ditch outfall 7.70 0.420 247 972 7 

05/31- minesite ditch outfall 5 26 
06/01 Muskeg R. immediately below outfall 10 88 

Muskeg R. immediately above outfall 15 6 

06/03 minesite ditch outfall 7.80 0.595 20 36 
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Table B1 The total density (cells/cm2 ), biomass and per cent composition of major algal 
groups (Divisions) collected with Stockner samples (n=3) at stations along the 
Muskeg River~ April-Mav, 1980. 

Division 

Cyanophyta 

Chlorophyta 

Chrysophyta 

Bacillariophyta 

Euglenophyta 

Cryptophyta 

Pyrrophyta 

Rhodophyta 

Tota 1 dens ity 
cell s/cm2 

Total biomass, 
mg/cm2 

No. of species 

1 

A B C 

. 44.6 32.6 41.8 

0.2 

0.2 

43.4 52.7 38.9 

12.0 14.7 18.9 

A 

79.5 

0.7 

0.2 

19.4 

0.1 

Station 
2 

B 

87.0 

2.5 

10.4 

<0.1 

3 

C A B C 

85.7 45.8 68.8 53.5 

0.4 11.0 0.3 1.3 

<0.1 0.3 0.3 

9.2 42.5 30.7 43.9 

1.3 

0.3 

4.5 

151,682 198,964 302,021 132,709 457,340 204,130 89,698 231,093 184,652 

0.202 0.432 0.520 0.068 0.098 0.952 0.099 0.152 0.102 

20 21 29 34 33 28 29 27 21 

~ 
N 
.s;... 



Table B1. 

Division 

Cyanophyta 

Chlorophyta 

Chrysophyta 

The total density (cells/cm2 ), biomass and per cent composition of major algal 
groups (Divisions) collected with Stockner samples (n=3) at stations along the 
t~uskeg River~ April-~1ay 1980. 

Station 
4 6 

A B C A B C 

48.8 74.6 37.8 7.5 45.2 84.1 

0.8 2.2 1.2 0.4 

0.8 0.3 1.2 

Bac ill a ri ophyta 48.2 22.8 59.8 92.5 51.2 12.8 

Euglenophyta 

Cryptophyton 1.5 

Pyrrophyta 

Rhodophyta 3.6 2.7 

Total density 
cell s/cm2 19,549 81.056 37,846 63~474 100,128 133,206 

Total biomass 
mg/cm2 0.017 0.036 0.072 0.232 0.217 0.036 

No. of species 22 24 16 14 26 20 

~ 
N 
VI 



Table B2. The total density (cells/cm2), represented as per cent composition, of major algal 
groups (Divisions) collected with Stockner samplers (N=3) at stations along the 
Muskeg River, June 1980. 

Division 

Chlorophyta 

Cyanophyta 

Chrysophyta 

Bac ill a ri ophyta 

Euglenophyta 

Cryptophyta 

Total density 
cells/cm2 

Total biomass, 
mg/cm2 

No. of species 

1 

A B C 

23.2 23.1 27.1 

41-_ 

71.4 69.9 61.8 

4.1 6.9 9.0 

1.4 2.0 

A 

30.7 

60.4 

6.1 

2.8 

Station 
2 

B 

17 .6 

73.4 

4.5 

0.4 

4.1 

3 

C A B C 

12.5 11.3 13.2 6.5 

29.8 8.6 

77 .8 27.0 24.9 12.2 

2.8 31.9 61.5 71.9 

0.7 

6.9 0.5 

21,780 17,127 19,701 31,588 36,356 21,456 28,059 61.,090 41,422 

0.003 0.003 0.007 0.007 0.008 0.003 0.012 0.094 0.044 

19 17 20 20 23 18 27 45 39 

> 
N 

'" 



Table B2. The total density (cellsjcm2)~ represented as per cent composition~ of major algal 
groups (Divisions) collected with Stockner samplers (N=3) at stations along the 
Muskeg River, June 1980. 

