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Abstract 

The Pesticide Chemicals Branch of Alberta Environment 

conducted a monitoring program in 1981 related to two methoxychlor 

treatments of the Athabasca River for black fly (Diptera: Simulium 

arcticum) control. Three populations of black fly larvae were 

observed in 1981 

95.4% (May 20/21 

and the first two populations were reduced by 

treatment) and 96.5% (June 19 treatment) 

respectively. Population reductions of non-target organisms due 

to methoxychlor was limited for the May 20/21 treatment but was 

considerable for the June 19 treatment. Water samples collected 

from the Athabasca River at Fort McMurray contained only trace 

amounts of methoxychlor. Adult black fly activity in the farming 

area peaked in late July, correlating with expected adult 

emergence. 
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INTRODUCTION 

As in 1979 and 1980, the Pesticide Chemicals Branch of 

Alberta Environment monitored a black fly (Diptera: Simuliidae) 

control program conducted along the Athabasca River in northern 

Alberta. The black fly control program was carried out by the 

County of Athabasca No. 12 to alleviate problems of black flies 

attacking cattle in the Grassland - Wandering River area (Figure 

1). This area is subject to large and intense infestations of 

black flies (primarily Simulium arcticum) during the summer months 

and this has restricted expansion of livestock production in the 

area (Ryan and Hilchie, 1980). 

There were a number of objectives involved in the 1981 

program, namely; 

(1) To monitor black fly larval populations and correlate 

numbers and development with the consultant in charge of 

the control program. 

(2) To monitor the impact of the chemical (methoxychlor) on 

the non-target biota and to determine population 

reductions and recovery time, 

(3) To monitor methoxychlor residues in the river water 

upstream of the City of Fort McMurray and to inform the 

City of the expected arrival time of methoxychlor 

contaminated water. 
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(4) To monitor methoxych!or residues in the silt bedload of 

the Athabasca River over the summer. 

(5) To monitor adult black fly populations in the affected 

farming area to assess the efficacy of the treatment 

program. 

SAMPLING SITES 

The sampling sites used in 19B1 were the same as those used 

in 1980 (Byrtus, 1981b). Seven sampling sites were located along 

the river from 20 km upstream to 240 km downs team of the Town of 

Athabasca (Figure 1). River characteristics at these sites and of 

this reach of river have been described by Kellerhals et al. 

(1972), Haufe and Croome (1980) and Byrtus (1981a). The discharge 

levels of the Athabasca River at the Town of Athabasca for 1981 is 

presented in Figure 2. 

TREATMENT 

Monitoring of black fly larval development indicated that one 

treatment in two parts would be required on or about May 20. On 

May 20 at 1700 hrs the first part of of the treatment was injected 

59.5 km downstream from Athabasca. River flow was 552 cubic 

meters per second, (m3 /s), velocity was 3.6 km/hr and 285.5 litres 

of methoxychlor (24% emulsifiable concentrate) was injected over 

7.5 minutes to achieve a 276 parts per billion (ppb) 

concentration. The allowable treatment dosage of methoxychlor for 

the control of black fly larvae in the Athabasca River is 300 ppb 
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injected over 7.5 minutes. The second part of the treatment took 

place 100 km further downstream on May 21 at 1530 hours. River 

flow was again 552 m3 /s, velocity 4.1 km/hr and another 272 

litres of methoxychlor was injected over 7.5 minutes to achieve a 

263 ppb concentration. 

Subsequent post-treatment larval monitoring found that a 

second population of black flies was approaching the treatment 

threshold level. A second treatment was scheduled at 145 km 

downstream from Athabasca for June 19 at 1415 hours. River 

discharge was 722.3 m3 /s, velocity 4.52 km/hr and 540 litres of 

methoxychlor was injected. As the second treatment was conducted 

under the auspices of an experimental research permit issued by 

Agriculture Canada, Ottawa (methoxychlor is currently registered 

for only one treatment per year in the Athabasca River), it was 

decided to lower the dosage rate and to extend the injection time 

to enable determination of the control efficacy at the lowered 

rate. The calculated dosage rate for the June 19 injection was 199 

ppb of methoxychlor (injected over 15 minutes) as compared to 298 

ppb (injected over 7.5 minutes) for the May 20 and 21 injections. 

The injection procedure and materials used are described by Depner 

et al. (1980a). 

- 4 -



1400 

1200 

~ 1000 
V1 -M 
E 800 
Q) 

C"l 
~ 600 ro 
~ 
u 
V1 

''''- 400 0 

200 

Brea k-up 

~ 

Jan Feb t1ar Apr ~1ay June July Aug Sept Oct Nov 

Figure 2 - Discharge of Athabasca River at Athabasca, 1931. 

(Water Survey of Canada Station No. 07BE001) 

- 5 -



SAMPLING METHODS 

Larval Sampling 

Black fly larvae were collected from each of the seven sites, 

on a weekly basis, using the artificial substrate (plastic cone) 

method described by Depner et al. (1980a) and Pledger and Byrtus 

(1980). The larvae were then placed into 1 oz. Universal sampling 

vials filled with 95% ethanol, and taken back to the laboratory, 

where aging (Fredeen, 1976) and enumeration of the larvae were 

carried out. 

Non-target Organism Sampling 

Non-target invertebrate organisms were collected during the 

summer at each of the seven sites using the rock tumble method 

described by Depner et al. (1980b) and Pledger & Byrtus (1980). 

A slight modification in sampling method was employed in 

1981. Instead of disturbing an area of river substrate 0.6 m x 3.0 

m for one minute to collect one sample, three areas of 0.6 m x 1.0 

m were each disturbed for one minute to collect three replicate 

samples. This was to ensure a greater degree of reliability in the 

sample data. Non-target organism sample sites were established in 

riffle areas near to shore and adjacent to the black fly larval 

sampling sites. The samples obtained were preserved in 95% 

ethanol and taken back to the laboratory for sorting and 

identification. Specimens were identifed to genus where possible 

using the keys in Ward and Whipple (1959), Usinger (1973), Pennak 

(1953), Merritt and Cummins (1978) and Wiggins (1977). 
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Percent reduction was calculated using unadjusted percent 

changes in pre and post-treatment populations as well as using the 

modified Abbott's formula to adjust for changes at control sites 

(Charnetski, Depner & Beltaos 1980). Diversity indices for each 

sample was calculated using the Shannon-Weiner formula CD = 
-lp.log2P .) as presented by Smith (1974). 

1 1 

Methoxychlor Residues - Silt 

Silt from the river bottom was collected for methoxychlor 

residue analysis. Collection was carried out by placing three 

modified Bogardi samplers (Charnetski and Depner, 1980) at each 

sampling site on the downstream trip and picking them up on the 

return trip the next day. The collected samples were mixed and 

placed into clean polyethylene bags, taken back to the laboratory, 

frozen and sent to the Pollution Control Laboratory in Vegreville 

for analysis. 

Methoxychlor Residues - Water 

In order to determine the actual concentration of 

methoxychlor in river water prior to its arrival at the City of 

Fort McMurray (396 km downstream from the Town of Athabasca), 

water samples were collected one day after treatment from points 

approximately 150 km upstream of the City of Fort McMurray. These 

samples were flown to the Pollution Control Laboratory, 

immediately analyzed, and the results of the analysis telephoned 

to the water treatment plant at Fort McMurray. This procedure was 

conducted for both the May and June treatments. For the treatment 
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in May, additional water sampling was carried out at Fort 

McMurray. Samples were collected from the river, the water 

treatment plant, and the Syncrude water storage pond prior to and 

during the calculated passage of the methoxychlor contaminated 

water. Samples were not collected at the Suncor water storage 

pond as the plant was shut down for overhaul. 

Barrel Traps 

Barrel traps (Byrtus, 1981a) were again set out in 1981 in 

the farming area to monitor adult activity. Four traps were set 

up at various locations in the pasture of G. Lantz (SE1/4, Sec 29, 

Twp 68, Rge 19, W4th). The Tanglefoot® covered plastic on these 

traps was changed weekly and taken back to the laboratory where 

the black flies trapped on the sticky plastic were counted. 
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Results 

Larval Sampling 

Sampling for larval S. arcticum was conducted over a nine 

week period in 1981, commencing just prior to the first scheduled 

treatment on May 20/21. Sampling was discontinued four weeks 

after the second treatment. A graphical description of larval 

populations is given in Figure 3. 

It is apparent from the graph that prior to treatment, 

larval populations were well above the treatment threshold level 

of 500 larvae/cone. The treatment threshold level was arbitrarily 

designated by Depner et al. (1980a) based on experience obtained 

during the research program conducted on the Athabasca River. 

Following each treatment however, larval populations were reduced 

severely. The cumulative percent reduction of larvae at each 

treated site is given in Table 1. 

Site Locations (km) 

80 

120 

180 

200 

240 

Treatment Dates 

May 20/21 June 19 

83.6 

96.8 

98.1 

99.7 

98.9 

95.6 

98.5 

95.5 

Table 1 - Cumulative percent reductions of black fly larval 

populations in the Athabasca River (1981) following methoxychlor 
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larviciding 

formula) 

operations. (Adjusted by the modified Abbott's 

The percent reduction at all sites treated shows that 

methoxychlor had a considerable adverse effect on black fly larval 

populations based on the immediate post-treatment samples, 

reducing larval populations by 83.6 % to 99.7%. 

The treatments were scheduled to reduce the larval population 

when it had become fairly mature (fifth and sixth instar) but 

before reaching pupation. It appears that hatching of the new 

population occurred during the expected pupation and emergence of 

the population undergoing development at the time. For example, 

in Appendix 6 (post-treatment), the data for the 120 km site 

(upstream of the treatment point) shows a very even distribution 

with the larval instars and pupae ranging from 9.8% and 16.4% of 

the the total number at that site. Yet in the next week's sample 

(Appendix 7), 61.4% of the larval numbers at 120 km are first and 

second instars. This also explains why the population reduction 

at 80 km is only moderate (83.6%). A contributing factor was low 

pre-treatment numbers, however subsequent to the treatment, 87.5% 

of the larvae that were collected at 80 km were first and second 

instar, indicating that a hatch had occurred at the time of 

treatment. There is also the possibility that a number of larvae 

drifted in from the untreated portion of the river upstream. 

Although a considerable reduction in larval numbers was 

observed after each treatment, the second sampling period after 

each treatment shows a dramatic return to treatment threshold 
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levels (Figure 3). This large rebound in larval populations is 

due mainly to development of early instar larvae (Appendix 3 and 

7), as very few mature larvae were present at these times. 