Station 
4 . 6 

Division A B C A B C 

Chlorophyta 17 .6 18.2 0.9 3.5 1.4 2.2 

Cyanophyta 29.7 20.5 41.9 11.6 14.3 62.1 

Chrysophyta 32.4 7.6 9.5 8.1 10.0 14.6 

Bad 11 a ri ophyta 18.9 53.8 47.6 76.7 73.1 20.9 

Euglenophyta 1.1 0.2 

Cryptophyta 1.4 

Total dens ity 
ce 11 s/cm2 7,326 39,336 15,645 25,628 13~880 79,715 

Total biomass 
mg/cm2 0.003 0.043 0.005 0.043 0.012 0.043 

No. of species 23 34 21 29 24 29 

!> 
N 
--J 



Table B3. The total density (cells/cm2), represented as per cent composition, of major algal 
groups (Divisions) collected with Stockner samplers (n=3) at stations along the 
Muskeg River, July 1980. 

Division 

Chlorophyta 

Cyanophyta 

Chrysophyta 

Bac i 11 ar; ophyta 

Euglenophyta 

Cryptophyta 

Tota 1 dens ity, 
cells/cm2 

Total biomass 
mg/cm2 

No. of species 

1 

A B c 

21.6 14.7 8.4 

18.2 36.4 81.5 

50.0 48.8 9.2 

10.4 0.8 

A 

9.4 

33.0 

3.5 

31.7 
~ 

1.2 

21.2 

Sta ti on 

2 

B 

3.5 

81.2 

15.4 

3 

c A B C 

19.0 27.3 29.2 11.7 

41.8 6.1 2.2 26.4 

6.1 2.2 2.5 

18.4 51.5 61.8 57.7 

20.9 9.1 4.5 1.8 

2,574 1, 743 7,395 8,438 51,405 23,542 19,668 17,711 48,574 

0.001 0.001 0.001 0.006 0.009 0.012 0.018 0.030 0.046 

20 13 15 29 28 27 26 34 29 

:> 
N 
0:> 



Table B3. The total density (cells/cm2), represented as per cent composition, of major algal 
groups (Divisions) collected with Stockner samplers (n=3) at stations along the 
Muskeg River, July 1980. 

Station 
4 6 

Division A B c A B c 

Chlorophyta 32.3 29.3 8.5 2.5 22.9 1.4 

Cyanophyta 16.9 5.3 68.2 38.0 63.5 90.9 

Chrysophyta 1.6 4.0 0.3 17.4 4.2 1.4 

Bacillariophyta 48.4 61.3 23.0 38.0 7.7 6.0 

Euglenophyta 0.8 2.5 0.2 0.2 

Cryptophyta 1.7 1.5 <0.1 

Tota 1 dens ity, 
cells/cm2 24,676 22,350 94,764 24,079 205,024 353,726 

Total biomass 
O1g/cm2 0.020 0.115 0.023 0.031 0.258 0.076 

No. of species 24 29 19 29 31 32 

> 
N 

'" 



Table B4. The total density (cells/cm2 ), represented as per cent composition, of major algal 
groups (Divisions) collected with Stockner samplers (n=3) at stations along the 
Muskeg River, August 1980. 

Station 
1 2 3 4 

Division A B C A B C A B C A 

Chlorophyta 4.8 0.9 5.0 11.8 25.0 4.3 7.8 8.8 

Cyanophyta 73.3 80.9 4.2 35.6 50.7 26.1 23.4 42.5 72,4 

Chrysophyta 15.4 1.2 4.6 0.2 2.1 

Bac ill a ri ophyta 76.8 19.4 13.5 90.4 52.6 24.3 69.6 66.7 48.7 27.6 

Eugl enophyta, 0.2 

Cryptophyta 7.7 1.2 

Rhodophyta 

Tota 1 dens ity, 
ce 11 s/cm2 518 1,646 4,259 311,708 &e,878 44,104 10,281 21,009 33,674 4,666 

Total biomass, 
mg/cm2 0.001 <0.001 <0.001 0.188 0.060 0.048 0.017 0.029 0.040 0.002 

No. of species 10 13 19 42 31 32 20 32 26 10 

:> 
w 
0 



Table 84. The total density (cells/cm2), represented as per cent composition, of major algal 
groups (Divisions) collected with Stockner samplers (n=3) at stations along the 
Muskeg River, August 1980. 

Station 
4 5 6 8 

Division B C A B C A B c A B 

Chlorophyta 1.6 12.5 10.9 38.5 6.2 1.6 0.6 2.4 12.3 4.3 

Cyanophyta 41.9 34.7 38.2 9.2 46.2 80.4 91.7 89.1 25.7 

Chrysophyta 1.8 3.1 

Bac; 11 ari ophyta 56.5 53.1 45.5 49.2 46.2 18.0 7.0 8.5 87.7 70.0 

Eug1 enophyta . 1.8 1.5 

Cryptophyta 1.8 

Rhodophyta 0.6 
-!. 

Tota 1 dens ity, 
cell s/cm2 18,476 7,301 16,390 9,685 9,685 24,825 93,274 49,021 3,835 10,430 

Total biomass, 
mg/cm2 0.023 0.005 0.066 0.013 0.049 0.014 0.019 0.017 0.013 0.030 

No. of species 21 17 21 27 24 14. 24 24 24 21 
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Table 85. The total density (cells/cm2), represented as per cent 
composition, of major algal groups (Divisions) collected 
with Stockner samples (n=3) at stations along the Muskeg 
River,.October 1980. 

Station 
1 2 

Division A B C A B C 

Chlorophyta 11.0 7.7 27.4 20.3 

Cyanophyta 56.7 58.3 85.5 65.3 48.1 

Chrysophyta 15.4 

Bac i 11 a ri ophyta 32.3 41.7 6.8 7.3 31.6 77.0 

Euglenophyta 

Cryptophyta 7.7 

Tota 1 density, 
cell s/cm2 44,700 17,880 23,234 12,313 7,844 768 

Total biomass 
mg/cm2 0.027 0.008 0.011 0.012 0.009 0.001 

No. of species 23 9 10 9 9 11 



Table 86. The total density (cells/cm2 ), represented as per cent composition, of major algal 
groups (Divisions) colonizing slides (n=l) at stations along the Muskeg River, 
June 1980 

Division 1 2 

Chlorophyta 0.7 11.3 

Cyanophyta 6.4 16.5 

Chrysophyta 2.1 6.7 

l3acillariophyta 90.7 65.2 

Euglenophyta 

Cryptophyta 0.3 

Total density 
cells/cm2 135,762 33,128 

Total biomass 
mg/cm2 0.153 0.025 

No. of species 16 40 

3 

6.2 

53.3 

3.5 

36.0 

1.0 

69~938 

Station 
4 

10.1 

3.6 

6.5 

79.8 

17,187 

0.188 0.019 

37 42 

to 

5 7 8 

4.9 2.9 6.6 

24.9 

6.9 16.0 10.8 

88.2 80.1 57.8 

0.5 

1.0 

24,846 31,106 103,092 

0.046 0.028 0.074 

35 30 28 

:x:-w 
w 



Table B7. The total density (cells/cm2), represented as per cent composition of major algal 
groups (Divisions) colonizing slides at stations along the Muskeg River, July 1980. 

Division 

Chlorophyta 

Cyanophyta 

Chrysophyta 

Bacillariophyta 

Euglenophyta 

Cryptophyta 

Total density, 
cells/cm2 

Total biomass, 
mg/cm2 

No. of species 

1 
A --B 

2.7 

97.3 . 100.0 

Station 
4 

A B C 

0.2 1.8 8.6 

99.8 98.2 91.4 

. . . 