A clearer picture of the impact of the chemical on the larvae 

is given in the immediate post-treatment samples (Appendix 2 and 

6). It is apparent from Appendix 2 that sites 80, 120 and 180 km 

were subject to either; reinfestation of younger larvae from 

upstream or, hatching of black fly eggs following treatment. It 

is more likely that reinfestation from untreated areas occurred, 

since very few first and second ins tar larvae were present at 200 

and 240 km. However at 240 km there were a number of sixth and 

seventh instar larvae. This would indicate that a few black fly 

larvae survived the methoxychlor treatment. It is possible that, 

due to low river flows, the methoxychlor became so dispersed and 

diluted that it was still passing 240 km at the time of sampling, 

affecting the younger larvae that had hatched, but too dilute to 

affect the older larvae. 

Appendix 6 shows the same as Appendix 2; that the majority of 

larvae collected at the treated sites were immatures. A large 

number of pupae were present at 240 km, indicating that some 

larvae pupated prior to the arrival of the methoxychlor. (Because 

the mode of action of methoxychlor requires ingestion of the 

material, it does not affect the non-feeding pupae). 
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Non-target Organism Sampling 

Sampling of non-target invertebrate organisms commenced on 

May 13 and continued weekly until July 15, with one series of 

samples taken during the first week and one during the last week 

of August. The data collected is presented in Appendices 10 - 21. 

The effect of methoxychlor appeared to be quite considerable 

on some taxa but not on others (Table 2). For example, the effect 

on Plecoptera at all treated sites after treatment was 

substantial. However the effect on Ephemeroptera, the other major 

taxa found in the river, was variable. For the treatments in May, 

a decrease at the 80 km site was observed followed by increases at 

the other sites further downriver. Yet for the June 19 treatment, 

numbers decreased at all three treated sites. Other taxa showed 

variability at the treated sites. However the decrease in total 

numbers of invertebrates at the treated sites was consistent for 

both treatments. 

More detailed analysis of the data (Figures 4 -11) shows 

which genera were affected by the methoxychlor and to what degree. 

Haufe et al. (1980) suggested that nine invertebrate genera found 

in the Athabasca River were sensitive to methoxychlor. Only eight 

are graphed here because the ninth genera (Hastaperla) occurred in 

very low numbers all summer. (Treatment la was on May 20 at 60 

km, lb was on May 21 at 160 km and treatment 2 was on June 19 at 

145 km.) 

Figure 4 illustrates the population fluctuations of Baetis 

(Ephemeroptera) over the summer. Populations of Baetis were low 
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TOTAL INVERTS. 

May 20/21 treatment 

40 km 80 km 120 km 180 kill 200 km 240 km 

Unadj. Unadj. Adj. Unadj. Adj. Unadj. Adj. Unadj. Adj. Unadj. 

-63.7 -82.6 -52.0 -58.4 +14.7 -55.3 +23.3 -46.7 +47.2 +0.9 

-14.7 -76.6 -72.6 -90.9 -89.3 -98.9 -98.8 -96.6 -97.0 -85.8 
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-43.0 -80.3 -65.5 -80.5 -65.8 -87.1 -77 .4 -87.3 -77 .8 -64.7 

June 19 treatment 

Control* 180 km 200 km 240 km 

Unadj. Unadj. Adj. Unadj. Adj. Unadj. 

+127 -69.8 -86.7 -54.1 -79.8 -15.5 
+82.2 -82.1 -90.2 -96.2 -97.9 -95.1 

+68.2 -72.5 -83.7 -73.1 -81. 5 +102 

+32.4 -76.9 -82.6 -33.6 -49.8 +33.5 

-15.4 -91.9 -90.4 -18.2 -3.5 +344 

+78.0 -77.7 -87.5 -80.5 -89.1 -14.3 

*Mean value from sites -20, 40. 80 and 120 km 

Table 2 - Percent change in non-target invertebrate Orders between pre and 

post-treatment samples (modified Abbott's formula used to adjust for changes 

at control sites) 

Adj. 

+179 

-83.4 

-32.8 

+59.8 

-100 

-38.2 

Adj . 

-62.8 

-97.3 

+20.4 

+0.8 

+424 

-51 .9 
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at the time of the first treatment and no impact was observed but 

for the second treatment in June, a considerable reduction in 

numbers occurred. The data from the control sites show that at 

the time of the June 19 treatment Baetis populations were 

increasing. However at the treated sites, Baetis populations were 

reduced considerably, and recovery was not apparent until 4 to 7 

weeks post-treatment. Figure 5 shows Ephemerella (Ephemeroptera) 

populations present at each site throughout the summer with no 

long-term disturbance in populations observed. Figure 6 shows 

that Heptagenia (Ephemeroptera) populations acted much the same as 

Baetis populations. Very few specimens were collected at the time 

of the first treatment with no effect noted. An effect was 

observed after the June 19 treatment, which seemed to cause a 3 to 

4 week delay in population peaks, compared to the control. Figure 

7 shows that the treatments had little observable effect on the 

genus Rhithrogena (Ephemeroptera). 

Of all the genera, perhaps the genus most drastically 

affected was Isogenus (Plecoptera). Because populations at both 

control and treated sites were declining at the time of the first 

treatment on May 20/21, it is difficult to determine the effect of 

methoxychlor on Isogenus. A number of workers (Haufe et al. 1980, 

Murray, 1981) have observed Plecoptera exuviae on the shoreline of 

the Athabasca River prior to methoxychlor larviciding, suggesting 

that seasonal emergence is occurring at this time. However, the 

impact of the June 19 treatment on Isogenus populations had a 

considerable effect. Populations at the control sites were just 
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beginning to increase at the time of treatment and peaked about 3 

weeks later. At the treated sites though, it was seven weeks 

before sufficient numbers were collected to achieve some level of 

recovery. The effect of the methoxychlor on the Isoperla 

(Plecoptera) was much less dramatic and appeared to be of only a 

very short duration (less than two weeks for each treatment). The 

impact of methoxychlor on the two Trichopteran genera (Hydropsyche 

and Cheumatopsyche) is not evident from the graphs. 

Although diversity indices were calculated for the non-target 

organism data (Appendices 10 to 21), they were not analyzed 

because they did not show any conclusive trends. The use of 

diversity indices for the numerical description of aquatic 

macro-invertebrate communities subjected to pollution has been 

described by Wilhm (1972). Diversity indices are best utilized 

under situations of continuous organic loading, and are not suited 

to situations of short-duration pesticide loading, which may be 

why inconclusive results were observed in this study. 

Methoxychlor Residues - Silt 

Results of the methoxychlor residue analysis of silt samples 

were not completed at the time of writing this manuscript. 

Results and discussion are attached as Appendix 23. 

Methoxychlor Residues - Water 

The results of the spot water sampling conducted prior to the 

methoxychlor reaching Fort McMurray is given in Table 3. The 

results for both May and June treatments indicate that after 
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roughly 20 hours in the river, the methoxychlor pulse had diluted 

or degraded to approximately 1-2/100 of the treatment dosage. 

These results correspond with results obtained by Charnetski, 

Depner and Beltaos (1980) during their research along the 

Athabasca River. An interesting observation is the two samples (2 

and 3) collected near the east shoreline at 255 km for the first 

treatment with residue levels of 0.6 and 0.7 ppb. The other two 

samples (1 and 4) collected at 243 km and 259 km were collected 

near the west shoreline and had higher concentrations (2.3 and 2.0 

ppb). It is possible that the House River, which drains into the 

Athabasca from the east at 239 km, may have diluted the 

concentration of methoxychlor, giving these odd results. The 

possibility of methoxychlor being carried on the west side of the 

river in this reach is remote, as the river is straight and very 

turbulent, being just upstream of the Grande Rapids. 

The other aspect of the water sampling that was conducted at 

Fort McMurray for the treatment in May shows that very little 

methoxychlor was detected from the samples (Table 4). One 

unexpected piece of data is the trace level of methoxychlor in the 

sample of treated water collected on May 24 at 1900 hrs. It had 

been thought that with the low levels of methoxychlor in the river 

at Fort McMurray, the passage of the water through the settling 

pond (retention time of about four hours), and the water treatment 

process, no methoxychlor would find its way into the treated water 

supply. However, discussion with the research chemist involved in 

the analysis (Dr. Y. Kumar, pers corom.) suggests that at the low 
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levels of detection involved here, the reliability of the data is 

uncertain. As no methoxychlor was detected in the first sample of 

treated water obtained at that time nor in the settling pond at 

any time, it is likely that the sample in question is not an 

accurate depiction of the quality of the city's water supply. 

1 
2 
3 
4 

5 
6 
7 

Sample 
site 

Table 3 

Methoxychlor residues in water samples 
collected upstream of Fort McMurray 

Day 
Sample 
Time 

Elapsed Amount 
Time(hrs) Present (ppb) 

[May 20 (60 km @ 1700)/May 21 (160 km @ 1530) treatment] 

243 km 
255 km 
255 km 
259 km 

Okm 
219 km 
228.5 km 

May 22 
May 22 
May 22 
May 22 

13:45 
14:00 
14:00 
14: 10 

22.2 
22.5 
22.5 
22.7 

2.3 
0.6 
0.7 
2.0 

[June 19 (145 km @ 1415) treatment] 

June 20 
June 20 
June 20 

07:15 
09:10 
09.17 

17 .0 
18.9 
19.0 

O.O(check sample) 
2.7 
4.7 

Barrel Trap Sampling 

The barrel traps were placed in the farming area on May 28 

and were reset every week for the next seventeen weeks. The 

results are graphed in Figure 12. Samples from trap A were 

graphed separately as the numbers were significantly higher than 

the samples from the other three traps (B,C and D). The 

variability between the samples of these three traps was more 

acceptable (Appendix 22) and the mean number of flies from those 

traps are graphed. Although the numbers are different, the curves 
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TABLE 4 

Results of water sampling at Fort McMurray and 
area for methoxychlor residues 

May 23 May 24 
Sample locations 1600 2100 0500 1200 1900 

(48.5 hrs) (53.5 hrs) (61.5 hrs) (68.5 hrs) (75.5 hrs) 

Athabasca River 0 0 0 0 
(384 km) 

Athabasca River - Ft. 0 0 Trace* 0 
McMurray Br. (396 km) 

Ath. River near city 0 Trace 0,0 Trace 
water intake (396 km) 

Ft. McMurray 0 0 0,0 0,0 
settling pond 

Ft. Md1urray 0 0 0 0,0 
treated water 

Syncrude raw water 0 
intake (429 km) 

Sync rude settling 0 
pond 

* Trace - <: 1 ppb 

{Time 'in brackets is time elapsed from May 21 
treatment (160 km) at 15:30) 
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of the graph are very similar. Both curves show a steady increase 

with a peak during the week ending July 30, followed by a steady 

decline until a second small peak in early September. 
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Figure 12 - Adult black flies collected on barrel traps during 1981 
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Discussion 

Larval Sampling 

One of the more apparent observations from the data is that 

there were three definite populations of black fly larvae in the 

Athabasca River during 1981, which was also observed in 1979 

(Byrtus, 1981a). The immediate rebound in populations after the 

effect of the two treatments could be related to hatching 

occurring concurrent to each treatment. The implications of this 

multiplicity of larval populations leads to the conclusion that if 

adult populations are to be controlled for a significant period 

of time during the summer, more than one treatment per year is 

required. Data collected during the research program conducted 

between 1973 - 1977 (Depner et al. 1980a) showed no more than two 

hatches of larvae in any individual year, and that the second 

hatch (with one exception) was much lower in total numbers than 

the first hatch, which was associated with ice break-up. Data 

from 1979 (Byrtus 1981a, Murray 1980) showed larval numbers were 

less in the two succeeding popUlations. Data from 1980 (Murray 

1981) showed that the second population was lower in numbers than 

the first population. Data from 1981 (Figure 3) shows that the 

two succeeding populations, following the first treatment, were 

similar in larval numbers. While it remains theoretical at this 

point, successive years of monitoring larval populations is 

beginning to show that they are cycling more frequently and at 

higher levels during mid-summer. Whether this is due to natural 

rhythms in S. arcticum phenology or due to the external pressures 
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applied by six years of larvicide application remains uncertain. 

Shemanchuk and Anderson (1980), on the basis of data collected in 

1974, suggested that "S. arcticum either had two generations per 

year, or that the eggs deposited by each seasonal 'wave' of flies 

diapause and hatch synchronously the following year", and they 

favoured the former theory. However, on the basis of the data 

presented here, showing hatches occur concurrently to emergence, 

this author favors their second theory. This second theory would 

explain why second and third populations of larvae have been 

getting larger in numbers. Supposedly with the initial population 

of larvae (associated with ice break-up) being reduced by repeated 

larvicide applications, ecological pressure (competition, 

non-sensitized host animals) on the adults of the succeeding 

populations is consequently being reduced. These surviving adults 

may thus be capable of producing more eggs that will hatch 

synchronously the following year. Therefore the purpose of the 

treatment is fulfilled by alleviating large numbers of adult flies 

in early June, but this may be creating larger populations of 

black flies later in the summer. 

The effect of higher river discharge levels on treatment 

efficacy was easily observed in 1981. Compared to 1980, when low 

discharge levels (444 m3 /sec) resulted in a gap of about 20-40 km 

of ineffective control (Byrtus 1981b), higher river levels in 1981 

(552 m3 /sec) resulted in consistent control levels throughout the 

monitored reach of river. Another factor was that spacing of the 

two-part treatment in May was 43 km closer than in 1980 (at 60 and 
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160 km rather than 60 and 203 km) and this in itself may have 

eliminated the gap of ineffective control, had discharge levels 

been lower. 

In retrospect, it may appear that the first part of the May 

treatment should have been downstream of the 80 km site instead of 

above because of low pre-treatment larval populations at 80 km. 

However, reinfestation of the treated area would have likely been 

greater if the area upstream and downstream of 80 km had not been 

treated. As it was, repopulation of the treated area took place 

fairly quickly after treatment. It is difficult to assess the 

importance of larval drift as it relates to repopulation. It is 

still uncertain as to how far larvae will drift to find sites with 

sufficient water velocity for them to continue development. It is 

known that the adults of S. arcticum can travel great distances 

from their place of emergence to find host material (Fredeen, 

1973; Rempel and Arnason, 1974), but the distance a larva can 

travel is uncertain, and would likely be dependent on river 

velocity, hydrology and substrate type. 
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Non-target Invertebrate Organism Sampling 

The effect of the methoxychlor larviciding operations on 

non-target invertebrate organisms was limited for the May 

treatment because of the seasonal emergence of many invertebrate 

organisms. Haufe et al. (1980) showed a close correlation between 

phenology of non-target invertebrate organisms and S. arcticum 

larvae, concluding that "Phenological timing of river treatments 

is a major consideration in reducing the impact on non-target 

organisms as well as in achieving control of S. arcticum." This 

point is made more apparent by the effect on non-target organisms 

caused by the June treatment. In this case, mid-season 

populations of many invertebrates were increasing (Figures 4 - 11) 

when the methoxychlor application took place, causing a serious, 

long-term reduction in populations. This reduction was readily 

observed while collecting the samples in the field. The data from 

Table 2 substantiates these observations, where a decrease in 

control site non-target organism populations was observed between 

pre and post-treatment, thus indicating an emergence. On the 

other hand, control site populations for the June treatment were 

increasing, indicating build-up in populations. 

The effect of the two treatments on sensitive genera appeared 

to be very similar to the results observed in 1979. Overall, the 

first treatment in both years did not have a major effect on any 

of the genera, while the second treatment, in both years, severely 

affected several of the genera. The impact on Isogenus 

populations was more noticeable than on the other genera, taking 
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up to seven weeks in 1981 to return to control site population 

levels. This is also the same length of time that was required in 

1979 for recovery of Isogenus populations after a mid-summer 

treatment. 

From the data presented, it appears that the phenology of the 

river system is such that a larviciding operation conducted for 

the first larval population (generally associated with ice 

break-up) will not have a significantly adverse effect on 

non-target organism populations. This is providing that the 

larviciding operation is always conducted at such a time to have 

an effect on the later instars of S. arcticum larvae. The 

phenology of the river system appears to work against a second 

treatment having little effect on non-target organisms. This is 

due to non-target organism populations undergoing a mid-summer 

increase at the same time that a second population of S. arcticum 

larvae is approaching maturity. 

Another possibility for the June 19 treatment having a 

greater effect on non-target organisms is the change in dosage 

rates and total amount of chemical applied. Although the dosage 

was reduced by one-third (from 300 ppb to 200 ppb) , the injection 

time was doubled (from 7.5 minutes to 15 minutes). 540 litres of 

methoxychlor were required for the June 19 treatment, whereas if 

the dosage has remained at 300 ppb over 7.5 minutes, only 406 

litres of methoxychlor would have been required. It is difficult 

to pinpoint the change in dosage rates or injection time as the 

cause for the adverse effect on non-target organisms however, as 
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there is no previous data adequate enough regarding the effects of 

a mid-summer treatment of the Athabasca River on non-target 

invertebrates (the second treatment in 1979 was conducted during a 

period of high water, which masked the effect of the methoxychlor 

on non-target organisms, Byrtus 1981a). From population trends 

observed in 1979 and 1981, it appears that phenology, rather than 

slight changes in the dosage rate, has a greater influence in 

determining the effect of methoxychlor on non-target 

invertebrates. 
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Methoxychlor Residues - Water 

The problem or possibility of methoxychlor contaminating the 

water supply of Fort McMurray was not addressed in the research 

program conducted between 1973 and 1977. However, Haufe (1980) 

made one reference to this aspect; "It is concluded on the basis 

of recovery ratios for methoxychlor in relation to hydraulics of 

river flow that required larvicidal treatments for black flies in 

the Athabasca River can be applied without any significant risk to 

quality of water and its associated washload. However, in the 

event of any future added dependence of industrial processing and 

community water supply on water resources downstream of 

treatments, re-evaluation will be necessary in relation to new 

patterns of water use." With results of water samples indicating 

that trace levels of methoxychlor are getting into the water 

treatment facilities [ a trace of methoxychlor was detected in the 

raw water storage reservoir in 1979 (Byrtus 1981a) and in the 

treated water supply in 1981 (Table 4)], perhaps the time for a 

re-evaluation has arrived. 

Health and Welfare Canada (1978), in establishing guidelines 

for drinking water quality, permit methoxychlor residue levels of 

up to 100 ppb. As well, Gardner and Bailey (1975) indicated that 

methoxychlor is readily metabolized by mammalian liver. 

Charnetski, Depner and Beltaos (1980) found residue levels of 

methoxychlor in river water at Fort McMurray to be less than 2 ppb 

during three years of sampling. Although the residue levels found 

at Fort McMurray appear to be of little consequence in regards to 
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public health, the thought that even trace amounts of a chemical, 

used to kill insects, may be in their drinking water can cause 

much concern to many residents. The fact that the chemical is 

deliberately applied and not an accidental spillage makes it 

appear much more preventable. One solution would be to shut down 

the raw water intake as the methoxychlor passes Fort McMurray. 

This was attempted in 1981, however the reservoir was not up to 

full capacity due to work being carried out on the pumps (A. 

Pentney, pers. comm.), and the intake had to be left open. A new 

water treatment plant is being designed for Fort McMurray and a 

raw water reservoir with 10 days storage capacity is being 

proposed (Stanley Associates Eng. 1981.). This reservoir would 

easily enable shut down of the raw water intake during the passage 

of methoxychlor contaminated water (10-20 hours in duration). 
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Barrel Traps 

The purpose of the barrel trap samples was to identify when 

adult black flies were most numerous in the farming area, and to 

correlate this information with larval population data. The 

correlation shows that adult numbers were peaking (Figure 12) as 

larvae from the third population of 1981 were maturing in 

development (Appendix 9). The adult data also shows that the two 

treatments in May and June were effective in reducing adult 

populations on the farm early in the summer, as compared to later 

in the summer when the July population of larvae was allowed to 

emerge unhindered and reach high numbers of adults. As a point of 

reference, the number of adults collected per trap during 1981 was 

higher overall than the number collected during 1979 (Byrtus 

1981a) and 1980 (Byrtus 1981b). 

A distinction was made in graphing the data from trap A and 

those from the other three traps. The location of trap A on a 

fence post was more acessible to the livestock in the pasture than 

the other three traps and they frequently rubbed against the fence 

post. In doing so, the amount of time spent by the host around 

this trap was much greater, resulting in higher numbers of black 

flies being collected on it. 
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Conclusions 

1. Three distinct populations of black fly larvae were observed 

in the Athabasca River during 1981. Two of the three 

populations were reduced (by methoxychlor larvicide 

treatments) by 83.6 to 99.7% at monitored sites for the May 

20/21 treatment, and by 95.5 to 98.5% for the June 19 

treatment. 

2. Non-target organism populations were only slightly affected by 

the May 20/21 treatment. The impact on non-target organisms 

for the June 19 treatment was considerably greater, 

especially on the Plecoptera. 

3. Results of water sampling conducted at 80-100 km downstream of 

both May and June treatment points showed that methoxychlor 

residues in the water ranged from 0.6 to 4.7 ppb. Results of 

water sampling conducted at Fort McMurray for the May 

treatment showed only trace amounts of methoxychlor in the 

river. 

4. Barrel trap data indicates that adult fly populations peaked 

in the farming area during late July. This correlated with 

the expected emergence of the third observed larval 

population. 
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Appendix 1 - Distribution of black fly larval instars in Athabasca River 

May 20-21, 1981 Pre-treatment 

Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall I 

N % N % N % N % N % N 01 N % N % I /0 

43 11.2 25 5.9 99 10.4 358 13.3 1080 11. 9 109 4.6 642 7.4 2356 9.2! 

211 55. 1 219 52.3 321 33.6 840 31.2 2388 26.4 356 15.1 1054 12.1 5389 21. 1 

93 24.3 92 21. 9 318 33.3 795 29.5 1828 20.2 331 14.0 1115 12.8 4572 17.9 1 

27 7.0 47 11. 2 107 11. 2 614 22.8 624 6.9 338 14.3 705 8.1 2462 9.6 

9 2.3 25 5.9 56 5.9 403 14.9 822 9.0 490 20.8 838 9.6 2643 10.3 

0 0.0 8 1.9 48 5.0 402 14.9 1724 19.0 641 27.2 1704 19.6 4527 17.7 
0 0.0 3 0.7 6 0.6 272 10.1 564 6.2 94 4.0 2643 28.3 3582 14.0 

0 0.0 0 0.0 0 0.0 0 0.0 20 0.2 0 0.0 0 0.0 20 o. 1 

383 419 955 3684 9050 2359 8701 25551 

3 4 4 4 3 3 4 

127.7 104.7 238.7 921.0 3016.7 786.3 2175.3 
52.0 75.3 53.3 139. 1 437.4 595.5 2219.5 

Control Treated 
802 24749 

7 18 

114.6 1374.9 

62.4 1407.7 

*Standard deviation derived from original data 
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Appendix 2 - Distribution of black fly larval instars in Athabasca River 

May 25-26, 1981 Post-treatment 

Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall 
N % N % N % N % N % N 01 N % N % ,0 

17 6.3 38 6.3 74 25.6 76 33.6 18 25.7 1 2.9 3 1.7 227 13.9 
25 9.2 179 29.4 179 61. 9 118 52.2 40 57. 1 8 23.5 1 0.6 550 33.7 
87 32. 1 157 25.8 23 8.0 2 0.9 0 0.0 1 2.9 1 0.6 271 16.6 
40 14.8 114 18.7 5 1.7 1 0.4 0 0.0 2 5.9 4 2.3 166 10.2 

47 17.3 61 10.0 1 0.3 1 0.4 0 0.0 6 17.6 5 2.9 121 7. 4
1 

I 
18 6.6 46 7.6 5 1.7 5 2.2 0 0.0 10 29.4 38 21. 8 122 7.5 
6 2.2 8 1.3 2 0.7 3 1.3 0 0.0 5 14.7 60 34.5 84 5. 1 
0 0.0 5 0.8 0 0.0 12 5.3 12 17.1 1 2.9 62 35.6 92 5.6 

I 

240 608 289 218 70 34 174 1633 I 

1 5 6 6 1 6 6 

240 121.6 48.2 36.3 70 5.7 29 
0.0 143.9 70.5 66.9 0.0 2.3 9.3 

! 

Control Treated 
848 785 

6 25 

141. 3 31. 4 

137.4 47.3 

*Standard deviation derived from original data 
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Appendix 3 - Distribution of black fly larval instars in Athabasca River 
June 2-3, 1981 

Site locations (km downstream from Town of Athabasca) 
-20 40 80 120 180 200 240 Overall 

N % N % N % N % N % N % N % N % 

1218.5 23 37.7 36 15.4 183 16.0 1886 31.9 165 15.2 1135 33.4 3440 28.2 
20 30.8 16 26.2 109 46.6 249 21.8 2050 34.7 509 47.0 1498 44.0 4451 36.5 
6 9.2 9 14.7 56 23.9 355 31.0 1345 22.8 333 30.8 667 19.6 2771 22.7 

7 10.8 2 3.3 30 12.8 305 26.6 775 13. 1 73 6.8 175 5. 1 1367 11. 2 

6 9.2 6 9.8 5 2. 1 34 3.0 20 0.3 1 0.0 24 0.7 96 0.8 

9 13.8 5 8.2 12 4.8 17 1.5 3 0.0 1 0.0 0 0.0 47 0.4 

5 7.7 0 0.0 0 0.0 2 0.2 0 0.0 o ·0.0 1 0.0 8 0.1 

0 0.0 0 0.0 1 0.4 0 0.0 0 0.0 0 0.0 1 0.0 2 0.0 

65 61 249 1145 6079 1082 3501 12182 

6 5 6 4 5 6 6 

10.8 12.2 41.5 286.3 1215.8 180.3 583.5 

10.9 11.9 13.8 192.6 1623.2 118.2 276.5 

Control Treated 
126 12057 

11 27 
11.4 446.5 

10.8 787.5 

*Standard deviation derived from original data 
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Appendix 4 - Distribution of black fly larval instars in Athabasca River 
June 9-10, 1981 

Site locations (km downstream from Town of Athabasca) 
-20 40 80 120 180 200 240 Overall 

N % N % N % N % N % N Of N % N % I ,0 

14 25.4 7 14.0 57 40.7 55 22.7 564 17.5 134 8. 1 528 4.8 1359 8.3 
7 12.7 19 38.0 54 38.6 38 15.7 865 26.9 240 14.6 5959 54.4 7182 44. 1 

14 25.4 9 18.0 21 15.0 15 6.2 635 19.7 330 20.0 1749 16.0 2773 17.0 
6 10.9 3 6.0 3 2. 1 22 9. 1 363 11.3 300 18.2 1765 16.1 2462 15.1 
4 7.3 4 8.0 2 1.4 29 12.0 403 12.5 421 25.5 848 7.7 1711 10.5 
5 9. 1 3 6.0 5 3.6 54 22.3 298 9.3 194 11. 8 86 0.8 645 4.0 

3 5.4 5 10.0 2 1.4 21 8.7 66 2.0 31 1.9 17 0.2 145 0.9 
2 3.6 0 0.0 2 1.4 8 3.3 10 0.3 0 0.0 0 0.0 22 O. 1 

55 50 146 242 3204 1650 10952 16299 

3 6 6 4 5 3 6 

18.3 8.3 24.3 60.5 643.4 550.0 1825.3 
11.0 8.4 18. 1 47.8 451.1 384. 1 1500.6 

Control Treated 
105 16194 

9 24 

11.7 674.7 

9.9 1030.4 

*Standard deviation derived from original data 
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Appendix 5 - Distribution of black fly larval instars in Athabasca River 
June 18, 1981 Pre-treatment 

Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall 
N % N % N % N % N % N 0/ N % N % " 

12 11.9 7 16.7 9 18.7 129 12.9 237 8.1 65 3.3 32 1.2 491 5.6 
28 27.7 8 19.0 22 45.8 241 24.1 949 32.5 449 22.9 492 19.2 2189 25.1 
22 21. 8 5 11. 9 4 8.3 146 14.6 459 15.7 327 16.7 476 18.6 1439 16.5 
25 24.7 8 19.0 9 18.7 114 11.4 469 16. 1 334 17.0 492 19.2 145116.6 

9 0.9 1 2.4 1 2. 1 137 13.7 380 13.0 281 14.3 652 25.5 1461 16.8 
2 2.0 3 7. 1 2 4.2 125 12.5 431 14.8 394 20.1 360 14.1 1317 15.1 

3 3.0 5 11. 9 0 0.0 51 5. 1 82 2.8 103 5.3 52 2.0 296 3.4 
0 0.0 5 11. 9 1 2. 1 55 5.5 4 0.1 6 0.3 4 0.2 75 0.9 

101 42 48 998 3011 1959 2560 8719 

3 3 4 4 3 6 3 
33.7 14 12 249.5 1003.7 326.5 853.3 

20·3 3.6 10. 1 171. 9 438.4 468.3 431. 9 

Control Treated 

1189 7530 
14 12 

84.9 627.5 

136.5 511. 4 

*Standard deviation derived from original data 
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Appendix 6 - Distribution of black fly larval instars in Athabasca River 

June 22-23, 1981 Post-treatment 
Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall! 

N % N % N % N % N % N 01 N % N % " 

3 2.0 8 36.4 18 25.4 90 11. 6 85 69.7 9 60.0 75 43.8 288 22.0 

15 10.2 0 0.0 12 16.9 76 9.8 24 19.7 0 0.0 4 2.3 131 10.0 

15 10.2 6 27.3 11 15.5 99 12.8 5 4. 1 2 13.3 2 1.2 140 10.7 

23 15.6 3 13.6 14 19.7 82 10.6 4 3.3 1 6.7 2 1.2 129 9·9 
26 17.7 4 18.2 6 8.4 106 13.7 0 0.0 0 0.0 1 0.6 143 10.9 

30 20.4 1 4.5 7 9.9 92 11.9 1 0.8 1 6.7 5 2.9 137 10.5 

33 22.4 0 0.0 2 2.8 127 16.4 3 2.5 2 13.3 1 0.6 168 12.9 

2 1.4 0 0.0 1 1.4 84 10.8 0 0.0 0 0.0 83 48.5 170 13.0 

147 22 71 775 122 15 171 1306 

3 4 4 5 5 4 6 

49 5.5 17.8 155 24.4 3.75 28.5 

16.6 2.9 7.9 161. 1 15.5 4.5 22.6 

Control Treated 
1015 308 

16 15 

63.4 20.5 

106. 1 19.2 

*Standard deviation derived from original data 
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Appendix 7 - Distribution of black fly larval instars in Athabasca River 
June 29-30, 1981 

Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall 
N % N % N % N % N % N 01 N % N % ;, 

2 3.8 0 0.0 15 20.3 126 45.5 1386 28.0 974 36.3 826 25.4 3329 29.4 
16 30.2 3 20.0 33 44.6 44 15.9 1712 34.5 914 34.0 1441 44.4 4165 36.8 

3 5.7 3 20.0 20 27.0 27 9.8 1161 23.4 554 20.6 813 25.0 2581 22.8 
2 3.8 2 13.3 6 8. 1 10 3.6 541 10.9 225 8.4 146 4.5 932 8.2 
7 13.2 1 6.7 4 5.4 12 4.3 79 1.6 10 0.4 3 o. 1 116 1.0 

13 24.5 3 20.0 3 4.0 21 7.6 38 0.8 1 0.0 2 O. 1 81 0.7 
10 18.9 3 20.0 3 4.0 22 7.9 24 0.5 4 0.1 2 O. 1 68 0.6 
0 0.0 0 0.0 0 0.0 16 5.8 16 0.3 4 O. 1 0 0.0 36 0.3 

53 15 84 278 4957 2686 3233 11308 
4 6 6 6 6 6 5 

13.3 2.5 14.0 46.3 826.2 447.7 646.6 

6.6 2.5 6.2 39.5 203.3 140.7 166.9 

Control Treated 
430 10878 

22 17 

19.5 639.9 
26.2 230.8 

*Standard deviation derived from original data 



.I::­
-....J 

N 

N 

1 

2 

3 

~ 4 
-I-> 

~ 5 
~ 

6 

7 

Pupae 

Total 

b of Cones 
x/cone 

Std. Dev.* 

Total 
o of Cones 

x/cone 
Std. Dev.* 

Appendix 8 - Distribution of black fly larval instars in Athabasca River 
July 7-8, 1981 

Site locations (km downstream from Town of Athabasca) 

-20 40 80 120 180 200 240 Overall I 
1 

N % N % N % N % N % N 0/ 
,0 N % N % 

4 10.5 0 0.0 19 12.4 53 19.8 154 2.9 203 5.9 171 6.5 604 5.2 

12 31.6 2 11. 8 61 46.4 81 30.2 1161 22.2 397 11. 6 593 22.5 2307 19.7 

13 34.2 6 35.3 30 19.6 54 20.1 1094 20.9 448 13.2 371 14.1 2016 17.2 

4 10.5 7 41.2 22 14.4 38 14.2 915 17.5 894 26.2 496 18.8 2376 20.3 

2 5.3 2 11. 8 11 7.2 8 3.0 1031 19.7 727 21.3 442 16.8 2223 18.9 

3 7.9 0 0.0 6 3.9 3 1.1 617 11.8 578 17.0 499 18.9 1706 14.5 

0 0.0 0 0.0 '3 2.0 0 0.0 207 3.9 128 3.8 60 2.3 398 3.4 

0 0.0 0 0.0 1 0.6 1 0.4 46 0.9 33 1.0 6 0.2 87 0.7 

38 17 153 238 5225 3408 2638 11717 

5 5 6 6 6 6 4 

7.6 3.4 27.2 39.7 870.8 568 659.5 

5.8 6.0 10.9 45.8 646.0 257.8 400.8 

Control Treated 
446 11271 

22 16 

20.3 704.4 

23.6 460.8 

*Standard deviation derived from original data 
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Appendix 9 - Distribution of black fly larval instars in Athabasca River 

July 14-15, 1981 
Site locations (km downstream from Town of Athabasca) 

40 80 120 180 200 240 Overall 
N % N % N % N % N 01 N % N % /, 

4.2 1 11. 1 9 17.3 27 14.4 89 6.4 153 6.6 100 7.4 380 7. 1 
4 16.7 3 33.3 19 36.5 75 39.9 472 33.9 336 14.4 314 23.3 1223 23.0 

10 41. 7 4 44.4 8 15.4 45 23.9 279 20.0 276 11.9 169 12.5 791 14.8 

3 12.5 0 0.0 4 7.7 12 6.4 270 19.4 461 19.8 229 17.0 979 18.3 
2 8.3 0 0.0 4 7.7 7 3.7 174 12.5 419 18.0 228 16.9 834 15.6 
4 16.7 1 11. 1 6 11. 5 14 7.4 91 6.5 387 16.6 183 13.6 686 12.8 
0 0.0 0 0.0 2 3.8 7 3.7 15 1.1 262 11.3 87 6.4 373 7.0 
0 0.0 0 0.0 0 0.0 1 0.5 3 0.2 32 1.4 39 2.9 75 1.4 

24 9 52 188 1393 2326 1349 5341 

4 6 6 6 4 6 4 

6 1.5 8.7 31.3 348.2 387.7 337.3 
3.4 1.4 4.6 25.9 90.4 101. 6 81.8 

Control Treated 

273 5068 

22 14 

12.4 362.7 

17.7 89.2 

*Standard deviation derived from original data 



APPEI,DI X 10 - Benthic Macro-invertebrates collected from the 
Athabasca River May 13-14. 1981 

~e Location l -20 40 80 120 180 200 240 

TMb.. ____ Sa . "' e ~o. i 2 3 2 2 3 2 3 2 3 3 
.I~. ____ -~ 

COLEO"~lK~ i 
k:;,lJ'J<:: 

I 
Gurin.Js 

lIe1 POrhoru, 
IItJdatJcuc: 

I 
0rt 1 o!'('!"','Uf": 

Oreoc-;;tc!= 

~); r-;--[ ~:\ 

I 1$: .;/(:-[ j' >: 

Cerato~09('lnidae 11 

J 
:::ih".:..;.r (0; , 
Cr i r()10 i Go 0 4 1 S lC 20 64 22 10 8 13 10 6 4 10 ;JoiicnopOGldae 1 

: :"; 0 :--!:CT.: I !I,··_.1u:-

1 }irrl("V: TO;": a 4 1 
!'(":\"atc·-,,-, 

I ·'<v~c;daf 
i , 

S:,--;.:~]·:.J.-
5! 6 11, 

, 
9 I 

_,,0 

t. :'r-,i-..::.:;:C :'-;-~RK 
I /,.,r:rapu.c:; 1 

5! :'". 18 10 20 4 2 3 
SdctnO!:'c. I 
Cil."'.r:.: ~ 

:':c:: ~ !"or~.;"; U'" 

:::..: j;~: ::~a 

C;~C"."'C.:6 

F:'''>Of<1E' 1 
1 

r:·':"--,[>TC'Jlh 9 1 : 13 6 4 2: 15 18 6 , 
I .' r·ll·: ......... ; , 

2 4 6 I };c; :0:::c·n..:a 
5: 6 

i:('x:-:';cr,; a 

<:-;.:.' ..... ;:::;.;.<1 

:..,C :~:_:: r!;~ ('j:~ <1 

,:.: ,":": .~;:;:.,' ~ .• r:. 
"',"":.: ["<,. 

j ,T'o;,,: ",-'_ :: - :1.-::: , 1 
T-.':: t :-::::-:-> -;'-,.,., 11 27 28 4 11 27 13 1 E 18 
;;:;" , .... 0.: : (" ~~ t - ." 
TI"": C(lf ~.:- h:' .... r;·· .. ~ 

~\ .. t :~:'-;-~;;r. 
I, :::-J"' ..... .... : .. a I I 

CJa.C:'sC'l:." a i 
! 

3! 
117 4 

21 iia,St.ar'~-"! .ia 1 1 1 2 6 1 
150:]er;'.) .. <:.. 205 233; 3 i 28 8 7 30 24 55

1 
30 63 22 13 37 86 46 59 57 

150.:)(,7 ;a I 97 75 53 ' 2 I 6 5 6 3 2' 28 39 1 , 3 3 2 1 
Ft.e:onurcc11a 

I 
1 I 1 

rtCJ'onaIc~.r 2 1 1 1, , 
I I i ! 

rrt:C~~~-:-Li{:" 

7 1 

1 
Dr ae: }wce!1 tTL'S 

Cheuma top_c,!:<'chc 4 2 6 4 4 6 6 
Giossosomo 
GlossosoIT,atidae 
h'~Jiro::.C:Jrh' 4 2 8 l' 3 10 
L imnopr,i 1 i dae 
Neureclej ..... sj.c; 

rlD::ucrntro.,'):J5 
Psycnomyiidae 

HEr:,: p~ t~" 1 

Corixidae 1 

ODOI."-;A 
Ophio<;1omphu5 

GASTROPODA 3 12 22 
H1RUDII,[A 

Glossiphonidae 

PELECYPODA 

OLl GOChAETA 

J ? 

Gordi dae 
Naididae 5 ? 14 17 28 , 

I I TOTAL 316 350 354 35 14 32 132 59 69 80 67 1361100 157 38 44 64 165 
19

4 112 110 
SU~, TOif\~ 1020 81 260 283 295 273 

316 
NO. OF TAXA 16 I 12 I 13 18; 16 

DIVERSlTY INDEX i I 15 15 ! 1. 86 2.58 : 2.67 3.09 2.64 2.62 2.50 

49 -



COLEGPi[RA 
Acar:J.C: 

GyrlnUE: 
Hel eo phorus 
Hydaticu!" 
OptJo.c;ervus 
Oreod~tcs 

Oi PTEKA 
hthc:"ix 
Ce ra to po gor, ida e 
Chel.iferiJ 
Cr,ironor',idae 
Do ~ i ChOpoo'i dae 
Er ,ioptera 
Helius 
He17ledror...;'a 

~vscidae 
5:'::;.1.2 i ur 
Tir:",'la 

E PHEtJ.t~ J;'1-;- E Kf-\ 

Amctropus 

Bactodes 
Cacn.:s 
Centroptilurr, 
C_:"n;.:~ .. ;!a 

Cin;:-::::mula 
EPCX]TU5 

rr: hemere11a 

Iieprd?er.;a 
liexa·?eniiJ 
ISQ:I".?ch;'a 

Lertop];] e!":Ja 
Met.rctopus 
Neoclecn 
lara;1elctus 
Rh':thro;rena 
SlpiJlor~p:;tOJ; 

Tr icorythorif'.c: 

PLECO?7f:Kh 
Acroneuria 
ClassenJa 
Ha.r::tapf'T 1a 
IS0ge nus 
lsopcr 18 
rteronarcella 
rteronarcys 

iRiCrlG?7[RA 
Brachycentrus 
CheiJmatopsyche 
Glossosor.,a 
Giossosomatidae 
Hydropsyche 
Limnophilidae 
Neureclepsis 
Platycentropus 
Psychomyiidae 

Hn:iPTERA 
Corixidae 

OOOfiAiA 
Ophiogomphus 

GASTROPODA 

HIRUDl~EA 
Glossiphonidae 

PELECYPODA 

OLlGOCHAEiA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO, OF TAXA 
DIVERSlTY INDEX 

6 

2 6 

6 

6 4 

28 46 

4 4 
97 186 
35 27 

1 2 

5 7 

1 9 

2 1 

1 

188 301 

APPENDlX 11· Benthic Macro-invertebrates collected from the 

Athabasca River Ma) 20-21, 1981 Pre-Treatment 

80 120 200 240 

3 3 

5 12 15 13 30 67 69 5 4 6 6 4 9 

8 

27 31 27 

12 30 5 13 8 

29 58 38 9 9 8 12 8 8 15 6 

20 29 3 14 5 7 4 i 6 644 

11 8: 9 20 26 13 31 4 8 6 13 38 20 47 26 
I 

i I 

, 

2 3 3 10 2 2 5 3 1 1 5 7 3 7 3 
43 8 12 29 59 180 31 100 91 74 36 105 77 35 51 98 84 137 89 
20, 15 15 12 18 13 4 27 17 15 36 38 79 42 39 73 16 21 20 

I 

1 
3 1 1 1 1 1 

~ 

I 
1 1 1 6 25 17 I 3 1 3 3 1 1 3 3 6 12 1 

6 13 9 2 3 7 6 2 4 7 20 3 
I 
I 

I 
I 
I I 

2 I 

1 1 7 1 2 4 1 1 
! 

1 
I 

14 3 4 7 5 1 2 I 

I 
, 
I 
: 
i 

I 

I 

12 22 17 1 6 2 20 10 11 2 1 3 4 1 3 3 ! 

160 2741'50 283 

, 
83 66 104 123 186 446 197 1215 157 170 

r
01 175 196 118 156 : 

572 293 829 542 472 552 589 ' 
15 11 18 15 13 I 

5 ' 15 , 
2, 16 ~ 3·07 3·02 2,63 j 2.15 2.~1 I 2.41 

- 50 -



COLEC?~E~i\ 
Aoahu.(';; 
Gyr l·nU.~ 
Jle] cophorus 
Hyda.ticu!=: 
Optioser\'us 
Oreodytes 

Dl P7Ef).A 
AtiJcrix 
Ce ra topogon i dae 

ChironOCiidae 
uolicho;lodidae 
[riortcra 
Hclius 
Hemedromia 
1I(').'a~o,~,:i 

MJscioae 

Et>rlt}~~f\J~7ER:" 

Ar:Jctrop:.J5 

DaC'~ 1 s 

Rar>t'?0(>.C. 

Cacn,;.".c::. 

Centroptilum 
CinlJJr:Jd 

Cinyqmula 
EpeoTU5 
Erhe;r;cTel1 a 
fphoron 
lieptagenia 
lIexa,er:ja 

J50Jl;;,'ci:~a 

LerwphcebJa 
Netretopus 
Neoc] eon 
raramc:l ct :..,. .. c: 

R:-'i thro'JIC':1:1 

S...ir·);lor]pctoD 

Tr icorythode.c: 

PL[CC'~7Et=',A 

Acroneuria 
ClassenJa 
HastaperJ.a 
Isag enus 
Isoperla 
i'teronarcel1a 
Pteronarc~).c; 

TRj CrlO?7i:;lA 
Bra:=hucentrus 
Cheumatopsychp 
GJossosoma 
Glossosomatidae 
Hydropst)che> 
Limnophilidae 
Neureclepsis 
Plat,}centropus 
Psychomyiidae 

Hi:M; PiERI, 
Corixidae 

ODor,ATA 
Ophiogomphus 

GASTROPODA 

HIRUDINEA 
G1ossiphonidae 

PElECYPODA 

OllGOCrir,[:A 
Gordi dae 
Naididae 

TOTAL 
SU~, TOTAL 

NO. OF TAXA 
DIVERSITY INDEX 

APPE~Dj X 12 - Benthic Macro-invertebrates collected from the 

Athabasca River Ma\ 25, 1981 Post-Treat!'l€nt 

-20 80 120 180 200 24~ 

2 3 2 3 2 3 2 2 

6 10 4 B 

,. 8 17 16 10 10 5 6 

B 8 2 4 

(a) 

I 

I 
I 

3 ! 
1 

3 1 1 2 B 3 4 6 15 3 4~ 5~ 1( 

i 
i 

! , 
i 

i I i I 

! 1 2 • 2 I 1 1 1 
7 6 9 2 5 12 1 I 3 1 17 16 2 

25 31 12 17 22 5 4 1 3 ! 3 2 7 10 2 
I 
I 

i 
I 
! 
I : 

1 2 2 4 I 1 3 3 1 
I 

1 1 3 2 1 1 3 3 1 

i 
, 

I i 

i 
1 2 1 2 1 i I 

: 

2 14 11 2 4 
I 
, 
! 

I 

5 7 15 , 2 2 8 1 2 1 1 I 
56 76 35 ! 38 71 20 4B 3B 33 19 9 22 32 16 ! B5 96 27 

167 I 109 I 106 61 70 ! 20B 
13) 11 I 10 10 11 I 11 

I 2.6B i 2.60 i 2. e4 I 2.91 2.B1 i 2.41 
I 

• (a) Samples not collected due to rising water levels. 
* (b) Sample lost. 
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.. 
APPEN;J1X 13 - Benthic Macro-invertebrates co1iected from Hie 

Athabasca River June 2. 1981 

Site Location
l 

40 80 120 18G 200 24(; 

2 3 2 3 2 3 i 1 3 , Sam-l e No. 

COLEor~ERA 
Agabs 
Gyr inu.c; 
HeleophoTus 
Hydatlcus 
Optioser",'us 
Oreodytes 

D1PiERI\ 
Athaix 
Ceratopogonidae 
CheJ.ifeTu 
Chironomidae 2 5 
Do1icho;Jodidae 2 
Erioptera 
liel i us 
H emed ran;i a 
Jlexa tOT:,a 

V,uscidae 
5i m: .. l1 i u~, 
Tipi.lla 

EPHE~t:RO~:ERI\ 

Ametropus 3 1 
Baeti s 1 1 1 7 1 1 I 
Baetodes 

Caenis 
Centroptilum 

I 
; 

Cinygma I 1 
Cinygmula : 
Epeorus 
Ephe-merel1a 7 1 9: 11 16 10 7 21 22 4 7 29 43 13 6 e S 
Ephoron I , 
Heptdgenia I 12 11 14 1 2 2 3 3 4 ~ 2 2 1 3 
Hexa:;;e:-;ia 1 
Isonych;"a I 

Leptoph~ebia (a) 
Metretopl1s 
Neocleon 

, 

Parameletus 
I I Rhi thI"o;ena 1 i 1 2 1 4 5 6 

Siphloplector. 15 24 20. 2 

I 
1 

Tricor!?thode~ : I 
PLE CO?iERI\ I 

licrone'JT ia 1 
Classenia 

4 3 2 Hastaperla 1 1 3 1 i 2 1 

Isoaenus 1 2 1 1 1 

Isoper la 24 18 34 , 38 104 52 12 6 56 56 46 34 30 40 30 11 13 11 
I 1 Pteronarcella I I 

1 Pteronarcys , 
I 

TRl CHOPTERA 
1 I 1 1 Brachycentru5 

4 2 6 6 1 1 13 2 1 3 4 8 7 8 13 6 Cheumatopsyche 
Glossosoma 
Glossosomatidae 

1 Hydropsychf' 3 1 1 9 5 6 

Limnophilidae 
Neureclepsis , 
Platycentropus I i 
Psychomyiidae 

I 
HEM1PTERA ! I 

Corixidae 1 i i ! ODONATA I 
Ophiogomphus 1 1 1 I 1 1 1 1 

GASTROPODA 3 3 1 1 1 

HIRUDINEA 
Glossiphonidae 

PELECYPODA , 
I 

OLlGOCHAETA I 
Gordi dae 
Nai di dae • ~ ., II 12 10 8 3 12 4 I 

I 

TOTAL 70 62 92 60 143 75 27 15 107 100 65 55 78 110 59 50 60 54 I 

SUM TOTAL 224 278 149 220 247 164 : , 
NO. OF TAXA 15 16 16 10 I 12 14 

DIVERSITY INDEX 2.63 1.72 2.64 I 1.78 I 2·39 3·43 

(a) Samp 1 es not collected due to rising water leve Is. 
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APPE~D; X 1~ - Bpnthic Macro-invert~brates collected from the 

Athabasca River June 9-10, 195 \ 

Site . I 8u 120 ",80 200 24C. Locatloni 
TAY0 Sa[r.~ie No. 3 2 3 3 

COLEOPTEKA 
A;;abus 
Gyrinus 
He) c>opoorus 
II Wid ti cus 
Ort 1 o,c:;er\'us 
Oreodyte.r:. 

DJPiE~M 
AL.:)'-r;' x 
Ceratopogonidae 2 
Che':' j lera 
Chironoridae 6 3 : L 
Do'ichopodidae 2 
Erioptera 
HelJ:us 
HCr:lC'drorr:ia 
Ifcxa tom.'l 

Muscidae 
S..:"m'J.l ium 6 
T.i;-·;;.ia 

E PrlE~~l KO?~ E RA 
Am~- t ropus 1 
Jj;;I" )S 2: 6 2 I 
n,Jc~o6C'.s 

CaC';]Js 
Ce,,:;' ropti lu,-.; 
C"::-.::.Jm,J 

Cir;~::Jm",)ja 

EPMTU5 
, 
I 

r[:hc,iercll a 22 26 1 ~ 7· 1\ 8 12 65 '01 \ 02 1" 24 39 
F.f1.;wTon i 
liertdpe;-,;" a 11 1 ~ 10 8 12 6 I 4 1 C 6 
HexagenJd 
Json~c}::::a 

Lert..op.'Jlet~·a 

Met r C'to:'1US 

Neoc1 ear, 
rara;;Jp':'c~us 

Rh': throc:entl ~! . 10 9 10 6 ? 
Si r.;;jo,f'.l (>ctor. ! 23 16 
Tr iCOTythodC'.~ I 

PLECp,ERA I Ilcroneuria 
11 ClaSSenliJ 3 1 

Has taper .i.a 2 ~ 1 ' 2 1 6 8 ~ 
IS0?enUS 2 1 1 13 1 I 1 
Isoperla 99 113 68 3~ ~8 63 69 165 53 3~ 21 52 ~6 54 97 3~3 226 317 63 39 85 
PteronarceJla 
rteronarcys 2 

TR; CHO?TEi<A 
Brachycentrus 1 1 ' Q 

Cheumatopsyche 39 18 34 13 12 11 10 16; 85 47 11 1 C 
Glossosoma I 

I Gi OSSOSOIT,a t i dae , 
Hydrops,?ch(' 11 12 8 ~ 9 !17 16 25 

I 
6 8 12 

L imnophi 1 i dae 
Neurecl ersi S 

T'latycentropus 
Psychomyiidae 

HEM; PTERA 
Cori X i dae 

ODONATA 
Ophiogomphus 2 

GASTROPODA 

HIRUDINEA 
Glossiphonidae 

PELECYPODA 

OLl GOCHAETA 
Gordidae 
Naididae 

TOTAL 195 204 144 61 91 100 
1

68 218 67 73 46 96 
1
53 70 11~ 467 518 :103 10" 166 

SUM TOTAL 5~3 272 373 

I 
217 237 1533 . 373 

NO. OF TAXA 15 13 I 17 15 I 10 15 ; 1 ~ 
DIVERSiTY INDEX 2·33 2.25 ! 1. 56 2.~1 1. 16 1.97 . 2.33 
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I 
Site Location 

S - N I ,.Jjf!"'--__ --"""-~a:!c;TL".!._'1 L._o. : 

COLEDP~ERA 
Agabu5 
(,yrinuF 
Heleophorus 
lIydaticus 
Optloser\,us 
Oreodytes 

OJ PiEi,1I 
Ii t !J~':r i x 

Ceratopogonidae 
Chc':'ilera 
U. i rono",i dae 
Doiicnopodioae 
£rioptera 
He':'iu::; 
J/em('~ror.::;·a 

iI£'>.ator.j.1 

r.uscidae 
S,c;.;;iu.c 
TlpiJla 

EPHU:;:KO?~tR~. 
lim·?:ropl1.c; 
Hae~j.t:. 

Bac tooe.c; 
CaenlS 
Centrorti 1 Uj7j 

C i n~; :;nn.l 

CinycT':lula 
EPCOT U5 

Ephenerel1a 
Erhoror. 
Heptagenia 
HeXdQC'nJd 

Ison~·ch.:·a 

Lertoph.2eb_:a 
Metretopus 
Neocleon 
raramelctus 
R};~ t hro~ena 
Slphloplecton 
Tricorythodes 

PLECO?iE"A 
Acroneuria 
Classenla 
Hastaper 1a 
Iso<?enus 
lsoj"cT 1a 
PtcTonarcel1a 
Pteronarc~'s 

TRICHOP'TERII 
BrcJch!-1centrus 
Cheumatops~che 

Glossosoma 
Glossosomatidae 
HydropsycilP 
Limnophiiidae 
Neureclepsis 
Platycentropus 
Psychomyiidae 

HEMIPTERA 
Cori x i dae 

ODONAiA 
Ophi ogomplws 

GASTROPODA 

HIRUDINEA 
Glossiphonidae 

PELECYPODA 

OLI GOCrlAET A 
Gordidae 
Nai di dae 

TOTAL 
SUM TOiAL 

NO. OF TAXA 
DIVERSITY INDEX 

13 

27 

9 

2 
145 

32 

17 

258 

Athabasco River June 18, 1981 Prp- t rea:nent 

-2C 
2 3 

4C 

2 

8~ 

3 

12,] 18" 200 240 

3 - ______ ~ _______ . ___ _L ___ _ 

11 

7 16 8 8 
1 

4 13 

11 8 22 

8
1 

9 8 12 6 

I 
i 
i 
i , 
i 

2 

10 

i,,~ 2 
1 1 1 

27 85 148 113 100 p42 

2 1 I 
1 

14 33 16 13 12 49 

6 18 2 1 16 

1 

1 1 1 

17 16 12 

1 14 15 11 7 

60 178 239 183 163 ~88 
496 585 

13 16 
2.32 ! 2.12 

4 

1 

5 
50 

1 
8 

2 ! 

7 
67 

25 

12 

21 

43 

4 10 , 32 

I 

1 

1 2 1 

2 6 

3 

88 125 239 
601 

17 
2.56 I 
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8 

1 
66 

6 

7 

1 

3 

6 . 12 17 4 9 15 12 12 19 17 

8 

26 32 11 16 6 15 6 

2 , 
17 26 p 23 37 16 16 38 16 

10 4 2 4 

8 14 

2 3 
1 1 1 

97 109 65 61.125 146 122 58 

1 
2 

67 51 
, 

1 : : 

1 1 
29 4 8 1 i 28 69 18 19 29 8 

i 
I 

34 8 13 2 ! 
7 18 5 16 12 1 

I 
! 

1 2 3 1 1 

I 

6 11 2 1 2 4 2 

: 
, 

: 
1 

1092301214 133 98 200 
578/ 

303 186 159 210 114 1 

445[ 689 483 1 

18: 121 14 15 
2.52! 2.331 2.09 3·04 , 



cO .... t: C,~~ l~A 
IHlabus 
Gyr inu.<,: 

/lpleop.'1-::JTUS 

Hyda tl eus 
Optio~e:nJ.s 

Oreo'J'yte.c. 

Ceratopo!;onidae 

Cr,~ rOllo::.i Gor 
Do: i chOpadi doe 
Er.iopte:-a 
Hpj i us 
Hcmc.;:;or: j'a 

Hexa ~O,,,,,,,.J 

M'.lscidae 

EPHEMEKO~-:-EK: .. 
Ametroyu~ 

/J'ae:1S 

Bar>tnoe:; 

Caenjs 
Centroptilum 
CJTlY;:,17;8 

CJnyc1i:1Ja 
Epecrus 

rp,l)orcn 
JiepLagG.,.:" i'': 
lIexdc;c;-;J'a 

Iscil;:cJ:_a 

Lertor-};~'eL;c1 

Mr:reto.i''J.c: 

Rh.:' thre'::l":-;:' 

55 phlo[.: (?~to.~. 

Trlcorytho'.5c.s 

PLECO?7t:tl.A 
Acron'?;..-r ia 
Classenia 
Hastarcr 1a 
ISOQenllS 

Isoper 1a 
Pteronarcella 
Pteronarc~s 

TRI CMu?TERA 
Brach~centru.c; 

Cheumatopsyc!Je 
Glossosoma 
Giossosomatidae 
Hydropsyl'hr 
Limnophilidae 
Neurecl ers,;: s 
Platycentrop<1s 
Psychomyiidae 

HEMI PTERh 
Cori xi dae 

ODONA"TA 
Ophiogomphus 

GASTROPODA 

H1RUDINEA 
G1ossiphonidae 

PELECYPODA 

OLlGOCHAEiA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO. OF TAXA 
D1VERSlTY INDEX 

AP?[hV;X 16 - Renthic Macro-invertebrates collected from the 

IIthabasca River June 22-23. 1981 P05t-treatment 

40 80! 120 180 200 240 
~ ___ 2 ___ 3 __ ~~ ___ 3J ____ 2 ___ 3~ ____ 2 ___ 3~ ____ 2 ___ 3~ ____ 2 ____ ~ 

II. 
I 

6 

,1 
12 12 6 5 13 11 

1 

I 
I 

1 : 

, 

I 1 I 

8, 

I 
I 
I 

14 23 16 10! 71 

11 13 

1; 8 

6 22 

3 5 
2 

15 21 
28 106 

13 1 
I 

11' 20 

! 
i 

5' 

,i 
,1 

16 14 
131: 83 

I 

, , 1 

56 66 87 

26 52 '5 

i 
i 
1 

2 27 38 

! 

I 
I 
I 
I , 

12 i 10 

33 2, 12 9 5 ' 31 

! 
7 11' 1 

! 
1 

I 

1 I 4 
i 

12 8 [127 120 122: 14 
77 114 !420 217 211 l235 

1 
10 

1 1 

1 1 
8 29 

1 23 

2 
38 29 3 

19 22 92 

2 9 5 5 2 

9 

5 8 43 

9 4 

15 11 

3 1 
1 

18 6 
159 124 

1 
1 

7 3 

56 29 

2 

3 

8 

5 

2 

170 322 358 1,9 
850 , 

14 I 

2. 84 1 

189 226 ~70 484 447 
564 1601 

20 18 
2.54 2.20 

77 318 212/20 
1007 

19 
2.30 I 
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8 

4 

29 

5 

! 
12 2 

7 I 4 
I 
I 

I 

i 4 
! 

I 
i 2 

53 26 125 
99 • 
11 I 

2.41 i 

14 

6 

27 

8 

I 
I 

4 26 28 20 

6 I 37 
I 

5 5 

1 , 

1 
2 3 

, 3 

4 
3 158 

I 

25 26 

I I 

1 
38 22 

11 8 I 

3 26 

I
i 

116 117 
414 

15 ' 
2.80 i 



APPE~D;X 17 - Benthic Macro-invertebrates collected from the 

Athabasca River June 29-30, 1981 

120 180 20G 240 ~ Site Location
l 

-20 40 80 

T~~~=~~~~i~ __ ~2~~~~~2~~3_+~ __ ~2 __ ~3~~ ______ ~3-+ ________ 3~ __________ ~ ______ ~ 
COLt:G?7EKA 

Agar-J< 
r,~r i ::JS 

Jle~ ;"horus 
Hyd,,:lCUF 
Optioservus 
OreodyJ:.c~c 

DJ PIEKA 
A~h('rix 

Cera topogor. i dae 
Che':'J'!cra 
Cni ronor'i doe 
Do1ichopod i dae 
Er.loptcra 
Helius 
Hemed ror::" a 
Jiexa ~o",,:.j 

Muscidae 

EPi-lEM~KJ?iEKA 
AmC'~rof':.1s 

Bar: ~ s 
Ea0toncs 
Caenis 
Centropt i 1 UP' 

CJ.'n:.:.,.;ma 
Cinyc;TiI:lla 
£peorl1s 
Ephe ..... erell a 
Ephcron 
Heptar;;er..:.a 
HeX8 ge nJD 

Ison~·cj:.:.a 

Lerto ph2ebJR 
Metretopus 
NeocleoTi 
fa!"a.'712.ictu£ 

Rh:.' throgena 
S.:.phloplecton 
TricorythoiP£" 

PLECG?7E~A 
Acroneuria 
Classenja 
lIastaperla 
Isogenus 
lsoper 1a 
Pteronarcel1a 
Pteronarcys 

TRiCHO?7Ei<A 
Brachycentru5 
Cheumatopsyche 
Glossosoma 
Giossosomatidae 
Hydropsychr 
Limnophilidae 
Ncurec1 eps:i s 
Platycentropus 
Psyc homyi i dae 

HEM! PTERA 
Corixidae 

ODONATA 
Ophiogomphus 

GASTROPODA 

HlRUDlNEA 
Glossiphonidae 

PELECYPODA 

OLlGOCHAETA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO. OF TAXA 
DlVERSlTY lNDEX 

3" 

68 

20 

5 

2 

5C 
77 

I 
7 

68 

146 

483 

23 13 9 29

1 

28 30 18 15 20 17 

I 

I 
16 19 17 10 17 10 20 37 2" 

" 
I 

8 2" 15 23 19 
I 1 

9 13 29 37 15 17 8
1 38 27 28 

2 ' I 
I 

2 2 1 7 " 2 
1 

1 

1 
1 1 

1 1 
13 15 14 8 58 160 69 38 83 37 
26 50 18 105 98 38 39 58 4" 70 88 

1 1 1 1 1 

1 2 1 3 3 2 
21 27 5 10 9 10 67 38 ! 22 37 14 

21 68 1 7 14 65 70 41 11"6 
I 

150 22 

1 

3 5 6 7 14 1 5 1 

1 B 7 2 1 4 

2 5 4 5 1 7 3 4 5 8 

110 221149 210 236 ~55 446 284 ~38 464 255 
B 14 495 1185 1057 

16
1 

18 16 16 
2·91 ) 2.74 2. BS] 2.95 

- 56 -

18 13 15 112 9 35 10 30 13 

8 20 : 10 
I 

12 15 12 16 9 

10 

1 1 1 
I 
! 

I 

1 , 

2 
29 36 36 "6 6" 90 9 12 13 

1 1 2 3 1 

5 1 2 1 1 7 1 
3 2 3 26 33 19 

i 
6 16 21, 

6 5 10 14 10 4 5 59 70 

, 
I , 

, 
! 

4 4 2 2 3 , 
, 

1 , 
I 
1 

i 
I 
i 

, 

I 
, 

! 

2 7 4 3 1 I 9 6 

78 71 52 117 138 181 ! 51 161 145 
241 436 1 357 i 

I 11 141 12 
1 2.93 2. 43 1 2.87 I 
I 



APPENDIX 18 - Benthic Macro-invertebrates collected from the 

Athabasca River July 7-8, 1981 

Site Location 40 80 120 \. 180 200 240 

TAI~A ____ ~~~sa~c~."~i~e~N~o~.JI ____ ~ __ ~~ __ ~~3~ ____ ~2 __ ~3-T ____ ~~3-+._1 ________ +-___ 2 ____ ~ ________ ~ 
CCL.EC.~~tRA 

h-;aL~US 

(;:.,;; inus 
Jicl ("Or!}QTUS 

/iyJaticus 
Optioservus 
Oreo5ytes 

At!l,'rix 

Ce ra topogon i dae 
CtJe1J:era 
Ct,ironor.~idae 

Do,ichopodidae 
J:r..:opter.3 
lIf'liU5 
j,'ornC'dror:.ia 
i·,'X.1tO":' 

:"",scidae 
S~:-:.1':' i ur:: 

E?ritl"oRv?~tRk 
Ai:c~ropu.c:: 

Ractodcs 
Car:',:' :; 
Ce:: ':.TCr::." 1 u;-;-, 

Cin~";:m:.Jla 

EP00TUS 

E;.I)c::lere 11 i1 

EpJwron 

Heptaqcn':' a 
lIex;:; ~:cr;;'/i 

J 5cn~'::h"' a 
Lf'pcorhl ebja 

M"trr>torus 

F a:'-c1r.c.i e~ us 
R..l;_; :: ,:;roQPna 

Sir}j1or~(?ct0n 

TricOT!:-'thoae.c: 

PLECG:'~~KA 

Acroneur ia 
Classenja 
lfastapf'Tla 
Isoqenus 
lsoperla 
J'teronarcel1a 
Pteronarcys 

"7R~CHG~;ERA 

BracilljCentrus 
Cheumatopsyche 
Glossosoma 
Giossosomati dae 
H ~ld ro ps yc he 
Limnophilidae 
Neureclcpsis 
rli1tycentropus 
Psychomyiidae 

HEM! PTE:<A 
Corixidae 

ODONA,A 
Ophiogomphus 

GASTROPODA 

HIRUDINEA 
Glossiphonidae 

PELECYPODA 

Ol I GOCHAETA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO. OF TAXA 
DIVERSITY INDEX 

19 6 

58 51 

30 48 

4 

1 
15 24 
49 101 

2 

27 20 

15 17 
63 i 51 

I 

7 

14 

13 

4 
35 

, 

32 1 9~ .; I J9 18 

I 
4 37 16 30 42 17 

3 5 4 
3 3 1 1 

27 

19 

I 
i 

2 ; 

1 

30 

27 

2 
4 

52 43 41 78 40 63 I 11 

4 7 10 15 4 

15 6 4 

8 1233 
61 1105 

~ 1126 

21133 

160 226 
95 85 

56 
53 

2 3 
31 44 26 

38 96 96 

71 
65 

10 

68 
82 

2 
9 18 

45 101 

1 

7 

11 

2 2 4 26 26 31 2 2 

3 9 3 6 2 3 

2 

17 27 61 

9 

9 

5 

12 14 

32 

I 
20 116 

f 

I 

5 16 2 1 8 4 972 5 

181 243 190 135 
614 

15 
2.40 I 

89 146 
370 

14 
2.68 

51 480 675 
2006 

23 
3.02 

- 57 -

520 285 410, 76 
1215 : 

18' 
I 3.01 ! 

50 98 136 
224 I 

12 I 
2.61 I 

13 17 59 

9 6 45 8 

1 
6 

2 

10 

4 

6 

10 

15 

53 

1 

11 

I 
14 21 

78 100 

2 2 4 

I 
34 49 '168 

219 ; 
13

1 
2.86. 

198 219 
585 

17 
2.40 



~ Site Lo~ationi 
TAU·. ~ Sarr.pie No. 

COLE0PilRA 
Aaabus 
Gyrinus 
Heleophorus 
Jiyda ti cu5 
Optioservus 
Oreodytes 

DJ PTE riA 
AthC'yix 
Ceratopogonidae 
Chelifera 
Chironorridae 
Dolichopodidae 
Erloptera 
1ipliu5 
}{erlca ror.:i a 
Hexa to:'")..] 
Muscidae 

Tipula 

EPHEMERO?iERf, 
Ametropus 
Baetls 
Baetodes 
eaeni:; 
Centroptllurr. 
Cinygma 
Cinygm:Jla 
Epeorus 
Ephemerel_" 
Ephoron 
Hertagenia 
He xa genia 
Isonych..:'a 
Leptoph.J.ebia 
Metretopus 
Neocleon 
Parameletus 
R;,:: throgena 
Eirhlo;-lf>cton 
Tricorythodc5 

PLECOPiEil.A 
Acroneur i a 
Classenla 
Hastaper la 
Isoqenus 
Iso per la 
Pteronarcella 
Pteronarcys 

TRJCHO?iERA 
Brachycentrus 
Cheumatopsyche 
Glossosoma 
Glossosomatidae 
Hydropsychc 
L imnophil i dae 
Neureclepsis 
Platycentropus 
Psychomyiidae 

HEMJ PTERA 
Corixidae 

OOONATA 
Ophiogomphus 

GASTROPODA 

HIRUDINEA 
Glossiphonidae 

PELECYPODA 

OLl GOCHAETA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO. OF TAXA 
DIVERSITY INDEX 

APPEND1X 19 • Benthic Macro-invertebrates collected from the 

31 

-20 

2 

34 26i 24 

1 i 

2 

7 18 32 4 

2 

52 43 46

1 

15 

5 8 7, 
I 

4 2 6 3 

71 25 73 23 
48 13 21 22 

1 1 1 

1 1 2 
51 24 34 6 

108 71 87 5 

1 

1 1 

8 

2 1 

386 240 341 114 
967 

18 I 
2.94 i 

Athabasca River July 14-15, 1981 

40 80 

3 11 

120 180 I 200 I 

2 3 2 2 3 2 3 i 1 2 3 

1 I 

32 31 13 29 43' 20 11 10 32 70 14 6 28 76 , 10 

7 3 20 18 19 

13 25 43 57 9 13 6 23 16 71 6 

1 
1 

74 ! 43 
2 

25 67 81 60 71 31 13 25 18 i 13 21 26 

6 1 

, 
6 11. 10 16 

2 ' 10 11 11 4 15 2 I 1 1 1 2 , 

I I 1 [ 1 , I 

i 
I i 
I I 

1100 

1 

136 175 I 81 62 \ 
! 11 31 103 3 3 3 i 

29 16. 13 20 23 10 30 5 14 11 17 1 2 1 . 

I 
, 

i 
2 1 2 1 I ! . 

i ; 

1 2 4 8 3 2 1 
11 24 46 91 74 62 14 3 2 i 8 29 23 

1 2 I 

1 3 35 53 69 99 It6 27 .11 5 9 I 8 14 7 2 

I 
I 

5 1 4 14 30 11 3 2 3 5 

5 8 2 1 3 6 4 1 

1 

1 2 7 2 11 2 3 20 1 

131 216 99 480 582 ~79 321 173 120 138 160 52 119 189 42 
461 1361 873 418j 360. 

17 19 17 16 15 : 
3.07 2.99 2.99 2.82. 2.99 

- 58 -

240 

2 

14 1 S 

26 38 

6 

14 

2 

1 1 

2 

6 
3 12 

17 64 

: 
I 

2 3 

1 

I 
! 

1 1 
I , 

75 169 , 
286 

15 
2.75 



COLEOPTERA 
llgabus 
Gyrinu!' 
lJe1 cophorus 
/fyrlaticus 
Optioservus 
Oreodytes 

DIP,tRA 
llth",ix 
Ceratopogonidae 
Che:j[era 
Chironomidae 
uolichopodidae 
Er i opt era 
Jle) i us 
Hemcirorr.ia 
lIexa tC::-i;;) 

Muscjdae 
Simuliur.1 
Tlpul a 

EPrlt:MERoriERA 
Ametropus 
Baeti ~ 
Baetodes 
eaeni s 
Centroptilurr: 
CinyqmD 
Cinyqmula 
Epeorus 
Ephemerella 
Ephoro;; 
Ht-p-:.aqenia 
Hexdgenia 
Isonych:;'a 
Lepta;}-·,1 ebia 

MetretoJ'u.s 
Neocleor. 
f'arameletus 
Rhithroqena 
s...: phlopl Ecton 
Tricorythoaes 

PLECO?i~RA 
Acroneuria 
ClassenJ"a 
Hastaperla 
lsooenus 
Isoper ]a 

rteronarce} 1 a 
Pteronarc~"t:; 

TRI CHOPiERA 
Brachycentru5 
Cheumatops~che 

Glossosoma 
Glossosomatidae 
H90ropsychc 
Limnophilidae 
Neureclepsis 
Plat!!centropu8 
Psychomyiidae 

HEMIPTERA 
Corixidae 

ODONATA 
Ophiogomphus 

GASTROPODA 

HIRUDINEA 
Glossiphonidae 

PELECYPODA 

OLIGOCHAETA 
Gordidae 
Naididae 

TOTAL 
SUM TOTAL 

NO. OF TAXA 
DIVERSITY INDEX 

APPEtlDI X 20 -

4 
2 

12 6 6 

18 20 8 14 19 30 

6 

1 
6 18 12 

2 1 1 
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BARREL TRAP 

Date A B C . D Mean Std. 
(x) Dev. 

(B, C, D) 

June 4 1 0 0.5 0.7 

June 11 4 2 0 2.0 2.0 

June 17 35 6 3 3 4.0 1.7 

June 25 168 23 2 10 11.7 10.6 

July 2 276 28 7 9 14.7 11.6 

July 9 295 27 22 15 21.3 6.0 

July 16 362 44 40 101 61.7 34.1 

July 23 196 420 641 419.0 222.5 

July 30 6898 784 227 585 532.0 282.3 

Aug. 6 3840 382 122 286 263.3 131. 5 

Aug. 13 3733 85 196 562 281.0 249.6 

Aug. 20 2323 103 104 237 148.0 77 .1 

Aug. 28 386 31 14 36 27.0 11.5 

Sept. 3 692 12 6 11 9.7 3.2 

Sept. 10 640 86 23 42 50.3 32.3 

Sept. 17 73 1 2 6 3.0 2.6 

Sept. 24 5 1 26 10.7 13.4 

Appendix 22 - Barrel trap sample data - 1981 
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Appendix 23. Results and discussion - Sediment residue samples. 

The results of sediment samples collected during 1981 are 

presented in the following table. The samples were analyzed 

by the Alberta Environmental Centre in Vegreville. A series of 

replicate samples collected Iln June 22/23 and June 29/30 were 

also analyzed by the Food Lab of Alberta Agriculture in 

Edmonton. 

The results do not show any large accumulations of methoxychlor 

residues in the sediment at any sample location in the Athabasca 

River over the summer. However, the results do show that low 

concentrations of methoxychlor were found at the control site(s). 

This is consistent with Charnetski and Depner's (1980) findings 

that background levels of about 4.0 ppb of a chemical (not 

suspected to be methoxychlor) is present in the Athabasca River 

upstream and downstream of the treatment sites. 
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All results expressed in ppb (parts per billion), wet weight basis. 
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