5 
ABC 

11.4 

3.2 

85.3 

14.6 

2.3 

83.1 

5.8 

1.5 

92.8 

7 
Jr 

1.2 

10.5 

0.1 

88.2 

98,318 68,670 89,598 120,118 158,922 6,649 14,170 15,042 83,167 

0.116 0.081 0.108 0.140 0.171 0.006 0.010 0.010 0.087 

6 6 14 16 16 17 13 8 15 

> w 
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Table B8. The total density (cellsJcm2)~ represented as per cent composition~ of major algal 
groups (Divisions) colonizing slides '(n=l) at stations along the Muskeg River~ 
August 1980. 

Station 
Division 1 2 3 .4 .' 5 .. .. 7 8 

Chlorophyta 2.2 6.0 4.4 2.1 8.7 1.8 0.5 

Cyanophyta 10.7 14.2 1.5 15.7 34.9 

Chrysophyta 1.9 

Sac i 11 a ri ophyta 87.0 79.8 95.6 94.5 91.3 82.4 64.1 

Euglenophyta 0.5 

Tota 1 dens ity ~ 
cell s/cm2 155~543 153,472 44~690 57 ~ 116 13~843 34,662 43,164 

Tota 1 bi omas's, 
mg/cm2 0.154 0.203 0.074 0.074 0.054 0.043 0.042 

No. of species 15 31 18 19 29 25 30 

.. 
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Table B9. The total density (cells/cm2), represented as per cent composition, of major algal 
groups (Divisions) colonizing slides along the Muskeg River, October, 1980 

Division 

Chlorophyta 

Cyanophyta 

Chrysophyta 

Bac ill a ri ophyta 

5 

A B 

55.1 

42.9 100.0 

Station 
5 

C A B C 

3.0 

97.0 100.0 100.0 100.0 

7 

A 

14.2 

85.8 

A 

7.5 

92.5 

8 

.B C 

28.6 10.3 

71.4 89.7 

Euglenophyta 2.0 

Cryptophyta 

Total density 
cells/cm2 9,751 4,796 6,567 13,734 38,805 22,345 30,845 140,640 75,428 25,506 

Total biomass 
mg/cm2 

No. of species 

0.006 0.007 0.018 0.016 0.053 0.027 0.025 0.093 0.042 0.018 

11 20 13 16 12 14 12 15 18 16 

:> w 
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APPE~rnIX C 



Upper left: 20 m above minesite drainage main discharge site, looking downstream, 
22 Harch 1980. 

Upper right: main discharge point, minesite drainage ditch, 22 March 1980. 

Lmver left: Station 3, looking downstream 24 Harch 1980. Water on the ice flowed out 
of the hole drilled for sampling. 
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Upper left: Station 1, 

Upper right: Station 2, 

Lower left: Station 3, 

Lower right: Station 4, 

looking downstream, 12 October 1980. 

looking downstream from ford, 8 October 1980. 

looking downstream, 13 October 1980. 

looking upstream, 9 October 1980. 
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Upper left: Station 5, looking upstream, 10 October 1980. 

Upper right: Station 6, looking upstream, 12 October 1980. 

Lower left: Station 7, looking downstream, 11 October 1980. 

Lower right: Station 8, looking downstream, 11 October 1980. 
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Left: Station 9, 5 m below culvert from settling pond, looking downstream. 

Right: Station 10, 10 m upstream of outlet culvert, looking upstream. 
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This material is provided under educational reproduction permissions 
included in Alberta Environment's Copyright and Disclosure Statement, 
see terms at http://www.environment.alberta.ca/copyright.html. This 
Statement requires the following identification: 
 
"The source of the materials is Alberta Environment 
http://www.environment.gov.ab.ca/. The use of these materials by the 
end user is done without any affiliation with or endorsement by the 
Government of Alberta. Reliance upon the end user's use of these 
materials is at the risk of the end user. 

http://www.environment.alberta.ca/copyright.html�
http://www.environment.gov.ab.ca/�



