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EXECUTNE SUMMARY 

INTRODUCTION 

Syncrude Canada Ltd., which has operated an oil sands extraction 

plant a t  Mildred Lake since 1978, has undertaken various environmental 

studies associated with the development since 1971. The purpose of the 

1984 investigation, which involved a multi-disciplinary study team, was t o  

characterize and re-define aquatic habitats and resources in the Syncrude 

development area. In general, the results of the study indicate that  the  

aquatic habitat, water quality, flora, and fauna of the aquatic systems in 

the development area are typical of those found in the  oil sands region of 

Alberta. 

The present study entailed seasonal sampling of the following 

environmental components: water quality, stream flow, aquatic habitat, 

and aquatic biota (phytoplankton, zooplankton, zoobenthos, macrophytes, 

and fish). The three major sampling periods (selected by Syncrude Canada 

Ltd.) were early June, summer (late July to early August), and early fall 

(late September to  early October). 

AQUATIC HABITAT AND FISH 

Aquatic habitats associated with both flowing and standing 

waterbodies were investigated. Flowing water habitats included high- 

order streams (e.g., MacKay River - summer flows in 1984 in the 5 to  40 



m3*s-I range), medium-order streams (e.g., Poplar Creek - summer flows 

in the 0.2 t o  3.0 m3*se1 range), and low-order streams (e.g., West 

Interception Ditch - summer flows in the 0.02 to  0.1 m35-I range). In 

terms of streamflow, the contribution of run-off water from the 

development area (i.e., Leases #17 and #22) to  the major drainage 

systems (i.e., MacKay River and Athabasca River) is small. Due t o  major 

differences between systems with respect to streamflow, size, gradient, 

and accessibility to  fish, the availability and quality of habitat varied 

substantially. Low-order streams (West Interception Ditch and 

tributaries, Bridge Creek, Lower Beaver Creek, minor tributaries t o  

MacKay River) contained low quality habitat suited only for seasonal use 

by forage species such as fathead minnow, brook stickleback and lake 

chub. Medium-order streams (Upper Beaver Creek, Dover River, Poplar 

Creek) exhibited fish habitat in the low to  moderate suitability range. 

These systems provide habitat on a seasonal basis for the larger species in 

addition to  possible year-round habitat for forage species. The sources of 

the seasonal migrants are Beaver Creek Reservoir, which contributes 

white suckers t o  Upper Beaver Creek; the Athabasca River, which 

contributes Arctic grayling, northern pike, burbot, and suckers to Poplar 

Creek; and the MacKay River, which likely serves a s  a source of numerous 

species for the Dover River. The MacKay River was characterized by 

moderate fish habitat suitability; i t  provided habitat for approximately 20 

species (including goldeye, walleye, northern pike, Arctic grayling, and 

suckers), several on a year-round basis. 

Standing waterbodies in the study area ( ~ e a v e r  Creek Reservoir, 

Ruth Lake, Poplar Creek Reservoir, and Horseshoe Lake) were 



characterized by shallow to  moderately-shallow maximum depths (range 2 

t o  18 m), gently sloping shorelines, and substrates dominated by organic 

debris. Macrophyte communities in the standing waterbodies were well 

developed. Submersed vegetation occurred around the periphery, t o  a 

depth of 2 m. Waterbodies within the diversion system (Ruth Lake, 

Beaver Creek Reservoir and Poplar Creek Reservoir) supported a 

simplified assemblage of fish species. Of the larger species, only white 

suckers were present. White suckers were abundant in the system, 

particularly in Beaver Creek Reservoir. The remaining species in these 

waterbodies were fathead minnow, brook stickleback, and lake chub. 

Available data indicate that Horseshoe Lake was used to a limited extent 

for rearing by northern pike from the Athabasca River. 

WATER QUALITY 

In the flowing water systems, the waters were brown in colour 

(except for the Athabasca River) and indicative of a typical boreal 

watershed. Characteristics considered deleterious or seriously inhibitory 

to the existing aquatic life were not encountered. The waters generally 

were alkaline and of the calcium bicarbonate type, although sodium 

bicarbonate waters frequently were present. Salinity levels in the 

streams remained uniform throughout the study, even though ionic 

dominance varied greatly. Except for some tributaries associated with 

the West Interception Ditch, the dissolved oxygen concentrations were 

above the minimum acceptable limit for fish. Concentrations of total  

nitrogen, total phosphorous, total  iron, total manganese, and phenol 



frequently exceeded the Alberta Surface Water Quality Objectives. The 

sources of these substances are considered natural since no anthropogenic 

inputs are known. 

Standing waterbodies in the study area e Beaver Creek 

Reservoir, Ruth Lake, Poplar Creek Reservoir, and Horseshoe Lake) 

exhibited similar water quality. The waters were slightly acidic to  

alkaline and of the sodium bicarbonate type, with notably high 

concentrations of sodium and chloride ions. Beaver Creek Reservoir and 

Poplar Creek Reservoir were stratified. In Beaver Creek Reservoir 

dissolved oxygen concentrations in the deepest areas were reduced to  

levels below that required by fish. In Poplar Creek Reservoir, anaerobic 

conditions prevailed in the hypolimnion in June and July, and hydrogen 

sulphide gas was present. In both reservoirs, the epilimnetic waters were 

well oxygenated. In Poplar Creek Reservoir, highest levels of specific 

conductance, total  nitrogen, total phosphorous, and reactive silica were 

present in the hypolimnion. Concentrations of total nitrogen and total 

phosphorus exceeded the Alberta Surface Water Quality Objectives, 

indicating the eutrophic nature of the system. As was the case in the 

flowing water systems, concentrations of trace metals and elements were 

generally below the detection limits. Concentrations of iron, manganese, 

and phenol generally exceeded the water quality objectives. The above 

conditions are typical of shallow and medium depth boreal lakes rich in 

organic matter. 
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Except for some minor differences, the results of this investigation 

were similar to those described by other researchers for both flowing and 

standing water systems in the study area. 

PHYTOPLANKTON 

Phytoplankton communities in Beaver Creek Reservoir were 

dominated (on a volumetric basis) by Cryptophyta (cryptomonads) in the 

late spring, by C yanophyta (blue-green algae) followed closely by 

Bacillariophyta (diatoms) in the summer, and by Bacillariophyta in the  

fall. Ruth Lake phytoplankton was dominated by Euglenophyta 

(euglenoids) in spring, Cyanophyta in summer, and Cryptophyta in fall. 

Phytoplankton in Poplar Creek Reservoir was dominated during all three 

study periods by Cyanophyta. 

The dominance of the phytoplankton communities by Cyanophyta 

during the summer in the three waterbodies suggests that  physical 

conditions, including macronutrient levels h e . ,  low available nitrogen) 

and high turbidity levels (narrow trophogenic zone), were favourable for 

the species of this division. Overall, the species composition and trend in 

seasonal abundance did not differ substantially from that  recorded in 

ZOOPLANKTON 

Zooplankton com munities in Beaver Creek Reservoir, Ruth Lake, 

and Poplar Creek Reservoir exhibited a similar species composition in 
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1984. Calanoid copepods were dominated by Diaptomus oregonensis; 

common cyclopoids included Ancanthocylops vernalis, Diacyclops thomasi 

and Mesocyclops edax. Cladocerans were dominated by Daphnia parvula 

and other small species such as  Bosmina longirostris. Rotifers generally 

were dominated by Keratella spp. 

In general, fewer commonly occurring crustacean species and more 

rotiferan species were present in 1984 than in previous studies. 

Communities of all three waterbodies were dominated by relatively small- 

bodied species in 1984, although large-bodied species had been common in 

1974 and 1977. Zooplankton-feeding fish (e.g., fathead minnows) may 

account, in part, for the apparent shift in community structure. 

ZOOBENTHOS 

Zoobenthic communities a t  stations within the study area generally 

exhibited diversity, abundance, and composition typical of the boreal 

region of northeastern Alberta. Dominant groups in the standing 

waterbodies included Oligochaeta and Chironomidae, and to  a lesser 

extent,  Mollusca, and the dipteran Chaoborus. Changes in the relative 

abundance among these groups with reference t o  earlier studies suggest 

that  Beaver Creek Reservoir may be becoming more eutrophic, and that  

Poplar Creek Reservoir may exhibit hypolimnetic anoxia of longer 

duration during summer months. 

Flowing water systems showed relatively low diversity. Dominant 

taxa were Chironomidae and Oligochaeta in depositional habitats, and 



Simuliidae (blackflied and various mayfly groups in erosional habitats. 

During spring and summer months, the com munity structure appeared 

related to stream discharge and energy source. Erosional habitats on the 

larger streams harboured a community that depends on seston (i.e., 

drifting living and dead organic matter) probably produced within the 

system. Benthic communities in erosional habitats on smaller streams and 

in depositional habitats likely rely on dead organic matter (e.g., leaves, 

etc.); these habitats supported lower densities and different types of 

benthos. 
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SECTION 1.0 

INTRODUCTION 

1.1 BACKGROUND 

Syncrude Canada Ltd. has operated an oil sands extraction plant a t  

Mildred Lake in northeastern Alberta since 1978. Prior to  development of 

the project, the natural streamflow of Beaver Creek and other surface 

drainages was diverted from the mine and plant area. To accomplish this 

for the major inflow, Beaver Creek was re-channeled via Ruth Lake and a 

second impoundment (Poplar Creek Reservoir) t o  Poplar Creek and 

eventually the Athabasca River. To re-direct runoff from other local 

drainages along the west side of the development area, a 17 km long ditch 

was constructed. This channel, completed in May 1976, was termed the 

West Interception Ditch. The flows from four small tributaries presently 

enter the ditch and are diverted northward entering Bridge Creek, a 

tributary t o  Lower Beaver Creek. A small dam, located near the southern 

end of the interception ditch, diverts the flows from a fifth tributary 

southward into Beaver Creek Reservoir. 

Syncrude Canada Ltd. has conducted numerous baseline and impact 

related studies of the aquatic resources in the vicinity of their develop- 

ment; these have been summarized in detail in a report entitled 

"Biophysical impact assessment for the new facilities of the Syncrude 

Canada Ltd. Mildred Lake Plant" by Syncrude Canada Ltd. (1984). 



OBJECTIVES 

The objective of the present study was to characterize the aquatic 

habitats and resources in the Syncrude development area, specifically 

those in Lease 17, Lease 22, and the Beaver Creek Diversion System. The 

study comprised an assessment (on a seasonal basis where appropriate) of 

the following environmental components: water quality, streamflow, 

physical habitat, and biological resources in the major waterbodies in the 

Syncrude development area. 

STUDY AREA 

The study area encompassed the major waterbodies in the Syncrude 

development area, including those in the Beaver Creek Diversion System 

(Figure 1.1). Specifically, the major waterbodies sampled for one or more 

study components were as follows: 

MacKay River and tributaries; 

Lower Beaver Creek; 

Bridge Creek; 

West Interception Ditch and four tributaries; 

Horseshoe Lake; 

Upper Beaver Creek; 

Beaver Creek Reservoir and one tributary (Creek Bl); 

Ruth Lake; 

Poplar Creek Reservoir; 



STUDY AREA 
I - - :  



j) Poplar Creek; and 

k) Athabasca River (water quality sampling only). 

Due to  the importance of riverine habitat outside the Syncrude lease 

area to fish populations within the MacKay River system, the study area 

was extended to  km 76 on the MacKay River and km 40 on the Dover 

River. 

The present study also included sampling of the various unnamed 

tributaries entering the  West Interception Ditch (W.I.D.). Prior t o  the 

construction of the W.I.D., tributaries designated as Creek No. 1, Creek 

No. 2, Creek No. 3, and Creek No. 4 entered Beaver Creek through the 

area presently occupied by the mine site (Noton and Chymko 1978; OfNeil 

1979; Syncrude Canada Ltd. 1984). The construction of the W.I.D. 

intersected these streams and in the case of Creek No. 3: intersected two 

branches of the system creating two separate drainages. In this study, the 

watersheds have been designated as Creek W2 (formerly Creek No. I), 

Creek W3 (formerly Creek No. 21, Creek W4 (formerly the northern 

branch of Creek No. 31, and Creek W5 (formerly the southern branch of 

Creek No. 3). W l  refers to  a drainage situated t o  the northwest of the 

W.I.D. that lacks a defined stream channel, but which flows into the 

W.I.D. a t  numerous points along its course. The designation l'WW indicates 

those drainages entering the W.I.D. The creek entering the section of the 

ditch that diverts flow southward t o  Beaver Creek Reservoir previously 

has been referred to  a s  Creek No. 4 by the above authors. In the present 

study, Creek No. 4 and the section of the drainage ditch to  Beaver Creek 



Reservoir have been designated Creek B1 since this systern is contiguous 

with t h e  reservoir ra ther  than t h e  northward draining sect ion of t h e  West 

Interception Ditch. Consequently, Creek  B1, including t h e  southward 

draining sect ion s f  t h e  diversion ditch,  will be discussed as par t  of t h e  

"Beaver Creek  Diversion System" sect ion of the  repor t  (i.e., Section 5). 

1.4 APPROACH 

In response t o  the  conditions specified by Syncrude Canada Ltd., t h e  

study was conducted on a seasonal basis, with major sampling periods in 

ear ly  June, l a t e  July t o  ear ly  August, and late September t o  ear ly  

October. Through consultation with personnel in t h e  Environmental 

Affairs Depar tment ,  the  study was designed t o  include t h e  following 

components: 

a) physical habi ta t  including discharge measurements; 

b) wa te rqua l i ty ;  

c)  phytoplankton and zooplankton (Beaver Creek Reservoir, Ruth Lake 

and Poplar Creek Reservoir only); 

d) benthic macroinvertebrates;  

e) macrophytes (delineation of major macrophyte communities in t h e  

four standing waterbodies only); and 

f )  fish. 

In addition, Syncrude Canada Ltd. requested t h a t  t h e  following tasks 

be undertaken for  each  of 1 4  drainage basins identified within t h e  s tudy 



area: 

a) calculate the drainage areas; 

b) differentiate the drainage basin terrain (predominantly muskeg or 

highland); 

c) determine frequency of beaver impoundments (from aerial 

photographs); 

d) determine longitudinal gradient profiles of the major stream channel 

in each basin; and 

e) estimate discharges at the mouths of selected streams. 

The report has been divided into nine chapters with the results 

presented according to the major riverllake systems or diversion system. 

Within each system or major waterbody, the results are presented by 

study component (e.g., habitat, water quality, zooplankton, etc.). 



SECTION 2.0 

METHODOLOGY 

STUDY CHRONOLOGY AND LOGISTICS 

Field surveys were conducted in the late spring, summer, and fall of 

1984. Authorization to proceed with the spring fish survey and the water 

quality sampling on the Athabasca River was received from Syncrude 

Canada Ltd. in a letter dated 18 May 1984. Field work on these 

components commenced on 22 May and continued to  31 May. 

Authorization to  proceed with the remainder of the study program was 

received on 5 June upon finalization of the study plan with Syncrude 

Canada Ltd. Field activities associated with the study components were 

conducted concurrently (Table 2.1). For most study components, sampling 

was conducted by two-person study teams; however, an additional person 

was employed for the boat electroshocking survey (spring segment) on the 

MacKay River. Access to  the majority of sample stations was achieved 

either by truck, outboard powered boat, or canoe; during the fall fisheries 

surveys on the MacKay and Dover rivers and during the water 

qualitylbenthic surveys on the MacKay River, access was gained by 

helicopter. The fall habitat survey on the MacKay River was carried out 

using a Zodiac inflatable boat; access to  the river was by helicopter. A 

jet-drive river boat and an all-terrain vehicle were used t o  access MacKay 

River fisheries sample stations during the spring and summer surveys. 

Accommodation was provided by Syncrude Canada Ltd. at the Alberta 

Environment Mildred Lake Research Facility. 



Table 2.1 Sampling chronology for the varlous study components examined on waterbodles within the Syncrude Development Area, 1984. 

Water Benthic P h ~ t ~ p l a n k t ~ n l  Macm- 
Habitat B u a l i t ~  Invertebrate Zmplankton Fisheries phsZe 

Summer Fall Spr~ng Summer FsU Sprlng Summer Fall Spr~ng Summer Fail Spring Summer Fall Summer 
18-22 5-10 15-21 23-31 21-27 15-19 24-30 21-26 15-16 24-25 23-25 22-31 19-17 21-18 24-26 
July Sept. June July Sept. June July Sept. June July Sept. June July Sept. July 

MacKay River 

M1, M3, M4, M5, M7, 
M8, M9, M10, M I 1  
M2, M6 

h v e r  River 

Dover River 
Tributary ( D l )  

W.I.D. 

W2 

W 3 

W 4 

W5 

Bridge Creek 

Lower Beaver Creek 

Upper Beaver Creek 

Creek B1 

Beaver Creek Res. 

Xuth Lake 

Poplar Creek Res. 

Popla- Creek 

Athabasca River 

Horseshoe Lake 

X  X  X  X  X X X  

X X X  

X X X  

X X X  

X 

X X X  X  X  X  

X X X  

X X X  X X X  

X X X  X X X  

X X  X  

X X X  

x a x x x  X  X  X  X  X  

X  X  X  X  X  X  X  

X  X  X  X X X X X X  Xb X  

X  X  X  X X X X X X  xb X  

X X X  X X X X X X  X  

xc X X X  X  X  X  X X X  

xd X  X  

X X X  X  X  

'survey conducted on 26 September 

bsurvey conducted on 13 June 

'survey initiated in 5-10 September, completed 1" 21-28 September period 

dsurvey conducted on 1 6  May 



2.2 NUMBER AND DISTRIBUTION OF SAMPLE STATIONS 

The selection of sample stations (Figures 2.1 to  2.9) was determined 

through discussions with Syncrude Canada Ltd. A minimum number of 

stations was selected to  adequately characterize the various biological 

and chemical components of waterbodies within the study area, and allow 

for a reasonable comparison to  previous study results. 

The selection and distribution of sample stations were based on the 

location of previous study stations (i.e., in the Beaver Creek Diversion 

System), the geographical and physical characteristics of a waterbody in 

relation to  the study component objectives, and the accessibility of the 

station. 

To facilitate future location and identification, the 1984 sample 

stations were marked using paint or survey ribbon; a detailed description 

of location and identifying marks a t  each station is provided in Appendix 

A, Table Al. 

2.3 AQUATIC HABITAT 

Fluvial systems and standing waterbodies in the study area were 

investigated t o  identify pertinent physical habitat characteristics. The 

surveys were done in a systematic and reproducible manner to  facilitate 

coinparison of data between systems and on a year-to-year basis. The 

survey focused on t h e  streams in the study area, as  they had not 
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previously been examined in detail. Habitat surveys on the fluvial 

systems were scheduled during base flow periods t o  ensure that  habitat 

features were recognizable and that  low-flow limitations were evident 

(Table 2.1). 

2.3.1 PLUVIAL SYSTEMS 

Fourteen drainage basins within Lease 17 and Lease 22 were 

identified by Syncrude Canada Ltd. Information on various drainage 

features was obtained for each of these systems using a 1:20 000 airphoto 

mosaic (lease area only) and 1:50 000 NTS maps (area outside lease). 

Drainage area was determined with a polar planimeter. Major beaver 

ponds along the streams (within the lease area only) were enumerated 

from the 1:20 000 airphoto mosaic. The surface area of the ponds was 

estimated using a dot grid matrix. Stream order ratings were assigned 

(from 1:50,000 NTS maps) for the mainstems of study streams according 

to the method of Strahler (1 957). First-order streams are  defined as  those 

that have no tributaries; second-order streams receive only first-order 

channels, and so on. Stream lengths were measured using the  method 

described by Herrington and Tocher (1967). Stream gradient profiles were 

based on the intersection of 2 m (1:20 000 map) and 10 m (1:50 000 maps) 

contour intervals. Stream discharge was estimated using the midsection 

procedure as described by Church and Kellerhals (1970). Velocities were 

recorded, using a Marsh-McBirney Model 201 electronic current meter, a t  



0.6 of the water column depth where channel depths were less than 0.76 

m; a t  deeper stations the two-point method was employed (0.2 d, 0.8 dl. 

Prior to conducting habitat field surveys, the major study streams 

were delineated into discrete habitat reaches. Necessary pre-typing 

information was obtained from initial mapping data, from previous 

studies, and from information obtained during the fishery investigation 

program. To characterize pertinent habitat variables, sample stations 

were established in each of the discrete habitat reaches. The habitat 

stations were pre-designated in the office to minimize bias a t  the station 

selection stage. Randomness with respect t o  location of individual 

transects was achieved by using a pre-determined interval approach (e.g., 

first transect established a t  station marker; second transect 50 m 

upstream of first transect, etc.) 

2.3.1.2 Field Procedures 

Habitat stations generally consisted of multiple transec ts (transect 

cluster). The number of transects was determined by the degree of 

homogeneity of the habitat in the reach. Generally, only three t o  five 

transects were necessary t o  ensure that  all habitat types were 

encountered. It was not feasible (due to logistic and time constraints) to  

sample multiple transects a t  habitat stations on the MacKay River, Dover 

River, and Upper Beaver Creek. Transect data were supplemented by 

habitat observations recorded during the downstream float survey on the 

MacKay River. An aerial habitat reconnaissance was undertaken on the 

Dover River (lower 40 km), and habitat observations were recorded. The 



spacing between transects was dependent upon the recurrence pattern of 

habitat features in that particular reach (i.e., wide enough spacing t o  

ensure that  all cover types had an equal opportunity of being sampled). In 

the present study, intervals between transects were set a t  either 25 m or 

50 m (depending on stream size). Stations were marked or located in 

relation t o  visible landmarks t o  facilitate future sampling. Where 

feasible, aluminum plates were fastened to mature trees (above the high 

water mark) in the immediate vicinity of the initial transect (TI). The 

remaining transects were chained off from the preceeding transect and 

marked with flagging and/or fluorescent paint marks on nearby trees. A 

description of the various transect locations is provided in Appendix A, 

Table Al .  Representative photographs were taken a t  each of the transect 

locations. A wide range of habitat descriptors was used to  characterize 

conditions along each of the transects (Table 2.2). These variables were 

derived from several aquatic habitat methodologies which have been used 

extensively in previous studies in western Canada and the western United 

States (Platts 1979; Chamberlin 1980; U.S. Fish Wildlife Service 1981; 

Armantrout 1982; Nielsen and Johnson 19831, and from previous studies 

conducted in the tar sands area (O'Neil 1979, 1982). The system was 

modified, where necessary, after initial field testing in the present study 

area. hformation obtained in the field was recorded on standardized 

habitat forms (Appendix B, Table Bl). 

2.3.2 STANDING W ATERBODIES 

Information on the physical habitat characteristics of standing 

waterbodies in the study area was collected during the course of the 



Table 2.2 Aquatic habitat variables described at  transect locations in the Syncrude Development Area, 1984. 

Variables General Description of Variables 

Channel width 

Gradient 

NIean Depth 

Mean Velocity 

Cover Type Distribution 

- Riffle - Run 
- Flat 
- Pool 

Pool Type 

- Class 1 
- Class 2 
- Class3 
- Class 4 
- Class 5 

Bank Features 

- Condition (Cond.) 
- Stability (Stab.) 
- Undercut (Under.) 
- Overhang (Over.) 
- Slope 
- Cover 
- Depth 

Substrate Distributions 

- Fines 
- ~ravelsb  
- LargesC 

(cobble, boulder) 
- Bedrock (BR) 
- Embeddedness (EMB) 

(Rooted) between rooted vegetation; (Wetted) active channel. 

Local Gradient (96) determined at  habitat stations using a clinometer. 

Mean of depths a t  transect intervals (min. of 1/4, 1/2, 3/4 width). 

Mean of velocities at  transect intervals; 0.6d or 0.2d and 0.8d (d =depth). 

Distribution (%) of various cover types along transect. 

Area of increased velocity, broken water surface. 
Area with rapid, non-turbulent flows (water surface unbroken). 
Area with low velocity, near laminar flow, depositional area. 
Area of increased depth and reduced velocity, more defined than f i t .  

Distribution (%) of various types, based on depth, width, cover. 

Low quality, diameter <1/4 a.c.w. (average channel width), depth (0.75 m, low cover. 
Low to moderate quality, diameter <1/4 a.c.w., depth ~0.75 m. moderate cover. 
Moderate quality; diameter <1/4 a.c.w., depth >0.75 m. moderate cover. 
Moderate to high quality, diameter >1/4 a.c.w., depth 0.75-1.0 m, low - moderate cover. 
High quality, diameter >1/4 a.c.w., depth >1.0 m. moderate - high cover. 

Extent of channel coverage on transect, Class 1 - 5 ( ~ 5 %  to >75%). 

Description of various parameters on LUB (left bank viewed upstream) and RUB (right bank 
viewed upstream). 

Degree (%) alteration from optimal for that habitat type. 
Resistance to erosion (plant cover, cobble etc.), Class 1-4 (poor to excellent). 
Extent (cm)of bank undercutting at  ends of transect. 
Extent (em) of vegetation overhanging channel at  ends of transect. 
Bank angle (Degrees) measured with clinometer. 
Dominant type: Class 1 (>50% bare), Class 2 (grasslforbs), Class 3 (trees), Class 4 (shrubs) 
Water depth (em) at  edge of wetted channel. 

Dominant size class along transect, assigned a t  intervals. 

Sand, Silt 
(VEG (0.2 - 0.4cm), FG (0.4 - 0.8 cm) MG (0.8 - 1.6 cm) CG (1.6 - 3.2 cm), VCG (3.2 - 6.4 cm) 
SC (6.4 - 12.8 cm), LC (12.8 - 25.6 cm), SB (25.6 - 51.2), LB (57.2 c r n ~ )  

Bedrock 
Extent Surface area of coarse substrate surrounded/covered by silt. 

aModified Wentworth Classification 

~ V F G  = very fine gravel; FG = fine gravel; 41G = medium gravel; CG = coarse gravel; VCG = very coarse gravel. 

CSC = small cobble; LC =large cobble; SB =small boulder; LB = large boulder. 

Note: local gradient may differ from average gradient (i.e., determined for reach) due to specific variation in slope, or imprecise 
site measurements; useful for general comparison between stations only. 



fishery, water quality, and benthic invertebrate component studies, and 

from descriptions provided in previous studies. This included information 

on depth distribution, substrate type and aquatic macrophytes. The 

macrophyte survey was carried out from a canoe, surveying the  entire 

periphery of each waterbody. At irregular intervals, observations of 

aquatic macrophyte distribution were made along transects perpendicular 

to the depth contours. Vegetation generally was located a t  depths less 

than 2.0 m of water; for this reason, most of the plants could be observed 

from the surface. A plant hook was pulled over the bottom to  determine 

the presence of aquatic vegetation and the extent of dispersal into the 

deeper portions of the lake or reservoir. A sounding line was used t o  

measure depth. Plant identification follows the description in the  Flora 

of Alberta, Second Edition (Moss 1983). 

WATER QUALITY 

The water quality program was designed to  characterize the 

physical and chemical parameters of streams, lakes, and reservoirs within 

Syncrude's Leases 1 7  and 22,  and the Beaver Creek Diversion system. A 

total of 45 sampling stations was established (Figures 2.5 t o  2.9); of these, 

22 were primary and 23 were secondary stations. Primary stations are  

distinguished from secondary stations by the extended number of 

parameters analyzed. Primary stations generally were located on the 

mainstem of the streams, or in lakes and reservoirs. The secondary 

stations were located mainly on tributaries (Appendix A, Table Al). 



2.4.1 FIELD PROCEDURES 

In the fluvial systems, water samples were collected a t  mid-channel 

and mid-depth using either the hand held method or a Van Dorn 

waterbottle (capacity: 4.5 L), depending on depth. Water samples from 

standing waterbodies in the study area were collected using a Van Dorn 

waterbottle. 

On Beaver Creek Reservoir, during each survey, composite samples 

(containing an equal volume of water from each of 0.3 m, 2.5 m, and 

4.5 m depths) were obtained from the deepest area of the reservoir. The 

composite samples were analyzed for the primary set  of parameters. An 

additional sample, obtained a t  the same location but from a depth of 

5.0 m, was analyzed for the secondary se t  of parameters. 

Primary and secondary samples also were obtained from Poplar 

Creek Reservoir. During the June and July surveys, composite samples 

comprised of water from 1.0 m, 10.0 m, and 15.0 m depths, were analyzed 

for the primary se t  of parameters. Additional samples obtained from 

15.0 m depth were analyzed for the secondary se t  of parameters. During 

July when Poplar Creek Reservoir was stratified, two additional samples 

(at 2.0 m and 11.0 m, indicative of waters in the epilimnion and 

hypolimnion, respectively) were obtained for primary analysis. During the 

September survey, the composite sample was comprised of water from 

depths of 2.0 m, 9.5 m, and 17.0 m. The epilimnion and hypolimnion 

samples were obtained from 5.0 m and 15.0 m depths, respectively. The 



sampling location in September was changed from the previous surveys (by 

approximately 30.0 m) to attain a greater maximum depth. 

On Ruth Lake, during the June and July surveys, composite samples 

contained equal portions of water from 1.0 m and 2.5 m depths. In 

September, because the lake was isothermal, the sample was obtained 

from 1.5 m depth. Samples from all periods were analyzed for the 

primary set  of parameters. Water samples from Horseshoe Lake were 

collected from mid-depth (0.5 m) and analyzed for the primary se t  of 

parameters. 

In the field, selected portions of the water samples were preserved 

according to  the following: 

Parameteds) 

Metals 

T. Kjeldahl N & 
Phosphorus 

Oil & Grease 

Mercury 

Phenol 

Cyanide 

Sulphide 

Bottle Type 

1 L plastic 

250 mL plastic 

1 L glass 

150 mL glass or plastic 

1 L glass 

250 mL plastic 

250 mL plastic 

Preservative 

5 mL 1:l HNO3 

5 mL 1:l H2SO4 

5 mL 1:l H2SO4 

2 rnL K~CI-207-HN03 

1 0  mL phenol preservative 

I mL 6N NaOH 

2 mL 1 M  Zinc Acetate 

Except for the samples for calcium and magnesium determinations, 

water samples were not filtered prior to analyses. All samples were kept 

refrigerated prior to  air shipment to  the laboratory. 



Recordings of temperature, pH, specific conductance, dissolved 

oxygen, and turbidity were obtained in the field using the following 

meters: 

Parameter Meter 

1) Dissolved oxygen/ IBC Dissolved Oxygen and Temperature 
temperature Monitor Field Unit 

2) Specific conductance Chemtrix Type 700 

3) pH Broadley James Digital Model 10 51 1-LCD 

4) Turbidity HF Instruments Model DRT 15 

To ensure accurate readings with the meters, each was calibrated 

periodically with standards of known concentrations or values. For the 

dissolved oxygen meter, readings periodically were compared t o  

measurements on a given sample as determined by the azide modification 

of the Winkler method. 

On the lakes and reservoirs, the above mentioned physical 

parameters, except for turbidity, generally were measured a t  1.0 m 

intervals; turbidity measurements were taken on the composite sample. 

2.4.2 LABORATORY PROCEDURES 

Chemical analyses of the water samples were conducted by Chemex 

Labs Alberta (1984) Ltd. in Calgary. The analytical methods, summarized 

in Table 2.3, are based on methods adopted by Environment Canada 

(1983), and Alberta Environment (1977). 



Table 2.3 Summary of analytical methods 

Parameter  NAQUADAT CODE Method 
Detection Limit 

Calcium 20103L A. A. 
Magnesium 12102L 10.0 ug.~:l  

A.A. by Direct Aspiration 
Sodium 11103L 0.1 mg.~- :  

Flame Photometry on Autoanalyzer 
Potassium 19103L 0.1 mg.L Flame Photometry on Autoanalyzer 
Chloride 17203L 0.1 m g ' ~ - '  

Colourimetry on Autoanalyzer 
Sulphate 16306L Colourimetry on Autoanalyzer 0.1 m g . ~ - '  
PP-Alkalinity 10151L 1.0 mg.~-: 

Potentiometric Titration 
Alkalinity to ta l  0.5 mg-LI1 

IOlOlL Potentiometric Titration 
Carbonate 06301L 0.5  mg.L Calculated 
Bicarbonate 06201L Calculated 
Total Hardness 10602L Calculated 
Silica (Reactive) 14101L Colourimetry - Heteropoly Blue 
Total Filterable Residue 10451L 20.0 ug.~:; 

Gravimetric 10.0  mg.L 
Total Non-Filterable Residue 10401L Gravimetric 
Chemical Oxygen Demand 10.0 mg-L-l 

08301L KzCr207 method 
Oil & Grease 06521P Petroleum Ether Ext. 1 .0  m g ' ~ - '  
Total Nitrogen 07601L 1.0 m g . ~ - l  

UV Digestion followed by 
Colourimetry on Autoanalyzer 

Nitrate + Nitrite 07110L 25.0 ug-~:: 
Colourimetry on Autoanalyzer 

Total Kjeldahl 07015P 3.0 Ug.L-l 
Colourimetry on Autoanalyzer 

Total Ammonia 07555P 0.05 mg.L 
Colourimetry on Autoenalyzer 

Total Phosphorus 15406P 1.0 P ~ ' L : ~  
Colourimetry on Autoanelyzer 

Total Organic Carbon 06005L 2.0 UP'L-l 
Infrared Analysis 

Total Inorganic Carbon 06052L Infrared Analysis 0.2 mg'L-l 
Phenol 06537P 0.5 mg'L-l 

Automated 4-.4minoantipyrine Colourimetry 
Ortho-Phosphorus 15256L 1.0 Ug.L-l Colourimetry on an Autoanlyzer 
.Arsenic, T. 33004P 2.0 Ug.L-l 
Selenium, T. A.A. with H2S04 + HNOj Digestion 

340051 0.2 U ~ ' L - ~  
Boron, T. 

A-A. with H2S04 + HN03 Digestion 
05106L 0.2 ~ l g ' L - ~  Colourimetry on an Autoanalyzer 

Cadmium, T. 0.1 Ug.L- 
480021 A.A. with Solvent Ext. 

Copper, T. 1.0 ug .~ - :  
29005P A.A. with Solvent Ext. 

Iron, T. 26004P 1.0 Llg.L-l A.A. by Direct Aspiration 
Chromium, T. 24004P 50.0 U ~ ' L - ~  

A.A. with Graphite Furnace 
Manganese, T. 25004P 1.0 U!gL-l A.A. with Direct Aspiration 
Zinc, T. 30005P 10.0 U ~ ' L - ~  

A.A. with Solvent Ext. 
Lead, T. 82002P A.A. with Solvent Ext. 

1 . 0  lIB'L-l 
Vanadium, T. 23004P 1.0 pg.L- A.A. Graphite Furnace 
Nickel, T. 0 . 0 0 1 m g ' ~ ~ - ~  

28002P A.A. with Solvent Ext. 1 
Mercury, T. 80011P 1.0 ~ l g . L _ ~  Flameless A.A. on an Autoanalyzer 
Cyan~de,  T. 06608L 0.05 ~ g e L - ~  

Colourimetry on an Autoanalyzer 
Tannin & Lignin 06551L Tungstophosphoric and Molybdophosphate 2.0 vg.L 

acid Colourimetry 
Sulphide 0.1 m g . ~ - l  

16101L Spectrophotometer 
Fluoride 09105L 210% 

Specific Ion electrode 
Threshold Odour Number 0.05 m g - ~ -  

02001L Sniff Test 
Colour 02021L 1 .0  unit Colourmetric Platinum.Cobalt Technique 
Surfactants 10701L 5.0 units Automated Solvent Ext. 
Carbon Chloroform Extraction 0.02 m g . ~ - l  Concentration by Activated Carbon 

and Chloroform Ext. 
Biochemical O q g e n  Demand 0.2 mg-~- '  

08202L Measuring oxygen demand producted by 
carbonaceous and Nitrogenous material 

Silver, T. 47302L 1.0 mg-~:' 
A.A. with Solvent Ext. 

Cobalt,  T. 27302L 1.0 UP'L-~ 1 A.A. with Solvent Ext. 
Titanurn, T. 92500L 1.0 !JP'L-~ A.A. Furnace Technique 
Aluminum. T. 13302L 10.0 U ~ . L - ~  
Barium 

A.A. using graphite furnace 1.0 ug-L- 
56001L A-A. u s i x  graphite furnace 

Methyl Mercaptan 0.01 rng.~-: 
Gas chromatograph 0.1 mg-L 

Notes: A.A. - .4tomic Absorption; Ext. - Extraction; T. - Total 



2.4.3 DATA ANALYSIS 

The description of the water quality includes a comparative 

evaluation (description of similarities and dissimilarities) among sampling 

stations for each monitoring period within each of the drainage systems. 

The evaluation focuses on four major groups of parameters. These 

include: physical parameters (temperature, pH, dissolved oxygen, specific 

conductance), major ions, nutrients, and metals. The behaviour of the 

parameters and their possible sources e . ,  whether natural or 

anthropogenic) are discussed. The evaluation addresses the hydrological 

influence on water quality. Where possible, concentrations of parameters 

are compared to  the Alberta Surface Water Quality Objectives (Alberta 

Environment 1977) and the Environment Canada - Water Quality 

Sourcebook (McNeely e t  al. 1979). Where possible, characterization of 

the waterbodies is substantiated with references. 

2.5 PHYTOPLANKTON 

2.5.1 FIELD SAMPLING 

Discrete vertical samples were collected on a seasonal basis a t  one 

location in each of Beaver Creek Reservoir, Ruth Lake, and Poplar Creek 

Reservoir (Figure 2.8). Samples were collected with a Van Dorn 

waterbottle (capacity: 4.5 L) a t  I m depth intervals, and composited for 

the water column, to  compensate for vertical stratification. Samples 

were preserved with 5% acid-Lugol's solution. 
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2.5.2 LABORATORY PROCEDURES 

Prior t o  analysis, the  phytoplankton samples were  agi ta ted vigorous- 

ly, and 1 0  mL subsamples (50 mL for  Ruth Lake, 24 September 1984) were  

dispensed into 22 mm I.D. glass sedimentation chambers (Lund et al. 

1958) and allowed t o  sediment fo r  24 h (two s tage  sedimentation was  util- 

ized for  the  50 mL sample). After sedimentation,  half t h e  basal area was 

scanned quali tat ively with a Prior (Model 29331) inverted microscope t o  

measure and record cell  dimensions of species present for subsequent cell  

volume es t imates .  Species encountered at this level, but not enumerated,  

were recorded as present (PI. Taxonomic keys of Prescot t  (19701, Taf t  

and Taf t  (1971) and Webber (1971) were  used for species identifications. 

Counts of individual cells were made a t  a magnification of 775X on 

horizontal t ransects  of t h e  chamber's d iameter ;  a minimum of 200 algal  

units were enumerated.  Individual mean cell voluine es t imates  obtained 

in this manner were  used t o  calcula te  t o t a l  ce l l  volumes for  each  

enumerated species. 

..I 

2.6 ZOOPLANKTON 

m 

2.6.1 FIELD PROCEDURES 
I 

Six vert ical  hauls were taken a t  a single s ta t ion near t h e  deepest  

point in each sampled waterbody (Figure 2.8). Zooplankton hauls were  

made with a Wisconsin style n e t  of Nitex mesh (net  mouth diameter  

133.4 mm; mesh aper tu re  0.080 X 0.080 mm), combined, and preserved in 

5% formalin. 



2.6.2 LABORATORY PROCEDURES 

Zooplankton counts were  made under a Wild M5 stereomicroscope; 

identifications were  made using Wild M I 1  or  M40 compound microscopes 

equipped with phase-contrast . 

The basic taxonomic keys used for crus tacean plankton were  those 

of Brooks, Wilson and Yeatman (in Edmondson 1959), supplemented by t h e  

keys of Brooks (1957), Smirnov (1971), Brandlova et al. (1972), Flb'ssner 

(1972) and Kiefer (1978). The basic taxonomic key used for ro t i fers  was  

the  Voigt revision by Koste (19781, supplemented by t h e  keys of Ahlstrom 

(1943) and Ruttner-Kolisko (1974). The keys used for  t h e  Chaoboridae 

were those of Cook (1956) and Saether (1970). 

In comparison with previous investigations in t h e  study a rea ,  some 

different taxonomic nomenclature has been used during t h e  present study. 

Diacyclops thomasi i s  considered by Dr. F. Kiefer,  t h e  leading exper t  in 

t h e  field, t o  be the  cor rec t  designation of Cyclops bicuspidatus thomasi 

(Kiefer 1978) and, therefore ,  has been used throughout this report .  

Similarly, and for  consistency, Acanthocyclops vernalis has been used in 

preference t o  Cyclops vernalis, and Diacyclops navus in preference t o  

Cyclops navus. 

The combined samples (i.e., s ix hauls) from each waterbody fo r  each 

sampling d a t e  were  subsampled using a modified Fo l somsty le  spli t ter .  



For the reservoirs, from one to three sixteenths of the original sample 

was counted until approximately 400 mature or identifiable organisms 

(excluding nauplii, early copepodids, and rotifers) were processed. For 

Ruth Lake, the total number counted was sometimes less than 400 

because of the low total numbers of identifiable forms encountered (e.g. 

in the September sample, a count of the total  combined sample gave less 

than 100 mature or identifiable crustaceans). Replication in the aliquots 

was very good, based on counts of certain mature forms in three aliquots 

or in the total sample (see Appendix C, Tables C1 to  ~ 3 ) .  Total 

zooplankton numbers calculated for the combined samples for each 

station and date were converted to  numbers per cubic metre by 

determining the total theoretical volume filtered (i.e., net mouth area . 
depth of haul six hauls), assuming a net efficiency of 100%. Although 

the lat ter  assumption probably results in an underestimate of actual 

numbers, especially for small nauplii and rotifers, i t  has been retained in 

this study to  allow data comparisons with previous studies (i.e., Syncrude 

Canada Ltd. 1975; Noton and Chymko 1978). 

N e t s  cannot be considered adequately quantitative for sampling 

rotifers, because coarser mesh sizes (especially those greater than 0.065 

mm) may allow small forms t o  escape, or because clogging of the net may 

occur; consequently, numbers derived from net hauls should a t  best be 

considered as an "order of magnitude" indication of abundance (Green 

1977). Because all 1984 samples were similar in having relatively low 



accumulations of phytoplankton and detritus which could contribute to net 

aperture blockage and variable efficiency, i t  is likely that plankton net 

efficiency was similar for all samples. 

Body sizes of crustacean plankton other than nauplii were 

determined according t o  the scheme employed by Noton and Chymko 

(1978) in order to derive a biomass estimate permitting a comparison of 

the 1984 data with the data gathered in 1977. Conversion formulae and 

rationale were the same as  those employed by Noton and Chymko (1978). 

Because only three samples were taken during the open water period 

in this study, comments on seasonal changes in zooplankton species 

composition and abundance and comments on changes since previous 

studies, will be general rather than detailed. 



2.7 BENTHIC INVERTEBRATES 

2.7.1 LENTICSAMPLES 

2.7.1.1 Field Procedures 

Benthic invertebrate samples were collected from each of Beaver 

Creek Reservoir, Ruth Lake, and Poplar Creek Reservoir (Figure 2.8) 

during the spring, summer, and fall survey periods (Table 2.1). Sampling 

depth varied with lake morphology as shown below: 

Season Sample Depth (m) 

Water body Spring Summer Fall 1 3 5 1 0  15 

Beaver Creek Reservoir 
Transect 1 
( S t a t i o n s B l , B 2 , ~ 3 )  X X X  X X X  
Transect 2 
(Stations B4 and B5) X X  X  X  

Ruth Lake X X  X X  

Poplar Creek Reservoir X X X X X X X X 

2 
Three replicate Ekman'grab samples (area: 0.023 m ) were taken a t  

designated sampling depths. Each sample was washed through a sieve 

bucket (0.250 mm square mesh) t o  remove silt and fine debris. Stones, 

twigs, leaves and large plant fragments were discarded after  examination 

for adhering animals. The remaining sample was placed in a tray and 

repeatedly flooded with lake water. The water and organic material were 



poured through a 0.250 mm square mesh sieve. Remaining inorganic 

mater ia l  was inspected for  molluscans and stonecased caddisflies, and 

then discarded. The organic f ract ion was placed in a collection jar ( to  

which was added 1.2 mL lignin pink dye; sa tu ra ted  solution in 95% 

ethanol) and preserved in 10% formalin. 

In order t o  obtain a more extensive taxonomic list of inver tebrates  

from each waterbody, quali tat ive dip n e t  samples (0.250 mm square  mesh) 

were taken from shoreline a reas  in summer and fall,  when macrophyte 

growth was abundant. 

2.7.1.2 Laboratorv Procedures 

In the  laboratory,  samples were  rinsed through a graded ser ies  of 

sieves (mesh aper tu re  4.00, 2.00, 1.00, 0.500, 0.250 mm). Fractions 

retained in each sieve were  sor ted and inver tebrates  identified using a 

dissecting microscope. Fractions t h a t  contained large amounts of organic 

mater ia l  were subsampled. Identifications were made t o  t h e  lowest 

pract ica l  taxonomic level. Taxonomic keys used for identif ication 

included Edmondson (19591, Clarke (1973), Edmunds e t  al. (1976), Baumann 

et al. (19771, Wiggins (19771, Merri t t  and Cummins (1978) and Pennak 

(1978). Because of the  possibility of contamination of t h e  samples by 

planktonic forms during sample collection and processing, entomostracan 

crustaceans (Cladocera, Copepoda, Ostracoda) were  not included in t h e  

analyses. 



2.1.2 LOTIC SAMPLES 

2.7.2.1 Field Procedures 

Invertebrate samples were collected from the streambed of flowing 

waterbodies during each of the spring, summer and fall surveys wa able 2.1) 

a t  the stations identified by Syncrude Canada Ltd. (Figures 2.6 to  2.9; 

Appendix A, Table All. An additional station (on Creek B1) was added 

during the summer and fall periods after consultation with Syncrude 

Canada Ltd. Triplicate samples were taken a t  each lotic sampling 

station. 

A Neill cylinder sampler (Neill 1938), enclosing an area of 0.1 m 
2 

(mesh aperture 0.210 mm), was used t o  collect invertebrates from 

erosional habitats. Two of 18 stations (Upper Beaver Creek and Creek 

W 3 )  were characterized by depositional habitats and were too deep t o  be 

sampled with a cylinder sampler. At these stations, an Ekman grab 

sampler was employed following the procedures used in lentic habitats. A 

third station (West Interception Ditch, WID-B2) also was depositional, but 

was shallow enough to  permit use of the cylinder sampler. 

The cylinder sampler was pushed 10 cm into the streambed. Cobbles 

were removed by hand and rubbed t o  dislodge adhering invertebrates. The 

remaining substrate was thoroughly disturbed with a metal rod and by 

hand t o  a depth of 20 em. A sampling effort of two to  three minutes was 

expended per sample. Contents of the catchment net were emptied into 



plastic trays. Trays were repeatedly flooded with water and agitated to 

suspend organic material. The slurry was poured through a 0.250 mm 

square mesh sieve. Remaining inorganic material was examined for 

stonecased invertebrates and then discarded. Organic material was 

placed in a collection jar (to which was added 1.2 mL of lignin pink dye) 

and preserved in 10% formalin. 

Qualitative samples also were taken a t  each sample station, using a 

dip net (0.250 mm square mesh). Aquatic sweep and/or kick samples were 

taken from adjacent pools, riffles, along banks, and among submerged 

wood and vegetation. Material collected from each habitat was placed in 

a water-filled tray. Each tray was examined for two to  three minutes. 

Representatives of all visibly distinct taxa were removed and preserved in 

10% formalin. 

Laboratory Procedures 

Sorting and identification techniques for the stream sampling 

program usually were identical to  those used in lake surveys; however, 

samples containing large quantities of bitumen were pretreated prior to 

fractioning and sorting. This involved draining the sample, flooding with 

butanol and draining off this fluid. The sample was then repeatedly 

flooded with mineral spirits (i.e., varsol) t o  dissolve the bitumen. A final 

butanol wash was used to  remove residual thinner before fractioning and 

sorting. 



m 
2.7.3 ESTIMATIONOFBIOMASS 

Reger et al. (1982) demonstrated a very precise relationship 

between ash-free dry mass (AFDM) of a wide variety of lentic and lotic 

invertebrates, and the mesh aperture of sieves that would retain them. 

That study used a graded series of nine sieves with apertures ranging from 

0.250 t o  4.0 mm. Data from Reger e t  al. (1982) were reanalyzed t o  

produce a regression equation suitable for use with the sieve series 

employed in the present study. The resultant equation provided an 

excellent fit  to the data (r2 = 0.996; Figure 2.10). The regression equation 

was used to  interpolate expected AFDM of an organism retained by a 

sieve of given aperture a s  shown below: 

Sieve Aperture (mm) AFDM (mg) 

Total biomass of organisms was estimated by multiplying the 

number of organisms retained per sieve by the appropriate interpolated 

AFDM value, then summing the products. 

2.7.4 SPECIES DIVERSITY 

Species diversity (H1) a t  all lotic and lentic stations was estimated 

using the  Shannon-Weaver function as expressed by Lloyd e t  al. (1968). 
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Figure 2.10 Relationship between mean ash free dry mass (AFDM) of aquatic organisms 
retained in sieves and sieve aperture. Dashed lines represent 95% prediction limits. 
Data from Reger et al. (1982). Data points are means of composite measurement of at 
least 7000 animals. 



This was calculated according to  the formula: 

H' = -LpiLogZpi 

where: pi was the decimal fraction of total individuals in 

all replicates belonging to  the ith taxon. 

To avoid bias induced by over-representation of taxa identifiable t o  lower 

taxonomic categories, taxa were considered only a t  the family level. 

A second measure of diversity, taxonomic richness (i.e., total  

number of taxa present in all collections a t  a station), also was 

determined, to  make maximum use of the additional information gained 

from the qualitative sweep samples. 

2.7.5 MULTIVARIATE ANALYSIS 

Multivariate analysis techniques such as cluster analysis (CA) and 

principal component analysis (PCA) are  frequently used in the assessment 

of water quality (Green 1979). These techniques summarize data sets 

(matrices) into graphical forms that  are relatively easy t o  interpret. 

Cluster analysis graphically illustrates the degree of similarity 

among pairs of groups of similar sites, but distorts the relationships 

among members of larger (i.e., more dissimilar) clusters (Sneath and Sokal 

1973). In contrast, PCA is characterized by faithful representation of 

similarity between major groups or clusters, but is notorious for distorting 

apparent similarity between (compositionally) close neighbours (Sneath 

and Sokal 1973). 



In this study, cluster analysis (wishart 1978) was used to group river 

sampling stations that  were similar in macroinvertebrate composition. 

Dendrograms were used to display s t a t  ion groupings. 

Seasonal progression in running water systems induces marked 

changes in zoobenthic composition independently of most habitat 

characteristics. Because interstation similarities and differences were of 

primary interest in this study, data from each sampling season were 

analysed independently. 

Principal component analysis (PCA) was used to  estimate which taxa 

were most responsible for differences in taxonomic composition of 

invertebrate communities among lotic sampling stations. The details of 

PCA have been outlined by several authors including Davis (1973) and 

Orloci (1975). Briefly, PCA summarizes the information from a 

covariance matrix (for abu~dance  data) or correlation matrix (for 

presencelabsence data) in terms of new components. The first principal 

component accounts for the greatest proportion of total  variation among 

stations. Successive components contribute progressively smaller portions 

of the total variation. The first two or three principal components usually 

account for most of the variability in the original data. 

Further analysis may then be performed to  evaluate the relationship 

between abundance of individual taxa among sites, and each principal 



component. A correlation between a taxon and a principal component 

implies that  differences in the abundance of that particular taxon among 

stations are largely responsible for the observed overall differences in 

composition. This information, together with knowledge of the ecological 

requirements of these taxa, permits speculation as to  what environmental 

features (natural or otherwise) may be controlling zoobenthic distribution 

among stations in the study area. 

In this study, the abundance data were transformed to  logarithms 

( ~ n ( x + l ) )  before the statistical analysis was performed. To eliminate the  

potential undue influence of rare species, only taxa that constituted a t  

least 10 % of the total number in any one sample were included in the 

analysis. 

Detailed results of the multivariate analyses are presented in 

Appendix H; general findings are summarized in the Discussion (Section 

8.4). 

2.8 FISHERIES 

Fisheries sampling stations were established in 1984 on the 

waterbodies indicated by Syncrude Canada Ltd. (Figures 2.1 t o  2.5; Table 

2.1). The sampling method employed was dictated by the physical 

characteristics of the system. At sample stations established during 

previous studies (i.e., OfNeil 1979, 19821, and sampled again in t h e  present 

study, similar sampling gear and procedures were employed. The 



designations of these stations also were retained. Sample stations 

established in 1984 (i.e., those without a prior station designation) were 

generally coded in a consistent manner, with station numbers increasing 

with increased upstream distance. In some systems, however, the 

inclusion of a new station between established stations resulted in non- 

sequential station codes. 

2.8.1 FIELD PROCEDURES 

Four fish sampling techniques were employed in the present study: 

boat electroshocking (ES), backpack electrofishing (EF), seining (S)  and 

gill netting (GI. Of these, only boat electrofishing had not previously been 

employed in the study area. A description of each of the sampling 

methods is provided below. 

In standing waterbodies, standardized gill net gangs were used as the 

primary method for sampling larger fish. These gangs consisted of 15.2 rn 

by 2.4 m net panels of the following mesh sizes: 3.8 crn, 6.4 em, 8.9 cm, 

and 10.2 cm (stretched measure). All nets were of monofilament 

construction. 

In all instances, nets were set overnight. Catch per unit effort 

(CUE) was calculated on a standard unit of effort, namely, the application 

of one net-unit over a 1 2  h (overnight) period. The combined surface area 



of the 3.8 cm, 6.4 cm, and 8.9 cm mesh panels constituted one net-unit. 

The 10.2 cm mesh was excluded from the calculations as this mesh size 

failed to catch fish. In addition, CUE values were calculated from a net- 

unit applied overnight (regardless of time set) with no indexing t o  a 

standard 1 2  h sampling duration. 

Gill nets were set a t  or near the surface of the water column. 

Water depth of set locations generally ranged from 3.5 m t o  6.0 m (Beaver 

Creek Reservoir), 2.0 m to 2.5 m (Ruth Lake), and 3.0 m to  4.0 m (Poplar 

Creek Reservoir). In each waterbody, test-gangs were set at locations 

sampled in previous studies (Figure 2.3). 

2.8.1.2 Seining 

An 8.6 m by 1.7 m seine was used to collect smaller fish (i.e. 

cyprinids and young-of-the-year) in standing waterbodies and in the 

MacKay and Dover rivers. The main body of the seine was constructed of 

1.0 cm mesh (stretched measure), with a centre mounted collection bag 

constructed of 0.3 cm mesh (stretched measure). 

Seine hauls in standing waterbodies were conducted a t  stations 

established during previous studies (Figure 2.3). Three seine hauls were 

conducted a t  each station to account for localized differences in habitat 

type and the habitat preferences displayed by the various fish species 

present. At seine stations on the MacKay and Dover rivers (Figure 2.1), 

the number of hauls a t  each station varied from one to three, depending 

on the availability of shoreline area suitable for sampling by this method. 



Haul length in standing waterbodies was set  a t  25 m; in flowing 

waterbodies, haul lengths ranged from 20 m t o  35 m. Maximum water 

depth a t  sample stations varied from 30 cm to  120 cm. Median depth h e .  

the depth a t  a point midway between shore and the offshore end of haul) 

was recorded for each haul to  allow characterization of the depth profile. 

Other parameters recorded a t  each haul location included extent of 

aquatic vegetation, substrate type, and fish distribution-habitat 

preferences. 

Sampling efficiency during each haul was rated on a scale of one to  

four, with one representing the highest level of efficiency. Only data 

from hauls assessed ratings of one or two were considered valid for CUE 

calculations. In some cases, this involved conducting additional hauls t o  

obtain three efficient replicates. CUE calculations were based on the 

2 number of fish per unit area (i.e., number of fish per 1 0  m of sampled 

surface area). 

2.8.1.3 Backpack Electrofishing 

Backpack electrofishing was conducted in streams and rivers within 

the study area using a Smith-Root Type VII backpack electrofisher. The 

majority of sampling was conducted with the unit producing 300 VDC 

(pulsed) a t  0.5 t o  1.5 A. Pulse rate and pulse width were normally set  a t  

60 Hz and 6 ms, respectively. 

Stream reaches selected for replicate sampling were flagged during 

the spring survey. On Poplar Creek, sampling was conducted a t  stations 



previously sampled in 1978 and 1981 ( ~ i g u r e  2.4). The primary sample 

sections (i.e., sampled during each of the spring, summer, and fall periods) 

ranged from 150 m to 300 m in length. Catch per unit effort values were 

based on a standard unit of effort, in this case, electrofisher operating 

time in minutes. Operating time rather than stream length or area was 

selected as the unit of sampling effort because i t  was more readily 

quantifiable and allowed comparison of catch between stations. Length 

and area of stream sampled varied considerably between stations in 

response to  seasonal changes in stream flow and/or wading conditions. 

Sampling efficiency was rated a t  each station on a scale of one t o  four, 

with one representing the highest efficiency level. Also recorded was 

information describing fish distribution-habitat preferences, stream 

habitat conditions, water clarity, and water temperature. 

2.8.1.4 Boat Electroshocking 

Boat electroshocking was conducted on the MacKay River in 1984. 

Three sample stations (each approximately 5 km in length) were sampled 

during the spring and summer periods (Figure 2.1). Low water levels 

prevented the use of this method during the fall period. Boat electro- 

shocking also was conducted during the spring on Beaver Creek Reservoir, 

Ruth Lake, the diversion channel connecting Beaver Creek Reservoir and 

Ruth Lake, and the lower section of Upper Beaver Creek ( ~ i g u r e  2.3). 



Boat electroshocking was conducted using a Smith-Root Type V1-A 

boat electroshocking unit powered by a 4000-watt gas-powered generator. 

The electroshocking apparatus was operated from a 4.6 m aluminum work 

boat, modified for safe and efficient sampling (i.e., flat bowdeck with 

safety rail, mounted anodes, etc.). A three-person crew was utilized (i.e., 

boat operator and two netters) during the spring survey on the MacKay 

River. A two-person crew (i.e., one operator and one netter) was 

employed during the  summer MacKay River survey and the spring 

reservoir surveys as insufficient numbers of fish were present to warrant 

the use of two netters. 

The Smith-Root Type V1-A electroshocking system operates a t  an 

input voltage of 230 VAC a t  approximately 15 A; output voltages of O- 

i O O O  VAC (in 166V increments) a t  0.1-10.0 A are available t o  the 

operator. Most effective fish capture occurred with the unit se t  between 

336-504 VDC and outputting between 5 to 7 A. A pulse rate of 60 Hz and 

a pulse width of 7 ms were utilized. 

The electroshocking procedure consisted of moving in a downstream 

direction (at motor idle) and alternating from bank t o  bank t o  allow 

sampling of all habitat types. Captured fish were placed in holding tubs; 

when holding capacity was reached (approximately 2 0 fish), electro- 

shocking was suspended and fish sampling undertaken. Fish escaping the 

electric field or avoiding the netter were enumerated by crew members 

and recorded as observed. At  each stop, pertinent data were recorded on 

standardized catch record forms, including: number of fish captured and 



observed, section length (km), sampling time (s), sampling efficiency (on a 

one to  four rating scale with one as the most efficient rating), habitat 

conditions (depth, velocity, substrate, cover type, water temperature, 

visibility, etc.), and electroshocker settings. 

2.8.2 LIFE HISTORY ANALYSIS 

All sport fish species and a representative sample of coarse fish 

(i.e., sucker) and forage fish (i.e., cyprinid) species were measured (fork 

length to  the nearest millimetre) and weighed. Sex and s ta te  of maturity 

were determined either externally from the extrusion of gametal products 

or by dissection. Appropriate aging materials were collected from all 

sport fish species. Fin-rays and scales were collected from a 

representative sample of sucker species; aging was carried out largely t o  

complement the length-frequency analysis (i.e., the assignment of age- 

classes to modal peaks) for these species. Scales (from goldeye, whitefish 

and yellow perch) were mounted between glass microscope slides and read 

using a 3M,  Model SRC816 microfiche reader. Fin-rays (first two lef t  

pelvic rays from walleye) were sectioned with a jewellers1 saw (710 blade). 

Fin sections were mounted in Diatex mounting medium and viewed under 

a dissecting microscope. Cleithra (from northern pike) and otoliths (from 

burbot) were aged using a dissecting microscope. 

Life history data (i.e., age, length, weight, sex, maturity, etc.) 

collected during the study were entered onto standard fish data forms 

suitable for computer analysis using R.L. & L. Environmental Services 

Ltd. software package (FISHPAK). 



SECTION 3.0 

MACKAY RIVER SYSTEM 

3.1 AQUATIC HABITAT 

3.1.1 DESCRIPTION OF DRAINAGE AREA 

The MacKay River (and associated tributaries) drains an area of 

5550 km2 and is the largest system within the Syncrude Development 

Area (Appendix B, Table B2). The lower reaches of the river 

(approximately 60 km) pass through the northwest corner of Syncrude 

Lease 17 and bisects Syncrude Lease 22 (Figure 1.1). At present, mining 

activities do not occur within the  MacKay River watershed. 

The MacKay River originates in the Algar Plains of the Birch 

Mountains Upland and flows in a generally northeastern direction for 

approximately 200 km before entering the Athabasca River near the 

village of Fort MacKay. Two major tributaries, the Dover River (drainage 

area 963 km2) and the Dunkirk River (drainage area 2183 km2) drain areas 

to the west of the MacKay River, entering the mainstem approximately 

27 km and 147 km, respectively, upstream from the mouth. 

The majority of the  MacKay River drainage basin consists of mixed 

spruce and sparsely treed muskeg terrain. The river water is coloured due 

to the presence of dissolved organic matter; however, suspended sediment 

levels generally are low. 



The study area on the MacKay River extended from the mouth 

upstream to  km 76.0 (Figure 2.1). Numerous smaller drainages, some 

ephemeral, enter the MacKay River within the study area. Eleven of 

these systems (MI-M11) were sampled for water quality parameters and 

discharge characteristics in the present study. The 1984 study area on the 

Dover River extended from the mouth upstream for 40 km. 

3.1.2 STREAMFLOW S DURING STUDY PERIOD 

In 1984, the peak flow event in the MacKay River occurred on 2 

June a t  which time a discharge of 116.0 m3-s-1 was recorded (Water 

Survey of Canada, preliminary data, f 984). Prior t o  this, during the first 

3 -1 three weeks of May, flows were in the order of 3 to  4 m *s (Figure 3.1). 

3 -1 Minor peaks also occurred on 16 July (48.6 m *s , 15 August 

3 -1 3. -1 (24.4 m .s ), and 13  September (12.6 m s ). Relatively low flows (4 to  

3 -1 8 m *s ) were recorded during the late July t o  mid-August period. 

Discharge data for the three major seasonal sampling periods on the 

MacKay River, Dover River, and minor tributaries are  provided in 

Appendix B, Table B2. 

3.1.3 MAINSTEM MACKAY RIVER 

Physical habitat characteristics of the mainstem MacKay River 

have been evaluated by several previous investigators. Griffiths (1973), in 

a study for the Alberta Fish and Wildlife Division, described and rated the 

system according to the Canada Land Inventory (C.L.1.) classification 

scheme. R.R.C.S. (1975) reviewed the information presented by Griffiths 





(1973) during a study conducted for the North East Alberta Regional Plan. 

Gradient profiles were developed which identified major habitat  zones. In 

a study for Syncrude Canada Ltd., McCart e t  al. (1978) recorded habitat 

information a t  1 3  sites distributed from km 61 t o  the mouth. These data,  

which were general in nature, pertained t o  channel width and depth, 

substrate type, riffle, bank type and stability, and species distribution of 

aquatic macrophytes. Machniak e t  al. (1980) characterized the habitat in 

the MacKay River under the  regional A.O.S.E.R.P. studies using a 

preliminary application of the methodology outlined by Brown e t  al. 

(1 978). This involved establishing habitat reach boundaries using 1:50 000 

N.T.S. maps and available gradient information (R.R.C.S. 1975). General 

descriptions of each reach were acquired during aerial  surveys, and s i t e  

specific information was collected at point sample locations. 

A.O.S.E.R.P. investigators conducted a more systematic evaluation of 

aquatic habitat during 1979 (Walder et al. 1980). The system of reach 

classification and biophysical measurements used was based on the  

approach devised by the Resource Analysis Branch, B.C. Ministry of 

Environment (Chamberlin and Humphreys 1977). Reaches were defined 

and s i te  specific information was obtained a t  point sample locations. 

3.1.3.1 Habitat Zonation 

Four major reaches based on gradient differences a r e  represented 

within the  Syncrude development area (Figure 3.2). Reach designations 

follow the classification of Walder e t  al. (1980); however, kilometreage 

intervals and gradients determined in the two studies (1979 and 1984) do 





not correspond in all cases. More detailed mapping was available in the 

present study (1:20 000 airphoto mosaics with 2 m contour intervals as  

opposed to  1:50 000 N.T.S. maps with 10 m contour intervals in the 

earlier study). 

In 1984, detailed habitat sampling was conducted a t  nine stations 

( H I - H ~ )  situated a t  specified intervals throughout section km 58 t o  km 0 

(confluence with Athabasca River). The results obtained at stations HI- 

H9 are provided in Table 3.1. Additional sampling of a synoptic nature (49 

stations) was conducted a t  each kilometre location. 

Reach 1 (km 0.0-1.4) 

Reach 1 is situated within the Athabasca River flood plain; as  such, 

it  is subject t o  inundation due to  back-flooding. The channel exhibits a 

relatively straight pattern. The average gradient for the reach was 

estimated to  be less than that determined for the adjacent upstream 

reach (0.7 m-km-l) based on flow characteristics and substrate 

composition; however, accurate data on the elevation of the MacKay 

River-Athabasca River confluence was not available so the actual 

gradient could not be determined. The wetted channel width a t  the 

primary habitat station (HI) was 45 m (Table 3.1); the mean depth a t  this 

station was 65 cm (range: 45-74 cm). Current velocities (mean of 

33 cm-s-'1 were low, reflecting the low gradient nature of the reach. The 

habitat a t  HI was predominantly Flat be., 100% a t  transect HI); as such, 

i t  was relatively homogeneous with lit t le habitat diversity (Table 3.1). 



Table 3.1 Summary of physical habitat characteristics a t  sanpllng stations on the MacKay River end Dover R ~ v e r ,  September 1984. 

Channel Features a t  Trarrsect - Cover Type Distribution (%) 

Water m a 1  Mean Mean 
Temp(OC) Rooted Wetted Gradient Depth Velocity Discharge Pool Type 

Station Date (TimeXh) Width (m) Width (rn) (8) (em) ( e m s 1 )  (rn3.s-l) Riffle Run Flat 1 2 3 4 5 

Maeliay River 

H1 9 Sept. 

H2 9 Sept. 

H3 9 Sept. 

H4 9 Sept. 

H5 8 Sept. 

H6 8 Sept. 

H I  7 Sept. 

H8 7 Sept. 

H9 7 Sept. 

Dover River 

H 1 8 Sept. 

H2 24 Sept. 

H3-T1 24 Sept. 

-T2 24 Sept. 

H4 24 Sept. 

Bank Features (RUBILUB) Substrate Distribution (%) Aquatic Veg. -- 
,tion CgF r:j '("czi. ) 7;:; E:y ?::). Sand Silt PG MG CG VCG SC LC SB (ki) EMB. (No.) Macro. (No.) Algae (No.) 

Maeliay Rlver 

H i  90140 212 010 1451145 211 010 0;O 58 - 
H2 5190 312 010 1701160 4!1 010 OiO 52 - 
H3 15/40 213 010 1651105 2!2 010 0110 - - 
H4 1015 314 010 1451160 111 0142 010 - - 

Dover River 

aWSC Station No. 07DB001 (preliminary data) 
b ~ i t u m e n  bedrock. 
CCobble embedded in bitumen. 
d~~ - data unavailable; NIA -not  appl~csble. 
eAngle of undercut in parentheses. 
Note: Description of terms In Table 2.2. 



The results of the synoptic survey  able 3.2) show similar trends. Sub- 

s trate  in the reach consists primarily of gravels, with some areas of sand 

(Walder et al, 1980). The substrate distribution a t  station H1 was as  

follows: 58% sand, 28% bitumen bedrock, and 14% small cobble (6.4- 

12.8 cm). 

Reach 2 (km 1.4-4.5) 

Reach 2, which is 3.1 km in length, lies just above the Athabasca 

River floodplain. The river flows in a sinuous channel through a narrow 

valley (Walder et 8.1. 1980). The average gradient in the reach was 

0.7 m-km-l. Channel width was considerably less than in the downstream 

section. A wetted channel width of 25 m was recorded a t  H2 (9 Septem- 

ber). The mean channel depth a t  this location was 119 cm (range: 88 t o  

173 cm). Current velocities (mean of 36 cm-s-l) were slightly higher than 

those obtained in Reach 1. The increased gradient in Reach 2 resulted in 

reduced presence of Flat habitat and increased availability of Run cover 

type. At transect H2 (Table 3.11, the cover type distribution was a s  

follows: 52% Run and 48% Flat. For the combined H2 and synoptic 

transects (Table 3.2), Run habitat accounted for 63% of the habitat; Flat 

contributed the remaining 37% (Plate 1). Three major pools were 

recorded (in intervening sections between primary transects) during the  

float survey. Two pools were in the Class 3 (moderate quality) category 

and one was in the Class 5 (high quality) category. The substrate a t  H2 

consisted of 52% sand and 48% cobble; the cobble was distributed evenly 

between the small (6.4 to 12.8 cm) and large (12.8 t o  25.6 cm) category. 



Table 3.2. Distribution of cover types a t  habitat transectsa on the MacKay River within the Syncrude Development Area, 
1984. 

Major Pool Distributionb 

Cover Type Distribution(%) Class 

Reach (Sub-reach) Location (km) Riffle Run Flat Pool 3 4 5 Total 

aData collected during downstream float survey (km 58-0) on 7-9 September; 58 transects (HI-H9 and 49 synoptic). 
b ~ o t a l  number; the number per kilometre is given in brackets. 



Reach 3 (km 4.5-41.2) 

The channel in Reach 3 is characterized by a tortuous, meandering 

pattern; i t  is entrenched within a canyon incised 40 t o  50 m deep into the 

McMurray Oil Sands formation. The high, near-vertical stream banks are 

predominantly unstable; exposed oil sands deposits are common (Walder e t  

al. 1980). 

Reach 3 is 36.7 km in length and exhibits an average gradient of 1.3 

rnakrn-I which is substantially higher than that exhibited by t h e  

downstream situated Reach 2 (Figure 3.2). The section was subdivided 

into three sub-reaches owing to  localized differences in channel form and 

habitat characteristics. These differences were not major enough to 

warrant separate reach status. Wetted channel widths a t  stations H3 to  

H6 ranged between 22 m and 34 m. Mean depths varied from 64 cm (H4) 

to  120 cm (H6); mean velocities also showed considerable variability, 

ranging between 34 cm-s-' (H6) and 77 cmas-I (H4). The distribution of 

habitat cover types was fairly similar in all sub-reaches. Both primary 

habitat station data (Table 3.1) and synoptic transect data (Table 3.2) 

indicate a preponderance of Run type habitat and a corresponding 

decrease in Flat type habitat. This reflects the higher gradient in Reach 

3 relative t o  Reach 2. Reach 3 also possesses a higher diversity of 

habitats (i.e., presence of all four major habitat cover types) relative to 

downstream sections. A total of 21 major pools were enumerated in 

Reach 3, with the majority of these being located in the lower two sub- 



reaches. The frequency of occurrence, however, was similar in all three 

sub-reaches, being in the order of 0.6 pools per kilometre. Granular 

substrates, ranging from very coarse gravel (3.2 to  6.4 cm) to  small 

boulder (25.6 t o  51.2 cm), were prevalent a t  each of the primary habitat 

transects. Bitumen bedrock and small cobble (6.4 to  12.8 cm) embedded 

in bitumen also were noted, particularly in Sub-reaches 1 and 2. 

Reach 4 (km 41.2-60.0+) 

The channel in Reach 4 is characterized by an irregular meander 

pattern and is confined by the valley walls; however, there is considerable 

evidence of previous lateral channel movement (i.e., oxbows and meander 

scars). Outside meander bends are frequently steep and slumping, 

although the proportion of unstable banks in this reach is noticeably lower 

than in Reach 3 (Walder e t  al. 1980). 

Reach 4 is 25.5 km in length; of this, 18.8 km are situated within the 

Syncrude Development Area (i.e., upper lease boundary a t  km 60). The 

average gradient in Reach 4 is 2.1 mskrn-l which is considerably higher 

than downstream sections (Figure 3.2). Two sub-reaches were identified 

by Walder e t  al. (1980). Sub-reach 1 extends from km 41.2 t o  52.9; the 

remaining section up to and beyond the lease boundary is contained within 

Sub-reach 2. Wetted channel widths a t  primary habitat stations were very 

similar (about 33 m) (Table 3.1). Depths and velocities a t  the transects 

were variable. Riffle and Run habitats were predominant in the reach, a 

reflection of the high gradient. High quality pools were well represented 



in Sub-reach 1 (frequency of 0.6 pools per km) but were absent in the 

upper section (Table 3.2). Numerous small, shallow pools were noted in 

Sub-reach 2. 

3.1.4 MINOR TRIBUTARIES TO MACKAY RIVER 

Numerous small, unnamed tributaries enter the MacKay River 

within the Syncrude Development Area. Eleven of these systems (MI- 

M 1 1 )  were investigated in this study. Six of the streams (M3, M4, M5, M8, 

M9, ~ 1 1 )  were assigned to  the first-order category according to  Strahler 

(1957) (Appendix B, Table ~ 2 ) .  The mean drainage area for these systems 

2 was 4.2 km (range: 2.1 to  6.4). Three second-order streams were 

identified (MI, M7, ~ 1 0 ) ;  the mean drainage area for these systems was 

2 19.1 km (range: 11.1 to 28.1). The remaining two streams (M2, M6) were 

given a third-order rating; the drainage area for these systems was 72.4 

2 2 km and 52.4 km , respectively. 

Discharges in first-order streams during the June measurement 

period ranged from less than 0.01 to  0.06 In July, no measurable 

flow was recorded in M9; the remaining five were flowing a t  less than 

0 . 0  m 3 .  In September, measurable flow did not occur in three of six 

first-order streams. Discharge in the remaining three was less than 0.01 

m3=s June flows in second and third-order streams were higher than in 

3 -1 first-order systems, ranging from 0.02 t o  0.17 m *s . By September, all 

but M 2  (the largest third-order stream) were flowing a t  less than 0.01 

3 - rn *s l. A discharge of 0.05 m3-s" was recorded in M2 in September. 



All streams exhibited a steep gradient in the lower reaches ( ~ i g u r e s  

3.3 t o  3.8; Plate 3). These sections correspond with the descent of the 

stream into the incised MacKay River valley. Control of these sections 

by beaver activity was neglible to  non-existent, depending on the system. 

Gradients in upstream reaches were low to  moderate, with an increased 

frequency of beaver control and pondage. Of all systems, Creek M2 

exhibited the greatest ponded area (Figure 3.3). Muskeg was the dominant 

terrain type in all of the  systems except M 1  which featured predominantly 

highland terrain. 

Due to  the presence of numerous severe habitat limitations 

(unacceptable minimum flows, steep gradients, access blockage, etc.), 

Creeks M I - M I 1  were not considered to have any significant value as fish 

habitat other than for non-game or forage species (e.g., fathead minnow, 

brook stickleback). 

3.1.5 MAINSTEM DOVER RIVER 

Physical habitat conditions in the Dover River have been examined 

previously. Griffiths (19731, in a preliminary assessment, assigned a low 

suitability rating to  the Dover River (Canada Land Inventory 

Classification). In 1978, Machniak e t  al. (1980) divided the Dover River 

into four discrete habitat reaches based on differences in gradient, flow 

characteristics, substrate, and channel form. Site specific habitat 

sampling was conducted a t  two locations. More detailed habitat 

investigations were undertaken by A.O.S.E.R.P. in 1979 
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Figure 3.4 Longitudinal profile and habitat zonation, Creek M3 and Creek M4. 
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Figure 3.7 Longitudinal profile and habitat zonation, Creek M9 and Creek M10. 
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(Walder e t  al. 1980). On the basis of the additional information provided, 

the Dover River was further subdivided (i.e., to ta l  of six habitat  reaches). 

Both A.O.S.E.R.P. studies concluded tha t  habitat in the Dover River was 

of poor quality and tha t  t he  system was rarely utilized by sport fish. 

Major limiting factors identified were low overwintering potential, 

limited spawning habitat, and high frequency of beaver dams impeding 

access. The habitat reaches identified by Walder et al. (1980) were 

maintained in the present study, although actual kilometreage at reach 

boundaries may differ slightly due t o  differences in map scales used (i.e., 

1:20 000 airphoto mosaics used in 1984; 1 5 0  000 NTS maps used in 1979). 

3.1.5.1 Habitat Zonation 

The lower two habitat reaches (Rl ,  R2) and a portion of Reach 3 a r e  

situated within the  Syncrude Development area; they provide a to ta l  

s t ream length of 29.0 km. During the  present study, detailed habitat  

mapping was undertaken at four locations on the  Dover River (HI-H4) 

(Figure 2.1). The results of the survey, which was conducted on 8 

September (HI) and 24 September (H2-H4), a r e  provided in Table 3.1. 

Reach 1 (km 0-12.5) 

Reach 1 is a high gradient section extending 12.5 km upstream from 

the MacKay River confluence (Figure 3.9). The channel features a n  

irregular, meandering pattern. Stream banks generally consist of silt, 

sand, and gravel, and are predominantly unstable (Walder e t  al. 1980). 
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Figure 3.9 Longitudinal profile and habitat zonation, Dover River. 
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The average gradient in Reach 1 (4.4 m-km-l) is high due to the 

descent of the Dover River into the incised MacKay River valley. Riffle 

and Run habitat were the dominant habitat cover types a t  stations H1 and 

H2 (Table 3.1). The substrate was predominantly small cobble (6.4 t o  12.8 

cm), large cobble (12.8 to 25.6 cm), and small boulder (25.6 t o  51.2 cm). 

Reach 2 (km 12.5-19.5) 

Reach 2 is a transition zone between the high gradient habitat in 

Reach 1 and the lower gradient conditions in Reach 3. The average 

gradient in Reach 2 is moderate (1.7 m*kmd). The habitat was diverse in 

this section; all habitat cover types were represented (Table 3.1). Pool 

quality in the reach was notably low. 

Reach 3 (km 19.5-29.0+) 

Reach 3 is a low gradient section (0.9 rn*km-'). This is reflected in 

the low habitat diversity (i.e., dominated by Flat cover type), and the high 

incidence of beaver activity (Plate 2). 

II 

3.1.6 TRIBUTARIES TO DOVER RIVER 

Creek D l  is the major tributary entering the Dover River within the 

study area (Figure 2.1). It is a second-order stream with a drainage area 

2 of 27.6 km . Discharge was recorded on three occasions during the study 



(Appendix B, Table B2). Values ranged from 0.05 to 0.01 m3*sq1 from the 

June t o  the September survey. Creek D l  features a steep gradient in the 

lower reach (Figure 3.8); beaver control of this reach is negligible. Reach 

2 displays a moderate gradient and frequency of beaver activity, and 

pondage increases correspondingly. Due to the presence of severe habitat 

limitations (low flow, restricted access, etc.), Creek D l  is unlikely t o  

have any important value as fish habitat. 

3.2 WATER QUALITY 

3.2.1 PHYSICAL PARAMETERS 

Water temperatures in the MacKay River ranged from 7.0 to  24.5'~ 

with the lowest and the highest values occurring in September and July, 

respectively (Table 3.3). A longitudinal temperature gradient was not 

apparent. In 1979, a maximum summer water temperature of 

approximately 2 6 ' ~  was recorded in the MacKay River by Charlton and 

Hickman (1984). The high summer water temperatures recorded in 

previous studies and during the present survey reflect the relatively 

shallow, exposed nature of the MacKay River mainstem. Water 

temperatures of sampled tributaries ranged from 5.0 to 20.0°c, with the 

highest value recorded a t  the Dover River in July. 

The pH values recorded a t  all sample stations within the MacKay 

River drainage system ranged from neutral ( p ~  7.0) to  alkaline (pH 8.6). 

Generally, pH was highest during the September sample period. Similar 



Table 3.3. Summary of water quality dnta for the MacKay River system, 1984. 

SiteIDate ME-W3 I l l - W  MID-W MSW MSW -- - - MI-W 
Parameter 20 June 30 July 21 Sept. 20 Jme 30 July 21 Sept. 20 June 30 July 21 Sept. 20 June 20 Jme 30 July 20 June 30 July 21 Sept 

Temperature OC 

pH 
Specific Conductance u ~ w r - 1  
Ulssolved Oxygen 
Uxygen % Saturation 
Turbldlty N.T.U. 
Calcium 
Magnesium 
Sodrum 
Potassium 
C hlorlde 

O,i'&Ciease 
PP. Alkallnlty as CaC03 
Alkalinity, T. as CaC03 
brcarbonate 
Carbonate 
Hardness, T. as CaC03 
Silica (Reactive) 
Total Filterable Kesldue 
Total Non-Filterable Residue 
Chernlcal Oxygen Demand 
Nltrogen, T. as N 
Nitrate + Nitrite Nltrogen as N 
Kjeldahl Nitrogen, T. as N 
Ammonia Nitrogen, T. &s N 
Phosphorus, T. as P 
Ortho-Pliasphorus as P 
Total Organlc Carbon 
Total Inorganic Carbon 
Phenol 
Cyanlde, T. 
ArsenIC. T. 
Selenium, T., iig.~-l 
Boron, T. 
Cadmlum, T. 
Copper, T. 
Iron, T. 
Chromium. T. 
Manganese, 7. 
uric, T. 
Lead, 1. 
Vanadium, T. 
Nickel, T. 
rlercury, T. ug.L-1 
Tann~n & L~gnln 
Ion Balance 

Notes: AU values are reported in mg.L-l unless otherwise stated. 
L - Less Than; T. - Total; N - Nitrogen; P - Phosphorus. 

Continued ... 



Table 3 4 .  Continued. 

SiteIDete M 6 W  M C W  M U - W 2  M t W  M t W  

Parameter 19 June 30 July 2 1  Sept. 19 June 30 July 2 1  Sept. 19 June 30 July 21 Sept. 19 June 30 July 2 1  Sept. 19 Jlme 30 July 21 Sept. 

-- 

Temperature OC 

pH 
Speeiflc Conductance pS.cm-l 
Dissolved Oxygen 
Oxygen % Saturation 
Turbldlty N.T.U. 
Calclum 
Magnesium 
Sodium 
Potassium 
Chloride 
Sulphate 
Oil & Grease 
PP. Alkalinity as CaC03 
Alkalinity, T. as CaC03 
Ellcarbonate 
Carbonate 
Hardness, T. as CaCOg 
Siltca (Reactive) 
Total Filterable Residue 
Total Nan-Filterable Resldue 
Chemical Oxygen Demand 
Nitrogen, T. as N 
Nitrate + k i t r ~ t e  Nitrogen as N 
Kjeldahl Nitrogen, T. as N 
Ammonia Nitrogen, T. as N 
Phosphorus, T.  8s P 
Ortho-Phosphorus as P 
Total Organic Carbon 
Total Inarganlc Carbon 
Phenol 
Cyanide, T. 
Arsenic, T. 
Selenium, T. p g . ~ - l  
Boron, T. 
Cadmium. T. 
Copper, T. 
Iron, T. 
Chromium, T. 
Manganese, T. 
Zlnc, T. 
Lead, T. 
Vanadium, T. 
Nickel, T. 
Mercury, T. u ~ L - I  
Tannln & Llgnin 
Ion Belance 

Continued ... 
Notes: AU values are reported In m g ~ ' l  unless otherwise stated. 

L - Less Than; T. - Total; N - Nitrogen; P - Phosphorus. 





pH levels were reported by Akena e t  al. (1981) in the MacKay River 

during the summer. The pH levels recorded in the present study were 

within the Alberta Surface Water Quality Objectives (ASWQO) of 6.5 to  

8.5 (Table 3.4). 

In the MacKay River, total non-filterable residue concentrations 

ranged from 1.6 to  63.2 mg*~-';  the concentrations were notably higher in 

June than in the subsequent sample periods, and exhibited a positive 

relationship to discharge rates. 

A brown colouration was exhibited by MacKay River drainage 

waters due to the presence of dissolved organic matter. 

Dissolved oxygen concentrations in the MacKay River drainage 

ranged from 7.7 t o  11.6 mg*L-' and were above the ASWQO of 5.0 

mg-L-', which is generally considered adequate for the survival of fish. 

The dissolved oxygen levels recorded in June and September were similar 

while the July values generally were lower. The percent saturation values 

ranged from 70 t o  1 1 2 %  with the highest values recorded in June. 

Supersaturation probably was a result of increased oxygen production by 

photosynthesizing plants. McCart e t  al. (1978) recorded similar dissolved 

oxygen levels in the MacKay River in 1977, although supersaturated 

conditions were not recorded until August and September. 



Table 3.4 Summary of water quality objectives for the protection of aquatic life. 

Parametera M w Q o ~  Environment Canadac 

pH 
Dissolved Oxygen 
Total Nitrogen as N 
Total Phosphorus as P 
Aluminum, T. 
Cyanide, T. 
Arsenic, T. 
Selenium, T. 
Boron, T. 
Cadmium, T. 
Copper, T. 
Iron, T. 
Chromium 
Manganese, T. 
Zinc, T. 
Lead, T. 
Nickel, T. 
Mercury, T. 
Silver, T. 
Fluoride 
Threshold Odour Number (2 00C) 
Phenol 
Surfactants 
Carbon Chloroform Extraction 
Sulphide 
Methyl Mercaptan 

6 . 5  - 8 . 5  
5.0 (minimum 
1.0 
0.05 0.100d; 0.025e 

0.100 (tentative) 

aAll values are reported as m g - ~ - '  unless stated otherwise. 
~ A S W Q O  - Alberta Surface Water Quality Objectives by Alberta Environment 

(1977). 
cEnvironment Canada by McNeely et al. (1979). 
d ~ a l u e  for flowing water. 
eValue for lakes and reservoirs. 



3.2.2 MAJOR IONS 

The MacKay River water was of the calcium bicarbonate type with 
- ++ ++ + - - 

an ionic dominance of HCOQ > Ca > Mg > Na > SO4 > (21- > K' 

(Figure 3.10). Although the concentrations of each ion generally were 

similar a t  each sampling station, slight seasonal variation was exhibited 

by most ions, with concentrations increasing from June to  September. 

This was confirmed by the specific conductance values which showed a 

similar pattern. Charlton and Hickman (1984) also reported summer peaks 

of specific conductance. Sodium concentrations exhibited the greatest 

increase in September, relative to  the previous sampling periods. This 

increase likely resulted from an increase in the proportion of 

groundwater, which is common during periods of low flow. Similar 

conditions were reported by McCart e t  al. (1978). In addition, these 

authors indicated that  water in the MacKay River shifted t o  a sodium 

chloride type during the winter period. However, in 1978 and 1979 sodium 

concentrations in the MacKay River during the summer periods nearly 

equalled those recorded in the winter (Charlton and Hickman 1984). 

These authors indicated that  the summer flows during 1978 and 1979 were 

similar except that  in 1978 the September flows were three times higher. 

The 1984 summer flows were similar to  those in 1979 except that the June 

flows in 1984 were two times higher. In 1978 and 1979, the mean flows 

for July and September were approximately three t o  four times less than 

the long term means for those months (Water Survey of Canada 1983). In 

1979, the mean flow in June was similar to  the long term mean, while in 

the same month the 1978 monthly mean was approximately one-half of 

the long term mean. 
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In general, the tributaries exhibited higher concentrations of total 

filterable residue than the MacKay River mainstem. Highest 

concentrations of total filterable residue among the tributaries was 

recorded a t  station MI-W. The ionic dominance varied considerably 

among the tributaries. At stations M11-W, M9-W, M2-W, Dl-W, and DR- 

W (Dover ~ i v e r ) ,  the water was of the calcium bicarbonate type; a t  the 

remaining stations, water of the sodium bicarbonate type was present 

during a t  least one sampling period. At the majority of stations, the 

concentrations of most ions were inversely related to discharge rates, 

with the highest concentrations generally recorded in September. At 

stations M3-W, Dl-W, and M 2-W, however, concentrations of major ions 

exhibited a decrease in this period. The flows in these creeks during 

September were equal to or greater than those present during the July 

survey. Normally, concentrations of most major ions increase during low 

flow periods, particularly in fall and winter due to increased influence 

from groundwater. Groundwater generally has higher concentrations of 

total filterable residue than waters originating from surface runoff. The 

data suggest that the groundwater to  surface runoff ratio has an 

important role in determining the ionic composition of the waters in this 

drainage system. 

Although notable differences existed in ionic composition between 

tributary and mainstem MacKay River waters, the tributaries, because of 

their low discharges, did not contribute to a discernible change in the 

water quality of the mainstem. 



3.2.3 NUTRIENTS 

Nitrogen, phosphorus, and reactive silica are the major nutrients 

required by plants: of these, the dissolved fractions of total nitrogen and 

total phosphorus are most important in determining primary productivity 

in streams. Reactive silica is particularly important t o  diatoms. Total 

organic carbon is used as an energy source by bacteria and other 

heterotrophic organisms. 

Nitrogen 

The total nitrogen concentrations among the stations in the MacKay 

River system were similar and ranged from 0.63 mg N *L-' a t  M10-W t o  

1.85 mg N *L-' a t  MI-W. Most values exceeded the ASWQO of 

1.0 mg N -L-'. Lowest concentrations generally occurred in September, 

showing a direct relationship to  stream discharge. Important seasonal 

changes in nitrogen concentrations normally occur between early spring, 

summer, and winter periods. Logan (1977) reported that  maximum 

transport of nitrogen occurs during storm runoff and early spring, and that  

during summer low flow, sediment transport of nitrogen is minimal. 

McCart et al. (1978) reported that total nitrogen in the MacKay River 

ranged from approximately 0.55 to  0.75 mg N -L-' during the June t o  

September period. The nitrate + nitrite concentrations in the MacKay 

River ranged from 0.006 to  0.340 rng N WL-', with the highest 

concentrations occurring in June. Similar concentrations were evident in 

the tributaries. Normally, maximum inorganic nitrogen levels occur 



during the winter and spring periods as a result of nitrification 

(Hutchinson 1957). Ammonia concentrations in the MacKay River system 

were low, ranging from less than 0.01 to  0.19 mg N *L-'. Natural waters 

generally contain ammonia with concentrations less than 0.1 mg N -L-'. 

Levels greater than 0.1 mg N may be indicative of anthropogenic 

inputs. 

Phosphor us 

In the MacKay River, total phosphorus concentrations ranged from 

0.049 to  0.129 mg P *L-'. A general decrease in phosphorous 

concentrations occurred from June to September. Considerable seasonal 

fluctuations in concentrations normally occur between spring, summer, 

and winter periods. A strong correlation often is found between total 

phosphorus and suspended sediment concentrations, and both parameters 

closely parallel a natural hydrograph. Cahill (1977) reported that mass 

transport during storms tends t o  contribute a very large proportion of 

total annual phosphorus loading. He also indicated that unlike total 

phosphorus, ortho-phosphorus concentrations do not always have a positive 

association with stream discharge, and may be inversely related to  

discharge during the lower flow range. This relationship was exhibited in 

the MacKay River where the ortho-phosphorus levels (0.034 to  0.074 

mg P -2') were notably higher in July, a period when the discharge was 

considerably lower than in June. McCart e t  al. (1978) found that  total 

phosphorus concentrations in the MacKay River ranged from 0.030 t o  

0.100 mg P during the June to September period with the lowest 

value reported in September. For the same period they also reported 



mean ortho-phosphorous concentrations of 0.015 t o  0.035 mg P *L-' with 

t h e  highest value in July. Among t h e  tr ibutaries,  t h e  relationship between 

to ta l  phosphorus and discharge was less defined than in t h e  MacKay River. 

The t o t a l  phosphorus levels in MacKay River system generally exceeded 

t h e  ASWQO l imit  of 0.05 mg P -L-'. McNeely et al. (1979) repor ted t h a t  

t o t a l  phosphorous levels should not  exceed 0.10 mg P -L-I in order t o  no t  

acce le ra te  eutrophication of water  systems. 

3.2.3.3 React ive  Silica 

In t h e  MacKay River drainage system, concentrations of react ive  

silica ( s ~ o ~ )  ranged from 2.10 t o  12.50 mg-L-l. Most natura l  wa te r s  

contain concentrations of silica from 1 t o  30 m g - i l  ( ~ c N e e l y  et al. 

1979). Concentrations in t h e  MacKay River were  lower in September than  

in previous months, a relationship similar t o  t h a t  found by McCart  e t  al. 

(1978). In t h e  tributaries, t h e  highest react ive  silica values generally 

were found in September; this probably was t h e  result  of increased 

influence by groundwater. Concentrations of silica in groundwater may  

range f rom 1000 to  4000 r n g - ~ - "  ( ~ c ~ e e l y  et al. 1979). 

3.2.3.4 Total  Organic Carbon 

Concentrations of to ta l  carbon in t h e  MacKay River sys tem ranged 

f rom 25.0 t o  66.5 mg0L-'. Trends among sampling s ta t ions  and among 

monitoring periods were  not evident. McCart  e t  al. (19781, however, re- 

ported t h a t  in t h e  MacKay River, highest values were  found in mid-winter 



with lower values in mid-summer. The to ta l  organic carbon content  in 

natural  waters  may vary from 1 t o  30 m g . d l ,  with higher values 

considered t o  be the  result  of anthropogenic input ( ~ c N e e l y  et al. 1979). 

3.2.4 TRACE METALS AND OTHER SUBSTANCES 

The concentrations of t r a c e  metals  and elements in t h e  MacKay 

River generally were below t h e  detection limits. Iron (0.91 t o  2.21 r n g . ~ - l )  

and manganese (0.010 t o  0.080 mg-L-l) concentrations frequently 

exceeded the  ASWQO limits of 0.30 and 0.050 m g - ~ - l ,  respectively. The 

sources of these  parameters  were  natural  since no anthropogenic inputs 

were apparent. McCart  et al. (1978) reported t h a t  boron, iron, lead, 

mercury and cadmium exceeded t h e  ASWQO most frequently during t h e  

winter period. During the  present study, phenol concentrations ranged 

1 from 0.009 t o  0.022 rng*~-', and also exceeded t h e  ASWQO of 0.005 mg-L- . 
Values exceeding t h e  ASWQO also were reported in McCart  et al. (1978). 

The source of phenol was likely natural ,  originating mainly from 

hydrocarbon and decaying vegetation. Oil and grease  k 0 . 1  t o  1.4 rng.L-') 

present in t h e  MacKay River probably were  derived from t h e  natural  

hydrocarbon present in the  substrate.  

ZOOBENTHOS 

3.3.1 MACKAYRIVER 

Changes in physical s t ructure  along t h e  length of t h e  MacKay River 

were  ref lected in t h e  composition of zoobenthos. The downstream sample 



station (MR-~1; Figure 2.6) was located within a reach of the river char- 

acterized by slow flow and homogeneous substrate comprised mainly of 

sand and silt. The fauna a t  B1 was composed primarily of Oligochaeta, 

Chironomidae and, to a lesser extent, Ephemeroptera (Ephemerella, 

Tricorythodes, Baet idae). Relative composition was stable over the three 

seasons sampled (Figure 3.11); however, densities increased markedly in 

fall. 

At upstream stations, water velocities increased, and the substrate 

exhibited a greater proportion of gravels and cobble. Simuliidae, which 

require hard substrates for attachment, constituted the most prevalent 

taxon a t  upstream stations B2, B3 and B4 during spring and summer, and 

almost completely dominated spring samples from B4 (Figure 3.11). 

Diversity a t  this station was 40% lower than that  of any other MacKay 

River station in spring (H1 = 0.6261, even though more taxa were collected 

a t  this station than a t  the others (Table 3.5). Simuliidae remained 

abundant a t  the three upstream stations in summer, but all had emerged 

by fall (Figure 3.11). At this time all four MacKay River stations were 

dominated by Oligochaeta, Ephemeroptera and Chironomidae. 

Benthic densities were variable within stations and seasons. Ani- 

mals were much more abundant a t  station B4 in spring and fall, but den- 

sities were reduced in summer. At stations B2 and B3 the trend was re- 

versed, with greatest densities (primarily Simuliidae) observed in summer. 

At station B1, relatively low densities were recorded except in the fall. 



MACKAY RIVER DRAINAGE 

SPRING 

81 82 63 84 M2-B DR-B M6-B 

51 193 195 87 
SUMMER 

36 157 99 

61 82 83 84 M2-B DR-B M6-B 

260 13 49 647 FALL 74 139 1917 
(12) (26) (15) 

B1 82 83 84 M2-B DR-B M6-B 

LEGEND 

2 Mean No./Sarnpie 

(3) Total Taxa 

n Other 

Epherneroptera 

Simuliidae 

Oligochaeta 

MacKay River Stations Tributary Stations 

Figure 3.11 Relative abundance of major taxonomic groups of benthic invertebrates in the 
MacKay River drainage area, 1984. I 



2 2 Table 3.5 Mean density (no. per 0.1 m ), mean biomass (mg per 0.1 m ), diversity, 
I 

and taxonomic richness of zoobenthos at MacKay River mainstem and 
t r ibutary  stat ions,  1984. 

t Station %)rim Summer Pall 

MR-B1 Density 
Biomass 
Diversity 
Richness 

M R-B2 Density 
Biomass 
Diversity 
Richness 

M R-B3 Density 
Biomass 
Diversity 
Richness 

M R-B4 Density 
Biomass 
Diversity 
Richness 

M 2-B Density 
Biomass 
Diversity 
Richness 

DR-B Density 
Biomass 
Diversity 
Richness 

M 6-B Density 
Biomass 
Diversity 
Richness 



Biomass estimates roughly paralleled those of benthic density; 

however, because the modal size class of individuals a t  all stations 

decreased through the year, summer and fall increases in biomass were 

not as  great as density increases (Table 3.5). Most organisms collected in 

the fall were early stages of species that overwinter as  immatures. 

Diversity and taxonomic richness generally increased a t  all stations 

throughout the year (Table 3.5). The upper and lower stations had highest 

diversity and richness in the fall. Detailed tables of taxonomic comp- 

osition and abundance are presented in Appendix D, Tables Dl  to  D4. 

3.3.2 TRIBUTARIES TO MACKAY RIVER 

3.3.2.1 Creek M2 

During the June sample period, Creek M 2  was 3 m wide a t  station 

M2-B, with moderate current flowing over substrate of sand and fine 

gravel impregnated with bitumen ( ~ i g u r e  2.6). Benthic densities were 

fairly constant among seasons, ranging from 35.9 t o  73.9 animals per 0.1 

mz (Table 3.5). 

The ephemeropteran Baetis was the most abundant organism in 

spring and summer. Simuliidae was codominant in spring, but was 

replaced by Chironomidae in summer and fall (Figure 3.11). Diversity and 

richness were low in spring (six taxa, H' = 1.535, Table 3.5), but increased 

in summer and fall. Trends in biomass paralleled those reported for the 

MacKay River (Appendix D, Table D31). 



Detailed tables of taxonomic com posit ion and abundance of the 

benthos a t  MacKay River tributary stations are presented in Appendix D, 

Tables D5 to D7. 

3.3.2.2 Dover River 

At station DR-B (100 m upstream of the confluence), the Dover 

River was approximately 7 m wide and had a shallow, rapid flow over 

coarse limestone talus (Figure 2.6). 

In spring and summer, Baetis and Simuliidae were the most abundant 

organisms. Oligochaeta replaced Simuliidae as the  most common taxon in 

fall (Figure 3.11). Fauna were substantially richer and more abundant in 

the Dover River than in Creek M2. Richness also consistently exceeded 

that  of any station in the MacKay River drainage, although other stations 

were more diverse  able 3.5). 

Biomass in fall was equivalent to that in spring even though animals 

were twice as abundant (Table 3.4). This reflected the small size of most 

individuals a t  this time (Appendix D, Table D31). 

3.3.2.3 Creek M 6  

Creek M 6  was sampled downstream of a beaver dam where the 

creek descends sharply into the MacKay River valley (Figure 2.6). The 

creek a t  M6-B was less than 1 m wide and very shallow, flowing over 



coarse cobble embedded in sand, and through deadfall snags. Aspen 

overstory provided dense shading. 

Chironomidae and Oligochaeta were the dominant taxa present, 

although Baetis and Simuliidae were common in spring (Figure 3.11). 

Taxonomic richness was intermediate in comparison to  M2-B and DR-B 

(Table 3.5). The fall sample contained very high densities of 

Chironomidae and Oligochaeta, and this produced estimates of density and 

biomass greater than a t  any other sample station in the MacKay River 

drainage (Appendix D, Table ~ 3 1 ) .  

3.4 FISH 

3.4.1 MACKAYRIVER 

Nineteen species of fish were recorded in the MacKay River in 1984 

(Table 3.6). Of these, eight were sportfish species (i.e., species having 

some sport, domestic or commercial importance), two were coarsefish 

species (i.e., sucker), and eight were forage species (i.e., cyprinids, 

sculpins, etc.). Fish species previously recorded in the MacKay River 

(Sekerak and Walder 1980) but absent from 1984 collections were 

finescale dace (Chrosomus neogaeus), spottail shiner (Notropis hudsonius), 

spoonhead sculpin (Cottus rieei) and brook stickleback (Culaea 

inconstans). Species recorded in the present study but not previously 

reported from the MacKay River drainage were fathead minnow and 

northern redbelly dace. 



Table 3.6. Fish species recorded in t h e  MacKay River system, 1984. 

Species Species Code Scientific Name 

Lake whitefish 
Mountain whitefish 
Arct ic  grayling 
Goldeye 
Northern pike 
Walleye 
Yellow perch 
Bur bot 
Longnose sucker 
White sucker 
Fathead minnow 
Flathead chub 
Lake chub 
Longnose dace 
Pear l  dace  
Northern redbelly dace 
Emerald shiner 
Slimy sculpin 
Trout-perch 

LW 
MW 
AG 
G E  
NP 
YW 
YP 

LING 
LNS 
WS 

FHM 
FHC 
LKC 
LND 
PD 

NRD 
ES 
SS 
TP 

Coregonus clupeaformis (Mi tchill) 
Prosopium williamsoni ( ~ i r a r d )  
Thymallus arcticus (Pallas) 
Hiudon alosoides (Raf inesque) 
Esox lucius Linnaeus 
Stizostedion vitreum (Mit chill) 
Perca flavescens  itchil ill) 
Lota lota (Linnaeus) 
Catostomus catostomus (Forster)  
Catostomus commersoni (Lacepede) 
Pimephales promelas Raf inesque 
Platygobio gracilis ( ~ i c h a r d s o n )  
Couesius plumbeus ( Agassiz) 
Rhinichthys cataractae (Valenciennes) 
§emotilus margarita (Cope) 
Chrosomus eos Cope 
Notropis atherinoides Rafinesque 
Cottus cognatus Richardson 
Percopsis orniscomaycus (Walbaum) 

Total  = 1 9  species 



The fish species assemblage of the MacKay River has been grouped 

for discussion into sportfish, coarsefish and forage fish categories. 

Several previous fisheries studies have been conducted on the MacKay 

River system (Griffiths 1973; McCart e t  al. 1978; Machniak e t  al. 1980; 

Walder e t  al. 1980); however, a detailed comparison between these and 

present study results is beyond the scope of this report. Comparisons, 

when made, will be general in nature and limited to species for which a 

sufficient data base is available. 

3.4.1.1 Sportfish Species 

The majority of sportfish species in the MacKay River were 

recorded during boat electroshocking surveys in the spring and summer 

periods (Appendix E, Table El). Yellow perch, Arctic grayling, northern 

pike, and walleye were the only species recorded by other capture 

methods (seine and backpack electrofisher ; Appendix E, Tables E l  and 

~ 2 ) .  

Goldeye 

Goldeye was the most abundant sportfish species encountered during 

electroshocking surveys, contributing 22.6% to  the total catch from all 

stations and periods combined (Table 3.7). This species was present in 

catches from all stations and sample periods. During the summer survey 

a t  stations ES1, ES2, and ES3, goldeye contributed 42.2%, 41.5%, and 

37.0%, respectively, to the total catch. Capture rates (fish per electro- 

shocking minute) for this species a t  these stations were 0.6, 0.4, and 0.2 



Table 3.7 Percentage composition of fish species a t  repetitive boat electrofishing stations on the MacKay River, 
spring and summer 1984. 

Boat Electroshocking (ES) Stations 

Speciesa MR-JSl M R-ES2 MR-ES3 All Stations 

Spring Summer Combined Spring Summer Combined Spring Summer Combined Spring Summer Combined 
(nib (120) (64) (184) (29) (41) (70) (24) (2 7) (51) (173) (132) (305) 

LW 

1M W 

G E  

NP 

YW 

LING 

LNS 

WS 

FHC 

LKC 

TP 

a For species code explanation see Table 3.6. 

b ~ u r n b e r  of fish captured and observed. 



- 1 fishomin. , respectively (Appendix E, Table ~ l ) ,  indicating a decreased 

abundance with increased distance from the Athabasca River. 

The majority of the goldeye captured were juveniles although adults 

also were represented in the catch, particularly in the July period. 

Evidence of spawning by this species in the MacKay River was not 

obtained; those individuals present in the system likely were migrants 

from the Athabasca River, moving into the MacKay River to forage. This 

is supported by the findings of Machniak e t  al. (1980). Results of the 1980 

study, however, indicated a lower abundance of goldeye in the MacKay 

River than found during the present study. In addition, trapping and 

gillnetting operations in 1980 captured only juvenile fish, whereas in 1984, 

47% of the aged fish were adults or sub-adults (i.e., age six or older). This 

indicates that the present use of summer feeding habitat in the MacKay 

River for both adults and juveniles of this species is greater than 

previously observed. 

Goldeye (n=32) captured in the MacKay River in 1984 ranged in fork 

length from 135 t o  395 mm with a relatively even representation from all 

size-classes within this range (Appendix E, Table E2). In previous studies 

on the MacKay River, McCart e t  al. (1978) reported goldeye from 232 t o  

287 mm fork length, and Machniak e t  al. (1980) reported a range of 258 to  

318 mm for this species. During studies on the Athabasca River in the  

Mildred Lake area, a similar size range was found ( ~ o n d  and Berry 1980). 

In 1984, 15 (47%) of the goldeye captured were over 300 mm in length and 

ranged from age six to eight. Of the 17 goldeye aged and sexed, eight 



were mature. Seven of the mature goldeye were females six t o  eight 

years-of-age. McCart e t  al. (1978) and Machniak et al. (1980) found all 

goldeye captured in the MacKay River (for which sex and age were 

determined) were immature four to  six year-old fish. In the Athabasca 

River, 99% of all goldeye examined were sexually immature (Bond 1980). 

Walleye 

Thirty-eight walleye were collected from the MacKay River. 

Walleye were present a t  all electroshocking stations during each of the 

sample periods  able 3.7). This species was second in abundance and 

contributed 12.1% to  the total electroshocking catch. Most walleye were 

taken during the spring period, from stations ES1 and ES3, with the lat ter  

station contributing 33.3% to the total electroshocking catch. 

Although representing a major component of the sportfish 

assemblage, walleye exhibited low densities and a sporadic distribution in 

the MacKay River. The highest capture ra te  recorded for walleye was 0.3 

fish-min-1 from ES1 during the spring period. The majority of these 

individuals were present below the bridge crossing a t  Highway 63, 

suggesting a close association with the Athabasca River. A localized 

concentration of walleye also was present a t  the mouth of the Dover 

River (in ES3) during the spring. Presence in these confluence areas likely 

indicates preferred feeding habitat for this species. 

Direct evidence of walleye spawning in the MacKay River was not 

obtained in the present study. Most adult walleye captured in the late 



May survey were spent males. Only one spent female was recorded. 

Machniak and Bond (1979) reported a similar preponderance of spent 

males and low numbers of female walleye in the Steepbank River, and 

attributed their presence to  a post-spawning migration into the system for 

feeding. 

McCart e t  al. (1978) captured young-of-the-year (y-o-y) walleye 

20 km upstream in the  MacKay River; however, based on the low numbers 

(n = 39) of y-o-y walleye captured, these authors suggested only a limited 

spawning use of the river. Availability of spawning habitat, however, does 

not appear to be a limiting factor. Surveys conducted in the fal lof  1984, 

indicated numerous areas of good potential spawning habitat a re  present 

in the MacKay River. 

Machniak e t  al. (1980) indicated that walleye leave the MacKay 

River drainage during the summer and suggested that few, if any, 

overwinter in the system. McCart e t  al. (1978) reported that walleye 

were most abundant in the lower reaches of the MacKay River in May, 

with catches declining by late September. In the present study, walleye 

abundance decreased from the May t o  July period (Appendix E, Table El)  

indicating movements out of the area had occurred. 

Walleye captured in the MacKay River in 1984 ranged in fork length 

from 247 to 484 mm, with those in the 385 to  443 mm size range 

accounting for 42% of the catch (Appendix E, Table E2). Most (95%) of 

walleye sexed were males. Machniak e t  al. (1980) reported 73% 



of the MacKay River walleye were between 300 to 460 mm in length, with 

94% of walleye captured being males. A similar dominant size range and 

a preponderance of males also were reported for MacKay River walleye 

by McCart e t  al. (1978). 

Fin-ray age was determined for 24 walleye in the present study. 

Lengths of these fish ranged from 247 mm (age three) t o  484 mm (age 

nine). Most walleye were age seven (42%) although age three (21%) and 

age four (17%) fish also were well represented in the catch. McCart e t  a1 

(1978) reported scale ages for MacKay River walleye ranged from O+ t o  

14. Machniak et al. (1980) reported scale ages ranged from O+ t o  nine, 

with the majority (96%) being age two to  age seven, inclusive. The age- 

length relationship for MacKay River walleye in 1984 (Appendix E, 

Table E2) is similar to that  recorded by Machniak et al. (1980). 

Northern Pike 

In 1984, eight northern pike were captured by boat electroshocking 

in the  MacKay River. This species occurred infrequently, contributing 

2.6% to  the total electroshocking catch (Table 3.7). The highest 

contribution of northern pike (8.3%) was recorded during spring surveys in 

ES3. A t  stations ES1 and ES2, the highest percentage composition in 

catches occurred during the summer survey. Capture rates of northern 

pike a t  all stations and during all surveyed periods were less than 0.1 

fishwmin-l. The majority of northern pike captured in 1984 were adults. 



Within the study area, the MacKay River contained few areas of 

suitable pike spawning habitat. This, combined with the absence of y-o-y 

and the low abundance of juvenile northern pike, indicated a limited 

spawning use of the system. Only one spent male was captured (at ES3) in 

the spring survey. 

In 1978, Machniak et al. (1980) recorded an upstream post-spawning 

migration of northern pike into the lower MacKay River in the spring and 

a return downstream movement, possibly to  the Athabasca River, in the 

fall. These movements suggest the primary use of the lower MacKay 

River by northern pike was for summer foraging. McCart e t  al. (1978) 

indicated a resident population of northern pike was present in the upper 

reaches of the MacKay River. 

The seven northern pike examined in the present study ranged in 

length from 336 to  679 mm. The largest individual was eight years of age. 

McCart e t  al. (1978) reported a maximum age of 11 years for MacKay 

River northern pike, with most (81%) ranging from four to  seven years. 

Machniak e t  al. (1980) reported a range in ages from O+ to  nine years with 

the majority (75%, excluding y-o-y) of pike aged being three to  six years 

of age. 

Mountain Whitefish 

Mountain whitefish were a minor component in the 1984 

electroshocking catch. They were most frequently encountered in 



stations ESl and ES2 during the summer survey, contributing 6.3% and 

4.9%, respectively, t o  the to ta l  catch from these stations (Table 3.7). Of 

the seven mountain whitefish captured in 1984, five were juveniles. The 

occurrence of this species primarily at the lower sample stations and the  

absence of y-o-y mountain whitefish in all  sampled areas indicates that  

the  source of this population was probably the Athabasca River, with 

individuals undertaking feeding movements into the MacKay River during 

the  spring and summer periods. Previous studies (McCart e t  al. 1978; 

Machniak e t  al. 1980) also indicated a low, seasonal use of the MacKay 

River by mountain whitefish. 

In 1984, mountain whitefish (n=7) captured in the  MacKay River 

ranged from 136 t o  336 mm in length with the  majority (71%) being in the 

136 t o  146 mm size range (Appendix E, Table E2). The dominant size 

class (n=5) consisted of age one fish. A single age three fish (a mature 

female) and one age four fish (a mature male) were the only other 

mountain whitefish recorded. Machniak e t  al. (1980) captured only two 

mountain whitefish (299 and 319 mm fork length) in the MacKay River; 

both fish were five-year-old males. 

Lake Whitefish 

Only two lake whitefish (i.e., one captured and oneeobserved) were 

recorded in 1984. Both individuals were adults, collected at station ES1 

during the summer survey (Table 3.7). Results of this and previous studies 

( ~ c C a r t  e t  al. 1978; Machniak e t  al. 1980) indicate tha t  lake whitefish 



utilize the MacKay River only during short feeding excursions from the 

Athabasca River. 

The one lake whitefish captured in the present study was a six-year- 

old (scale age), mature female, measuring 359 mm in length. In 1978, 

Machniak e t  al. (1980) collected five lake whitefish ranging in length from 

333 t o  376 mm, and in scale age from six t o  eight years. 

Arctic Grayling 

Arctic grayling were absent from boat electroshocking and seining 

samples in 1984. One Arctic grayling (a y-o-y) was captured by backpack 

electrofishing a t  EF9, near the upstream limit of the study area 

(Appendix E, Table El). 

Trapping operations on the lower MacKay River in 1978 (Machniak 

e t  al. 1980) recorded the presence of a small (n=45), upstream spawning 

migration of Arctic grayling in la te  April t o  early May. Although the 

location of spawning areas was not identified, the authors indicated the  

most suitable spawning areas in the MacKay River were situated above 

the Dover River confluence, upstream t o  approximately km 125. They 

also recorded one y-o-y Arctic grayling in the vicinity of EF9. 

One Arctic grayling was captured in the MacKay River in 1984. 

This individual, taken in la te  September, was 113 mm in length and age 

O+. Machniak e t  al. (1980) recorded Arctic grayling ranging in fork length 



from 66 to  378 mm and in scale age from O+ to age seven with the 

majority being ages two, three, and five. 

Yellow Perch 

Nine yellow perch (all y-o-y) were collected from the MacKay River 

in the present study; all were recorded a t  seine stations located within 3 

km of the mouth (Appendix E, Table E3). Yellow perch y-o-y also were 

recorded a t  the mouth of the MacKay River in 1978 (Machniak et al. 

1980). 

All yellow perch captured in the MacKay River (n=9) during the 

present study were age 0+ (scale age). These individuals, captured in l a t e  

September, ranged in length from 47 to  52 mm, with a mean length of 

50.7 mm. Machniak e t  al. (1980) collected y-o-y perch (n=62) from the 

mouth of the MacKay River. These individuals ranged in length from 33 

to  53 mm. Mean lengths were 36.1 and 44.0 mm on 22 July and 26 August, 

respectively. 

Burbot 

One burbot (an adult) was recorded in electroshocking captures 

(Table 3.7); none were taken by other sampling methods during the present 

study. Low numbers of burbot have been found in the lower reaches of 

the MacKay River during previous studies ( ~ c C a r t  e t  al. 1978; Machniak 

e t  al. 1980). Burbot likely utilize the lower reaches of the MacKay River 

for feeding. Spawning use of the system by this species is unknown. 



The burbot captured in the present study was a mature male, 610 

mm in total length and age seven (otolith age). Machniak e t  al. (1980) 

captured 16 burbot, ranging in length from 134 to  589 mm, in 1978. The 

oldest burbot aged in 1978 were five years of age and were maturing 

males, 496 and 499 mm in total length. 

3.4.1.2 Coarsefish S ~ e c i e s  

Two species of coarsefish, white sucker and longnose sucker, were 

recorded in the MacKay River during the present study. These species 

were present a t  the majority of sample stations within the study area and 

were collected by all sampling methods. 

White Sucker 

In 1984, white sucker was the most abundant species in electro- 

shocking captures, contributing 41.6% to  the total catch (Table 3.7). 

Adult and juvenile white suckers were most common a t  the lower two 

sample stations (ES1 and ES2) in the spring, contributing 55.0 and 51.7% 

t o  the total catch a t  those respective stations. Capture rates (CUE) in 

this period exhibited a decline with increased upstream distance from the 

Athabasca River (Appendix E, Table El). White sucker juveniles were 

present in low numbers in seine collections during the spring survey, being 

recorded only from the two lowermost stations (Table 3.8). White sucker 

y-o-y were absent from spring collections. 





In the summer, white sucker adults and juveniles were encountered 

in reduced numbers in electroshocking captures. Seine collections of 

white suckers increased in the summer surveys, reflecting the greater 

abundance of y-o-y, particularly in collections a t  stations S1 and S3 

(~ppend ix  E, Table E3). 

Synoptic surveys in the fall recorded a low occurrence and sporadic 

distribution of white suckers. White sucker (primarily y-o-y) were 

recorded only from stations EF2, SIB, and EF9, with the greatest numbers 

recorded a t  the latter station (Table 3.9). 

White sucker spawning in the MacKay River was not documented in 

1984. Previous investigations have documented large numbers of white 

suckers migrating into the MacKay River to upstream spawning areas 

( ~ a c h n i a k  e t  al. 1980). In 1978, this migration was essentially completed 

by 18 May; spawning was thought to have occurred during mid-May when 

maximum daily water temperatures of 1 loC to  13% were attained. In 

1984, water temperature was 14.50C in the MacKay River during the 

spring survey period (i.e., 27-28 May). The high temperatures and the 

capture of spent white suckers suggests spawning was completed prior to  

the 1984 spring surveys. 

White sucker spawning areas have not been previously identified in 

the MacKay River; however, indirect evidence obtained by previous 

investigators (i.e., the capture of newly emergent fry and y-o-y) indicated 

this species likely spawned in the MacKay River upstream from the Dover 



Table 3.9 Percentage composition of fish species recorded a t  synoptic backpack electrofishing and seine stations on the mainstem MacKay 
River, September 1984. 

Electrof ishing (EF) Stations Seine (S) Stations All 
MR- MR- MR- MR- MR- MR- MR- MR- MR- Comb- MR- MR- MR- MR- MR- MR- Comb Stations 

Speciesa EF1 EF2 EF3 EF4 EF5 EF6 EF7 EF8 EF9 ined S1A SIB S2A S3A S4 S5 ined Combined 
(nib (47) (45) (30) (14) (22) (26) (36) (11) (149) (380) (5) (40) (12) (5) (10) (30) (102) (482) 

AG 

Y P  

LNS 

WS 

LKC 

LND 

PD 

NRD 

SS 

TP 

aFor species code explanation, s ee  Table 3.6. 
b ~ u m b e r  of fish captured (captured and observed for electrofishing). 



River, and in the Dunkirk and Dover rivers. McCart e t  al. (1978) found 

white sucker y-o-y distributed throughout the lower MacKay River during 

the summer, but indicated they were most abundant in the mainstem 

between km 80 and km 40. The distribution patterns of y-o-y white 

suckers recorded in the present study were similar to those recorded by 

previous investigators. 

In 1978, Machniak e t  al. (1980) recorded a defined out-migration of 

white sucker y-o-y in the MacKay River. These authors indicated tha t  

large numbers of emergent fry lef t  the MacKay River during June, and 

that  by the end of June, only a small portion of the 1978 year-class 

remained in the system. A second out migration by y-o-y individuals was 

recorded during October. Movements of fry and y-o-y out of the system 

may account for the low abundance of y-o-y white suckers encountered in 

the  1984 summer and fall survey periods. A portion of the white sucker 

population (consisting of all age-classes) likely overwinters in the MacKay 

River. 

Longnose Sucker 

In 1984, longnose suckers were considerably less abundant in the 

MacKay River than white suckers. Longnose sucker adults and larger 

juveniles were present in greatest abundance a t  ES2 during both the spring 

and summer electroshocking surveys (Table 3.7). Smaller juveniles were 

taken a t  most seine stations sampled in the spring and summer periods 

(Table 3.8); however, y-o-y were absent from spring and summer 



collections in the lower MacKay River. During the fall survey, juvenile 

and y-o-y longnose suckers were present only a t  sample stations situated 

upstream from the Dover River confluence lo able 3.9). 

All adult longnose suckers captured in the spring 1984 survey were 

spent, indicating spawning was completed by this time. Machniak e t  al. 

(1980) reported that  in 1978, longnose sucker spawning in the MacKay 

River was essentially completed by mid-May. Trapping results in 1978 

indicated the size of the longnose sucker spawning population in the 

MacKay River was considerably lower than the white sucker population. 

Although longnose sucker spawning areas were not identified by these 

investigators, they indicated spawning likely occurred in areas of the 

MacKay River upstream from the Dover River confluence. McCart et al. 

(1 978) found sucker y-o-y to be widely distributed in the lower MacKay 

River but felt that  most longnose suckers spawned upstream of the Lease 

17 boundary. In 1984, large concentrations of fry were observed near the 

mouth of the MacKay River on 26 May. A dipnetted sample of these was 

preserved and the fry subsequently were identified as longnose suckers. 

These individuals ranged in length from 1 2  t o  1 4  mm indicating recent 

hatching. The source of these y-o-y (in the MacKay River or the 

Athabasca River) is unkown; however, the  absence of y-o-y from spring 

and summer collections in the lower MacKay River may indicate that  the 

fry observed originated from mainstem Athabasca River spawning areas. 

Sampling in the fall of 1984 recorded longnose sucker y-o-y only from 

stations upstream of the Dover River, with the highest capture ra te  (3.3 

fish-min-l) recorded from EF-9, the farthest upstream station 



(Appendix E, Table El). These results support previous conclusions tha t  

longnose sucker spawning areas a r e  located in the upper reaches of the 

MacKay River above the Dover River. The presence of these age-classes 

during the fall indicates the  MacKay River provides an important rearing 

habitat function. Some overwintering use of the system by all age-classes 

of longnose suckers is probable also. 

Forage Fish Species 

Lake Chub 

Lake chub was the most abundant species in the MacKay River in 

1984. This species was captured a t  all sample stations. Lake chub 

accounted for 69.2% of the seine collections a t  repetitive sample stations 

(Table 3.81, 55.5% of catches a t  synoptic backpack electrofishing stations, 

and 52.9% of synoptic seine collections (Table 3.9). This species was most 

abundant a t  stations S1, S2, and S3 during the summer survey; CUE values 

for these stations were 7.6, 4.4, and 6.9 fish per 10 in2 of surface area, 

respectively (Appendix E, Table El). 

Machniak e t  al. (1980) found lake chub t o  be the most abundant 

species in the MacKay River watershed in 1978, accounting for 50.0% of 

the total  seine catch. This species exhibited a ubiquitous distribution in 

1978 but was most abundant in the lower 80 km of the  MacKay River. 

Sampling in 1978 indicated the occurrence of a substantial upstream 

migration into the lower MacKay River during May. These fish apparently 



utilize the system for spawning, feeding, and rearing. A substantial 

downstream migration of lake chub was recorded in October, although i t  

was not determined if these fish moved into the Athabasca River for 

overwintering or remained in the lower reaches of the  MacKay River. 

The MacKay River contains important spawning and rearing habitat 

for lake chub. The capture of ripe adults during the upstream migration 

in 1978 indicated this movement was related to spawning ( ~ a c h n i a k  et al. 

1980). In 1984, lake chub y-o-y were present a t  most stations indicating 

widespread spawning and nursery use of the MacKay system. A similar 

distribution of y-o-y was noted in 1978. 

Trout-Perch 

Trout-perch was the second most abundant forage species 

encountered in the MacKay River and was present a t  the majority of 

sample stations in 1984. This species accounted for 13.7% of collections 

from repetitive seine stations (Table 3.8), and 10.6% of the  combined 

catch a t  synoptic seine and electrofishing stations (Table 3.8). 

Although adult trout-perch in spawning condition were not encount- 

ered in the present study, the capture of y-o-y from stations S1 and S3 in 

the summer survey indicates spawning use of the  MacKay River in 1984. 

In 1978, Machniak e t  al. (1980) recorded an upstream movement of 

trout-perch into the lower reaches of the MacKay River in early May, and 



a subsequent return migration in September. Spawning reportedly 

occurred in mid-June and y-o-y were recorded in catches during July. 

Numerous y-o-y trout-perch apparently drifted out of the spawning 

stream into the Athabasca River shortly af ter  hatching although some 

remained in the MacKay River throughout the summer. A portion of the 

trout-perch population was thought t o  overwinter in the MacKay River 

watershed. 

Other S ~ e c i e s  

Fathead minnow, flathead chub, longnose dace, pearl dace, northern 

redbelly dace, emerald shiner, and slimy sculpin were the other forage 

species recorded in the MacKay River in 1984 (Appendix E, Tables E l  and 

E3). Of these, flathead chub and emerald shiner were present only in the 

lower reaches of the MacKay River, likely a result of localized feeding 

movements from Athabasca River populations. Fathead minnow y-o-y 

were recorded in the lower MacKay River only during the summer survey 

(Table 3.8); adults or juveniles were absent. This species was frequently 

recorded from small, low gradient drainages in the present study area, and 

the presence of y-o-y in the MacKay River may indicate a downstream 

drift from the smaller associated drainages. 

Northern redbelly dace have not been r e p ~ r t e d  previously from the  

MacKay River. The species was encountered infrequently in the MacKay 

River, with the majority of specimens taken in the lower reaches 

(Table 3.9). The capture of one individual a t  EF6 and 29 y-o-y a t  EF9 in 



the fall period, however, may indicate the presence of a small  resident 

population within other areas of t he  MacKay River. 

Longnose dace and slimy sculpin likely are  resident species in the  

MacKay River. Longnose dace were common in t he  lower MacKay River 

and also in the upper sections of the  study area. Slimy sculpins were 

absent from upstream collections, occurring only in catches from t h e  

lower MacKay River. In 1984, longnose dace y-o-y were captured a t  both 

upstream ( E S ~ )  and downstream (S1) sample stations. Machniak e t  al. 

(1980) reported that  slimy sculpins spawned in the  MacKay River from 

mid-May t o  mid-June. 

Pearl dace were recorded a t  both the farthest upstream and down- 

stream sample stations in t he  MacKay River. The presence of y-o-y in 

September a t  EF9 indicates this species spawned in the MacKay River in 

1984, and possibly is resident in the upper reaches of t he  MacKay River. 

3.4.2 DOVER RIVER 

Eight fish species were recorded from the Dover River in 1984. All 

species encountered in the Dover River also were present in the  MacKay 

River in 1984. Previous studies on the Dover River (Sekerak and Walder 

1980) captured several species (i.e., yellow perch, northern pike, finescale 

dace, pearl dace, brook stickleback) not recorded in the present study. 

Their absence likely is due t o  the  limited sampling, particularly in upper 

reaches of the Dover River, in 1984. 



3.4.2.1 Sportfish Species 

Burbot was the only sportfish species found in the Dover River in 

1984 (Table 3.10). One individual (an adult) was observed in EF1 during 

the spring survey (Figure 2.1). This species has not previously been 

recorded in the Dover River; its presence in 1984 likely represents a 

feeding incursion from the MacKay River. 

Resident populations of yellow perch and northern pike have been 

reported from the headwater lakes of the Dover River (Machniak e t  al. 

1980). 

3.4.2.2. Coarsef ish Species 

Both white sucker and longnose sucker were recorded in the Dover 

River in 1984. White suckers were the most abundant coarsefish, 

accounting for 14.7% of the combined catch (Table 3.10). White suckers 

were present a t  all sample stations on the Dover River; longnose suckers 

were present a t  all stations except EF2. Adults of both sucker species 

were absent from captures. White sucker y-o-y were captured a t  EF1 in 

July and a t  EF4 in September; longnose sucker y-o-y were found a t  EF4 

in September. The presence of y-o-y confirms the occurrence of spawning 

by these species in the Dover River in 1984. Machniak e t  al. (1980) 

reported similar findings in 1978. 



Table 3.10 Percentage composition of fish species recorded a t  backpack electrofishing and seine stations on the Dover 
River, 1984. 

Electrofishing (EF) Stations Seine Stations All  
Stations 

Speciesa DR-Wlb DR-EP2 DR-EF3 DR-EF4 Combined DR-S1 DR-S2 Combined Com bined 
(nIC (171) (86) (96) (137) (490) (11) (10) (21) (511) 

LING 
LNS 
WS 

LKC 
LND 
NRD 
SS 
TP 

aFor species code explanation, see Table 3.6. 
~ D R - E F ~  sampled during each of the spring, summer, and fall survey periods; remainder of electrofishing and seine stations 

sampled only during the fall survey period. 
cNumber of fish captured (captured and observed for electrofishing). 



The high incidence of beaver dams found on the Dover River during 

the fall 1984 suggests that  some individuals of both sucker species may 

become temporarily entrapped and overwinter in the Dover River. A 

certain portion of the spawning population likely originates from outside 

the Dover River (i.e., MacKay or Athabasca rivers) during the spring 

freshet and vacates the  system after spawning. In years with low spring 

flows (e.g., 1984), however, some beaver dams may remain intact, 

preventing access by upstream migrants t o  spawning areas. The presence 

of y-o-y suckers in upstream locations in 1984 indicates successful 

overwintering by mature adults within these areas. 

3.4.2.3 Forage Species 

Five forage fish species were collected from the Dover River in 

1984. All species present were considered t o  be resident and completing 

all life history functions within the system. Lake chub were the most 

abundant species recorded, accounting for 56.2% of the combined 1984 

captures; the majority of fish captured a t  all Dover River stations were 

lake chub (Table 3.9). This species was most abundant a t  EF4 where a 

CUE of 6.8 fish-min-1 was recorded in September (Appendix E, Table El). 

Trout-perch also were abundant in Dover River collections, 

contributing 17.8% to  the combined catch (Table 3.10). Highest capture 

ra te  for this species was 2.1 fish-min-I a t  EF4 (Appendix E, Table ~ 1 ) .  

This species was present in catches from all stations. 



Slimy sculpins were present a t  all stations in 1984, and accounted 

for 5.1% of the combined catch (Table 3.10). This species exhibited a 

similar abundance a t  all stations. 

Northern redbelly dace and longnose dace exhibited a more sporadic 

distribution and lower abundance in the Dover River, relative t o  the other 

forage species. Both dace species were recorded only from the lower 

reaches of the  Dover River. 



SECTION 4.0 

WEST INTERCEPTION DJ.TCH/LOWER BEAVER CREEK SYSTEM 

4.1 AQUATIC HABITAT 

4.1.1 DESCRIPTION OF DRAINAGE AREA 

The West Interception Ditch (W.I.D.) was constructed in 1976 t o  

divert stream flow and surface runoff from the Syncrude Canada Ltd. 

mine site. It presently drains an area of approximately 73 km2 (Appendix 

B, Table B2). Situated approximately 2.5 km west of the plant site, the  

W.I.D. originates in the southwestern corner of the mine site (Figure 2.2). 

An earthen dam forms the headwaters of the W.I.D., and separates the  

W.I.D. from Creek B1, diverting flow from Creek B1 into Beaver Creek 

Reservoir. From the dam, the W.I.D. flows north for approximately 14  

km before entering Bridge Creek. Four main tributaries (Creeks W2, W3, 

W4 and W5) and several ephemeral drainages (draining a large muskeg 

area to the west) flow into the W.I.D. prior to its confluence with Bridge 

Creek. The drainage areas for these systems range from 1.8 km2 ( ~ 2 )  t o  

26.0 km2 ( ~ 3 ) .  

Bridge Creek originates in a muskeg area to  the northwest of the 

mine si te  and drains directly (i.e., not including W.I.D. system) an area of 

approximately 14 km2 (Appendix B, Table B2). From the headwaters, 

Bridge Creek flows in a southeasterly direction for 3.0 km before i t  is 

joined by the W.I.D. ( ~ i g u r e  2.2). From this confluence, Bridge Creek 



flows east for 3.5 km before emptying into Lower EZeaver Creek. The total 

drainage area of Bridge Creek (including the W.I.D. system) is 86.3 km 2 

(Appendix B, Table B2). 

The remaining section of Lower Beaver Creek originates below the 

North Starter Dike and flows in a northeasterly direction for 5.5 km t o  the 

confluence with Bridge Creek, and then east for 2.5 km to the Athabasca 

River (Figure 2.2). Seepages and springs provide the majority of the flow 

in Lower Beaver Creek. The present drainage area for this system (exclud- 

ing input from Bridge Creek) is approximately 4 km2 (Appendix 

B, Table B2). 

4.1.2 STREAMFLOWS DURING STUDY PERIOD 

Discharges in the W.I.D. and Lower Beaver Creek system were 

measured on three occasions (June, July, September) during the study 

period (Appendix B, Table ~ 3 ) .  Highest discharges were recorded in all 

systems during the June survey. In most systems, flow rates were similar 

during the  July and September surveys. Discharge in the West Interception 

Ditch (WID-W) ranged seasonally from 0.10 m3.s-1 in June to  0.06 rn3.s-1 in 

September. Tributaries to  the W.I.D. experienced the following seasonal 

fluctuation: W3 - 0.07 m3-s-I in June to  less than 0.01 m3.s-I in 

September; W4 - 0.02 m3-s-1 in June t o  less than 0.01 m3-s-l in 

September; W5 - less than 0.1 m3-s-1 on all three occasions. Discharge in 

Lower Beaver Creek (LBC-W1) in June was 0.26 m3.s-1 compared t o  

0.02 m3-s-I in September. Bridge Creek ( B R C - ~ 1 )  also displayed lower 

discharges during the fall (0.16 m3.s-1 in June; 0.01 m3.sq1 in September). 



4.1.3 WEST INTERCEPTION DITCH (w.1.D.) 

A study of t h e  various forms of aquat ic  biota and t h e  physical 

habitat  character is t ics  of t h e  W.I.D. was  undertaken in 1977, one year  

a f t e r  its construction (Tsui et al. 1977). Physical hab i ta t  conditions were  

recorded at four locations in t h e  ditch. Tsui et al. (1977) described t h e  

W.I.D. as a shallow, slow-moving s t r e a m  varying in width f rom 4 m 

(upstream) t o  1 2  m (downstream). They noted t h a t  t h e  subs t ra te  was  

predominantly mud except where gravel had been placed for  s t r e a m  bed 

protection. In 1977, maximum discharge occurred in June; s t reamflow 

was negligible by August. Visible erosion of t h e  non-vegetated sloping 

banks was evident in June. By August, t h e  banks were  completely 

revegeta ted and apparently stabilized. 

During t h e  present study, habi ta t  s ta t ions  were  established in t h e  

lower (HI), middle (HZ), and upper reaches  ( ~ 3 )  (Figure 2.2). The location 

of these  s ta t ions  in relat ion t o  t h e  habi ta t  zonation on t h e  W.I.D. is shown 

in Figure 4.1. A summary of t h e  d a t a  collected a t  t h e  habi ta t  s ta t ions  i s  

presented in Table 4.1. 

Three major habi ta t  reaches  on t h e  W.I.D. a r e  evident. Reach 1, 

which originates at t h e  confluence with Bridge Creek,  is approximately 

1.0 km in length. This section fea tu res  a high gradient (8.0 mwkm-l) in 

relat ion t o  upstream reaches. Reach 2 (km 1.0-2.2), with a gradient of 

2.9 m*km-1, const i tu tes  a transition zone between the  high gradient 

conditions in Reach 1 and t h e  low gradient conditions in t h e  upper reach. 

Reach 3 (km 2.2-13.0) is character ized by a low gradient (1.9 m-km-1). 





Table 4.1 Summary of physical habitat  characterist ics a t  sampling s t a t ions  on the  \Vest Interception Ditch, July 1984. 

Channel Fea tu res  a t  lkarrrect Cover  Type Distribution (96) 

Water Local Mean Mean 
Tempt0C) Rooted Wetted Gradient  Depth Velocity Discharges pool ' m e  

Station Da te  (TimeXh) Width (m) Width (m) (96) (em) (cms71) (m3s-l)  Riffle Run Flat 1 2 3 4 5 

H1-TI 18  July 24 4.2 4.2 2.0 8 
(1415) (4-14) 

-T2 18  July 25 7.2 5.7 1 .5  10 
(1600) (9-12) 

-T3 18  July 25 10 .5  5 . 5  1.5 1 2  
(1640) (8-16) 

-T4 1 9  July 1 7  7 . 7  3.9 2.5 15  
(0920) (14-16) 

-T5 19 July 17 18.3 11.2 0 . 8  17 
(1000) (14-20) 

H2-TI 1 9  July 23 14.0 13.2 0.25 37 
(1625) (27-43) 

-T2 1 9  July 23 12.8 12.8 0.25 22 
(1640) (18-26) 

-T3 1 9  July - 10.7 9.7 0 .25  15 
111-19) 

H3-T1 20 July 16 5.8 5.8 0.25 33 
(0945) (?9-37) 

-T2 20 July 16 7.6 7 .6  0.25 46 
(1000) (33- 60) 

-T3 20 Julv 16 6 . 3  6.3 0 .25  35 

(5-11) 
Negl. 0.02 . 1 0 0 .  . - . 

Negl. 0.02 - 1 0 0 -  . - . 

Negl. 0.02 . 100  - . - - . 

Bank Fea tu res  (RUBILUB) Substrate Distribution (96) A q m t i e  Veg. 

EME Macro. Mgae 'Ond. Stab. Under' 7 s )  :Ei 7%. Sand Silt PG MG CG VCG SC U2 S B  (ki) ( N ~ , )  (No.) (No.) Stat ion (8) (No.) (em) 

HI-T1 10170 412 8110 1361136 411 20122 9010 - - 76 24 - - - . . .  4 1 1 
(50)1(32)~ 

-T2 80120 114 010 1351154 112 010 010 - - 3 5 1 8  - - - 47 - - 4 1 1 
-T3 7515 214 010 1451145 212 016 010 - - 18  36 18 - - - 28 - 4 1 2 
-T4 010 414 010 1601168 112 010 010 - - - - - - - 49 51 - 4 1 1 
-T5 010 4i4 010 1451160 211 010 010 - - - - - - ~ 71 29 - 4 3 3 

H2-T1 010 414 010 1601170 212 010 010 - 100 - - - - - . .  - NiAC 4 1 
-T2 010 414 310 1661174 414 010 010 - 100 - - - - - - .  N / A  4 1 
-T3 010 414 010 1651165 214 010 010 - 100 - - - - - . .  NIA 5 1 

H3-T1 010 414 010 1551164 212 010 010 - 100 - - . . . . -  N1A 2 I 
-T2 010 4/4 010 1751167 212 010 010 - 100 - - - - - . . .  N1A 2 1 
-T3 010 414 010 1751175 212 010 010 - 100 - - - - - . . .  N/A 4 1 

aRecorded d u r ~ n g  wa te r  quali ty sampling on 25 July. 
b ~ n g l e  of undercut  In parentheses.  
=N/A - not applicable. 
Note: Descrlptlon of t e rms  In Table 2.2. 



Data from habitat station HI ( T I - ~ 4 )  describe the habitat conditions 

in Reach 1. Data from the upper transect a t  this station (T5) likely are more 

representative of conditions in Reach 2; accordingly, data from T5 were not 

grouped with the TI-T4 data for analysis purposes. The mean wetted 

channel width a t  H1 was 4.8 m; mean depth was 11 cm. Mean current velo- 

city a t  the station was 29 cmos-1. The overall distribution of cover types a t  

the four transects was as follows: Riffle (21%); Run (64%); Flat (6%); and 

Pool (9%). The substrate was dominated by coarse textured material; i t  

ranged in size from fine gravel (0.4 to  0.8 cm) to  small boulder (25.6 t o  51.2 

cm). Sedimentation of the coarse substrate material generally was low. 

Significant stream bank erosion was evident although on a localized basis. 

Macrophyte density was low, being restricted t o  sparse distribution of 

Potamogeton pectinatus along the channel margin. 

Data from stations H2 and H3 provide a characterization of habitat 

conditions in Reach 3. Mean channel width in the lower section of the reach 

(H2) was 11.9 m; mean channel depth was 25 cm. The mean velocity a t  the 

three transects was 3.9 em-s-l. Channel configuration in the upper portion 

of the reach ( ~ 3 )  differed noticeably. In this section the channel was nar- 

rower (mean width 6.6 m), deeper (mean depth 38 cm), and current velocity 

was markedly reduced (i.e., negligible). Despite differences in channel con- 

figuration, the cover type distribution was uniform a t  both stations (i.e., 

100% Flat). The substrate consisted of 100% silt a t  all transects. 

Predominance of Flat type habitat and fine textured substrate characterize 

low gradient, low habitat diversity areas. Bank erosion was negligible in the 

entirety of Reach 3 owing to  the presence of sloping, well-vegetated banks. 



The density of rnacrophyte growths in the W.I.D. varied on a 

longitudinal basis. In Reach 1 (HI) channel coverage was less than 5%. In the 

upper sections, macrophyte channel coverage ranged from 50-75% ( ~ 2 )  t o  

15-75% (H3; Plate 4). The dominant species a t  all stations was Typha 

latifolia; also represented were Potamogeton, Elodea and Megalodonta. 

Conditions in 1984 are similar to  those described in 1977 (Tsui e t  al. 1977), 

although overall channel coverage appears to have increased. 

4.1.4 MINOR TRIBUTARIES OF W.I.D. 

Inflow from several small tributaries enter the West Interception 

Ditch and contribute to  the Bridge Creek - Lower Beaver Creek drainage 

system (Figure 2.2). Creeks W2 to  W5 in the present study represent the 

mainstem and/or tributaries of Creek No. 1 to  Creek No. 3 (Noton and 

Chymko 1978) which prior to  the diversion entered directly into Beaver 

Creek. Creeks W 2  and W3 correspond t o  former Creeks No. 1 and 2, respect- 

ively. Creeks W4 and W5 represent a tributary of Creek No. 3 and the main 

branch of Creek No. 3, respectively. Creek W1 was not investigated since 

the drainage pattern and point of entry into the W.I.D. were undefined. 

Two of the four defined drainages, W2 and W4, are classed as first- 

order streams (Appendix B, Table B2). These systems are characterized by 

relatively short stream channel lengths ( ~ 2  - approx. 2.5 km; W4 -approx. 

5.0 km) and small drainage areas ( ~ 2 - 1 . 8  km2; W4-10.4 km2). Creeks W3 

and W 5 feature greater stream channel lengths (W 3 - approx. 1 6  km; W 5 - 

approx. 8 km) and relatively larger drainage areas (W3-26 km2; W5- 

18.3 km2). 



Streamflows were measured in W3, W4, and W 5  on three occasions 

during the study period (June, July, September). Highest flows were 

recorded in the June survey (Appendix B; Table B3); values ranged from 

0.07 m3.s-1 in Creek W 3  to  less than 0.01 m3-s-1 in Creek W5. Discharge 

in each of the streams was less than 0.01 m3-s-1 both during July and 

September. 

Creeks W 2  to  W5 are  characterized by high gradients in the lower 

reaches, ranging from 3.4 to  5.7 m-km-1 (Figures 4.2 and 4.3). Habitat 

features generally associated with high gradient reaches (predominance of 

Riffle/Run cover types, coarse substrate, etc.) a re  not evident. This 

likely is due to the extensive occurrence of channel control by beaver 

(Plate 5). The frequency of beaver dams and total pondage is highest in 

Creek W3 (Reach 1 - 2.8 beaverponds per km, 17.8 ha ponded water). 

Habitat in the lower reaches of all streams is dominated by Flat 

type habitat resulting from beaver pondage; substrates primarily consist 

of silt. Overall, habitat diversity in these streams is low and they are  

suited only to  use by small, non-game fish species (e.g., cyprinids). 

4.1.5 BRIDGECREEK 

Habitat conditions in Bridge Creek have not previously been 

described. In the present study habitat stations were established a t  three 

locations (Figure 2.2). Station HI was situated on lower Bridge Creek 

(km 0.2) immediately upstream of the Highway 63 road crossing. Stations 



CREEK W2 

CREEK W3 

- 
E 340- 

R2  2.5 11.2 

Reach 

- 
5 .- 
+. 
2 
Q 

320 ! 
16 14 12 10 

I 

8 
I I I I 

6 4 
i 

2 0 
Distance (km) 

0.6 
c R1 5.712.1 

I- - 0.7 

I W. 1.0. 

Figure 4.2 Longitudinal profile and habitat zonation, Creek W2 and Creek W3. 

i320 7 
2A 2.0 1.6 1.2 .8 

I 

.4 0 

Distance (km) 



CREEK W4 

320 I I 1 
4 2 0 
Distance (km) 

Reach. Gradlent (rnlkrn) 1 No Beaverpondslkrn 

Area (ha) of ponded water 

CREEK W5 

Distance (km) 

Figure 4.3 Longitudinal profile and habitat zonation, Creek W4 and Creek W5. 



H2 and H3 were located immediately downstream and upstream of the 

Bridge Creek-W .I.D. confluence (km 3.61, respectively. The position of 

these stations in relation to the longitudinal profile and habitat zonation 

is illustrated in Figure 4.4. A summary of the data collected a t  the 

habitat stations is presented in Table 4.2. 

Three major habitat reaches are identifiable on the basis of stream 

gradient ( ~ i g u r e  4.4). Reach 1 (km 0-0.5) exhibits a steep gradient 

(46 m-km-I). Data from station HI which were collected on 21 July 1984 

provide a description of existing habitat conditions. Major channel 

characteristics were as follows: mean wetted width was 2.6 m, mean 

depth was 21 cm, and mean velocity was 24 cm*s-l. Habitat diversity in 

the reach was high; Riffle (15%), Run (35%), and Pool (50%) cover types 

were well represented. Pools were all of low quality (Class 1). Substrates 

contained a substantial proportion of both sand (40%) and coarse (60%) 

substrate. The coarse substrate ranged in size from medium gravel (0.8 to  

1.6 cm) to  small boulders (25.6 t o  51.2 cm); bedrock also was well 

represented. Much of the large cobble (12.8 to  25.6 cm) and bedrock was 

formed of bitumen. Existing bank erosion was moderate t o  high; stability 

against further erosion generally was low. Sedimentation of coarse sub- 

strates (embeddedness) ranged from low to  moderate. 

Reach 2 (km 0.5-4.5) is characterized by a high gradient (14.3 m-km-'1. 

Two habitat sub-reaches are present in this section due t o  the  inflow of 

the W.I.D. (i.e., resulting in altered channel configuration). Downstream 

from the W.I.D. confluence a t  station H2, the major channel 
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Table 4.2 Summary of physical hab i t a t  characterist ics at sampling s t a t ions  on Bridge Creek,  July 1984. 

Channel Peati lres a t  R-t Cow Type Distribution (%) 

Water Lacal Mean Mean 
T e r n d o c )  Rooted Wetted Gradient  Depth Velocity Discharge Type 

Station Da te  (Time)(h) Width (m) Width (rn) (96) (ern) ( e m s 1 )  ( m 3 r 1 )  Riffle Run F la t  1 2 3 4 5 
-- 

HI-TI 

-T2 

-T3 

-T4 

-T5 

iI2-TI 

-T2 

-T3 

-T4 

-T5 

H3-TI 

-T2 

-T3 

-T4 

-Ti 

21 July 

21 July 

21 July 

21 July 

21 duly 

19 July 

1 9  July 

19 Jllly 

19 July 

1 9  July 

19 July 

i 9  July 

1 3  July 

19 July 

19 July 

48 
(45-54) 

12 
(2-22) 

32 
(0-78) 

1 7  
(3-42) 

1 0  
(6-25) 

59 
(41-68) 

13 
(0-24) 

23 
(13-32) 

I 7 
(0-48) 

57 
(45-63) 

16 
(9-26) 

11 
(5-21) 

Nil 

4 
(3-5) 

1 3  
(4-19) 

Bank Peaturs (RUBILUB) Substrate D i s t r i M i o n  (8) Aquatic Veg. 

Cond. Stab. Under. EM& Macro. Algae 
Station (%) (No.) (ern) 

-T2 10110 313 010 90)100 212 7/11 3010 100 - - - - - - . . .  1 
. . 

1 1  
-T3 95120 113 1110 1701125 112 510 1510 100 - - - - - - - N I A ~  I 1 

(25)b 
-T4 65145 112 010 1601140 I11 010 010 100 - - - - - - . .  . 1 

. .  . 
NIA 1 

-T5 20175 311 2610 1451150 211 2410 010 56 - 44 - - - - 1 1  1 

aBitumen dominated. 
b ~ n g l e  of undercut  ~n pamntheses. 
=Flat  shale. 
d ~ / ~  - not applicable. 
Note: Description of terms I "  Table 2.2. 



characteristics were as follows: wetted width was 1.8 m, mean depth was 

32 cm, and mean velocity was 34 cm-s-1. At the upper station (H3), the 

channel measurements were as follows: wetted width was 1.3 m, mean 

depth was 24 cm, and mean velocity was 9 cm-s-l. Habitat was 

moderately diverse both above and below the W.I.D. confluence, although 

Riffle and Run cover types were more prevalent in the downstream 

section due to a localized higher gradient. Cover types below the W.I.D. 

(H2) were distributed as follows: 16% Riffle, 46% Run, 38% Pool, and 0% 

Flat. The section above the W.I.D. (H3) exhibited the following cover 

type distribution pattern: 7% Riffle, 37% Run, 36% Pool, and 20% Flat. 

Pool habitat a t  both stations generally was of low quality. Slightly higher 

pool quality was recorded a t  H2 (i.e., minor input of Class 2 Pool). This 

was largely due to increased depth resulting from flow input from the 

W.I.D. Substrate in the  section below the W.I.D. confluence was 

dominated by coarse material. The major groups were fine gravel (0.4 to  

0.8 cm), small cobble (6.4 t o  12.8), and small boulder (25.6 t o  51.2 cm). 

Sand substrates also were common. Above the W.I.D. confluence, the 

substrate was dominated by sand although some fine gravel and large 

cobble were recorded. A t  the lower station (H2), streambanks displayed 

little previous erosion, and stability was high. At the upper station ( ~ 3 1 ,  

streambank erosion ranged from low to  high a t  the various transects; 

stability against further erosion was rated as low t o  moderate. 

The uppermost reach ( ~ 3 ) ,  which is approximately 2 km in length, 

was not investigated in this study. On the basis of its low gradient 

(1.5 m-km-I), however, i t  is assumed that  i t  would exhibit low diversity 



habi ta t  comprised almost entirely of F la t  cover type and silt/sand 

substrate.  

4.1.6 LOWER BEAVER CREEK 

Habi ta t  conditions in Lower Beaver Creek during 1977, one year 

a f t e r  completion of t h e  diversion, were  described by Tsui e t  al. (1977). 

Their sampling s ta t ion was located downstream of t h e  North S ta r te r  Dike. 

Habitat  consisted of r iff les (80% gravel,  20% cobble) and silted pools 

during low flow periods; at high water  levels, t h e  subst ra te  consisted 

entirely of shifting sand. Average channel width and depth  was  8 m and  

1 8  em,  respectively. Banks were  described as being low and stable with 

overhanging brush. Construction of t h e  ca tchment  basin just downstream 

of t h e  North S ta r te r  Dike has since eliminated the  shift ing sand. 

During t h e  present study, a habi ta t  s ta t ion (HI)  was established on 

Lower Beaver Creek  at a s i t e  immediately upstream of Highway 63 

(Figure 2.2). The s ta t ion was 3.2 km upstream from t h e  Athabasca River 

and approximately 800 m upstream from t h e  entry  of Bridge Creek. 

Only one reach  ( ~ 1 )  was identified on t h e  basis of gradient,  although 

i t  is cer ta in  t h a t  t h e  quality of habi ta t  below the  en t ry  of Bridge Creek 

would be considerably higher due t o  t h e  presence of g r e a t e r  flows 

(Figure 4.5). Reach 1 is character ized by a moderate gradient (4.7 rnskm-1). 

Habitat  conditions within t h e  reach  a r e  character ized by d a t a  f rom H I  
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 able 4.3). Major channel characteristics on the 22 July survey date 

were as follows: wetted width was 3.5 m, mean depth was 20 cm, and 

mean velocity was 2.8 cm-s-1. Habitat diversity was low as indicated by 

the overall cover type distribution: 0% Riffle, 3% Run, 82% Flat, and 

15% Pool. All pools were low quality (i.e., Class 1). Habitat diversity 

generally is much higher in moderate gradient reaches. In this case, the  

high degree of uniformity is due to the extremely low discharge which 

results in masking of cover types. Overall, silt was the most prevalent 

substrate material be. ,  64% distribution dominance). The coarse 

material ranged in size from very coarse gravel (3.2 t o  6.4 cm) to  large 

cobble (12.8 to 25.6 cm). Sedimentation of coarse substrates was 

moderate (i.e., 25-50% coverage of interstitial space). Macrophyte 

density generally was low (i.e., 5-25% channel coverage). In contrast, 

algal density was high (i.e., greater than 75% coverage of surface area). 

Banks generally exhibited lit t le erosion and were fairly stable with 

respect to  further erosion tendencies. 

4.2 WATER QUALITY 

4.2.1 PHYSICAL PARAMETERS 

Within the West Interception Ditch/Lower Beaver Creek drainage 

system, water temperatures during the three periods sampled ranged from 

3.0 to 24.0'~ with both values recorded a t  station WID-W1 (Table 4.4). In 

1977, July, and September temperatures in the West Interception Ditch 

0 0 (W.I.D.) were 5.0 C cooler and approximately 9.0 C warmer, respectively, 



Table 4.3 Su~nn~ary  of physical habitat characteristics a t  sampling stations on Lower Beaver Creek, July 1984. 

Channel Features at l tansect  Cover Type Distribution (%I 
Water Local Mean Mean 

TemdoC) Rooted Wetted Gradient Depth Velocity Discharge Pool Type 

Station Date (Time)(h) Width (m) Width (m) (%I (crn) (cm-s-l) (m3.s-1) Riffle Run Flat 1 2 3 4 5 

l i ~ - ~ r i  22 J U ~ Y  14.5 2.9 2.3 1.0 10 4 0 . 0 2 ~  - - l o o  - - - - - 
(1155) (8-14) (2-6) 

-T2 22 July - 3.4 3.2 1 . O  2 1 1.5 - - - 100 - - - - - 
(15-26) (1-2) 

-'r3 22 July - - 4.0 1 . 0  1 8  5 - - 17  8 75 - - - - 
(15-24) 

-T4 22 July - 6.0 2.8 0.5 12 2.3 - - - 100 - - - - - 
(5-1 9) (0-5) 

-T5 22 July - 5.4 5.4 0.25 3 9 1 - - - 100 - - - - 
(29-46) 

- Bank Features (RUBILUB) Substrate Distribution (%) Aquatic Veg. 

Cond. Stab. Under. Slope Cover Depth Over. LB EMB. Macro. Algae 
Station (%I (NO.) (cm) (Deg.1 (No.) (em) (cm) Sand Silt PG MG CG VCG SC LC SB ( B ~ )  (No.) (No.) (No.) 

BRccorded during water quality sampling on 29 July. 
b ~ n g l e  of undercut ill parentheses. 
Note: Descriptio~l of terms in Table 2.2. 



Table 4.4. Summary of water quality data for the West Interception Di tchlbwer  Beaver Creek System obtalned in 1984. 

SitelDete W5-W WtW W3-W WlDW2 WID-Wl 
Parameter 17 June 25 July 17 June 25 July 25 Sept. 11  h e  25 July 25 Sept. 17 June 25 July 25 Sept. 11 June 25 July 26 Sept. 

Temperature OC 

pH 
Specific Conductance pS.cm 
Dissolved Oxygen 
Oxygen 'X Saturation 
TUrbid~ty N.T.U. 
Calcium 
Magneslilm 
Sodium 
Potasslum 
Chlonde 
Sulphate 
PP Alkalinrty, a s  CaC03 
Alkal~nltv. T. as  CaCO? 
~ i c a r b o n i t e  
Carbonste 
Hardness, T. as  CaCO3 
Silica (Reactive) 
Total Filterable Residue 
Total Non-Filterable Resldue 
Chem~cal  Oxygen Demand 
011 & Grease 
~ l t r o & n ,  T. a s  N 1.43 2.10 1.53 1.62 1.2? 3.31 2.21 1.59 
Nltrate + Nltrate Nitrogen as  N 0.011 0.006 0.008 0.019 0.005 0.011 0.008 0.005 
Kjeldahl N~trogen, T. as  N 1.42 2.10 1.52 1.60 1.26 3.30 2.20 1.58 
Ammonia Nitrogen, T. as  N 0.02 0.13 0.02 0.11 0.01 0.05 0.09 0.02 
Phosphorus, T. as  P 0.077 0.385 0.041 0.085 0.032 0.160 0.260 0.200 
Ortho-Phosohorus as P 
Total 0rga i lc  Carbon 
Total lnorganlc Carbon 
Phenol 
Arsenlc, T. 
Selemum, T. 
Boron, T. 
Cadmium, T. 
Copper, T. 
Iron, T. 
Chromium. T. 
Manganese, T. 
Zinc, T. 
Lead, T. 
Vanadium, T 
Nlckel, T. 
Mercury, T. 
Cyanide, T. 
Tannln di Llgnln 
Ion Balance 

Notes: All vslues are reported ~n m g . t l  unless otherwrse stated 
L - Less m a n ;  T. - Total; N - Nitrogen; P - Phosphorus. 



Table 4.4. Continued. 

SitelDate BRC-W2 BRC-W1 LBC-WZ LBC-WI 

Parameter 17 June 25 July 25 Sept. 18 June 29 July 21 Sept. 19 June 29 July 21 Sept. 19 June 29 July 22 Sept. 

Temperature O C  

P H 
Specific Conductance p S.cm. 
Dissolved Oxygen 
Oxygen ?6 Saturatlan 
Turbld~ty N.T.V. 
Calclum 
Magnesium 
W l u m  
Potasslum 
Chlorlde 
Mphate  
PP. Alkalinity as CaC03 
Alkalinitv. T. a s  CaCO? 

Carbonate 
Hardness, T. as CaCOg 
Slllca (Reactive) 
Total F~lterable Resldue 
rota1 Non-Filterable Resldue 
Chem~cal Oxveen Demand .- 
011 & Grease 1.0 1 . 2  I 0.1 0.R 0.7 1 . 2  . ~ - - -~ - ~. .. . - 
Nitrogen, T. as N 1.67 2.12 1.61 1.20 1.40 0.83 L0.30 0.69 0.33 1.20 1.22 0.68 
Nitrate + Nltrlte N~trogen as N 0.006 0.016 0.007 0.010 0.043 0.010 L0.003 0.011 0.013 0.031 0.044 0.021 
Kjeldahl Nitrogen, T. as N 1.66 2.10 1.66 1.20 1.36 0.82 0.30 0.68 0.32 1.16 1.18 0.66 
Ammon~a Nitrogen, T. as N 0.08 0.15 0.04 0.07 0.12 0.03 0.03 0.06 LO.01 0.05 0.20 0.04 
Phosphorus, T. as P 0.050 0.125 0.062 0.051 0.058 0.041 0.021 0.022 0.022 0.038 0.057 0.046 
Ortho-~hosphorus as P 
Total Organlc Carbon 
Total Inorganic Carbon 
Phenol 
Arsenic, T. 
Selenium, T. 
Boron, T. 
Cadmlum, T. 
Copper, T. 
Iron, T. 
Chromium, T. 
Manganese, T. 
Zinc, T. 
Lead, T. 
Vanadium, T. 
Nickel, T. 
Mercury, T. 
Cyanlde, T. 
Tannln & Llgnin 
Ion Balance 

Notes: All values are reported in mg.~.' unless otherwise stated. 
L - Less man;  T. - Total; N - Nltrogen; P - Phosphorus; N D  - n o  data. 



than during the comparable sampling periods in the present study (Tsui et 

al. 1977). The water in the drainage system was brown in colour. 

The pH within this system ranged from slightly acidic ( p ~  6.5) to 

alkaline (pH 8.5). The low pH values likely were the result of drainage 

from muskeg areas. Acidic conditions were not reported in the W.I.D. or 

Lower Beaver Creek during May t o  September 1977 (Tsui et al. 1977). 

The non-filterable residue levels in the drainage system ranged from 

0.8 m g - t l  a t  station WID-W1 t o  40.0 rng-dl  a t  station BRC-W1. 

Notably lower levels were recorded a t  stations WID-W1 and LBC-W1. The 

concentrations showed a direct relationship to stream discharge. Similar 

conditions were reported in Tsui e t  al. (1977). 

Dissolved oxygen concentrations a t  the stations associated with the  

tributaries were noticeably lower than those recorded a t  the remaining 

stations in the drainage. While the concentrations generally ranged from 

4.4 to  11.0 mg-~-', values a t  W5-W, W4-W and W3-W ranged from 1.0 t o  

7.5 mp0L-', and were frequently less than 5.0 mg.L-' minimum required 

by sport fish. The low levels probably were the result of drainage from 

stagnant ponds associated with beaver dams. Dissolved oxygen 

measurements a t  station W3-W were conducted within the beaver pond 

due to the proximity of the beaver dam to  the W.I.D. (Plate 5). Dissolved 

oxygen levels a t  stations WID-W1 and LBC-W2 were very similar to  those 

in July and September reported in Tsui et al. (1977). 



4.2.2 MAJOR IONS 

Although the water in the drainage system generally was of the 

calcium bicarbonate type, the ionic dominance varied considerably 

between stations and between sampling periods (Figure 4.6). The 

influence of sodium, commonly associated with groundwater, was notable 

a t  all stations. Sulphate concentrations, however, were erratic; sulphate 

frequently varied from being the dominant t o  the least abundant anion. 

The cause for such behaviour was not apparent. It appeared, however, the 

major source of the sulphate ion originates in the W.I.D. and its associated 

tributaries. This likely accounts for the higher sulphate concentrations in 

Bridge Creek below the W.I.D. confluence than was recorded in Bridge 

Creek (BRC-W2) above the confluence. At stations where the sulphate 

concentrations were high, there was a corresponding decrease in the  

buffering capacity of the water, probably because of acidification as 

suggested by the low total  alkalinity values and in some cases low pH. It  

should be recognized, however, that  muskeg waters commonly are low in 

total alkalinity and may have an acidic pH. 

4.2.3 NUTRIENTS 

4.2.3.1 Nitrogen 

The total nitrogen concentrations in the drainage system ranged 

from less than 0.30 mg ~ 9 L - l  t o  3.31 mg ~ 9 L - l .  Notable trends among 

sampling stations were not apparent. The highest concentrations 





generally occurred in July and, for reasons s t a t e d  in Section 3.2.3.1, 

important seasonal differences were  not  exhibited. The t o t a l  nitrogen 

levels generally exceeded the  ASWQO of 1.0 mg K-c'. Concentrations in 

July and September repor ted in Tsui et al. (1977) generally were  lower and 

within the  ASWQO. Ni t ra te  + ni t r i te  concentrations were less in t h e  

drainage system with values ranging f rom less than 0.003 t o  0.044 

mg N-L-? 

Ammonia concentrations,  which ranged f rom less than 0.01 t o  0.20 

mg N-L-l, generally were  low except  fo r  t h e  0.20 mg N0L-l value 

recorded at s ta t ion LBC-W 1. 

4.2.3.2 Phosphorus 

The concentrations of to ta l  phosphorus in the  drainage system 

ranged from 0.017 rng P - t - l  at WID-W1 t o  0.385 mg P-L-' at W5--W. The 

concentrations varied considerably and showed no trend among the 

1 stations. The levels frequently exceeded t h e  ASWQO of 0.05 m g  P-L- . 
Notably higher concentrations were  recorded by Tsui et al. (1977) in t h e  

W.I.D., and in Lower Beaver Creek near s ta t ion LBC-W2. Ortho- 

- 1 
phosphorus concentrations,  ranging from less than 0.003 t o  0.040 m g  POL 

were  similar among s ta t ions  WID-W1, BRC-W1, and LBC-W1. At  each  

s ta t ion t h e  highest values occurred in July which was identical  t o  t h e  

behaviour of t o t a l  phosphorus at those stations. 



4.2.3.3 Reactive Silica 

Reactive silica concentrations ranged from 0.17 t o  8.50 mg0L". 

Concentrations generally were higher in the Bridge Creek and Lower 

Beaver Creek stations than in the other stations within this system. The 

concentrations were lowest in June and highest in September except at 

WID-W1 where the reverse was shown. Concentrations of this nutrient 

are  normally higher in the fall period due t o  reduced vegetation demands 

and increased ground water influence. 

4.2.3.4 Total Organic Carbon 

II 

Total organic carbon concentrations, ranging from 10.5 m g * d l  
I 

(LBC-W2) t o  71.0 m g * ~ - l  (BRC-W2), showed no trends among the stations 

v 
except tha t  during each sampling period the highest values occurred a t  

BRC-W2 and the  lowest a t  LBC-W2. 

4.2.4 TRACE METALS AND OTHER SUBSTANCES 
I D  

The concentrations of t race  metals and elements in the  drainage 

system generally were below their detection limits except for iron and 

manganese, which exceeded the  ASWQO (Table 4.4). Total iron levels 

(ranging from 0.08 to  9.05 rng.i1) frequently exceeded the ASWQO of 

0.30 rng-L-l with the highest values occurring a t  BRC-Wl. The values 



increased from June t o  September a t  BRC-W1 and LBC-W1, while the 

reverse was shown a t  WID-W1. Speculatively, groundwater was the source 

of iron, particularly during the September survey; a dense layer of a rusty 

precipitate, probably ferric hydroxide, was observed on the substrate a t  

stations BRC-W1 and LBC-W1. Hem (1970) indicated that groundwater 

- 1 commonly contains iron with concentrations of 1.0 to  10 mg-L . The 

water yields a ferric hydroxide precipitate when i t  discharges to  the 

surface. 

Total manganese concentrations ranged from less than 0.01 t o  0.33 

mg-L-l and frequently exceeded the ASWQO of 0.05 m g - f 1  a t  BRC-W1 

and LBC-WI. A groundwater source is suspected since the behaviour of 

manganese is closely related t o  iron. 

Phenol concentrations recorded a t  WID-W 1, BRC-W 1, and LBC-W 1 

all exceeded the ASWQO of 0.005 mg*Lml. The source of phenol was 

likely natural. Oil and grease present in the drainage probably originated 

from natural sources. 

4.3 ZOOBENTHOS 

4.3.1 WEST INTERCEPTION DITCH 

Three benthic stations were evaluated on the W.I.D. (Figure 2.7). 

Station WID-B1 was situated 12.2 km downstream from the source. Sub- 

s trate  a t  this station consisted of coarse cobble and boulder, with lit t le 



sand or silt present. The macrophyte Potarnogeton pectinatus occurred 

sparsely along margins and amongst the cobbles. During the spring s a m p  

ling period, the channel was shallow (less than 25 cm deep) and current 

was moderate (30-50 cm-s-l). Rheophilic, lithophilie taxa be., Sirnul- 

iidaea, baetid and heptageniid mayflies, net-spinning caddisflies) occurred 

a t  this station but were more abundant on submerged vegetation than on 

rocky substrates; consequently, they were underrepresented in quanti- 

tative samples (Appendix D, Table ~ 8 ) .  In samples from the rocky 

substrate, the community was dominated by Oligochaeta and 

Chironomidae (Figure 4.7), the latter increasing in importance through the 

year. Very high densities, biomass and richness were recorded in fall; 

however, because Chironomidae were so prevalent, diversity fell t o  25 % 

of its summer value (Table 4.5). 

Station W3-B (Figure 2.7) was almost lentic in character due to  a 

beaver dam a t  the mouth. In spring, water depth was 1.5 m, and the  

substrate consisted of fine gravel overlain by a silt/sand/organic mixture. 

Dense beds of Carex bordered the creek, and flow was minimal. This 

station corresponded t o  Station 7 of Tsui et al. (1977). The benthos of this 

station was dominated by Oligochaeta and Chironomidae (Figure 4.7), 

although a more diverse fauna was collected in qualitative samples from 

the Carex beds (Appendix D, Table ~ 9 ) .  

- 

aDr. P.H. Adler (ex University of Alberta) kindly identified an auxilliary 
sample collected in June. This contained five Sirnulium verecundum com- 
plex (cytotype ACD) and one S. aureurn (cytotype B). 
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2 2 Table4.5  M e a n d e n s i t y ( n o . p e r  O. lm ), mean b i o m a s s ( m g p e r  O. lm ) ,d ive rs i ty ,  
and taxonomic richness of zoobenthos at s ta t ions  associated with t h e  West 
Interception DitchILower Beaver Creek  System, 1984. 

Station 

- - - - - -  

spring Summer Pall 

WID-B1 Density 
Biomass 
Diversity 
Richness 

WID-B2 Density 
Biomass 
Diversity 
Richness 

W 3-B Densitya 
Biomass 
Diversity 
Richness 

BRC-B Density 
Biomass 
Diversity 
Richness 

LBC-B1 Density 
Biomass 
Diversity 
Richness 

LBC-B2 Density 
Biomass 
Diversity 
Richness 

aEkman grab  samples (area: 0.023 m 2, were taken at s ta t ion W 3-B. Densities and 
biomass have been converted t o  0.1 m2 area .  



At station WID-B2, which corresponded with Station 5 of Tsui et al. 

(1977), the stream channel was densely vegetated with aquatic 

macrophytes (Typha, Potamogeton, Elodea, Megalodonta); streamflows 

were slow but detectable in all three sample periods. Substrate consisted 

of a dense root mat over claylsilt. Water depth exceeded 60 cm in the 

spring. 

Oligochaeta and Chironomidae were dominant in the quantitative 

samples during each sampling period (Figure 4.7); a moderately rich fauna, 

comparable to  W3-B, was collected a t  this station (Appendix D, Table 

D10). Biomass and density both increased from June t o  September (Table 

4.5), but diversity declined. Seasonal progression was marked by an 

increase in proportion of Chironomidae; Oligochaeta also increased in 

abundance, but to  a lesser extent. 

Tsui e t  al. (1977) surveyed the W.I.D. system one year af ter  

completion. Their level of taxonomic resolution and method of biomass 

determination differed from those of the present study. To permit a more 

direct evaluation of changes in community structure between 1977 and 

the present, the data of Tsui et al. (1977) were reanalysed t o  express 

measurements in units similar to  the present study (Table 4.6). 

The most important change between study years was noted for 

dominant species. At WID-B1, Simuliidae made up 40-45% of the fauna in 

1977, whereas in 1984, its abundance had declined to  10-15%. Baetis 

similarly declined in abundance, whereas Oligochaeta and Chironomidae 



2 2 Table 4.6 Mean density (no. per 0.1 m ), mean biomassa (mg per 0.1 m ), diversityb, 
and taxonomic richnessC of zoobenthos at West Interception Ditch and 
t r ibutary  stat ions,  1977 as es t imated from d a t a  of Tsui et al. (1977). 

Station @ring Summer Fall 

W.I.D. 13.7 km 
N. of Beaver Creek  
Reservoir Rd. 
(Station 2) 

Creek  W-3 
Upstream of 
Confluence with 
W.I.D. (Stn. 7) 

W.I.D. 4.0 km 
N. of Beaver Creek  
Reservoir 
(Station 5) 

Lower Beaver Creek  

Density 
Biomass 
Diversity 
Richness 

Density 
Biomass 
Diversity 
Richness 

Density 
Biomass 
Diversity 
Richness 

Density 
Biomass 
Diversity 
Richness 

3. -2  aBiomass es t imates  of Tsui et al. (1978) were  volumetric (cm m 1. They were  
converted t o  mg AFDW by assuming a specific gravity of 1.05, and a n  AFDW:wet 
weight ra t io  of 0.1428 (Reger et al. 1977). 

b ~ e c a l c u l a t e d  f rom Tsui et al. (1977) using a family level  of taxonomic resolution. 
CGenera of Chironomidae pooled a s  one taxonomic unit. 
d ~ a t a  not available. 



increased. This may reflect an increase in the accumulation of organic 

material exported from upstream areas in the W.I.D., where macrophytes 

dominate. Simuliidae feed upon suspended organic material, which may 

now largely be retained by growing macrophytes during spring and 

summer. Oligochaeta and Chironomidae are typically detrital deposit 

feeders that overwinter as immatures. The decomposition of submergent 

macrophytes in the fall likely results in the downstream transport of 

organic materials. These materials may accumulate in the porous cobble 

interstices during low summer and fall flows. Benthic densities were 

markedly higher in summer and fall of 1984 than in 1977, reflecting the 

increased productivity a t  WID-B1. Biomass estimates were more than 

tenfold greater in these seasons in 1984; however, this may indicate 

incompatibility of the two biomass determination methods, since densities 

in 1984 did not increase to this extent and the modal size of animals was 

relatively small (Appendix D, Table D32). 

Composition of the benthic community a t  W3-B also showed 

significant change. In 1977, the station was characterized by slow flows 

and organic substrate (Tsui e t  al. 19771, similar to  conditions recorded in 

1984. However, in 1977 macrophytes were abundant and presumably 

provided attachment sites for the Simuliidae, which constituted over 79 

percent of the benthos in spring, 1977. A beaver dam, situated at the 

mouth of Creek W3, had increased water depth a t  station W3-B, 

apparently past the level of tolerance for submergent and floating-leaf 

plants. Although densities were much lower in spring 1984 in comparison 

with 1977 estimates, diversity was slightly greater, and richness was 

equivalent if shoreline sweep taxa were included in the former samples. 



WID-B2 also exhibited reduced densities compared to 1977 samples. 

In 1977, the fauna consisted almost entirely of Chironomidae in spring and 

summer, with Caenis sp. (Ephemeroptera) becoming dominant in fall. In 

1984, Oligochaeta and Chironomidae were codominant in spring and 

summer; Caenis was absent a t  this station. Almost twice the number of 

taxa were recorded in 1984, and because abundance was more equitably 

distributed among species, diversity increased substantially in spring and 

summer from levels noted in 1977. 

4.3.2 LOWER BEAVER CREEK SYSTEM 

Three stations were sampled within the Lower Beaver Creek 

drainage area (Figure 2.7). Station BRC-B was situated on Bridge Creek, 

approximately 200 m upstream of Hwy 63. At this location, the creek 

flows through a steep narrow valley, densely shaded by conifers. During 

the spring of 1984, stream depth was shallow (10-30 cm) and flows 

moderate (30-50 cm*s-'). Substrate consisted of cobbles embedded in 

sand; bitumen inclusions were common. 

Few animals were collected in any season a t  BRC-B (Table 4.5). In 

spring and summer, the fauna were equitably distributed among 

Oligochaeta, Simuliidae, Chironomidae, and baetid mayflies (Figure 4.8) 

resulting in relatively high diversity estimates. Oligochaeta dominated in 

fall. Productivity in Bridge Creek is probably limited by nutrient input. 

The high degree of channel shading reduced light penetration to  the  

stream bed, limiting autochthonous production. Conifer needles, having a 

low nutrient value, provide the primary riparian input. 
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Station LBC-BB on Lower Beaver Creek (200 m upstream of Hwy 63) 

was located in a flat, open valley (Figure 2.7). Streambanks were densely 

vegetated by willow and alder. During the spring, the creek a t  this 

station was 1.5 n~ wide and shallow (7 cm), with moderate flow 

(20 cm-s-'1. Substrate consisted of medium sized gravel, covered with 

dense periphytic growth. Moss occurred on dry areas of the stream bed. 

This station showed the highest density estimates of the three 

stations in the Lower Beaver Creek drainage. Numerous taxa were 

collected, especially in summer and fall  able 4.5), and summer diversity 

was greater than a t  any other station in the Syncrude Development Area. 

Oligochaeta and Chironomidae were more abundant than any other taxa. 

Tsui e t  al. (1977) sampled this creek a t  a point several kilometres 

upstream from the present station. They recorded higher spring densities 

but lower biomass (Table 4.6). In summer and fall, the reverse was true; 

they found only two and four taxa, respectively. Diversity was 

correspondingly low; Oligochaeta and Chironomidae dominated this 

sample. The low diversity was attributed to the homogeneous nature of 

the mudlsand substrate a t  the 1977 station. The high abundance and 

diversity recorded a t  the 1984 station likely can be attributed to  the 

presence of a clean gravel substrate which provides greater habitat 

heterogeneity, and the abundant energy source provided by both 

autochthonous production and riparian inputs. 



Lower Beaver Creek was sampled 80 m downstream of its 

confluence with Bridge Creek (station LBC-Bl). The two creeks form an 

extensive sandy delta, densely overgrown with willows. At this station, 

the creek flows between low sandy banks over a substrate of cobble 

embedded in sand. Some bitumen was present. In the spring, the creek 

was approximately 4 rn wide, with depths of 20-30 cm and flows of 70- 

80 cm.s-l. 

Values of density, biomass and taxonomic richness recorded a t  LBC- 

B1 were intermediate between those a t  LBC-B2 and BRC-B (Table 4.5). 

All biotic measures increased from spring to  fall except biomass, which 

was maximal in summer. Oligochaetes were prevalent in spring, but were 

replaced by Baetis (Ephemeroptera) in summer and by Chironomidae in 

fall. 

Although this station is exposed and likely receives abundant 

riparian input of organic matter from upstream, diversity and abundance 

of fauna were less than a t  the upstream Lower Beaver Creek station 

(LBC-B2). It is possible that continual input of sand and silt from the 

delta region, and from eroding upstream banks, inhibits periphytic growth 

and reduces the interstitial volume within the cobble substrate. 

Detailed tables of taxonomic compositon, abundance and biomass 

for stations LBC-B1, LBC-B2 and BRC-B, are presented in Appendix D, 

Tables Dl1  to 13 and Table D32. 



4.4 FISH - 

Five species of fish were recorded in the West Interception 

DitchILower Beaver Creek System in 1984: longnose sucker, white 

sucker, fathead minnow, lake chub and brook stickleback (Table 4.7). 

Brook stickleback and lake chub were the only species present in the 

upper part of the drainage system (i.e., W.I.D., Upper Beaver Creek). 

Brook stickleback was the most abundant species, contributing 73.9% t o  

the combined catch from all sample stations. 

4.4.1 WESTINTERCEPTIONDITCH 

The West Interception Ditch (W.I.D.) exhibited a very low utilization 

by fish in 1984. Of the three species recorded, only brook stickleback was 

present a t  all sampling stations (Table 4.7). This species was the most 

abundant in the  catch, contributing 55.6% (n=10) t o  the total catch from 

all stations combined. Fathead minnow (38.8% of the catch) was present 

only a t  EF1, the lowermost W.I.D. sampling station (Figure 2.2). One lake 

chub was recorded in the W.I.D.; this individual was captured a t  the 

uppermost sample station (EF3). 

The low numbers of fish utilizing the W.I.D. likely is a reflection of 

the inability of this system t o  overwinter fish (i.e., flow limitations). In 

most areas, the W.I.D. likely freezes to  the bottom. In areas not freezing 

to the bottom anoxic conditions likely would result due t o  the abundance 

of decaying submergent and emergent aquatic vegetation. The absence of 



Table 4.7. Percentage composition of fish species recorded at electrofishing s ta t ions  on 
t h e  West Interception Ditch (WID), Bridge Creek  (BRC), and Lower Beaver 
Creek  (LBC), 1984. 

Fish Species 

Brook 
Station Longnose sucker White sucker Fathead minnow Lake chub stickleback 

W ID-EF 1 0 
WID-EF2 0 
WID-EF3 0 

Combined 0 
(nIa ( 0 )  

Combined 2.6 2.0 49.7 5.2 40.5 
(n) ( 4 )  ( 3 )  (76)  ( 8 )  ( 6 2 )  

Combined 0 
(n) ( 0 )  

All Sites 1 .0  1 .0  20.6 3.5 73.9 
Combined 

(n) ( 4 )  ( 4 )  (83)  (14)  (297) 

aNumber of fish captured and observed. 



fish from all sampled stations in the spring survey supports this 

assumption (Appendix E, Table E4). Fish captured in the W.I.D. during the 

summer and fall surveys may have moved into the W.I.D. from 

downstream habitats (i.e., Bridge Creek) or from tributaries (i.e., Creeks 

W 2 ,  W3, W4 and ~ 5 ) .  In addition, fish may have been flushed into the 

W.I.D. from Creek B1. Erosional scars on the dam separating the two 

drainages (Figure 2.2) indicated that during freshet periods, water from 

Creek B1 flowed over the dam into the W.I.D. 

Similarities exist between the results of 1977 (Tsui e t  al. 1977) and 

1984 studies. In both cases, brook stickleback and fathead minnow were 

the dominant species recorded. In both study years, these species were 

absent in the catch in the spring, yet were present (in low numbers) in the 

fall sampling periods. Tsui e t  al. (1977) also concluded that these species 

had invaded the W.I.D. from Bridge Creek or from the W.I.D. tributaries. 

It is evident that habitat conditions in the W.I.D. are unsuitable for the 

establishment of resident fish populations. 

II) 

4.4.2 W -1.D. TRIBUTARIES 

Of the four main W.I.D. tributaries, only Creek W2 was sampled in 

the present study. A backpack electrofishing survey was conducted in this 

system on 30 hlay 1984 (Appendix E, Table E4). Brook stickleback and 

fathead minnow were the only species recorded. All fish were captured in 

a large beaver pond situated approximately 150 m upstream from the 

creek mouth. A small concentration of fathead minnow spawners (i.e., 



seven ripe males and one ripe female)  were captured in a shallow (50-75 

cm), nearshore a rea ,  a n  a r e a  with a n  abundance of submerged woody 

vegetation for cover. One brook st ickleback adult  also was recorded in 

t h e  beaver pond. 

Brook st ickleback and fa thead minnow likely were more abundant in 

Creek W2 than indicated by t h e  l imited sampling results. The presence of 

numerous large, s table  beaver dams ( that  may res t r i c t  fish movement) and 

numerous deep beaver ponds suitable for overwintering suggests t h a t  

fa thead minnow and brook st ickleback are year-round residents in Creek  

W 2. 

The other W.I.D. tr ibutaries (i.e., Creeks W3, W4, and ~ 5 )  exhibited 

similar habitat  character is t ics  t o  those present in Creek  W2. Tsui et al. 

(1977) recorded brook st ickleback and fa thead minnow in Creek W5 and 

Creek W3. These species likely were  common cohabitants of all t h e  

W.I.D. tributaries. 

4.4.3 BRIDGE CREEK 

A to ta l  of f ive  f ish species was recorded in Bridge Creek. Of these,  

fathead minnow (49.7%) and brook st ickleback (40.5%) made t h e  largest  

contribution t o  the  electrofishing c a t c h  (Table 4.7). Lake chub, white 

sucker and longnose sucker  (in decreasing order of abundance) also were  

recorded. The highest species diversity (i.e., four species) was present at 

EF1, t h e  far thes t  downstream station.  Fish were  not collected 



a t  EF2. This section, located immediately above the Highway 63 road 

crossing, exhibited predominantly shallow depths and a low occurrence of 

instream cover, factors that  may account for the apparent lack of fish 

use. In addition, a 33 cm high cascade a t  the culvert outlet (Highway 63 

road crossing) formed a barrier to  upstream fish passage a t  all flow stages 

observed. 

Fathead minnow were recorded only in EF3 and EF4, the two 

upstream electrofishing stations (Table 4.7). This species was most 

abundant in spring a t  EF4 when a CUE of 8.1 fish-rnin-' was recorded 

(Appendix E, Table E4). Fathead minnow adults and juveniles were 

present in EF4 during all sampled periods; these individuals may be 

resident in the upper portion of Bridge Creek. Distribution of this species 

was restricted to deeper pool areas with abundant instream and bankside 

cover. 

Brook stickleback were collected a t  the two upstream sample 

stations during all sampled periods (Table 4.7). This species exhibited the 

highest CUE (3.1 fish-rnin-l) in EF4 during the summer survey (Appendix 

E, Table E4). In the fall, this species was most abundant (CUE of 2.8 

fish-mi*-') in section EF3. This section is located immediately 

downstream from EF2, below the confluence of Bridge Creek and the  

W.I.D. This apparent shift in abundance between adjoining sections may 

be related to  seasonal feeding and overwintering movements. Adult and 

juvenile brook stickleback were present in the upper sample reaches of 

Bridge Creek during all periods. Brook stickleback were present in low 



numbers (n = 2) a t  EF1 (below Highway 63) during the spring sample period 

but were absent during summer and fall. 

Lake chub were present in low numbers and exhibited a sporadic 

distribution both spatially and seasonally within Bridge Creek (Table 4.7). 

This species was recorded during spring sampling in EF1 and during the 

summer surveys a t  EF3 (Appendix E, Table ~ 4 ) .  The presence of adult and 

juveniles in the catch suggests that  there may be a resident population 

within the system. 

Longnose and white suckers (juveniles) were the other species 

present in Bridge Creek; both these species were recorded a t  EF1 during 

the summer survey ( ~ p p e n d i x  E, Table E4). These individuals likely 

moved upstream from the Athabasca River. The outfall barrier a t  the  

culvert outlet likely limits the extent of upstream penetration into the 

system. 

4.4.4 LOWER BEAVER CREEK 

Brook stickleback was the most abundant species recorded during 

electrofishing surveys on Lower Beaver Creek, contributing 92.4% and 

100.0% to  the total catches from stations EF1 and EF2, respectively 

 able 4.7). Adult lake chub and juvenile white suckers were present only 

during the July survey in EF1. These individuals were captured in a large 

pool immediately downstream of the Highway 63 culvert outlet. 



Brook stickleback were abundant in Lower Beaver Creek and 

exhibited a relatively stable seasonal abundance within sample stations. 

CUE ranged from 2.4 to 2.8 fish-min" a t  EF1 and from 4.8 t o  6.3 

- 1 fishemin a t  EF2 for all sampled periods (~ppend ix  E, Table E4). The 

higher CUE'S recorded in EF2 may reflect the greater abundance of cover 

(in the  forin of submergent aquatic vegetation) in this section. The 

presence of all life history stages (i.e., adult, juvenile, young-of-the-year) 

of brook stickleback indicates this species is resident within the sample 

area. Beaver ponds situated a t  the lower end of EF1 provide suitable 

overwintering habitat in the area. 

In May of 1977, longnose sucker were observed spawning in Lower 

Beaver Creek below the North Starter Dike ( ~ s u i  e t  al. 1977). Additional 

sampling in this area in September 1977 recorded numerous longnose and 

white sucker young-of-the-year (y-o-y). These individuals likely were 

members of established sucker spawning runs in Beaver Creek (R.R.c.S. 

1973). Although sampling was not conducted in this immediate area in 

1984, the absence of sucker y-o-y a t  collection stations situated 

approximately 4 km downstream from the 1977 sample station suggests 

that  longnose suckers and white suckers did not spawn in the area in 1984. 

This may have been due to  one or all of the following: low quality 

substrate; restricted flows during migration and spawning period; 

possibility of movement blockage a t  the  Highway 63 culvert; or sucker 

spawning populations in the original Beaver Creek have been eliminated. 



SECTION 5.0 

BEAVER CREEK DIVERSION SYSTEM 

The Beaver Creek  Diversion System consists of a ser ies  of reservoirs 

and diversion canals designed t o  divert  s t reamflow from t h e  southern 

boundary of t h e  Syncrude Canada Ltd. mine s i t e  (Figure 2.3). The system 

originates at Beaver Creek  Reservoir, which was formed by t h e  

impoundment of Upper Beaver Creek.  The reservoir receives input from 

th ree  major sources (i.e., Upper Beaver Creek,  Creek  B2, and Creek  Bl). 

Upper Beaver Creek drains a n  a r e a  t o  t h e  south and enters  at t h e  south  

end of the  reservoir. Creek  B2 en te r s  at the  southwestern portion of t h e  

reservoir. Creek B1 drains a n  a r e a  t o  t h e  west  and empt ies  in to  t h e  

northwest portion of t h e  reservoir. The lower reach of Creek B1, which is 

channelized, drains a smal l  impoundment c rea ted  by t h e  West Per imeter  

Road and the  dam separat ing Creek  B1 and t h e  W.1.D drainage basins. 

Water from Beaver Creek Reservoir is diverted through a diversion 

canal into Ruth Lake and then via another diversion canal into Poplar 

Creek Reservoir. A spillway at t h e  southern end of Poplar Creek 

Reservoir d i rects  wa te r  into Poplar Creek  which in turn  flows into t h e  

Athabasca River. To accommodate  t h e  additional inflow from Poplar 

Creek  Reservoir, a sect ion of Poplar Creek  downstream of t h e  spillway 

confluence has been channelized and t h e  banks armoured with r i p r a p  and 

gabion structures.  Eleven drop s t ructures  a r e  located within t h e  

channelized section t o  reduce wate r  velocities and thereby minimize bed 

and bank scour. 



5.1 UPPER BEAVER CREEK 

5.1.1 AQUATIC HABITAT 

5.1.1.1 Description of Drainage Area 

Upper Beaver Creek drains an area of 165 km2 which is 

predominantly highland terrain. The stream extends a distance of 

approximately 32 km southward from its point of entry into Beaver Creek 

Reservoir. The major tributary t o  Upper Beaver Creek is Cache Creek 

which enters a t  km 5.5. 

5.1.1.2 Streamflows During Study Period 

A Water Survey of Canada gauging station (Station No. 07DA018) is 

located on Upper Beaver Creek approximately 2.5 km upstream of Beaver 

Creek Reservoir (Figure 2.3). The hydrograph for the period 1 May to  21 

3. -1 September is illustrated in Figure 5.1. The peak discharge (13.8 m s ) 

during the recording period occurred on 2 June; prior to  this event, flows 

were in the order of 0.3 m3.s-I t o  0.9 m3*s-l. Apart from a minor peak 

3. -1 (1.0 m s ) in early July, the flow was relatively stable over the summer 

3. -1 and early fall (i.e., ranging from 0.1 m3-s-I t o  0.5 m s ). 
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Figure 5.1 Beaver Creek hydrograph, 1 May to 21 September 1984 (based on preliminary 
Water Survey of Canada data for Station No. 07DA018). 



5.1.1.3 Mainstem Upper Beaver Creek 
I 

Fishery surveys have been conducted on Upper Beaver Creek on 

several occasions (Noton and Chymko 1978; O'Neil 1979, 1982). Detailed 

and systematic habitat sampling was not carried out during these prior 

surveys. Previous investigators described Upper Beaver Creek as a low 

gradient, meandering, brown-water stream characterized by low current 

velocity, sand-silt substrate, and predominantly Flat type habitat. 

The longitudinal profile (Figure 5.2) indicates the presence of three 

discrete habitat reaches: a low gradient reach ( ~ 1 1 ,  a moderate gradient 

reach ( ~ 2 1 ,  and a high gradient reach (R3). During the present study, only 

Reach 1 received an on-site investigation (HI, Table 5.1). Station H1 was 

located approximately 4.0 km upstream from the reservoir. The major 

channel characteristics a t  the transect were as follows: wetted width was 

8.4 m, mean depth was 75 cm, and mean velocity was 3 cm-s-l. The 

habitat was dominated (100%) by Flat cover type. Substrate consisted 

entirely of sand-silt material. Streambanks exhibited a high degree of 

erosion (i.e., 60-80% of intersected bank disturbed). The presence of 

macrophytes and attached algae was negligible. Overall, the habitat in 

Reach 1 was extremely homogeneous, with low fishery suitability. 

Conditions in the upper sections, and in particular Reach 2 (with a 

moderate gradient), may be more suitable for fish. 





Table 5.1 Summary of physical h a b ~ t a t  characteristics a t  sampling stations on Upper Beaver Creek, September 1984 and Creek B1, July 1984. 

Channel Features a t  lhmect Cover lVc-2 Distribution (96) - 
Station Date Water Laal Mean Mean 

TempPC) Rooted Wetted Gradient Depth Velocity Discharge Pool nP 
(TirneXh) Width(m) Width(m) (96) (em) (ems-1) m 3  Riffle Run Flat 1 2 3 4 5 

Upper Beaver Creek 

H 26 Sept. 5 
(1707) 

Hi-TI 20 July 20 
(1215) 

-T2 20 July 20 
(1240) 

-T3 20 July 20 
(1305) 

HZ-TI 20 July 21 4 .6  4.2 3.5 1 6  63 64 1 8  - 1 8 -  - - -  
(14251 (15-17) (32-85) 

-T2 20 July 21 4.3 4.2 3.0 1 5  40 55  4 5 . . - . - .  
(1445) (14-17) (25-48) 

-T3 20 July 21 4.5 3.5 3.0 14  46 9 7 3 1 8 - - - -  
(15101 (12-181 (27-68) 

Bank Feat- (RUBILUB) -bate Distribution (%) Aamtie  Vec. 

Cond. Stab. Under. Slope Cover Depth Over. Sand Silt PG CG VCG SC sB ; )  EM% Macm. Algae 
Stetlon (96) (No.) (ern) (Deg.) (No.) (em) (ern) (NO.) (NO.) (NO.) 

Upper Beaver Creek 

Creek 8 1  - 
HI-TI 0125 414 010 1771160 212 010 0135 - 50 33 - - - - 17  - - 5 4 2  

-T2 1015 414 010 1451165 212 010 010 - - 100 - - - - . . -  4 2 2  
-T3 5140 413 010 1521130 212 0118 010 - - - 55  45 - - - . -  4 2 2  

H2-TI 10125 414 010 1661126 212 010 010 - - - - - - 28 72 - - 5 1 1 
-T2 212 414 010 1501140 212 010 010 - - - - - - - 100 - - 4-5 1 1 
-T3 010 114 010 1521155 212 010 010 - - - - 100 - - . . .  4 1 1 

BWSC Station No. 07DAOl8 (preliminary data for 21 September). 
b~ecorded during water quality sampling an 25 July. 
CN/A -not applicable. 
Note: Description of terms in Table 2.2. 



5.1.1.4 Tributaries 

Cache Creek 

Cache Creek is a second-order stream which enters Beaver Creek 

approximately 5.5 km upstream of the reservoir (Figure 2.3). It drains an 

extensive area of predominantly muskeg terrain. Cache Creek did not 

receive any on-site investigation during this or previoq& studies. A review 

of the longitudinal profile (Figure 5.3), however, suggests the presence of 

three discrete habitat reaches (~1-modera te ,  R2-steep, ~3-high). The 

initial reach (Rl)  features a high frequency of beaver dams (4.0-km-'1 and 

beaver ponded area; therefore, i t  can be assumed that  the habitat is 

uniform and dominated by the Flat cover type. 

Creek B2 

Creek B2 is a second-order stream, draining predominantly highland 

2 terrain (63.6 km 1. This stream was not investigated during the study. 

Three relatively discrete habitat reaches were identified on the basis of 

gradient differences (Figure 5.3). A previous site inspection of the lower 

reach conducted by R.L. & L. Environmental Services Ltd. personnel 

indicated that the creek is a small, brown-water stream dominated by 

Flat habitat and sand-silt substrate; beaver activity was extensive. 

Calculated frequency of major beaver ponds was 4.9.km-l, and pondage 

was 4.9 ha in Reach 1 (Figure 5.3). 



CACHE CREEK 

3 0 0 ' ~  
24 20 16 12 8 4 0  

Distance (km) 

Reach. Gradlent (mlkm) 1 NO Beaverponds/km 

Area (ha) of ponded water 

ND- Data Unavailable 

CREEK B2 

1 Beaver Cr. ~ e s e r v o i k  

Distance (km) 

Figure 5.3 Longitudinal profile and habitat zonation, Cache Creek 
and Creek 82. 



5.1.2 WATERQUALITY 

5.1.2.1 Physical Parameters 

In Upper Beaver Creek, the water temperature a t  stations UBC-W 

ranged from 7.0 t o  23. O W ,  with the highest value occurring in July (Table 

5.2). The pH was neutral (ranging from 7.1 to  8.4), and was similar t o  that 

reported in 1977 by Noton and Chymko (1978). The total non-filterable 

residue values were low, with the highest value of 14.4 mg-~- '  recorded in 

- 1 June. The dissolved oxygen levels ranged from 8.2 to  10.2 mg-L which 

were above the minimum ASWQO of 5.0 mg*L 'I. The oxygen saturation 

levels ranged from 82 t o  117%; they were similar to  those reported in 

Noton and Chymko (1978) except these authors did not encounter a 

supersaturated condition in Upper Beaver Creek. 

5.1.2.2 Major Ions 

++ + 
The ionic dominance generally was from H C O ~ -  > Ca > Na > 

- + 
M ~ + +  > SO4- > ~ 1 -  > K (Figure 5.4). The waters varied seasonally from 

calcium bicarbonate t o  a sodium bicarbonate type because calcium and 

sodium were of near equal dominance. The levels of total filterable 

residue (150 to  250 mg.~-') increased from June t o  September. Compared 

to  other ions, sulphate concentrations exhibited the largest fluctuations 

among sampling stations and among sampling periods, with notable 

decreases in July and September. 



Table 5.2. Summary of water quallty data for the Beaver Creek Diversion System obtained in 1984. 

SiteIDate 

Parameter 

UBC-W 

15 June 30 July 22 Sept. 

B1-W2 

17 June 25 July 25 Sept. 

El-w1 

11 June 25 M y  25 Sept. 

Temoerature OC 18.0 23.0 7.0 
pH 7.1 8.4 8.2 
Speclflc Conductance ps.cm-' 225 350 325 
Dissolved Oxygen 8.2 10.2 10.0 
Oxygen % Saturation 85 117 82 
'nJrbrdlt) N.T.U. 1.5 6.0 9.3 

~. . . 
'Speclflc Conductance ps.cm-' 225 350 325 
Dissolved Oxygen 8.2 10.2 10.0 
Oxygen % Saturation 85 117 82 
'nJrbrdity N.T.U. 1.5 6.0 9.3 

Magnesium 
Sodium 
Potassrum 
Chlonde 
Sulphate 
PP U a l i n l t y  as CaC03 
Alkahnlty, T. as CaC03 
B~carbonate 
Carbonate 
Hardness, T. as CaC03 
Slllca (Reactwe) 
Total Filterable Resldue 
Total Non-Filterable Residue 
Chemlcal Oxygen Demand 
011 & Grease 
Nltrogen, T. as N 
Nitrate + Nltnte Nltrogen as 
Kjeldahl Nitrogen, T. as N 
Ammonia Nltrogen, T. as N 
Phosphorus, T. a s  P 
Ortho-Phosphorus as P 
Total Organlc Carbon 
'Total lnorganlc Carbon 
Phenol 
Arsenlc. T. 
Selenium, T. 
Boron, T. 
Cadmum, T. 
Copper, T. 
Iron, 1'. 
Chromium. T. 
Manganese, T. 
Llnc, T. 
Lead, T. 
Vanadium, T. 
Nlekel, T. 
Mercury, T. 
Cyanlde, T. 
Tannin & Lignin 
Ion Belance 

Notes: All values are reported as mg.~.' unless otherwise stated. 
L - Less Than; T. -Total;  N - Nitrogen; P - Phosphorus. 

Continued ... 



Table 5.2. Continued. 
- 

SiteIDate BCR-W RIrW 

Parameter 15  Jlme 24 July 23 Sept. 16 June 27 July 24 Sept. 

romp. 5 m comp. 5 m eomp. 5 m comp. 

Temperature OC 
PH 
Specific Conductance p~.cm-' 
Dissolved Oxygen 
Oxygen % Saturation 
Turbidity N.T.U. 
Calcium 
Magnesium 
Sodium 
Potassium 
Chlorlde 

~ l c a r b o n i t e  
Carbonate 
Hardness. T. as CaCOj 
Sillca (Reactive) 
Total Filterable Residue 
Total Non-Filterable Resldue 
Chemical Oxygen Demand 
011 & Grease 
Nitrogen, T. as N 
Nltrate + Nitrite Nltrogen as N 
Kjeldahl Nltrogen, T. as N 
Ammonla Nitrogen, T. as N 
Phosphorus, T. as P 
Ortho-Phosphorus as P 
Total Organic Carbon 
Total Inorcanic Carbon 
Phenol 
Arsenic, T. 
Selenium, T. 
Boron, T. 
Cadmium, T. 
Copper, T. 
Iron, T. 
Chromium. T. 
Vanganese, T. 
Zinc, T. 
Lead, T. 
Vanadium, T. 
Nlckel, T. 
Mercury, T. 
Cvanide. T. 
~ i n n l n  & Llgnln 
Ion Balance 

Continued ... 
Notes: rW values are reported as mg.~-'  unless otherwise stated. 

L - Less Than; T. -Total;  N - Nitrogen; P - Phosphorus; s S u r f a c e ;  b - Bottom; camp. - Cornpoalte; + - Parameters shown ~n Table 5.6. 



Table 5.2. Continued. 

SiteJDate 

Parameter 

PCR-W 

16 June 26 July 24 Sept. 

eomp. 15 rn eomp. 2 m 11 rn 15 m eornp. 5 rn 15  rn 

Temperature OC 
PI4 
Speciflc Conductance )~S.crn-1 
Dissolved Oxygen 
Oxygen % Saturation 
Turbidity N.T.U. 
Calcium 
Magnesium 
Sodlum 
Potassium 
Chioride 
Sulphate 
PP Aikallnlty as CaC03 
Alkalinlty, T. as C s C 0 3  
Bicarbonate 
Carbonate 
Hardness, T. as CaC03 
Silica (Reactive) 
Total Filterable Restdue 
Total Nan-Filterable Hesldue 
Chemical Oxygen Demand 
011 & Grease 
Nitrogen, T. as N 
Nltrate + Nltrite N~trogcn as N 
Kjeldahi N~trogen, T. as N. 
Ammonia Nitrogen, T. as N 
Phosphorus, 1'. as P. 
Ortilo-Phosphorus as P 
Total Organic Carbon 
Total Inorganic Carbon 
Phenol 
Arsenic 
Seienlum. T. 
Boron. T. 
Cadmium. T. 
Copper, T. 
Iron, T. 
Chromium, T. 
Manganese, T. 
Zlnc, T. 
Lead, T. 
Vanadium. T. 
Nlckel, T. 
Mercury, T. 
Cyamde, T. 
Tannln & Llgnln 
ion Balance 

Continued 
Notes: All values are reported as m g . ~ - l  unless otherwise stated; ND - No data; + - Parameters shown ~n Tabie 5.17. 

L - Less Than; T. -Total;  N - Nitrogen; P - Phosphorus; s - Surface: b - Bottom: comp. - Composite. 



Table 5.2. Cont~nued. 

SiteIDete 

Parameter 

PC-W3 PC-W2 PC-Wl 

18 June 26 July 23 Sept. 18  June 26 July 23 Sept. 18  June 28 July 26 Sept. 

Temperature OC 

p H 
Specific Conductance p S.CII~- '  

Dissolved Oxygen 
Oxygen % Saturation 
ILrb~drty N.T.U. 
Calclum 
blegnesrum 
Sod~um 
Potasslum 
Chlorlde 
Sulpha te 
PP. Akahnlty as CaC03 
lka l in l ty ,  T. as CaC03 
Bicarbonate 
Carbonate 
Hardness, T. as CaC03 
Slllca (Reactive) 
Total Filterable Residue 
rota1 Non-Filterable Resldue 
Chemlcal Oxygen Denrand 
011 & Grease 

~ l t r a t e  + Nitrite Nltrogen as N 
Kleldahl Nltrogen, T. as N 
Am~nonla Nitrogen, T. as N 
Phosphorus, T. es P 
Ortho-Phosphorus as P 
Total Organlc Carbon 
Total lnorganlc Carbon 
Phenol 
Nrsenlc, T. 
Selenium, T. 
h r o n ,  T. 
( k d m l u m .  T. 
Copper, T. 
Iron, T. 
Chromium, T. 
Manganese, T. 
Linc, T. 
Lead, T. 
Vanadium, T. 
Nlekel, T. 
llercury. T. 
Cywide, T. 
Tannin & Llgnln 
lon Balance 

Notes: All values are reported as r n g . i l  unless otherwise stated. 
L - Less man;  T. - Total; N - Nttrogen; P - Pnasphorus. 
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Figure 5.4 Ionic dominance of the major ions, and specific conductance profiles, for the Beaver 
Creek Diversion system in June, July and September, 1984. 



5.1.2.3 Nutrients 

The t o t a l  nitrogen concentrations ranged from 0.97 t o  1.01 

mg N * L - ~ .  The values which were  near  t h e  ASWQO of 1.0 mg N-L-' were  

highest in July. A considerably lower value (0.23 mg N-L-') was reported 

in Upper Beaver Creek  in June and July 1977 (Noton and Chymko 1978). 

The n i t ra te  + ni t r i te  values (ranging from 0.015 t o  0.017 mg N~L-') were  

highest in July, and showed a seasonal relationship identical  t o  t h a t  of 

t o t a l  nitrogen. Ammonia levels were  low, ranging from less than 0.01 t o  

0.02 mg N-L 

Total  phosphorus concentrations ranged from 0.100 t o  0.147 

mg P-L-' with t h e  highest level  in July, and all exceeded t h e  ASWQO of 

1 0.05 mg P-L- . Concentrations reported in Noton and Chymko (1978) 

were  only slightly lower during t h e  s a m e  periods in 1977. Ortho- 

phosphorous concentrations (ranging from 0.060 t o  0.089 mg P-L-') 

increased f rom June t o  September.  

React ive  silica concentrations ranged f rom 4.70 t o  6.84 mg-L-'; t h e  

highest levels occurred in  September. Similar values in Upper Beaver 

Creek  were repor ted in Noton and Chymko (1978). Total  organic carbon 

levels ranged f rom 22.4 t o  27.2 mg-Lel with t h e  highest level  occurring in 

June. Higher concentrations (36.0 t o  41.0 mgaL-') were  reported in Upper 

Beaver Creek by Noton and  Chymko (1978). 



am 5.1.2.4 Trace Metals and Other Substances 

I The concentrations of trace metals and elements were generally 

below their detection limits, except for iron and manganese 

levels which exceeded t h e  ASWQO. Total iron values (1.46 t o  2.43 mg-L-l) 

and total manganese (0.040 t o  0.130 mg-Lel) exceeded the objectives of 

0.30 and 0.05 mg-L-', respectively. With respect to  other parameters, 

phenol concentrations (ranging from 0.006 t o  0.010 m g - d l )  exceeded the 

ASWQO of 0.005 m g * ~ - l .  Oil and grease ( ~ 0 . 1  to  1.7 mgeL-') were 

present in low levels. 

II 

5.1.3 ZOOBENTHOS 

In the spring of 1984, Upper Beaver Creek (station UBC-B) was 

approximately 7 m wide, flowing in a deeply incised channel (Figure 2.8). 

Substrate was a mixture of sand, silt and organic material. Depth was 

approximately 1.5 m,  and water velocities were low but detectable. 

Qualitative sweep samples included an area of rapid flow over a beaver 

dam located 35 m downstream of the quantitative sample station; this 

provided much of the taxonomic richness of the station. 

The three replicate benthic samples collected in the spring a t  this 

station were exceedingly variable. One Ekrnan grab sample contained 94 

organisms; the others contained two, and zero animals (Appendix D, Table 

D14). Consequently, the spring estimates of density and biomass must be 

interpreted with caution. Spring samples contained primarily the mayfly 



Caenis and Chironomidae. Caenis densities remained fairly constant in 

summer and fall, but  Oligochaeta and especially Chironomidae became 

increasingly abundant and proportionately assumed grea te r  importance 

(Figure 5.5). Although density progressively increased from June  t o  

September,  biomass, diversity, and taxonomic richness were g rea tes t  in 

summer (Table 5.3). 

Noton and Chymko (1978) sampled t h e  same s i t e  in 1977, and also 

found high variability in density among replicates.  Their e s t imates  of 

abundance were lower in spring and summer (78 and 56 organisms per 

0.1 m2, respectively) than  was found in t h e  present study (Table 5.3). 

Their sampling protocol consisted of washing samples through a 0.650 mm 

mesh sieve bucket prior t o  sorting, whereas a 0.250 mm mesh s ieve was  

used in the  present study. Since 40 t o  85 percent of t h e  animals collected 

in t h e  present study were  retained in sieves with aper tures  less t h a n  1.0 

mm (Appendix D, Table D33), this  discrepancy may largely account for 

t h e  differences. Noton and Chymko (1978) reported densities in the i r  

2 
October samples (1049 per 0.1 m ) roughly equivalent t o  t h e  densities in 

t h e  September samples of t h e  present study. Since t h e  1984 September 

samples again contained many small  organisms (similar sized organisms 

would have passed through t h e  larger sieve used in 1977), t h e  d a t a  suggest 

ei ther a reduction in fa l l  densities between 1977 and 1984, or t h a t  fur ther  

hatching and growth of larvae occurred late in t h e  fall. Caenis and 

Chironomidae are both known t o  grow in fal l  and overwinter a s  

immatures;  both were  abundant in fal l  samples collected by Noton and 

Chymko (1978). These authors a t t r ibuted t h e  increase t o  g rea te r  habi ta t  
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2 2 Table 5.3 Mean density (no. per 0.1 m 1, mean biomass (mg per 0.1 m ), diversity, 
and taxonomic richness of zoobenthos at s ta t ions  associated with t h e  
Beaver Creek  Diversion System, 1984. 

Station wring Summer Fall 

PC-B1 Density 
Biomass 
Diversity 
Richness 

Density 
Biomass 
Diversity 
Richness 

Density 
Biomass 
Diversity 
Richness 

PC-B4 Density 
Biomass 
Diversity 
Richness 

UBC-B Densitya 
Biomass 
Diversity 
Richness 

B1-B Density 
Biomass 
Diversity 
Richness 

aEkman grab  samples (area: 0.023 m2) were  taken at this stat ion.  Densities and biomass 
have been converted t o  0.1 m2 area. 

b ~ a t a  not available; s ta t ion not sampled in spring. 



stability and organic content that  resulted from reduced flow levels in 

fall. 

Noton and Chymko (1978) also reported high absolute or relative 

abundance of several taxa that  were rare or absent in the present study. 

Elmidae contributed over 30 percent to  their summer samples; one 

individual was found in the present study. They also found Sialis 

(Mega1optera:Sialidae) and Limnephilus (7"ichoptera:~imnephilidae) to be 

common in fall, whereas these were not found in 1984. It is possible that  

the fauna were heterogeneously distributed a t  this station and the reduced 

quantitative sampling regime of the  present study did not encounter the  

appropriate microhabitats. Since these taxa were not collected in 

qualitative sweep samples, however, the taxa may have been absent, 

suggesting a relatively high rate of species turnover in this system. Sialis 

had not been collected in the  Syncrude lease area prior t o  the study of 

Noton and Chymko (1978). 

5.1.4 FISH 

Four species of fish were captured in Upper Beaver Creek in 1984 

(Appendix E, Table E5). Three of these (i.e., white sucker, fathead 

minnow, and lake chub) were present a t  both the upper (EF) and lower (ES) 

sample stations (Figure 2.3). Brook stickleback were found only a t  the 

upper station; however, sampling of the lower station by boat 

electroshocking (a sampling method more selective of larger fish) may 

have underestimated the abundance of this species a t  the ES station. 



Lake chub was t h e  most abundant species in May captures  from 

s ta t ion UBC-ES, with a recorded CUE of 9.9 fish-min-' (Appendix E, 

Table E5). Fathead minnows also were a common contributor t o  t h e  ca tch  

(CUE = 3.2 fishamin-'). One white sucker (an adult)  also was captured.  

The greater  s t ream depths  (i.e., up t o  3.0 m) present at s ta t ion UBC-ES 

resulted in a reduced sampling efficiency of t h e  electroshocking unit; 

therefore,  t h e  abundance of those species present was likely 

underestimated. 

Backpack electrofishing (conducted f rom a n  inflatable boat)  was 

employed during t h e  September survey at s ta t ion UBC-EF. Brook 

st ickleback was the  most abundant species captured (CUE = 0.9 

fishamin-'). White sucker (CUE = 0.5 fishamin-'), fa thead minnow (CUE 

= 0.6 fishemin-'), and l ake  chub (CUE = 0.6 fishomin-') exhibited a 

similar abundance (Appendix E, Table E5). 

White suckers captured during t h e  September survey in Upper 

Beaver Creek were  all y-o-y individuals. Previous studies in 1978 and 

1981 (OfNeil 1979) also reported the  presence of y-o-y white suckers in 

this area during summer and fall  surveys. In addition, adult  white suckers 

in spawning condition were recorded in the  lower reaches of Upper Beaver 

Creek in t h e  spring of 1978. The apparent lack of suitable spawning 

habi ta t  for this species within t h e  lower reaches  of Upper Beaver Creek 

(Sec. 5.1.1) may indicate t h a t  spawning occurs far ther  upstream. 

However, successful recrui tment  may occur also within t h e  sample areas.  



All life stages of brook stickleback were present in 1984 indicating a 

resident population within the Upper Beaver Creek system. The lake chub 

and fathead minnows captured in 1984 were predominantly adults. These 

fish may have migrated into the system from Beaver Creek Reservoir 

during the spring and summer; however, resident populations may also 

occur within the Upper Beaver Creek system. 

5.2 CREEK B1 

5.2.1 AQUATIC HABITAT 
I 

Description of Drainage Area 

Creek B1, a second-order stream, originates in the Thickwood Hills 

situated t o  the southwest of the study area. It then flows in a 

northeasterly direction for approximately 2 7 km before discharging into 

the northwest corner of Beaver Creek Reservoir (Figure 2.3). Creek B1 

adjoins the W.I.D. approximately 3.0 km upstream from Beaver Creek 

Reservoir; an earthen dam separates the two drainages and creates a 

small impoundment on Creek B1. Water from this impoundment is 

subsequently diverted t o  Beaver Creek Reservoir through a channelized 

waterway. 

I) 

5.2.1.2 Streamflows During Study Period - 
I 

Discharge measurements were taken in Creek B1 on three occasions 

during the present study (Appendix B; Table B3). The discharges recorded 



3, -1 were as follows: 0.21 m3-s-I ( ~ u n e ) ,  0.06 m3*s-I (~uly) ,  and 0.02 rn s 

(September). 

5.2.1.3 Habitat Zonation 

Systematic habitat evaluation of Creek B1 had not been conducted 

prior to this study. On 20 July 1984 a detailed habitat survey was 

undertaken on the lower 3.0 km of Creek B1 (from impoundment 

downstream to reservoir). It had been determined earlier in this study 

that  areas within this reach were utilized extensively for spawning by 

white suckers and lake chub. Two major reaches were identified on the 

basis of the gradient differences as determined from a 1:20 000 airphoto 

mosaic (Figure 5.6). Field surveys revealed the presence of five discrete 

sub-reaches in the lower reach (Rl). Detailed measurements were taken 

a t  two stations (HI, H2) situated within Sub-reaches 4 and 2, respectively. 

Synoptic data were obtained in the remaining sub-reaches. 

Sub-reach 1 (km 0-0.40) 

Sub-reach 1 is approximately 400 m in length and is characterized 

by a steep local gradient (3.0 t o  3.5%). Specific habitat characteristics in 

this section (Station H2) are described in Table 5.1 and illustrated in Plate 

7. Physical channel features were as follows: wetted width was 4.0 m, 

mean depth was 15 cm, and mean velocity was 50 cm-s-l. As expected 

due to the steep gradient, the dominant cover types were Riffle (43%) and 
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Run (45%). The remaining habitat consisted of low quality (Class 1) Pool 

(12%). The substrate consisted largely of granular material ranging in 

size from coarse gravel (1.6 to 3.2 cm) to large cobble (12.8 to 25.6 cm). 

Sediment deposition on coarse substrates was low he. ,  less than 25% 

coverage of interstitial area). Growth of macrophytes and attached algae 

was negligible. Previous erosion of the banks was very limited; resistance 

to further erosion was high due to the predominantly cobble-boulder 

texture of the banks and the extensive vegetation cover (grasses, forbs). 

Sub-reach 2 (km 0.4-1.04) 

Sub-reach 2 is approximately 640 m in length and features a low 

gradient (0.5%). The section was characterized by a low diversity of 

cover types (i.e., mainly ~ u n ) .  The substrate contained more fines in 

comparison to the downstream reach. Growth of T'ypha latifolia was 

extensive in the channel in response to the lower gradient. 

Sub-reach 3 (km 1.04-1.73) 

Sub-reach 3 has a length of approximately 690 m. The local 

gradient in this section is moderate (0.8%). The dominant cover type was 

Run, but Flat also was represented. The substrate consisted of coarse 

material ranging from cobble (6.4 to 25.6 cm) to large boulder (25.6 to 

51.2 cm). 



Sub-reach 4 (km 1.73-2.73) 

Sub-reach 4, a high gradient section (1.0%), is approximately 1.0 km 

in length. Data collected a t  station HI provide a description of the  reach 

(Table 5.1). Physical channel characteristics were as follows: wetted 
- 

width was 1.9 m, mean depth was 27 em, and mean velocity was 23 cm0s 

The dominant cover types were Run (71%) and Pool (29%). All pools 

were of low quality (i.e., severe depth limitation). The substrate was 

dominated by coarse material ranging from medium gravel (0.8 to  1.6 cm) 

to  large cobble (12.8 t o  25.6 cm). Silt accumulation was evident in Pool 

areas. Overall, sediment deposition was low in Run areas. Previous ero- 

sion of stream banks generally was low; resistance t o  further erosion was 

rated as  high. Growth of macrophytes or attached algae on the substrate 

was negligible. 

Sub-reach 5 

Sub-reach 5 is a short (approximately 305 m) section of stream 

situated between the upper road crossing (culverts) and the impoundment. 

The section was characterized by low local gradient (less than 0.1%), 

100% Flat cover type, and silt substrate. 

(I 5.2.2 WATERQUALITY 

5.2.2.1 Physical Parameters 

m 
In Creek Bl, the water temperature a t  stations B1-W2 and Bl-W1 

ranged from 5.0 t o  20.0oC, with the highest value occurring a t  B1-W1 in 
II, 



July (Table 5.2). The pH ranged from near neutral (6.9) to  alltaline (8.5); 

highest values occurred in September. At B1-W 1, the total non-filterable 

residue levels were low, with the highest value of 4.4 mg-L -i recorded in 

September. At B1-W2 and B1-W1, dissolved oxygen levels ranged from 6.5 

to  8.8 mg-L-' which met the ASWQO of 5.0 mg*1y1. The oxygen 

saturation levels ranged from 65 t o  82%, and showed no seasonal trends. 

5.1.2.2 Major Ions 

The ionic character of the waters a t  B1-W2 and B1-W1. were similar 

(Figure 5.4). The ionic dominance generally was from H C O ~ -  

++ + ++ - 
> Ca > Na > Mg >  SO^- > ~ 1 -  > K+. The waters varied from calcium 

bicarbonate t o  a sodium bicarbonate type because calcium and sodium 

were of near equal dominance. At B1-W1, levels of total filterable 

residue (155 t o  189 mg-L-') increased from June t o  September. At B1-W2 

and B1-W1 the increased salinity in July and September also was indicated 

by the specific conductance values. Compared t o  other ions, sulphate 

concentrations exhibited the largest fluctuations among sampling stations 

and among sampling periods, with notable decreases in July and 

September. 

5.2.2.3 Nutrients 

The total nitrogen concentrations a t  the two stations were very 

similar, ranging from 0.79 t o  1.17 mg N-L-', and were highest in July. 



The n i t ra te  + ni t r i te  values ( ~ 0 . 0 0 3  t o  0.014 mg N-L-l) showed higher 

levels in June,  identical  t o  t h a t  of t o t a l  nitrogen. Ammonia levels were  

low ranging from <0.01 t o  0.14 mg N.L -I. 

At  t h e  two  stat ions,  t o t a l  phosphorus concentrations were  similar 

ranging from 0.040 t o  0.130 mg P-L-' and showed no trends. Ortho- 

phosphorous concentrations at Bl-W1 (0.013 t o  0.034 mg P-L-') were  

highest in July. 

React ive  silica concentrations ranged from 1.29 t o  4.64 m g * ~ - '  and 

at both s ta t ions  t h e  highest levels occurred in September. Total  organic 

carbon levels (ranging from 26.3 t o  33.5 m g - i l )  were  similar at both 

stations. 

II 5.2.2.4 Trace Metals and Other Substances 

At  Bl-W1, t h e  concentrations of t r a c e  metals and e lements  were  

generally below thei r  detection l imits,  except  for  iron and manganese 

levels which exceeded the  ASWQO. Total  iron values (0.41 t o  0.57 m g . ~ - l )  

and t o t a l  manganese (0.060 t o  0.100 mg.~- ')  exceeded t h e  objectives of 

0.30 and 0.05 r n g - ~ - l ,  respectively. With respect  t o  o ther  parameters,  

phenol concentrations (ranging f rom 0.004 t o  0.012 mg*~- ' )  exceeded t h e  

ASWQO of 0.005 rng*L-'. Oil and grease  (C0.4 t o  6.6 mg.~-') were  

present in low levels. 



5.2.3 ZOOBENTHOS 

Creek B1 was quantitatively sampled only in summer and fall. At 

B1-B, the creek was shallow and approximately 2 m wide, with moderate 

flow over coarse cobbles and small boulders (Figure 2.8). Inspection in 

spring indicated that Simuliidae and Baetis (mayflies) were abundant. 

These taxa also were abundant in summer, together with Chironomidae 

(Figure 5.5). Density, biomass and taxonomic richness increased in fall 

(Table 5.3). Decreased diversity in fall was attributed to  increased 

relative abundance of Chironom idae. 

Detailed tables of taxonomic composition, abundance and biomass 

are presented in Appendix D, Tables Dl5  and D33. 

5.2.4 FISH 

Fisheries sampling was conducted a t  two stations on Creek B1 in 

1984 (Figure 2.3). The lowermost station ( E F ~ )  was situated immediately 

downstream of the temporary road crossing a t  km 0.4. The uppermost 

station (EF2) was located approximately 1.9 km upstream from the 

reservoir. Station EF1 was sampled during the spring and fall periods; 

station EF2 was sampled during the summer and fall periods. 

Four species of fish were recorded in Creek B1 during 1984 (Table 

5.4; Appendix E, Table E5). Lake chub were numerically dominant in 

catches from both sample stations, with a combined contribution of 49.5% 



to the total catch (Table 5.4). White sucker, fathead minnow and brook 

stickleback (in decreasing order of abundance) made up the remainder of 

the catch. 

Table 5.4. Percentage composition of fish species recorded a t  
backpack electrofishing stations on Creek B1, 1984. 

Fish Fish Species - 
Station Captured White and Observed sucker Fathead Lake Brook 

minnow chub stickleback 

- - - - - --- - 

Combined 750 22.3 14.6 49 .5  13.6 

In the fall survey (when both stations were sampled), highest capture 

rates (for all species) occurred a t  station EF2 (Appendix E, Table E5). 

The greater use of this area may be a response t o  the abundance of 

suitable feeding and rearing habitat for forage species and white sucker 

y-o-y. Station EF2 was situated in a moderate gradient reach which was 

characterized by a high habitat diversity and an abundance of instream 

and streambank cover (Sec. 5.2.1). In contrast, station EF1 was located in 

a high gradient reach and instream cover was restricted (Sec. 5.2.1). 

The high capture ra te  (CUE = 256.7 f i shmid ' )  recorded for white 

suckers in EF1 on 31 May 1984 was a result of the presence of a large 

concentration of spawners (Appendix E, Table E5). These individuals were 

froin a resident population in Beaver Creek Reservoir (and possibly Ruth 



Lake and Poplar Creek ~eservoi r ) .  Both ripe and spent adults were 

captured indicating spawning was in progress a t  the time of sampling. 

Water temperature on the sampling date was 12 .5 '~  (at 2030 hours). A 

visual survey of the system on 31 May estimated the presence of 300 t o  

500 spawners. Most of these were concentrated in a 140 m channel 

section located immediately downstream from the temporary road 

crossing (Plate 7). This area contained an abundance of suitable spawning 

substrate (Section 5.2.1). Lesser numbers of spawners were observed in 

the 300 m of stream channel situated immediately upstream from the 

road crossing. Suitable spawning habitat in this area was limited, and 

exhibited a more localized distribution. The abundance of white suckers 

(mainly y-o-y) in catches from both sample stations in the fall provided 

evidence of successful recruitment in 1984. These fish likely overwinter 

in Beaver Creek Reservoir. 

The channelized section of Creek B1 also was utilized for spawning 

by lake chub. A capture ra te  of 110.0 fish-min-' was recorded for lake 

chub in EF1 on 31 May ( ~ p p e n d i x  E, Table E5). All individuals captured 

were adults in spawning condition. The presence of lake chub eggs in 

substrate kick samples confirmed the occurrence of spawning in the area. 

Both lake chub and white sucker eggs were collected in the same kick 

sample indicating that  these species utilized the same spawning areas and 

habitat types. Lake chub y-o-y were abundant in Creek B1 in the  fall, 

confirming successful spawning. 



Direct evidence of spawning use (i.e., the presence of eggs or 

spawning individuals) by brook stickleback and fathead minnow in Creek 

B1 was not obtained in the present study. The occurrence of y-o-y of 

these species in September catches, however, indicates some recruitment 

occurred in the system. These fish may have spawned within the 

channelized section or drifted downstream from spawning areas in Creek 

BP situated upstream from the channelized sections. The shallow water 

depths in the channelized section of Creek B1 likely presents marginal 

conditions for overwintering (Sec. 5.2.1). Suitable overwintering areas 

were available both upstream (i.e., the impoundment) and downstream 

(i.e., Beaver Creek Reservoir) of the channelized reach. 

5.3 BEAVER CREEK RESERVOIR 

5.3.1 AQUATIC HABITAT 

5.3.1.1 Description of Drainage Area 

Beaver Creek Reservoir, located immediately south of the mine 

site, was formed by the impoundment of Upper Beaver Creek (Figure 2.3). 

Reservoir filling commenced in the fall of 1975 and the reservoir reached 

the level of the outlet channel by the spring of 1976 (Syncrude Canada 

Ltd. 1984). 

Four major sources provide inflow to  the reservoir, these being 

Upper Beaver Creek (Plate 8), Creek B2 (previously Creek No. 5), Creek 



B1 (previously Creek No. 4), and the South Mine Sump (located behind the 

northern face of the dam). An outlet diversion channel drains from the 

northeastern sector of the reservoir into Ruth Lake. 

5.3.1.2 Physical Characteristics 

The physical characteristics of Beaver Creek Reservoir have been 

described by Noton and Chymko (1978), and Carmack and Killworth 

(1979). The reservoir is a moderately shallow waterbody featuring gently 

sloping and low-lying shorelines; the shoreline is irregular (Figure 5.7). 

Specific morphometric data are as  follows: 

Morphometr y of Beaver Creek Reservoir 

Surface Elevation 
Length 
Area 
Volume 
Mean Depth 
Maximum Depth 
Flushing time 

309.7 m 
3.4 km 
220 ha 
4.9 X 10  m 
2.2 m 
approx. 1 0  m 
approx. 2 months 

source: adapted from Carmack and Killworth (1979); Noton and Chymko 
1978). 

The substrate composition in the reservoir is extremely diverse 

because the flooded area included stream beds and bank (i.e., Beaver 

Creek), sand and gravel knolls, muskeg, and forest floor. In shoreline 

areas, the substrate is predominantly muskeg, sand, or gravel based. Sand 

and gravel materials a re  restricted to the area near the dam face. Sand 



Source: Noton and Chyrnko (1978) 

Note Contours are approximate 

Greater depths occur locally 

along the submerged creek channel 
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substrates are found along the western shoreline which exhibit slightly 

higher banks. Mud and organic substrates occur along the southern end of 

the reservoir. Substrate in the majority of the main basin consists of 

organic debris. 

The distribution of macrophyte species in Beaver Creek Reservoir 

during July 1984 is shown on Figure 5.8. The relative abundance of the 

various forms is given in Table 5.5. Submersed vegetation was widely 

distributed in the reservoir t o  a depth of 2.0 t o  2.2 m. The smallest beds 

occurred along the dam face and in the southwest sector between sites 9 

and 10. Floating-leafed species were not abundant. The most common 

species association was Myriophyllum-Potamogeton zosteriformis which 

covered fairly large areas. A number of changes have occurred since the 

1977 survey. Potamogeton pusillus (berchtoldii) is no longer as abundant 

as  in 1977, but is widely distributed; P. zosteriformis has become very 

common. m h a  is now the dominant shoreline species. Utricularia was 

not observed in 1984. While the abundance of some species has decreased 

or the species has disappeared since 1977, others have increased in 

abundance and a few new species were found. Detailed descriptions of 

the macrophyte assemblages a t  specific sites are provided in Appendix F, 

Table F1. 





Table 5.5 Distribution pattern and relative abundance of macrophytes found in 
Beaver Creek Reservoir, July 1984. 

Species Distribution Pattern 

Submersed 

Callitriche spp. 
Ceratophyllum demersum 
Drepanocladus spp. 
Lemna minor 
Lemna trisulca 
Myriophyllum exalbescens 
Nuphar variegatum 
Potamogeton pectinatus 
Potamogeton pusillus 
Potamogeton richardsonii 
Potamageton zosteriformis 

Polygonum amphibium 
Potamogeton natans 
Sparganium spp. 

Carex spp. 
Equisetum spp. 
Hippuris vulgaris 
Ranunculus spp. 
Sagittaria spp. 
Scirpus spp. 
Typha latif olia 

Rare 
Abundant 
Present 
Presenta 
Present 
Abundant 
Present 
Abundant 
Common 
Common 
Abundant 

Float ing-Leaf ed 

Present 
Rare 
Present 

Emergents 

Common 
Present 
presentb 
Present 
~ r e s e n t b  
Abundant 
Abundant 

asmall amounts of Typha beds 
b ~ o u n d  in NW corner of reservoir 



5.3.2 WATER QUALITY 

5.3.2.1 Physical Parameters 

The minimum and maximum temperatures in Beaver Creek . 

Reservoir a t  station BCR-W were 7.5 and 22.0°c, respectively, with the  

highest value recorded in July (Table 5.6 and Figure 5.9). Thermal 

stratification was not well developed. A marked temperature difference 

of 2.00C was observed between depths of 2 and 3 m in June. The 

stratification was weaker in July and in September the reservoir was 

isothermal. The temperature condition is similar to  that observed in 1977 

(Noton and Chymko 1978). A similar description of the  temperature 

stratification was reported in Carmack and Killworth (1979). 

The pH ranged from 7.2 t o  7.7 and showed an inverse relationship 

with increased depth in July and September. In 1977, a similar 

relationship was reported by Noton and Chymko (1978). Furthermore, 

they recorded pH values of 8.3 to 8.5 on 28 July 1977 which were 

associated with a blue-green algal  bloom. 

Dissolved oxygen levels in the reservoir ranged from 2.2 t o  9.8 mg*~-', 

with the lowest values reported a t  the bottom in June and the highest 

near the surface in July. In June and July, the oxygen saturation showed 

stratification similar to  that recorded for temperature ( ~ i g u r e  5.9). In 

June, oxygen saturation levels of 82 to 90% were reported in the 

epilimnion (0 t o  2 m) while during the same period in the hypolimnion ( 2  t o  



Table 5.6 Summary of temperature, dissolved oxygen, specific conductance and pH levels in Beaver Creek Reservoir (Station BCR-W) 
during June, July and September, 1984. 

Parameter Temperature PC) Dissolved Oxygen Specific Conductance ( v~-crn-') 

Depth (rn) June July Sept. June July Sept. 
mg-L-1 %Sat.  mg-L-1 %Sat. m g . ~ - l  %Sat. 

June July Sept. 
PI1 

June July 
-- 

Sept. 





6 m) the values decreased to 20%. During this period the dissolved oxygen 

1 levels were below the ASWQO of 5.0 m g * ~ -  . In July the stratification 

weakened; oxygen saturation ranged from 77 to  110%. The supersaturated 

levels near the surface were indicative of a high rate of primary 

productivity. Supersaturated conditions in July also were described by 

Noton and Chymko (1978). In September the reservoir was isothermal 

with an oxygen saturation level of approximately 75% throughout the 

water column. The chemical oxygen demand levels in the reservoir were 

similar during each sampling period. 

The total non-filterable residue levels were similar during the 

- 1 sampling periods with values of 3.2 to  6.4 mgaL . These values a re  

similar to those associated with the creeks described in Sections 5.1.2.1 

and 5.2.2.1. The Secchi disc visibilities in June and September were 1.0 

and 0.90 m, respectively. 

5.3.2.2 Major Ions 

The Beaver Creek Reservoir water was of the sodium bicarbonate 
- + ++ - - 

type with a dominance of H C 0 3  > Na > Ca > M ~ + +  > SO4 > CI+>K+ 

based on the composite samples  able 5.2, Figure 5.4). The ionic 

character of the water differs from that of the creeks because of higher 

concentrations of sodium and, particularly, chloride in the reservoir. The 

data indicate slightly higher concentrations of sodium and chloride were 

present in the bottom (5 m) samples as  compared to  the composite 

samples. The specific conductance profiles shown in Figure 5.9 further 



indicated the presence of increased salinity near the  bottom of the  

reservoir. In June the specific conductance showed a minor increase t o  

360 p s-cm-' a t  5 :n which suggests tha t  perhaps the saline mine water 

had contributed t o  the  difference. In July, t he  specific conductance 

gradient showed a similar pattern t o  tha t  of oxygen saturation. In 

September, a period of mixing, the  ionic composition of t he  water  was 

homogeneous. In general, salinity increased from June t o  September, 

similar t o  the condition exhibited by the  creeks. The ionic character of 

the reservoir in July was similar t o  tha t  reported for the same period in 

1977 (Noton and Chymko 1978). These researchers, however, did not 

encounter any notable ionic differences between the surface and bottom 

waters in June. 

5.3.2.3 Nutrients 

The to ta l  nitrogen concentrations measured in the  reservoir 

1 throughout the study were similar, ranging from 0.81 t o  1.18 mg N-L- . 
Trends between the composite samples and the 5 m samples, and between 

sampling periods, were not distinct. Total nitrogen values from the  

composite samples slightly exceeded the ASWQO of 1.0 mg N - L - ~ .  In 

June, July, and September 1977, to ta l  nitrogen concentrations 

(approximately 0.40 mg N-L-I; Noton and Chymko 1978) were 

considerably lower than in the present study. The ni t rate  + nitr i te  

concentrations ranged from 0.007 t o  0.040 mg N9L-l with the highest 

values occurring at 5 m depth. In addition, the values increased from 

June to September, probably the result of lower demand by the  primary 



producers. In 1977 t h e  su r face  values in June, July, and Septeinber were  

0.248, less than  0.030, and 0.023 mg N*L", respectively, while at t h e  

bottom t h e  levels were  0.340 mg Ned1  in June,  and 0.035 mg N-L-' in 

July (Noton and Chymko 1978). 

The to ta l  phosphorus concentrations ranged from 0.051 t o  0.115 

mg P-L-', with July samples  exhibiting t h e  highest values. Only a sl ight 

difference in concentrations existed between the  composite samples and 

those f rom t h e  5 m depth ,  with no dist inct  t rend noted. Total  phosphorus 

concentrations consistently exceeded the  ASWQO of 0.05 mg P-L-'. The 

values fa r the r  exceeded t h e  Environment Canada guideline of 0.02 5 

mg POL-' which was established more specifically for  lakes and 

reservoirs ( ~ c ~ e e l y  et al. 1979). Ortho-phosphorus concentrations 

(range: 0.017 t o  0.032 m g  P-L-'1 paralleled t h e  t o t a l  phosphorus values 

with t h e  highest value recorded in July. In June  1977, Noton and Chymko 

(1978) found t o t a l  phosphorus values of 0.016 and 0.202 mg P*G' at t h e  

surface  and bottom, respectively. In July 1977, t h e  top  and bottom values 

were  0.100 and 0.030 mg P-L-', respectively. In 1977, at t h e  surface ,  

ortho-phosphorus concentrations of 0.077, 0.031, and less than  0.016 

mg P*L-' were  recorded in June,  July, and September,  respectively, while 

at t h e  bottom, concentrations of 0.149 and 0.026 mg P.L-' were  found in 

June and July, respectively. 

React ive  silica concentrations ranged f rom 1.48 t o  4.55 m g - ~ - l ;  

t h e y  were  highest in June  and showed l i t t l e  d i f ference between t h e  

composite sample and t h e  5 m sample. Noton and Chymko (1978) repor ted 



a similar relationship between t h e  su r face  and bottom samples and 

slightly higher concentrations in July as compared t o  June and September 

1977. Total  organic carbon levels ranged from 23.5 t o  29.2 mg-L-' and 

showed very l i t t l e  difference between sampling periods o r  between t h e  

composite and t h e  5 m samples. The values were similar t o  those found in 

the  inflowing creeks. 

5.3.2.4 Trace  Metals and Other Substances 

The concentrations of t r a c e  metals  and e lements  in Beaver Creek  

Reservoir were  generally below t h e  detect ion limits. Tota l  iron (0.49 t o  

0.93 rng-~") and t o t a l  manganese (0.090 t o  0.120 mg-L-l) concentrations 

exceeded t h e  ASWQO of 0.30 and 0.050 mg.L", respectively. The highest 

values for both parameters  were  recorded in June and July. Iron values 

exceeding ASWQO of 0.30 mg-L-' also were  reported at t h e  su r face  and 

bottom by Noton and Chymko (1978). Phenol concentrations (0.006 t o  

0.008 m g - ~ ' l )  slightly exceeded t h e  ASWQO of 0.005 mg*~-'.  Oil and 

grease  levels were  low ranging f rom 0.4 t o  1.9 r n g * t l .  In comparison, 

July 1977 phenol concentrations were  lower (0.001 r n g * ~ - l )  at t h e  surface  

and bottom, and oil and grease levels were  considerably higher with the  

maximum values of 12.0 m g - d l  at t h e  su r face  (Noton and Chymko 1978). 

5.3.3 PHYTOPLANKTON 

Phytoplankton cell count and cel l  volume d a t a  for Beaver Creek  

Reservoir a r e  presented in Appendix G, Table GI .  During t h e  th ree  



seasons sampled in 1984, numerical abundance of phytoplankton was 

highest during the summer (Figure 5.10); however, the standing crop 

expressed as bio-volume (i.e., on a cell volume basis) was lowest during 

the summer, reflecting the large number but small size of the phytoplank- 

ton present a t  that time. Bio-volume of phytoplankton was similar during 

late spring and fall (Figure 5.10). 

In mid June, Beaver Creek Reservoir phytoplankton was dominated 

by Cryptophyta which contributed approximately 46% to  the total cell 

volume in the sample (Figure 5.10). The dominant species in this group 

was Cryptomonas erosa, which alone accounted for 33% of the total. The 

second most abundant taxonomic division in June was Euglenophyta, 

comprised primarily of Phacus pyrum and Trachelomonas planctonica. 

This division contributed about 27% of the total cell volume in the 

sample. On a numerical basis, the Chlorophyta (34% of total  cell 

numbers) and Cryptophyta (22%) were the predominant divisions. 

In the summer sample, the phytoplankton was dominated by Cyano- 

phyta (primarily Aphanizomenon flos-aquae and Anabaena sp.) followed 

closely by Bacillariophyta (primarily Melosira granulata). These divisions 

contributed approximately 40% and 37% to  the total bio-volume of the 

sample, respectively. Although Cryptophyta was the dominant division in 

the spring sample, this group, along with the Crysophyta and Pyrrophyta, 

was not present in the routine counts of the summer samples. On a 

numerical basis (i.e., cell-m~-'),  Cyanophyta contributed about 67% of 

the total cell numbers. Chlorophyta, composed primarily of Oocystis sp., 
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Figure 5.10 Abundance and percent  compos i t ion  of phytop lankton 

i n  Beaver Creek Reservoir, 1984. 



Sphaerocystis schroeteri, and Scenedesmus bijuga, was second in 

abundance, contributing about 28% of the total  cell numbers. 

In the fall, the phytoplankton was dominated by Bacillariophyta 

(35% of the bio-volume) followed closely by Cryptophyta (2 7%) and 

Euglenophyta (26%). The Bacillariophyta was comprised of primarily 

Synedra ulna, Melosira granulata, and an unidentified centric. On a 

numerical basis, cyanophytes were most abundant (36% of total numbers) 

followed closely by chlorophytes (27%) and cryptophytes (27%). 

Seasonal variation for the major phytoplankton species in Beaver 

Creek Reservoir is presented in Figure 5.11. Cryptomonas erosa was the 

dominant species by volume during the June sample period, but was absent 

from the counts in the  summer sample. This species increased in 

abundance again in the fall. Rachelomonas planctonica was second in 

abundance in the late  spring sample. This species also declined in 

abundance in summer, then increased to become the dominant species in 

the fall. Melosira granulata, a large diatom, contributed a major portion 

of the total bio-volume in each of the three samples, and was the 

dominant species in the July sample. Synedra ulna, another diatom, was 

absent from the spring and summer samples, but was the second most 

abundant species in the fall. 

Previous phytoplankton data collected in 1977 (Noton and Chymko 

1978) indicated that  Cyanophyta was numerically dominant in late June 

and July but contributed only minor amounts to  the totals in early June, 
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Figure 5.11 Seasonal variation (by volume) of dominant phytoplankton 

in Beaver Creek Reservoir, 1984. 



and was absent from the samples by late September. It appears that the 

Cyanophyta followed a similar pattern in the spring and summer of 1984 

(i.e., moderate nuinbers in mid-June, then becoming numerically dominant 

by late July); however, Cyanophyta continued t o  remain numerically 

dominant in late September. 

Based on a comparison with the data collected by Noton and 

Chymko (19781, phytoplankton densities and taxonomic composition were 

not substantially different between the two studies although a more dense 

bloom of Cyanophyta was present in late July in 1977. The similarities in 

species composition and abundance between the present study and the 

197 7 study supports the conclusion of previous investigators (Jantzie e t  al. 

1980) that mine depressurization water was not toxic t o  the algae in the 

reservoir. 

5.3.4 ZOOPLANKTON 

The species composition, numerical abundance, and calculated 

biomass (excepting nauplii) of crustacean plankton collected a t  the 

regular sampling station BCR-Z in Beaver Creek Reservoir are 

summarized in Table 5.7. Aliquot counts and calculated totals for each 

sample are included in Appendix C, Table C1. The species composition 

and numerical abundance of rotifers in the zooplankton samples are  

summarized in Table 5.8. The total numbers of species identified on all 



Table 5.7 Species composition, numerical abundance, and calculated biomass of 
crustacean plankton from Beaver Creek Reservoir (Station BCR-Z), 1984. 
Unbracketed values are number-m-3. Bracketed values are  biomass 
expressed as mg wet weight-m-3. 

Speciesa 15 June 24 July 23 Sept. 

COPEPODA 
C ALANOIDA 

Diaptomus oregonensis LILLJEBORG 1889 A+C 1 007 
(34.6) 

diaptomid nauplii 9 859 

CYCLOPOIDA 

Acanthocyclops vernalis FISC HER 1853 A+ adv.C 486 
(15.9) 

Diacyclops thomasi (FORBES) 188 2 A+ adv.C 0 

Mesocyclops edax (FORBES) 189 1 

cyclopoid copepodids, immature C 

cyclopoid nauplii 

CLADOCEKA 

Bosmina longirostris (O.F. M ~ L L E R )  1785 1 864 
(23.7) 

Ceriodaphnia lacustris BIRGE 1893 0 

Macrothrix hirsuticornis NORMAN & BRADY 1867 35 
(0.6) 

Daphnia parvula FORDYCE 1901 312 
(4.7) 

Diaphanosoma leuchtenbergianum FISC HER 1850 24 
(1.2) 

Alona gut ta ta  SARS 1862 11 

Chydorus sphaericus (O.F. M ~ L L E R )  1785 

a A=adult; C=copepodid, usually I t o  III; adv.C=advanced copepodids, usually IV & V. 
b excluding nauplii and non-crustaceans. 



Table 5.8 Species composition and numerical abundance of rotifers in the  
zooplankton of Beaver Creek Reservoir (Station BCR-Z), 1984. 

Species 

Keratella cochlearis (GOSSL 1851) 10 692 2 291 171  880 

Keratella earlinae AHLSTROM 1943 74 498 41 241 23 760 

Keratella quadrata (O.F. M ~ L L E R  1786) 21 384 0 806 

Keratella hiemalis CARLIN 1943 972 0 0 

Notholca acuminata (EHRENBERG 1832) 278 0 0 

EucNanis dilatata EHRENBERG 1832 0 3 055 0 

Brachionus calycifloris PALL AS 17  6 6 1 3  226 0 0 

Brachionus quadridentatus (HERM ANNS 178 3) 17  218 170 

Asplanchna priodonta GOSSE 1850 6 9 0 339 

Synchaeta pectinata (?) EHRENBERG 1832 0 0 28 512 

Synchaeta oblonga (?) EHRENBERG 1831 0 0 11 074 

Synchaeta sp. 694 0 0 

Gastropus (?) sp. 625 0 0 

Pilinia longiseta (EHRENBERG 1834) 1 597 436 1 570 

Polyarthra dolichoptera IDELSON 1925 76 789 0 0 

Polyarthra vulgaris CARLIN 1943 0 436 0 

Rotaria neptunia EHRENBERG 1832 17  0 0 

unidentified rotif e r s  0 0 3 946 

Total 



three sampling dates are: 

Rotif era - 17 
Cladocera - 7 
Cyclopoida - 3 
Calanoida - 1 
Chaoboridae - 0 

There were fewer commonly occurring crustacean species and more 

rotiferan species in Beaver Creek Reservoir in 1984 than in 1977 (Noton 

and Chymko 1978). 

I 5.3.4.1 Rotifera 

The species composition of rotifers in Beaver Creek Reservoir was 

dominated by Keratella spp. on all three sampling dates, but was followed 

closely by Polyarthra dolichoptera in June and by Synchaeta spp. in 

September. Keratella was dominated by K. earfiae in the June and July 

samples. This species, considered to  be a variant of K. cochlearis by 

Koste (1978) but not so by others (e.g., Baker 1979), is difficult to  

distinguish from the latter unless loricas are carefully cleaned and 

examined individually. Here an allotment t o  each species was made 

primarly on overall size and caudal spine length. In general, K. earlinae 

became less abundant and K. cochlearis more abundant towards fall. A 

small number of K. hiemalis occurred in the June sample. This species 

resembles a small K. quadrata and could have been overlooked in the 

presence of large numbers of K. quadrata in previous years. 

Although much smaller in September, the rotiferan numbers in 1984 

cannot be considered vastly different from those in 1977 (Figure 5.12). 



Figure 5.12 Abundance of Rotifera in Beaver Creek Reservoir in 1984 (present study) 
and in 1977 (Station BCR-1; Noton and Chymko 1978). I* 



Rotifer numbers are known to vary dramatically from month t o  month 

(Pennak 19491, a variation that may be due in part t o  sampling problems. 

Rotifer species composition also may vary radically from year to year. In 

Beaver Creek Reservoir, however, the differences in species composition 

and total numbers between 1977 and 1984 cannot be considered 

biologically significant and do not warrant further discussion. 

5.3.4.2 Cyclopoida 

During the spring sample period, the cyclopoids were dominated by 

Acanthocyclops veFnalis; a shift t o  a dominance by Diacyclops thomasi 

was noted during summer and fall. The increased abundance of D. 

thomasi in summer and fall and in general, compared t o  1977, is a se- 

quence noted in other Alberta lakes and may be indicative of an eventual 

dominance by D. thomasi (Anderson 1970a, 1972). D. thomasi, although 

usually smaller than either Acanthocyclops vernalis or Mesocyclops edax, 

is the more voracious predator and is capable of altering the species 

composition of the zooplankton quite markedly (Anderson 1970b). 

Diacyclops navus, more com monly considered a temporary pond or 

small lake species, was not found in the 1984 samples. This species was 

found in Beaver Creek Reservoir occasionally in 1977 (Noton and Chymko 

1978). Similarly, Macrocyclops albidus, which occurred only rarely in 

1977, was not found in 1984 samples. The absence of the lat ter  may be 

part of the general trend towards smaller species noted for all three 

waterbodies in the present zooplankton study. 



5.3.4.3 Calanoida 

Only one species of calanoid copepod, Diaptornus oregonensis, was 

collected from Beaver Creek Reservoir in 1984. Abundance was greatest 

during the fall sampling period and lowest during the spring period. 

There has been a dramatic change in the calanoids present in Beaver 

Creek Reservoir since 1977 (Figure 5.13). In 1977, Diaptomus leptopus 

was the only calanoid present in the waterbody (Noton and Chymko 19781, 

whereas in 1984 Diaptomus oregonensis was the only calanoid present. 

Counts were somewhat higher in 1984 and, in spite of its much smaller 

body size, D. oregonensis produced more than twice the standing crop 

biomass in 1984 as did Diaptomus leptopus in 1977. Many fish species a re  

known to selectively eliminate larger zooplankters (Brooks and Dodson 

1965; Hrbacek & Novotna-Dvorakova 1965; Anderson 19801, and the  

increased presence of fathead minnows in Beaver Creek Reservoir may be 

responsible for some shift from larger to  smaller species. 

5.3.4.4 Cladocera 

The cladoceran component of the zooplankton in Beaver Creek 

Reservoir was numerically dominated by Bosmina longirostris during all 

three sampling periods (Table 5.7). Diaphanosoma leuchtenbergianum was 

very abundant in the July sample. Daphnia parvula was the codominant 

species in the spring and fall samples. 





As noted for the calanoids above, there also has been a marked 

change since 1977 t o  smaller cladoceran species in Beaver Creek 

Reservoir. Although Bosmina longirostris numbers in 1984 were virtually 

the same as in 1977 (Noton and Chymko 1978), the slightly larger 

Ceriodaphnia spp. were present only in very low numbers in 1984. Larger 

species of Daphnia (D. pulicaria, D. rosea, D. magna) present in 1977 did 

not occur a t  all in 1984, being replaced by the much smaller D. parwla .  

Numbers of the la t ter  in 1984 were much smaller than total  Daphnia 

numbers in 1977. Diaphanosoma leuchtenbergianum numbers were much 

higher in July 1984 than in 1977- possibly the result of reduced 

competition from Daphnia. 

5.3.4.5 Total Numbers and Biomass of Crustacean Plankton 

Although the zooplankton in Beaver Creek Reservoir was sampled on 

fewer occasions in 1984 than in 1977, there has been an apparent shift 

from larger t o  smaller species (Table 5.7; Noton and Chymko 1978). 

These changes seem t o  have produced lower total  numbers and a smaller 

biomass in la te  spring, and higher numbers and an increased biomass in 

summer and early fall  (Figure 5.8). As noted above, an increase in the 

standing stock of very small zooplankters can be the result of increased 

predation by plankton-feeding fishes. This is the most likely explanation 

for the shift noted in this waterbody; however, Beaver Creek Reservoir 

was only one year old in 1977, and crustacean species composition in such 

reservoirs is known t o  take several years t o  stabilize. Consequently, 

factors other than plankton-feeding fish may have played important parts 

in producing changes in the zooplankton community. 



5.3.5 ZOOBENTHOS 

Beaver Creek Reservoir samples were dominated by Oligochaeta and 

Chironomidae (Figure 5.14). Variation in diversity (H') may be 

attributable more to  differences in the proportions of these two taxa 

among stations, than to  the presence or a b e n c e  of other taxa. Diversity 

in spring a t  station BCR-B1 (1 m depth) was the second lowest of all 

measurements (Table 5.9) even though more taxa were collected in Ekman 

grab samples a t  this station than a t  any other. Oligochaeta contributed 

more than 80 % of the organisms collected on this occasion (Appendix D, 

Table ~16). Maximal diversity occurred a t  stations when and where 

Chironomidae became codominant with Oligochaeta. 

Taxonomic richness was greater a t  the 1 m depth than a t  either 3 m 

or 5 m depths (Table 5.9). This likely reflects the greater heterogeneity 

afforded by macrophytes a t  the shallowest depth. 

Benthic density a t  all stations was maximal in fall samples  able 

5.9); this generally was the case for estimated biomass as well. Benthic 

density was consistently greater a t  the 1 m depth than the 3 m depth 

along both transects. Densities a t  the 5 m depth (station B3) were 

equivalent t o  3 m samples (station B2 and B5), except during fall, a t  which 

time surprisingly high densities were recorded a t  the former station. 

No consistent differences in density, biomass, diversity or 

taxonomic richness were apparent between transects 1 and 2. Detailed 
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Table 5.9 Mean density (no. per sample), mean biomass (mg per 0.1 m2), diversity, and taxonomic richness of 
zoobenthos in Beaver Creek Reservoir, 1984. 

Depth 
(m) 

~ r a n s e c t  la Transect 2 b 

%?r@ Summer Fall Summer Fall 

1 Density 
Biomass 
Diversity 
Richness 

3 Density 
Biomass 
Diversity 
Richness 

5 Density 
Biomass 
Diversity 
Richness 

"~ncludes stations BCR-B1, BCR-B2 and BCR--B3 

b~ncludes stations BCR-B4 and BCK-B5; s ta t ions added a t  the  request of Syncrude Canada Ltd. 

e~ncludes taxa  collected in shoreline sweeps. 



tables of taxonomic composition, size distribution, and biomass a r e  

presented in Appendix D, Table D l6  t o  D20, and Table D34. 

Beaver Creek Reservoir was studied in detail  in 1977 by Noton and 

Chymko (1978). The present station BCR-B3 was similar in location t o  

their station BC-1. Although sample variability was too great t o  permit 

comment on changes in abundance, some change in species composition 

apparently occurred during the interval between the two studies. In 1977, 

the large chironomid, Chironomus, contributed 50 t o  70 % t o  samples 

during spring, summer, and fall. Oligochaeta made up a substantial 

proportion of the benthos only in fall. A third common organism was 

Chaoborus, a dipteran tha t  is common in oxygen-poor and/or insectivorous 

fish-free waters. In the  present study, Oligochaeta dominated a t  this 

station in all seasons, whereas Chironomidae (largely Chironomus) made 

up only 5 t o  15  % of samples. Chaoborus was an insignificant constituent. 

The transition from a Chironomus/Chaoborus dominated community 

t o  Oligochaeta/Chironomus may indicate improved hypolimnetic oxygen 

conditions and/or increased predation pressure resulting in reduced 

Chaoborus populations. An alternative hypothesis (a more likely but not 

necessarily exclusive hypothesis) is tha t  the organic content of the 

substrate has increased and produced a shift in the  

Chironomus:Oligochaeta ratio. This has frequently been observed in lakes 

in transition from oligotrophy to  eutrophy ( ~ e t z e l  1975). 



5.3.6 FISH 

5.3.6.1 S ~ e c i e s  Corn~osition and Relative Abundance 

Fisheries sampling on Beaver Creek Reservoir was conducted during 

June (boat electroshocking and seining) and July (gill netting and seining) 

(Table 2.1). Boat electroshocking was conducted on the reservoir (BCR- 

E S ~ )  and within the diversion canal (BCR-ESB). Seining was conducted in 

June and July a t  stations established during previous studies. Seining 

results obtained during the June period were not included in CUE or 

percentage composition calculations; the high reservoir water levels a t  

this time resulted in extensive shoreline flooding that  markedly reduced 

the capture efficiency of this method. 

Four species of fish were present in Beaver Creek Reservoir in 1984 

(Table 5.10; Appendix E, Tables E5 to  E7). In the combined catch by all 

methods, fathead minnow was the most abundant species, contributing 

37.1%. White suckers and brook stickleback exhibited relatively equal 

representation. In seine captures (a more accurate indicator of forage 

species abundance), the order of relative abundance was fathead minnow 

(44.0%) brook stickleback (37.7%), and white sucker y-o-y (18.3%). Lake 

chub were absent from seine catches. White sucker adults and juveniles 

were the major contributors to  the gill net and boat electroshocking 

catches (Table 5.10). 



Table 5.10. Percentage composition of fish species recorded from Beaver 
Creek Reservoir, 1984. 

Species 

(n)a 

Capture Method All 
Boat Methods 

Seine Gillnet Electroshocker Combined 
(977) (44) (139) (1160) 

White sucker 18.3 100.0 98.6b 31.0 

Fathead minnow 44.0 0 0.7 37.1 

Lake chub 0 0 0.7 < 0.1 

Brook stickleback 37.7 0 0 31.7 

aNumber of fish captured (captured and observed for electroshocking? 

b~ncludes 108 white suckers recorded from the diversion canal between 
Beaver Creek Reservoir and Ruth Lake. 

A comparison of seine catches from station S3 in 1978, 1981, and 

1984 suggests tha t  shifts in species composition and abundance have taken 

place since reservoir formation in 1976. For example, white suckers 

(juveniles and y-o-y) apparently have undergone a substantial increase, 

both in their contribution t o  seine catches and their capture rates,  since 

1978 ( ~ p p e n d i x  E, Table E8). It is evident tha t  successful recruitment t o  

the white sucker population has occurred in recent years. The presence of 

suitable spawning habitat in Creek B1 (and the  extensive use of these 

areas) may have led to  this increased recruitment. Gill net  capture data  

(selective for adults and larger juveniles) for the three study years 

indicate a reduction in numbers of adult white suckers from 1978 t o  1981, 

followed by a stabilization of the population between 1981 and 1984 (G2; 

Appendix E, Table E9). Boat electroshocking a t  ES1 and ES2 captured 

mainly adult and juvenile white suckers. Capture rates  for this sampling 



method were 3.0 and 4.1 fishamin-' a t  ESI and ES2, respectively. The 

1984 capture data  and the observation of approximately 300 t o  500 adults 

spawning in Creek B1 show a substantial population of white suckers still 

exists in Beaver Creek Reservoir. 

Fathead minnows and brook stickleback have dominated the catch in 

seines in all sampled years (Appendix E, Table E8). A comparison of 1984, 

1981, and 1978 capture rates,  however, suggests the numerical abundance 

of both these species has declined appreciably. 

Lake chub have declined in abundance in the reservoir since 1978; in 

1984 they were absent from seine captures ( ~ p p e n d i x  E8, Table E8). This 

species is bet ter  adapted to  fluvial habitats such as  Lower Beaver Creek 

and Creek B1 where i t  was abundant. The presence of adult lake chub in 

the gill net catch in fall 1978 (Appendix E, Table E9) suggests tha t  older 

age-classes overwinter in Beaver Creek Reservoir, and then move into 

tributaries (e.g., Upper Beaver Creek, Creek B1) in spring for spawning 

and feeding. 

Longnose suckers were present in low numbers in the 1978 gill net  

catch in Beaver Creek Reservoir (Appendix E, Table E9). Since longnose 

suckers have not been caught in subsequent studies, i t  is evident tha t  this 

species is no longer present in the reservoir. 



5.3.6.2 Age Structure of White Sucker Population 

The length-frequency distribution of white suckers captured in 

Beaver Creek Reservoir is presented in Appendix E, Table E10. The fish 

were  captured by a range of capture  gear  (gillnet, boat  electroshocker , 

seine) in order t o  minimize t h e  influence of gear  selectivity. 

Length frequency analysis indicates t h a t  t h e  population sampled was 

made up of six year-classes ranging f rom 1984 (y-o-y) t o  1979 (age five). 

Individuals from t h e  age five group made a smal l  contribution t o  t h e  t o t a l  

sample. The age  s t ruc tu re  of the  population in 1984 was similar t o  t h a t  in 

t h e  reservoir in 1978 (O1Neil 1979) and 1981 (OfNeil 1982). The 1984 and 

earl ier  da ta  indicate t h e  presence of a fast-growing, short-lived popul- 

a t ion in Beaver Creek  Reservoir. Da ta  collected on t h e  spawning run in 

Creek  B1 in 1984 indicate t h a t  the  majori ty of white suckers mature  and 

commence spawning at age  three.  A similar conclusion was reached in 

1978 based on a sample of white suckers directly from t h e  reservoir. The 

majority of t h e  sampled spawners was comprised of age  th ree  and a g e  

four individuals; age  f ive  fish were present but in low numbers. I t  is ap- 

parent t h a t  annual morta l i ty  increases sharply past  age  four and t h a t  few 

adults  survive past a g e  five. Substantial numbers of dead adults  (pri- 

marily large individuals) were  observed in t h e  lower reaches of Creek  B1 

following the  spawning run. This suggests t h a t  spawning mortali ty may be 

a factor  in determining t h e  lifespan of white suckers in t h e  reservoir. 

Spawning mortali ty of white suckers has been documented in t h e  MacKay 

River by Machniak e t  al. (1980), and in British Columbia by Geen et al. 

(1 966). 



5.4 RUTH LAKE 

5.4.1 AQUATIC HABITAT 

5.4.1.1 Descriution of Drainage Area 

Ruth Lake is an elongated waterbody located approximately 1.5 km 

east of Beaver Creek Reservoir (Figure 2.3). Formerly a closed drainage, 

i t  now receives inflow from Beaver Creek Reservoir via a diversion 

channel entering a t  the  northern end of the lake. A continuation of the 

channel exits from the southern end of the lake and drains into Poplar 

Creek Reservoir. 

5.4.1.2 Phvsical Characteristics 

The physical characteristics of Ruth Lake have been described by 

Noton and Chymko (1978) and Carmack and Killworth (1979). Ruth Lake 

is a shallow (maximum depth 3 m) waterbody approximately 3.8 km in 

length (Figure 5.15). A summary of the major morphometric features is 

presented below: 

Morphometry of Ruth Lake (based on 1978 data) 

Surface Elevation 
Length 
Area 
Volume 
Mean Depth 
Maximum Depth 

309.7 m 
3.8 km 
150 ha 
1.8 x 10 m 
1.2 m 
approx. 3.0 m 

source: adapted from Carmack and Killworth (1979). 



Source: Noton and Chymko (1978) 

Note Contour intervals (m) are from RRCS (1975) 

uncorrected lor water level change 

R.L. & L. Environmental Services Ltd. 

Figure 5.15 

R U T H  LAKE BATHYMETRY 



The substrate in Ruth Lake consists primarily of sof t  mud and 

organic material. Shorelines slope gently towards the forested perimeter 

of the lake. Cobble patches along the shoreline occur infrequently. 

*I 

The distribution of macrophyte species in Ruth Lake during July 

m 1984 is shown in Figure 5.16. The relative abundance of the various forms 

is presented in Table 5.11. 

I 

Since the 1977 survey, the structure of the submersed vegetation 

community in Ruth Lake appears t o  have been further simplified. Chara, 

which apparently was common in 1974, is now present in small quantities 

and only in a few locations. Myriophyllum and Ceratophyllum dominate 

the majority of the area between the shoreline and the 2 m contour, 

forming extremely dense beds which reach the surface. Colonies of the 

blue-green algae, Aphanizomenon, which occurred in Beaver Creek 

Reservoir and in the upper end of Ruth Lake, were largely filtered out by 

the plants. Only a few colonies remained to enter the channel t o  Poplar 

Creek Reservoir. The areas occupied by Nuphar may have decreased 

since 1977 but the Scirpus islands seem t o  be stable. Colonization beyond 

the  2 m contour is not extensive probably due t o  low incident light levels. 

A detailed description of macrophyte assemblages a t  specific sampling 

sites is provided in Appendix F, Table F2. 
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~m Table 5.11 Distribution pattern and relative abundance of macrophytes found in 
Ruth Lake, July 1984. 

am 

Species Distribution Pattern 

Submersed 

mm Ceratophyllum demersum 
Chara spp. 
Lemna trisulca 
Potamogeton pectinatus 

*r Yotamogeton praelongus 
Potamogeton richardsonii 
Potamogeton zosteriformis 

rl, Ranunculus spp. 

li 
Lemna minor 
Nuphar variegatum 

Abundant 
Present 
Present 
Common 
Present 
Present 
Common 
Present 

Float ing-Leaf ed 

Present 
Common - Emergent 

Carex spp. 
1 Eleocharis spp. 

Typha latifolia 
Scirpus spp. 

Common 
Common 
Abundant 
Abundant 



5.4.2 WATERQUALITY 

5.4.2.1 Physical Parameters  

During this study, water  temperatures  in Ruth Lake at s ta t ion RL-W 

ranged f rom 6.0 in September t o  25 .0 '~  in July (Table 5.2). Except in 

September,  sl ight decreases  in temperatures  from t h e  surface  t o  t h e  

bottom were  recorded. In June,  July, and September 1977 t h e  mean 

tempera tu res  (water column) were  19.6, 19.9, and 12.0°c, respectively 

( ~ o t o n  and Chymko 1978). 

The pH ranged f rom 7.8 t o  9.0. The maximum values which were  

recorded in July and September were  notably higher than those recorded 

in t h e  creeks or Beaver Creek  Reservoir. The high values probably were  

t h e  result  of extensive primary production. A pH value of 9.3 during a 

bloom of blue-green algae was reported by Noton and Chymko (1978). 

Tota l  non-filterable residue levels, with t h e  highest level  of 9.2 m g . ~ - l ,  

were similar t o  those  in Beaver Creek  Reservoir. The Secchi disc 

visibilities in Ruth Lake in June,  July, and September were  0.98, 2.0, and 

1.5 m, respectively. In June t h e  water  was yellowish in colour. 

Dissolved oxygen concentrations ranged f rom 3.4 t o  10.6 m g . ~ - l  and 

showed increased levels from June t o  September at t h e  surface  and bot- 

tom depth. The dissolved oxygen concentration of 3.4 m g - ~ - l  was  less 

than the  ASWQO of 5.0 m g * ~ - l .  Low dissolved oxygen levels a r e  common 

in shallow productive lakes in Alberta. The oxygen sa tura t ion ranged 



from 36% in June a t  the bottom t o  106% in July a t  the surface. In July 

1977, supersaturated levels were recorded in July with values a s  high a s  

136% a t  1 m depth (Noton and Chymko 1978). These researchers did not 

encounter saturation levels lower than 57% during the June t o  September 

period. Chemical oxygen demand levels (63 t o  64 rng.L-l) in Ruth Lake 

were consistent during the sampling periods, and were slightly lower than 

those in Beaver Creek Reservoir. 

5.4.2.2 Major Ions 

The water type and ionic character is very similar t o  tha t  described 

for  Beaver Creek Reservoir (Table 5.2 and Figure 5.4). This is further 

exemplified by the similar total  filterable residue levels in both water 

bodies. Slightly higher total  filterable residue levels (248 t o  356 mg-L-1) 

were reported for the same period in 1977 (Noton and Chymko 1978). 

Nutrients 

The total  nitrogen concentrations ranged from 0.96 to 

1.16 rng N-L" and slightly exceeded the ASWQO of 1.0 rng N-L-'. The 

levels were very similar t o  the composite sample results from Beaver 

Creek Reservoir with both waterbodies exhibiting the highest values in 

July. Nitrate + nitrite concentrations ranged from less than 

0.003 mg ~ 0 L - l  (July) t o  0.009 mg  N0L-l (June). The July and September 

values were lower than those recorded in Beaver Creek Reservoir. In 

June, July, and September 1977, notably higher levels of 0.084, 0.047, and 

0.044 mg N-L-1, respectively, were reported by Noton and Chymko (1978). 



Concentrations of t o t a l  phosphorus ranged from 0.027 t o  

0.054 mg P-L-1 with t h e  highest value recorded in June. These values 

were  within the  ASWQO of 0.05 mg P - L - ~  but exceeded the  0.025 

mg P - L - ~  guideline established by Environment Canada. Generally, t h e  

concentrations in Ruth Lake were lower than those in t h e  Beaver Creek  

Reservoir. In June, July, and September 1977, t h e  values in Ruth Lake 

were notably higher than in t h e  present study, with 0.112, 0.100, and 

0.051 mg P-L-1, respectively, reported by Noton and Chymko (1978). 

Ortho-phosphorus concentrations ranged from 0.006 mg P - L - ~  (September) 

t o  0.028 mg P - L - ~  (July), and paralleled those recorded in t h e  Beaver 

Creek  Reservoir. In 1977, the  ortho-phosphorus levels were  lower than in 

t h e  present study with values of 0.016, 0.022, and less than 0.016 mg P-L- 

in June,  July, and September,  respectively (Noton and Chymko 1978). 

Reactive silica concentrations ranging f rom 1.05 t o  4.70 m g . ~ - l  

showed the  same seasonal relationship as in Beaver Creek Reservoir; t h e  

highest values were  recorded in June and t h e  lowest levels in July. 

Similar conditions prevailed in 1977 excep t  t h a t  t h e  highest value during 

t h a t  period was recorded in September (Noton and Chymko 1978). Tota l  

organic carbon concentrations ranging f rom 28.5 t o  30.0 rng*L-l were  

similar t o  those in Beaver Creek Reservoir. 

Trace Metals and Other Substances 

The concentrations of t r a c e  metals and e lements  were very similar 

t o  those described for  Beaver Creek Reservoir. Iron and manganese 



concentrations ranged from 0.11 t o  0.35 m g * ~ - l ,  and 0.010 t o  

0.050 mg-L-1, respectively, and a r e  lower than those in Beaver Creek 

Reservoir. Iron concentrations in June and July slightly exceeded the  

ASWQO of 0.30 mg-L-1. Metal concentrations were similar in Ruth Lake 

and Beaver Creek Reservoir in 1977 ( ~ o t o n  and Chymko 1978). In the 

present study, phenol concentrations, which were similar t o  those 

recorded in the  reservoir, exceeded the ASWQO of 0.005 mg.L-l. Oil and 

grease levels which also were similar t o  the values in Beaver Creek 

Reservoir, were considerably lower than those reported in 1977 by Noton 

and Chymko (19781, when concentrations as high as 156.2 m g = ~ - l  were 

reported in July. 

5.4.3 PHYTOPLANKTON 

Phytoplankton cell count and cell volume data  for Ruth Lake a r e  

presented in Appendix G, Table G2. During the  three seasons sampled in 

1984, numerical abundance of phytoplankton was highest during the 

summer, and lowest during the fall (Figure 5.17). Standing crop of 

phytoplankton expressed as  bio-volume was highest in the  l a t e  spring and 

decreased progressively through the summer and fall. 

In mid-June, the phytoplankton in Ruth Lake was dominated by 

Euglenophyta which contributed approximately 28% of the  to ta l  cell  

volume in the sample (Figure 5.17). The major contributors in this group 

included two Trachelomonas spp., and Euglena acus. C hlorophyta, 

dominated by Sphaerocystis schroeteri, was the second most abundant 
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Figure 5.17 Abundance and percent composition of phytoplankton 

in Ruth Lake, 1984. 



division, contributing about 23% of the total bio-volume. Chrysophyta, 

represented solely by Dinobryon divergens, contributed 19% t o  the total. 

In the summer sample, the phytoplankton was dominated by 

C yanophyta (pri msrily Aphanizomenon flos-aquae and Anabaena sp. ) 

followed closely by Pyrrophyta (primarily Ceratium hirundinella) 

(Figure 5.17). These two divisions contributed approximately 29% and 

27% of the total cell volume, respectively. Ceratium hirundinella 

previously has been observed t o  do well during blue-green algal blooms 

(Trew e t  al. 1978). On a numerical basis, Cyanophyta was by far the most 

abundant division, contributing about 93% of total cell numbers in the  

sample. 

In the fall, the phytoplankton standing crop was dominated by 

Cryptophyta (primarily Rhodomonas minuta and two Cryptomonas spp.), 

which contributed about 50% of the total cell volume (Figure 5.17). The 

second highest contribution on a bio-volume basis was by Euglenophyta 

(primarily Trachelomonas sp.) which accounted for about 35% of the total 

cell volume. On a numerical basis, the phytoplankton was comprised 

primarily of Cryptophyta (57?6 of total cell numbers), Chlorophyta (20%) 

and Cyanophyta (1596). 

Seasonal variation in bio-volume for the major species of 

phytoplankton in Ruth Lake is presented in Figure 5.18. The three species 

which exhibited the greatest bio-volume in the June sample (i.e., 

Dinobryon divergens, Trachelomonas planctonica, and Sphaerocystis 
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schroeteri) were not represented in the counts from the summer and fall 

samples. Similarily, three of the  species tha t  were abundant in the  

summer (namely Ceratium hirundinella, Aphanizomenon nos-aquae, and 

Chlamydomonas sp.) were absent from, or did not contribute appreciably 

to,  the to ta l  cell  volume in the spring and fall  samples. 

The phytoplankton populations in Ruth Lake have been studied 

previously in 1974 (Syncrude Canada Ltd. 1975) and in 1977 (Noton and 

Chymko 1978). Data collected during these studies showed tha t  t he  

phytoplankton standing crops on a numerical basis had increased 

substantially during the  period 1974 t o  1977 ( ~ o t o n  and Chymko 1978); 

this increase was attributed to  the high level of macronutrients (N, P, S) 

in t he  water a f te r  diversion of Beaver Creek. Although based only on 

three seasonal samples, the present study indicates tha t  phytoplankton 

cell numbers were lower in 1984 than in 1977. Although some of t he  

variation may be explained by differences in sampling methodology 

(vertically integrated sample in 1984 vs. grab sample in 1977), t he  shallow 

depth of the lake a t  the sampling station (i.e., about 2 m) would reduce 

any differences related to  sampling methodology. It is possible t ha t  t he  

apparent reduction in algal production between 1977 and 1984 may be 

related to  lower macronutrient levels in t he  lake. Although available 

phosphor us levels (i.e., ortho-phosphorous) were comparable between the 

two years, ni t rate  +ni t r i te  nitrogen levels were an order of magnitude 

less in summer and fall of 1984 than in comparable periods in 1977 (i.e., 

about 0.003 mg N * L - ~  in 1984 vs. 0.044 t o  0.047 mg N0L-l in 1977). Also, 



the reactive silica in the summer and fall was four to seven times lower in 

1984 when compared t o  1977. 

5.4.4 ZOOPLANKTON 

The species composition, numerical abundance, and calculated 

biomass (excepting nauplii) of crustacean plankton collected a t  the 

regular sampling station RL-Z in Ruth Lake are summarized in Table 5.12. 

Aliquot counts and calculated totals for each sample are included in 

Appendix C, Table C2. The species composition and numerical abundance 

of rotifers in the zooplankton samples are summarized in Table 5.13. The 

total numbers of species identified on all three sampling dates are: 

Rot ifera - 15 
Cladocera - 6 
Cyclopoida - 4 
Calanoida - 1 
C hao bor idae - 0 

There were fewer commonly occurring crustacean species and more 

rotiferan species in Ruth Lake in 1984 than in 1977 (Noton and Chymko 

1978), and most of the crustacean species that would be considered 

"common" according t o  the criteria se t  out by these authors (1bid.p.56) 

were much less abundant in 1984. 

5.4.4.1 Rotifera 

The rotifers in Ruth Lake were dominated by Keratella spp. on all 

sampling dates, followed closely by Polyarthra spp. in the June sampling. 



Table 5.12 Species composition, numerical  abundance, and calculated biomass of 
crus tacean plankton f rom Ruth Lake (Station RL-Z), 1984. Unbracketed 
values a r e  n ~ m b e r - m - ~ .  Bracketed values a r e  biomass expressed a s  mg wet  
weight-m-3. 

COPEPODA 
CALANOIDA 

Diaptomus oregonensis LILLJEBORG 1889 A+C 6 961 
(120.1) 

diaptomid nauplii 21 384 

CYCLOPOIDA 
Acanthocyclops vernalis FISC HE& 1853 A+ adv .C 215 

(3 .9 )  
Diacyclops thornasi (FORBES) 1882 A+ adv.C 40 

(2 .4 )  
Mesocyclops edax (FORBES) 1891 255 

(7 .6 )  
Microcyclops varicans rubellus LILLJEBOK-G 1901 A 167 

(1 .3 )  
cyclopoid copepodids, immature  C 7 637 

(41.7)  
cyclopoid nauplii 26 476 

CLADOCERA 
Bosmina longirostris (O.F. M ~ L L E R )  1785 4 240 

(8 .6)  
Ceriodaphnia lacustris BIRG E 1 89 3 0 

Daphnia parvula FOKDYCE 1901 2 94 
(5 .5 )  

Diaphanosoma leuchtenbergianum FISCHER 1850 167 
(6 .7 )  

Acroperus harpae BAIRD 1 843 88 
(1 .0 )  

Chydorus sphaericus (O.F. M ~ L L E R )  1785 636 
(4 .4)  

CERATOPOGONIDAE (larvae) 4 0 

OTHER TAXA (Ostracodes, immature) 127 

a A=adult; C=copepodid, usually I t o  111; adv.C=advanced copepodids, usually IV & V. 
excluding nauplii and non-crustaceans. 



Table 5.13 Species composition and numerical abundance of rotifers in t he  
zooplankton of Ruth Lake (Station RL-Z), 1984. 

Species 16 June 24 July 24 Sept. 
 NO.-^-^) ( N ~ . . ~ - ~ )  ( N ~ . . ~ - ~ )  

Keratella cochlearis (GOSSE 185 1 )  23 166 22 148 1 8  457 

Keratella earlinae AHLSTKOM 1943 160 382 9 419 1 273 

Keratella quadrata (O.F. M ~ L L E R  1786) 21 384 1 400 191 

Notholca acuminata (EHRENBERG 1832) 0 127 127 

Trichotria pocillum (O.F. M ~ L L E R  1776) 1 782 0 0 

Euchlanis dilatata EHRENBERG 1832 1 782 127 0 

Brachionus quadridentatus (HERMAN& S 178 3) 0 12 7 4 0 

Synchaeta pectinata (?) EHRENBEKG 1832 0 0 509 

Synchaeta oblonga (?) hHRENBERG 1831 0 1 018 1 018 

Filinia longiseta (EHRENBERG 1834) 1 782 382 382 

Polyarthra dolichoptera IDELSON 1925 49 897 764 1 273 

Polyarthra vulgaris CARLIN 1943 1 782 1 782 509 

Conochilus unicornis ROUSSELET 1892 0 382 0 

Lecane (monostyla) bulla (GOSSE 1886) 0 509 0 

Lecane luna (O.F. M ~ L L E R  1776) 0 0 4 0 

unidentified rot if ers 3 564 0 1 273 

Total 265 521 38 185 25 092 



In July and September, species other than Keratella spp. were low in 

abundance. As in Beaver Creek Reservoir, K. earlinae was the dominant 

among Keratella spp. in June, but the dominance shifted to  K. cochlearis 

in September. Polyarthra appeared to  be comprised of two species, of 

which P. dolichoptera was usually more common (see Table 5.13). A 

positive resolution of speciation within Polyarthra would require detailed 

study. 

Although species diversity among rotifers in Ruth Lake may have 

increased slightly since 1977, total  abundance seems t o  have declined, 

especially in July and September (Figure 5.19). Both diversity and 

abundance can vary from year to  year (see discussion in section 5.3.4.11, 

but there may be another explanation for the change in Ruth Lake. 

Neither predation by cyclopoids or Asplanchna priodonta, nor competition 

from grazing cladocerans would seem to  explain the reduction in rotifer 

numbers, since crustacean numbers were greatly reduced in 1984 and 

Asplanchna was not seen in the samples a t  all. Higher than usual 

precipitation, however, may have resulted in high flushing rates, 

especially in June, and this may have flushed out many rotifers, their food 

organisms, or both. The shallow nature of Ruth Lake would increase the  

likelihood of such flushing action during periods of high precipitation. 

During the spring of 1984, the cyclopoid copepods in Ruth Lake were 

dominated by Mesocyclops edax, followed closely by Acanthocyclops 



Figure 5.19 Abundance of Rotifera in Ruth Lake in 1984 (present study) 
and in 1977 (Station RL-2; Noton and Chymko 1978). 



vernalis. In July, adult cyclopoids were not observed in the samples, and 

in September, only M. edax and Diacyclops thomasi were present in low 

numbers. 

There has been a dramatic reduction in the total numbers of 

cyclopoid copepods in Ruth Lake in comparison to 1977 (Table 5.12; Noton 

and Chymko 1978). Cyclopoid nauplii, on the other hand, were more 

similar in abundance. These facts, coupled with a lack of evidence of 

predators likely to feed on small zooplankters (e.g., Chaoborus spp.), 

suggest that a lack of sufficient food during the developmental period 

may be a cause of cyclopoid population decline. The increased presence 

of fathead minnows is another potential explanation for the decline of 

larger cyclopoids, an explanation which seems plausible when the 

reduction in numbers or disappearance of most other crustaean species 

present in 1977 is taken into account. 

5.4.4.3 Calanoida 

Diaptomus oregonensis was the most frequently occurring species of 

crustacean plankton on all three sampling dates in Ruth Lake. Numbers 

of this species were considerably higher than in 1977 (Noton and Chymko 

1978). The other commonly occurring calanoid in 1977, Diaptomus 

leptopus, was not found in 1984. This shift in species composition and 

abundance may also reflect increased feeding by fathead minnows. 

Furthermore, in many small lakes the presence of Diaptomus leptopus has 

a depressing effect on numbers of smaller existing species of Diaptomus 



(Anderson and Donald 1980), thereby possibly explaining t h e  lower 

numbers of D. oregonensis in 1977 when D. leptopus was present. 

Cladocera 

The cladoceran plankton in Ruth Lake was dominated by Chydorus 

sphaericus in t h e  spring, Diaphanosoma leuchtenbergianum in t h e  summer,  

and Bosmina longirostris in t h e  fall. Neither of t h e  large  species of 

Daphnia reported in Ruth Lake in 1977 (Noton and Chymko 1978) was 

found in 1984, t h e  larger species having been replaced by t h e  much 

smaller  Daphnia parvula. However, even this smaller  species was present  

in appreciable numbers only in June. Diaphanosoma leuchtenbergianum 

was present in moderate  numbers in June and July, but was not  nearly s o  

common as in 1977. Chydorus sphaericus was similar in abundance in both 

1977 and 1984, but th is  species is no t  usually considered a truly planktonic 

form. Its presence is a reflection of t h e  shallow nature  of Ruth Lake. 

5.4.4.5 Total  Numbers and Biomass of Crustacean Plankton 

The general  sh i f t  from larger t o  smaller  species noted for Beaver 

Creek  Reservoir was a fea tu re  also common t o  Ruth Lake. In spi te  of 

this, however, t h e  June  biomass and t o t a l  abundance was higher in 1984 

than in 1977 (Figure 5.20). July and September f igures for both biomass 

and numbers, on t h e  o ther  hand, were much lower in 1984. Since only 

th ree  da tes  were sampled in 1984 compared t o  seven in 1977, a more 

detailed comparison is not  valid. Both biomass and numbers f luctuated 
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Figure 5.20 Total number and biomass of crustacean zooplankton in 
Ruth Lake in 1984 (present study) and in 1977 (Station 
RL-2; Noton and Chyniko 1978). 



great ly  from month t o  month in 1977, but i t  seems unlikely t h a t  t h e  

midsummer or ear ly  spring peaks were  as grea t  in 1984 as in 1977. The 

main reason for this conclusion res ts  in t h e  absence or dramat ic  decline in 

numbers of t h e  principal species contributing t o  these  peaks in 1977. 

The main changes in t h e  Ruth Lake zooplankton from 1975 t o  1984 

a r e  probably t h e  result  of t h e  two  main factors:  t h e  flushing e f f e c t  of 

water  diverted through t h e  lake, s t a r t ing  in 1976, and t h e  increased 

presence of fa thead minnows, undoubtedly due in par t  t o  t h e  confluence 

of Ruth Lake with t h e  t w o  reservoirs. 

The 1984 d a t a  and t h e  1974-1975 d a t a  included in t h e  repor t  of 

Noton and Chymko (1978) suggest  t h a t  t h e  large  numerical  peaks reached 

in summer 1977 may not  be t h e  general  t rend fo r  Ruth Lake. The 1974, 

1975, and 1977 d a t a  indicate  t h a t  a spring peak may be t h e  usual course of 

events. Such a spring peak would not have been de tec ted  by t h e  th ree  

sampling da tes  used in 1984. The biomass d a t a  for  t h e  th ree  earl ier  s tudy 

years indicate t h a t  standing crop biomass has  been higher than t h a t  

measured in 1984. 

5.4.5 ZOOBENTHOS 

The benthic fauna of Ruth Lake was t h e  most impoverished of t h e  

th ree  lentic waterbodies investigated. Although density, diversity, 

biomass, and taxonomic richness all increased f rom spring t o  fal l  (Table 

5.141, only th ree  and four t a x a  were  collected in spring and summer 



a Table 5.14 Mean density (no. per 0.1 m2), mean biomass !mg per 0.1 m2), 
diversity, and taxonomic richness of zoobenthos in Ruth Lake, 1984. 

'I spring Summer Fall 

w Density 7 .6  17.9  213.2 

Biomass 12.0 11.7 118.6 

mm Diversity 0.477 1.084 2.125 

Richness 3 1 3a 2oa 
.r 

aIncludes t axa  collected in shoreline sweeps. 



Ekman grab samples, respectively, and 18 taxa were collected in fall. 

Shoreline sweep samples yielded an additional nine and two taxa  in 

summer and fall, respectively (Appendix O, Table D21). In comparison, 

the fewest taxa collected at other stations was seven (Poplar Creek 

~ e s e r v o i r )  in spring and 11 (Beaver Creek Reservoir) in summer. In fall, 

however, an equitable distribution of abundance among taxa produced the  

highest estimate of diversity of any lentic station, even though fall  

richness was not greater  than that  of other stations. 

Samples were dominated by moderate sized chironomids in all  

seasons ( ~ p p e n d i x  D; Table D35) although planorbid snails became more 

abundant in fall samples. 

The benthos of Ruth Lake previously has been sampled in 1977 

(Noton and Chymko 1978) and in 1975 (Syncrude Canada Ltd. 1975). Chi- 

ronomidae also dominated the samples in both of these studies. The 

previous studies also have shown tha t  the benthic community was 

impoverished in spring, a s  was found in 1984. However, sphaeriid clams 

appeared t o  be more abundant during the  previous surveys than in the 

present study. 

5.4.6 FISH 

5.4.6.1 Species Composition and Relative Abundance 

Three species of fish were collected in Ruth Lake in 1984 (Table 

5.15). In the combined catch (all sample methods), fathead minnow 



(69.0%) was most abundant followed by brook stickleback (22.6%) and 

white sucker (8.4%). In seine collections fathead minnows and brook 

stickleback remained numerically dominant and exhibited slightly greater 

percentage compositions due t o  the  reduced contribution of white suckers 

(mainly y-o-y). White suckers (adults and juveniles) contributed the 

largest portion t o  the gill net  (100%) and boat electroshocking (50.0%) 

catches (Table 5.15). 

Table 5.1 5. Percentage composition of fish species recorded from 
Ruth Lake, 1984. 

Capture Method 

Boat Combined 
Species Seine Gillnet Electroshocking Total 
(nIa (2015) (74) (224) (2313) 

White sucker 0.4 100.0 50.0 8.4 
Fathead minnow 74.7 0 40.6 69.0 
Brook stickleback 24.9 0 9.4 22.6 

- - -- 

aNumber of fish captured (captured and observed for electroshocking) 

Seine CUE'S indicate a general decline in the  abundance of white 

sucker y-o-y and early-age juveniles has occurred from 1981 t o  the 

present (Appendix E, Table E8). Low numbers of y-o-y were found in both 

1981 and 1984 surveys and may indicate that  a limited degree of spawning 

success was achieved in Ruth Lake. Gill ne t  CUE1s exhibited a fourfold 

increase in capture rate  over the same period ( ~ p p e n d i x  E, Table E9). 

Most of the  fish captured, however, were larger juveniles which is 

probably indicative of a heavy rearinglfeeding use of Ruth Lake rather 

than of other functions such as spawning. 



Fathead minnow and brook stickleback were abundant in Ruth Lake 

relative t o  Poplar Creek and Beaver Creek reservoirs (Appendix E, Table 

~ 6 ) .  Fathead minnow was the dominant species in Ruth Lake in all years 

(Appendix E, Table E8). Both fathead minnows and brook stickleback, 

however, exhibited substantially reduced densities in 1984 relative t o  

1978, indicating populations of both species decreased in the intervening 

period. The presence of numerous y-o-y of these species in 1984, 

indicates reproducing populations a r e  still resident in Ruth Lake. 

5.4.6.1 Aae Structure of White Sucker Po~ula t ions  

The length frequency distribution of white suckers captured in Ruth 

Lake is presented in Appendix E, Table E10. Length-frequency analysis 

indicates tha t  the  population sample was comprised of four year-classes 

(1980 to  1983). Since young-of-the-year (1984 year-class) also were 

collected during the study, it is apparent tha t  the population supports a 

to ta l  of five year-classes. The majority of the  population sample was 

made up of immature age-classes (age one and age two individuals). The 

limited presence of older age-groups is unexplained; however, i t  has been 

documented in earlier studies ( 0 ' ~ e i l  1979, 1982). Ruth Lake may serve 

primarily a s  a rearing area for the Beaver Creek Reservoir spawning 

population. 



5 .5  POPLAR CREEK RESERVOIR 

5.5.1 AQUATIC HABITAT 

5.5.1.1 Descri~t ion of Draina~te Area 

Poplar Creek Reservoir is located south of Ruth Lake and receives 

inflow from Ruth Lake via a diversion channel entering the northern end 

of the reservoir (Figure 2.3). The reservoir was formed in 1975 by the 

construction of a dam across a small stream (i.e., Ruth Creek) flowing 

through a ravine toward Poplar Creek. A causeway constructed across 

the reservoir separates it into north and south basins. Water exits the 

reservoir from the southern end via a diversion canal. It then enters the 

Poplar Creek spillway, a concrete structure 200 m in length and with a 

vertical drop of 60 rn. A weir st the crest of the spillway permits 

regulation of water levels in Poplar Creek Reservoir. A stilling basin, 

which drains into Poplar Creek, is located a t  the base of the spillway. 

5.5.1.2 Phvsical Characteristics 

The physical characteristics of Poplar Creek Reservoir have been 

described by Noton and Chymko (1978), and Carmack and Killworth 

(1979). The reservoir is moderately deep (maximum depth 1 9  m), with an 

irregular shoreline and a maximum length of 3.3 km (Figure 5.21). A 



Source: Noton and Chymko (1978) 
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summary of the major morphometric features is presented below: 

Morphometry of Poplar Creek Reservoir (based on 1978 data) 

Surface Elevation 
Length 
Area 
Volume 
Mean Depth 
Maximum Depth 

308.5 rn 
3.3 km 
140 ha 
4.9 x l o 6  m3 
3.5 m 
approx. 19 m 

source: adapted from Carrnack and Killworth (1979). 

The north basin features a gently sloping shoreline and relatively 

shallow, off-shore depths (1 t o  8 m). The substrate in this area consists of 

organic material. Shoreline topography and substrate conditions differ 

markedly in the south basin of the reservoir (i.e., steeper shoreline, depths 

ranging from 8 to  12 rn, substrates composed of clay, sand, and organic 

debris). Substrate along the dam face consists of sand, gravel, and clay. 

5.5.1.3 Macrophytes 

The distribution of macrophyte species in Poplar Creek Reservoir 

during July 1984 is shown in Figure 5.22. The relative abundance of the 

various forms is presented in Table 5.16. Submersed vegetation occurred 

only a t  depths less than 2 m. This restricts growth of these plants to  a 

narrow band (often less than 10 m wide) along the east and west shores. 

The bottom within this restricted area is quite firm (clay-sand-gravel) 

which does not facilitate extensive plant growth. Dense macrophyte beds 

occurred only a t  the north end of the reservoir in areas with soft sediment 





Table 5.16. Distribution pattern and relative abundance of macrophytes found in 
Poplar Creek Reservoir, July 1984. 

Species Distribution Pattern 

Submersed 

Chara spp. 
Myriophyllum exalbescens 
Potamogeton pectinatus 
Potamogeton pusillus 
Potamogeton praelongus 
Potamogeton vaginatus 
Potamogeton zosteriformis 
Utricularia vulgaris 

Sagittaria latifolia 
Sparganium spp. 

Carex spp. 
Hippuris vulgaris 
Menyanthes trifoliata 
Polygonurn amphibium 
Scirpus validus 
Typha latifolia 

Present 
Common 
Presenta 
Present 
Presentb 
Presenta 
Presentc 
Presentb 

Float ing-Leaved 

Common 
Common 

Emergent 

Abundant 
Present 
~resentd 
Present 
Present 
Common 

- 

aFound locally in area of discharge canal. 
b~ound locally a t  site 3 
CFound along face of dam 
d~ocal ly abundant a t  north end of reservoir 



substrate. The extent of the Menyanthes bed appeared unchanged since 

1977. At the time of the present survey, these plants were growing in less 

than 0.5 m of water. The shoreline plant community was dominated by 

Carex spp.; isolated colonies of Typha and small amounts of Scirpus were 

noted also. The Potamogeton berchtoldii (P. pusillus) seems t o  have 

almost disappeared since i t  was reported in 1977 (Noton and Chymko 

1978). 

Detailed descriptions of macrophyte assemblages a t  specific 

sampling sites is provided in Appendix F, Table F3. 

5.5.2 WATERQUALITY 

5.5.2.1 Physical Parameters 

In Poplar Creek Reservoir (station PC R-W 1, temperature and oxygen 

measurements revealed a typical stratification pattern ( ~ a b l e s  5.2 and 

5.17; Figure 5.23). The bottom of the thermocline, which occurred a t  7 m 

in June, declined to  9 m in September. The stratification was similar t o  

that described for July 1977 by Noton and Chymko (1978). The reservoir 

was isothermal by 23 October 1984 (M. MacKinnon pers. comm.). The 

water column was isothermal on 15 October in 1977. In June of the 

present study, the temperatures declined from 23.0oC a t  the surface t o  

4.50C a t  the bottom. By July, the temperature a t  the surface cooled by 

l.O°C but increased t o  9.0°C a t  the bottom, and in September top and 



Table 5.17 Su~nrnary of temperature, dissolved oxygen, specific conductance and pfl levels in  Poplar Creek Reservoir (Station PCR-W) 
during June, July and September, 1984. 

Parameter Temperature PC) Dissolved Oxygen Specific Conductance ( )r~-cm-l) PH 

Depth (m) June July Sept. June July Sept. June July Sept. June July Sept. 
r n g . ~ - l  % Sat. rng -~ - l  % Sat. m g - ~ - l %  Sat. 





bottom temperatures cooled to 1 O.OoC and 5.0oC, respectively. During 

the June to  September period in 1977, the maximum surface temperature 

(21oC) was not reached until July. 

The oxygen saturation levels showed a pattern similar t o  that of 

temperature. In June and July the hypolimnion, between 8 and 18 m, was 

essentially anaerobic. In 1977, anaerobic conditions were present in June, 

July, and September ( ~ o t o n  and Chymko 1978). In the present study, the 

anaerobic conditions were further exemplified by the presence of 

hydrogen sulphide gas which was apparent a t  7, 8, and 12 m depths in 

June, July, and September, respectively. 

In Poplar Creek Reservoir pH was alkaline (ranging from 7.3 to  8.3). 

Changes in pH between the surface and the bottom were very slight. The 

high value probably resulted from a high rate of primary production. 

Total non-filterable residue concentrations ranged from 1.6 t o  

24.8 rng*~- l ;  the highest levels occurred near the bottom of the reservoir. 

Similar conditions prevailed in 1977 particularly during September (Noton 

and Chymko 1978). The Secchi disc visibilities were 1.2 m and 0.85 m in 

July and September, respectively. Water collected from the hypolimnion 

had a black tinge when observed through the clear plastic Van Dorn water 

sampler, while the epilimnetic water was yellowish under the same 

condition. 



5.5.2.2 Major Ions 

Results from the composite samples indicated that the concen- 

trations of most ions were higher in Poplar Creek Reservoir than in Ruth 

Lake (Figure 5.2). Specific conductance profiles revealed an important 

difference in the ionic character of the waters in the epilimnetic and 

hypolimnetic zones (Figure 5.23). The specific conductance levels were 

considerably higher in the hypolimnion than in the epilimnion with the 

highest value of 770 y ~ . c m - l  reached in June. The increase in salinity in 

the hypolimnion mainly was due to  marked increases in the concentrations 

of bicarbonate, sodium, chloride and calcium ions. In July, ionic 
- + ++ ++ 

dominance in the epilimnion was HCOQ > Na > Ca > Mg > CI- 

= + 
> SOq > K . In the hypolimnion, the pattern was characterized by 

increased chlorides (i.e., became the third most dominant ion). In 

September, the ionic dominance in the epilimnion and the hypolimnion 

remained the same as described for July. During the June t o  September 

period, water in Poplar Creek Reservoir was of the sodium bicarbonate 

5.5.2.3 Nutrients 

Total nitrogen concentrations above the thermocline (1.12 to  

1.24 mg N-L-1) and below the thermocline (1.03 t o  2.45 mg N.L-~)  

increased from June to September. Results from composite samples were 

higher than those recorded in Ruth Lake. In Poplar Creek Reservoir, the 

total nitrogen levels were higher in the hypolimnion than in the 

epilimnion, with values as high as 2.45 mg N-L-1 in September. All values 



only slightly exceeded the  ASWQO of 1.0 mg N-L-1. Nit ra te  + ni t r i t e  

concentrations above t h e  thermocline (0.020 t o  0.062 mg N-L-1) and below 

the  thermocline (0.004 t o  0.011 mg N*L-1) showed a dif ferent  seasonal 

variation. In t h e  epilimnion, t h e  values paralleled t h e  t o t a l  nitrogen 

pa t t e rn  while in the  hypolimnion t h e  highest values occurred in June  and 

July. 

Total  phosphorus concentrations in the  epilimnion (0.027 t o  

0.41 mg ~ 0 L - l )  and hypolimnion (0.190 t o  0.550 mg P - L - ~ )  increased from 

June t o  September. During this period the  concentrations in t h e  

hypolimnion were  approximately t e n  t imes  higher than  above t h e  

thermocline,  probably t h e  result  of a reducing environment. The values 

above and below t h e  thermocline exceeded t h e  Environment Canada 

guideline of 0.025 mg P-L-~ .  Ortho-phosphorus concentrations (0.049 t o  

0.088 mg P - L - ~ )  obtained f rom t h e  composite samples showed increases 

from June t o  September. In September,  t h e  ortho-phosphorus 

concentra t ion (0.005 mg P - L - ~ )  at 5 m was notably lower than  t h e  level  

(0.071 mg P - L - ~ )  at 15 m. In 1977, t o t a l  phosphorus and ortho-phosphorus 

concentrations in t h e  hypolimnion were  higher than  in t h e  epilimnion 

(Noton and Chymko 1978). 

Concentrations of react ive  silica exhibited a pa t t e rn  similar t o  t h a t  

of t o t a l  phosphorus. Above t h e  thermocline, t h e  July value of 

1.50 mg.L-l increased t o  4.00 mg-L-l in September while below the  

thermocline t h e  values increased f rom 6.50 t o  7.80 mg-L-1 fo r  t h e  same 

period. Slightly higher levels of r eac t ive  silica in t h e  hypolimnion also 



were reported in 1977 by Noton and Chymko (1978). Total  organic carbon 

concentrations ranged f rom 20.2 t o  25.0 mg*L-l and showed no discernible 

trends. 

5.5.2.4 Trace Metals and Other Substances 

The concentrations of t r a c e  metals  and e lements  generally were  

below t h e  detect ion l imi ts  even though a reducing environment was 

present in the  hypolimnion. Total  iron and t o t a l  manganese showed t h e  

most apparent increases in concentration in t h e  hypolimnion as compared 

t o  t h e  epilimnion. In July,  t o t a l  iron concentrations increased f rom 0.25 

m g * ~ - l  at 2 m t o  4.50 mg-L-l below t h e  thermocline;  t h e  l a t t e r  value 

exceeded the  ASWQO of 0.30 mg-L-1. During t h e  s a m e  period, manganese 

levels increased f rom 0.030 mg*L-l at 2 m t o  1.660 mg*L-1 in t h e  

hypolimnion which exceeded the  ASWQO of 0.05 mg*L-l. In June,  

mercury concentrations at 2 m (0.0016 rng*L-1) and 11 m (0.0010 mg-L-1) 

exceed the  ASWQO of 0.0001 mg.L-l. Cyanide concentrations exceeded 

t h e  ASWQO of 0.01 rng.L-1 in July at 2 m (0.042 mg-L-1) and September 

at 1 5  m (2.200 mg*L-l). Cyanide, ubiquitous in t h e  aquat ic  environment, 

generally is found in t r a c e  amounts. The values recorded in Poplar Creek  

Reservoir, which are considered natural  since no anthropogenic input is 

known, are high and should be checked in future  studies. With respect  t o  

o ther  parameters,  phenol concentrations consistently exceeded t h e  

ASWQO of 0.005 m g * ~ - l  with values as high as 0.017 m g - ~ - l .  Oil and 

grease  levels were  low, with t h e  highest value being 3.6 mg*L-l. 



5.5.3 PHYTOPLANKTON 

Phytoplankton cell count and cell volume data for Poplar Creek 

Reservoir are presented in Appendix G, Table G3. During the three 

seasons sampled in 1984, numerical abundance of phytoplankton was 

lowest during the late  spring sample period, and highest in the summer 

(Figure 5.24). Bio-volume of phytoplankton was lowest in the spring, but 

was similar in the summer and fall sampling periods (Figure 5.25). 

In mid-June, the phytoplankton of Poplar Creek Reservoir was 

dominated by Cyanophyta which contributed approximately 32% t o  the 

total cell volume in the sample (Figure 5.24). The dominant species in the 

group was Aphanizomenon flos-aquae which alone accounted for 21% of 

the total. The second most abundant taxa in the spring was Euglenophyta 

which was comprised mainly of Trachelomonas planctonica and Phacus sp. 

This division contributed about 27% of the total cell volume in the 

sample. On a numerical basis, the Cyanophyta (64% of total  cell numbers) 

and Chlorophyta (28%) were the predominant divisions. 

In the summer sample, Cyanophyta and Euglenophyta continued t o  

be the two most predominant divisions, contributing about 45% and 32% 

of the total cell volume, respectively (Figure 5.24). The dominant species 

in each of these divisions were the same as in the spring samples. On a 

numerical basis, the Cyanophyta by far dominated the sample, 

contributing about 86% of the total cell numbers. The relative abundance 
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of Chlorophyta decreased to about 10% of the total. The other divisions 

present each contributed less than 2% to  the total. 

In the fall, the bio-volume of phytoplankton in Poplar Creek 

Reservoir was more evenly distributed among the divisions present. 

Cyanophyta remained the most abundant, contributing 27% of the total 

cell volume. Aphanizomenon flos-aquae continued t o  dominate this 

division, but Pseudanabaena sp. contributed a greater proportion of the 

total cell volume than in previous seasons. The Euglenophyta, primarily 

composed of Trachelomonas sp., again was the second most abundant 

group (23% of total cell volume), but was followed closely by Bacillario- 

phyta (20%), Chrysophyta (15%), and Chlorophyta (14%). On a numerical 

basis, the fall phytoplankton samples were again composed primarily of 

Cyanophyta (75% of total  numbers) and Chlorophyta (21%) (Figure 5.24). 

Seasonal variation in the bio-volume contribution for major phyto- 

plankton species is shown in Figure 5.25. Both Aphanizomenon flos-aquae 

and TFachelomonas planctonica increased in abundance from spring t o  

summer, then decreased in the fall. Melosira granulata, a large diatom, 

was not present in the routine counts in the spring sample, but increased 

in abundance over the summer and fall period. The relative contribution 

of most of the other major species present decreased from the spring t o  

summer period, then increased again prior to fall; this is a reflection of 

the dominance in the sample by Aphanizomenon. 

Comparisons with phytoplankton data collected in 1977 (Noton and 

Chymko 1978) indicate that  phytoplankton composition followed a some- 



what similar pattern during the spring and summer of both years; 

however, the numbers of Cyanophyta remained high, whereas they 

decreased considerably in the comparable period (i.e., la te  September) in 

1977. The reason for the difference is not apparent, but may be related 

to differences in thermal regime or macronutrient levels between the two 

years. 

5.5.4 ZOOPLANKTON 

The species composition, numerical abundance, and calculated 

biomass (excepting nauplii) of crustacean plankton collected a t  the 

regular sampling station PCR-Z in Poplar Creek Reservoir are 

summarized in Table 5.18. Aliquot counts and calculated totals for each 

sample are included in Appendix C, Table C3. The species composition 

and numerical abundance of rotifers in the  zooplankton samples a re  

summarized in Table 5.19. The total numbers of species identified on all 

three sampling dates are: 

Rotif era - 1 7  
Cladocera - 8 
Cyclopoida - 3 
Calanoida - 1 
Chaoboridae - 2 

There were fewer commonly occurring crustacean species and more 

rotiferan species in Poplar Creek Reservoir in 1984 than in 1977 ( ~ o t o n  

and Chymko 1978). Of the species occurring in 1984 which would have 

been considered llcommonu according to  the criteria of these authors, 

most were less abundant than in 1977. Daphnia parvula numbers were 



'l'able 5.18 Species composition, numerical abundance, and calculated biomass of 
crustacean zooplankton from Poplar Creek Reservoir (Station PCR-Z), 
1984. Unbracketed values a re  number-m-3. Bracketed values a r e  biomass 
expressed a s  mg wet weightem-3. 

COPEPODA 
CALANOIDA 

Diaptomus oregonensis LILLJEBORG 1889 Aa+C 

diaptomid nauplii 

CY CLOPCiIDA 
Acanthocyclops vernalis FISC HER 185 3 A+ adv.C 

Diacyclops thomasi (FOKBES) 1882 A+ adv.C 

Mesocyclops edax (FORBhS) 1891 

cyclopoid copepodids, immature C 

cyclopoid nauplii 

CLADOCEdA 
Bosmina longirostris (O.F. M ~ L L E R )  1785 

Ceriodaphnia lacustris BIRG E 1 89 3 

Ceriodaphnia quadrangula (O.F. M ~ L L E R )  1785 

Macrothrix hirsuticornis NORMAN & 6RADY 1867 

Daphnia parvula FORDYCE 1901 

Diaphanosoma leuchtenbergianum FISC HER 185 0 

Alona guttata SARS 1862 

Chydorlls sphaericus (O.F. N ~ ~ L L E H )  1785 

DIPTERA 
ChllOBOKIZ>HE 

Chaoborus flavicans (M EIG ZN) 1830 
Chaoborus punctipennis (SAY) 18 2 3 
Chaoborus instar I (unident.) 

a A=adult; C=copepodid, usually I t o  111; adv.C=advanced copepodids, usually IV & V. 
b excluding nauplii and non-crustaceans. 



much higher in 1984, and Mesocyclops eclax numbers were slightly higher 

than a t  site PCR-1 in 1977, but lower than a t  s i te  PCR-2 in 1977. Several 

species of larger crustaceans which occurred commonly in 1977 were not 

found a t  all in 1984 samples (Diaptomus leptopus, Daphnia galeata 

mendotae, Daphnia pulicaria, Daphnia rosea), nor did Diacyclops nayus 

occur in 1984. Although Chaoborus larvae were not listed as  present in 

zooplankton samples in 1977 by Noton and Chymko (1978), the larvae of 

two species were quite common in the Poplar Creek Reservoir 

zooplankton samples in 1984. 

5.5.4.1 Rotifera 

The abundance and composition of the rotiferan forms are  

summarized in Table 5.19. The rotifers in Poplar Creek Reservoir were 

dominated by Keratella spp. throughout the sample period. The shift from 

K. earlinae as the dominant in June t o  K. cochlearis as the dominant in 

September was evident in Poplar Creek Reservoir, a s  i t  was in nearby 

Beaver Creek Reservoir and Ruth Lake. In comparison with the previous 

study (Noton and Chymko 1978), total numbers were higher in June and 

September compared to  1977, but greatly decreased in July (Figure 5.26). 

In view of the greatly fluctuating rotifer numbers noted in 1977 by Noton 

and Chymko (19781, present values are not considered to  be biologically 

significantly different from those in 1977. High numbers of Chaoborus 

larvae in July could have been responsible, in part, for the very low 

numbers of rotifers present a t  that time. 



Table 5.19 Species composition and numerical abundance of rotifers in the 
zooplankton of Poplar Creek Reservoir (Station PCR-Z), 1984. 

Species 15June 24July 23Sept. 
(N0.m-3) ( ~ 0 . m - 3 )  (NO.-m-3) 

Keratella cochlearis (GOSSE 1851) 22 013 

Keratella earlime AHLSTROM 1943 43 918 

Keratella quadrata (O.F. M ~ L L E R  1786) 6 629 

Notholca acuminata (EHRENBERG 1832) 0 

Euchlanis dilatata EHRENBERG 1832 41 

Euchlanis mikropous KOCH-ALTHAUS 1962 0 

Trichocerca multicrinis (K ELLICOTT 1897) 0 

hachionus calycifloris PALLAS 1766 887 

hachionus quadridentatus (HERMANNS 1783) 382 

Asplanchna priodonta G OSSE 1 8 5 0 737 

Synchaeta pectinata (?) EHRENBERG 1832 3 873 

Synchaeta oblonga (?) EHRENBERG 1831 0 

Gastropus (?) sp. 0 

Filinia longiseta (EHRENBERG 1834) 191 

Polyarthra dolichoptera ID ELSON 1925 900 

Polyarthra vulgaris CARLIN 1943 22 150 

Conochilus unicornis ROUSSELET 1892 0 

Total 



Figure 5.26 Abundance of Rotifera in Poplar Creek Reservoir in 1984 (present study) 
and 1977 (Station PCR-1; Noton and Chymko 1978). 



During 1984 there was a shift in dominance in the cyclopoid fauna 

from Acanthocyclops vernalis in June t o  Diacyclops thomasi in 

September. Mesocyclops edax showed a pattern similar to A. vernalis. 

This pattern, in general, was similar to  that  observed in Poplar Creek 

Reservoir in 1977 ( ~ o t o n  and Chymko 1978). Cyclopoid adult numbers 

were considerably smaller in 1984 than those reported for 1977. Lower 

cyclopoid adult numbers in 1984 could be due, in part, to heavier feeding 

by fathead minnows or other small plankton feeding fish. Numbers of 

cyclopoid copepodid stages I - 111 were higher in 1984 than in 1977. 

Diacyclops navus occurred in small numbers in Poplar Creek Reservoir in 

1977, but was not found in the 1984 samples. It is difficult to distinguish 

early copepoidids of A. vernalis from D. navus; therefore, i t  is certainly 

possible that the latter species still occurs in this waterbody in low 

numbers. 

5.5.4.3 Calanoida 

The only calanoid found in the 1984 samples was Diaptomus 

oregonensis. Although samples were collected on only three dates, the 

population structure suggests two main growth and reproduction periods - 

one in late spring and one in early fall (Table 5.18). Total numbers of this 

species were much lower than those reported by Noton and Chymko 

(1978). Diaptomus leptopus, found in low numbers in spring in 1977, did 

not occur in the 1984 samples. The absence of D. leptopus in spring may 



have permitted a spring pulse of D. oregonensis, and the presence of the 

predaceous Chaoborus larvae in 1984 may have been partly responsible for 

the lower total numbers of D. oregonensis. 

5.5.4.4 Cladocera 

There seems to have been a shift to  smaller body size among Poplar 

Creek Reservoir cladocerans. Of the three most common species 

collected in 1984, Daphnia parvula numbers were much greater than in 

1977, Bosmina longirostris numbers were about the  same, and 

Diaphanosoma leuchtenbergianum numbers were lower. The three larger 

Daphnia spp., be., D. pulicaria, D. rosea, and D. galeata mendotae), 

which made up a large part of the late  spring and early summer 

zooplankton biomass in 1977, were not found in 1984. Other cladoceran 

species contributed lit t le to the total crustacean biomass in 1984. 

Chao bor idae 

Two species of Chaoborus were identified in the zooplankton 

sampling from Poplar Creek Reservoir. C. flavicans, the larger of the  

two, and C. punctipennis were present in similar numbers on all three 

samples dates. In July, however, nearly half of all larvae were first 

instars. Chaoborus larvae were not indicated as present in the 

zooplankton by Noton and Chymko (1978), although C. flavicans was 

reported as abundant in the benthic samples. Chaoborus larvae may 

remain in or near the sediments when the water above is well oxygenated, 



but may move up into the water more actively as oxygen levels decrease. 

The presence of these larvae in the plankton of Poplar Creek Reservoir in 

1984 is indicative of low oxygen in the hypolimnetic water and/or the 

relative absence of plankton feeding fish in the deeper open waters. 

Chaoborus larvae are known to have a large impact on the species 

composition and abundance of crustacean plankters (e.g., Anderson 1980, 

1981; Anderson and Raasveldt 1974). Lake conditions contributing t o  the 

increased presence of Chaoborus in the limnetic zone may indirectly 

influence the diversity and abundance of zooplankton. 

5.5.4.6 Total Numbers and Biomass of Crustacean Plankton 

In the three months for which data comparisons are possible 

between 1984 and 1977 (i.e., June, July, and September) for Poplar Creek 

Reservoir, there is l i t t le change in either numerical abundance or 

crustacean biomass (Figure 5.27). The biomass contributions from larger 

numbers of early cyclopoid copepodids and Daphnia parvula in 1984 appear 

to have compensated for the reduced biomass resulting from declines in 

several other species. 

5.5.5 ZOOBENTHOS 

Three taxa dominated the benthos of Poplar Creek Reservoir. 

Oligochaeta and Chironomidae were equally well represented a t  shallow 

depths (1 to 3 m) during all three seasons sampled (Figure 5.28). At 
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depths of 5 m or greater, Chaoborus appeared in significant proportion, 

and was the most abundant organism a t  the deepest station in both spring 

and fall. Oligochaeta was present in very low densities a t  depths greater 

than 5 m. 

Diversity was greatest a t  intermediate depths (3 to  5 m) in spring 

and summer, partially reflecting the codominance of the three major taxa 

(Table 5.20). Greatest numbers of taxa were collected from the  1 m 

sample station. Richness was greatest in fall a t  this station, but was 

maximal in spring a t  deeper stations. 

Benthic densities and biomass generally increased from spring t o  

fall, and decreased with increasing depth (Table 5.20). Detailed tables of 

taxonomic composition, size distribution and biomass are  presented in 

Appendix D; Tables D22 to D26 and ~ 3 6 ) .  

Noton and Chymko (1978) examined the benthos of Poplar Creek 

Reservoir a t  monthly intervals in 1977. The transect of the present study 

corresponds in location to  their lTspecial benthosT1 stations 1 t o  5, although 

specific depths sampled differ slightly. The location of station PCR-B5 

(15 m depth) sampled in 1984 was roughly similar t o  Noton and ChymkoTs 

PCR-1 and special benthos station 1. These authors reported very low 

densities of animals (usually less than 10 individuals per Ekman grab). 

Density estimates a t  the 15 m station usually slightly exceeded their 

values during comparable seasons; this probably reflects retention of 

small animals due t o  use of a finer mesh sieve bucket in the  present study 



Table 5.20 Mean density (no. per sample), mean biomass (rng per 0.1 m2), 
diversity, and taxonomic richness of zoobenthos in Poplar Creek 
Reservoir, 1984. 

S P r h  Summer Pall 

PCR-B1 1 Density 
Biomass 
Diversity 
Richness 

3 Density 
Biomass 
Diversity 
Richness 

5 Density 
Biomass 
Diversity 
Richness 

10 Density 
Biomass 
Diversity 
Richness 

PCR-B5 15 Density 
Biomass 
Diversity 
Richness 

'~ncludes taxa collected in shoreline sweeps. 
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Figure 5.27 Total number and biomass of crustacean zooplankton in Poplar Creek Reservoir in 
1984 (present study) and 1977 (Station PCR-1; Noton and Chymko 1978). 
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(0.250 mm vs. 0.650 mm). Similar results were obtained comparing 1984 

summer samples across depth with those of their August 1977 special 

benthos transec t. 

Relative abundance of species has changed since the 1977 survey. 

Noton and Chymko (1 97 8) found a preponderance of Chironomidae across 

their summer transect. Oligochaeta occurred in greatest abundance a t  

moderate (6 t o  8 m) depths, but never in proportions exceeding 25%. 

Chaoborus were present in all months except June, but were only 

abundant in fall. In August, they were found a t  all but the greatest depths 

(only four animals were collected from that station), but were most 

abundant a t  8 m depths. In contrast, the present study showed dominance 

of Oligochaeta in shallow regions, and proportionately more abundant 

Chaoborus a t  depths of 5 m or more during the three seasons sampled. A 

shift towards increasing representation by Oligochaeta suggests increasing 

organic content of the substrate (see Section 5.3.5), and probably 

represents maturation of the reservoir. Increased organic material also 

produces greater use of oxygen during decomposition, and this may be 

expected to  contribute substantially to  any hypolimnetic oxygen deficit 

that may occur during summer stratification. Chaoborus are  adapted t o  

minimal substrate oxygen conditions; their increased abundance a t  

shallower depths suggests that  the duration of summer anoxia is becoming 

extended, possibly because of organic enrichment of the reservoir. 



5.5.6 FISH 

5.5.6.1 Species Composition and Relative Abundance 

Three fish species were  present in Poplar Creek Reservoir in 1984 

(Appendix E, Tables E6 and ~ 7 ) .  Brook st ickleback (85.1%) was t h e  most 

abundant species in t h e  combined c a t c h  (all sample methods) followed by 

white sucker (11.2%) and fa thead minnow (3.7%). The ca tch  in seines was 

comprised almost to ta l ly  (95.8%) of brook st ickleback with fa thead  

minnow being a minor (4.2%) component in t h e  catch.  White suckers were 

absent from t h e  seine catch;  however, adult  and juvenile white suckers 

dominated (100%) t h e  c a t c h  from gill nets  (Table 5.21). 

Table 5.21. Percentage composition of fish species recorded f rom 
Poplar Creek Reservoir, 1984. 

Species 
(n)a 

Capture Methods Combined 
Seine Gillnet Total 
(1 90) (24) (214) 

White sucker 0 100.0 11.2  
Fathead minnow 4.2 0 3.7 
Brook st ickle back 95.8 0 85.1 

aNumber of fish captured 

Ca tch  per unit e f fo r t  (CUE) d a t a  derived for  seining effor ts  suggest 

t h a t  densities of fa thead minnows and brook st ickleback have declined 

substantially since 1981  (Appendix E, Table E8). Fathead minnow cap ture  

ra tes  declined slightly from 1978 t o  1981; in 1984 this species was nearly 

absent from the  catch.  Brook st ickleback exhibited a substantial  increase 



in CUE from 1978 to 1981; however, in 1984, densities of this species had 

declined to  below 1978 levels. The reasons for the reduced populations of 

these species are unknown. The presence, in 1984, of y-o-y and juveniles 

of both species suggests successful recruitment t o  these populations still 

occurs in Poplar Creek Reservoir, although apparently a t  reduced levels 

relative to  previous years. 

White suckers (adults and juveniles) were present in the 1984 gillnet 

catch a t  densities comparable t o  those recorded in 1981 (Appendix E, 

Table E9). Capture rates, however, were relatively low (in both years) in 

comparison t o  Beaver Creek Reservoir and Ruth Lake. The absence of 

y-o-y of this species, indicates primarily a feeding use of the reservoir, 

with this population likely originating from upstream waterbodies (i.e., 

Beaver Creek Reservoir or Ruth ~ a k e )  within the diversion system. 

5.5.6.2 Age Structure of White Sucker Population 

The length-frequency distribution of white suckers captured in 

Poplar Creek Reservoir is presented in Appendix E, Table E10. Although 

low numbers of white suckers were captured in the reservoir, the da ta  

indicate that the population sample was comprised of four year-classes: 

1983 (age one), 1982 (age two), and 1981 (age three), and 1980 (age four). 

Most of the fish sampled were in the age one to  age three range. A 

preponderance of the younger age-groups also was noted in earlier studies 

(OfNeil 1979; 1982). It appears that  Poplar Creek Reservoir serves only a 

rearing function (for the Beaver Creek Reservoir population). 



Alternatively, the reservoir rnay not be capable of supporting white 

suckers (entering from the upper diversion system) beyond a certain size 

(i.e., due to habitat limitations). 

5.6 POPLAR CREEK 

5.6.1 AQUATIC HABITAT 

5.6.1.1 Description of Drainage Area 

Poplar Creek was integrated into the Beaver Creek diversion system 

in 1976 following completion of the Poplar Creek spillway (Figure 2.4). A 

1.8 km section of Poplar Creek downstream of the spillway has been 

channelized to  accommodate increased flows from the diversion system. 

Approximately 200 m of the altered section occurs below Highway 63 

(including two drop structures). The channelized section extends 1.6 km 

upstream to  the diversion stilling basin. Nine drop structures are located 

in this section. Upstream of the stilling basin and below Highway 63 the 

stream returns to its original channel. The headwaters of Poplar Creek 

are located in the Thickwood Hills. From this source, the stream flows 

north then east for 28 km prior to its confluence with the outflow from 

the Beaver Creek Diversion System. This section upstream of the stilling 

basin is referred to  as Upper Poplar Creek and the section downstream is 

referred to  as  Lower Poplar Creek. 



5.6.1.2 Streamflows During Study Period 

A Water Survey of Canada gauging station is located on Lower 

Poplar Creek (at the Highway 63 crossing). It is situated approximately 

2.3 km upstream from the confluence of Poplar Creek with the Athabasca 

River (Figure 2.4). The hydrograph for the period 1 May t o  27 September 

1984 is illustrated in Figure 5.29. The peak discharge in this period was 

12.5 m3.s-I which occurred on 6 June. Two minor peaks occurred during 

the summer months (3.09 m3*s-I on 8 July and 0.94 m3.s-I on 14 August). 

From late August to  the end of the recording period, stream discharge 

3. -1 was low and stable (range: 0.3 to 0.4 m s 1. 

Field measurement of discharge was undertaken on Poplar Creek a t  

station PC-W3 situated upstream of the stilling basin (Figure 2.4). 

Discharge a t  this station was compared t o  the total flow recorded a t  the 

lower gauging station (Appendix B, Table B3). Discharge from Upper 

Poplar Creek (above the diversion system) contributed 16.5% (18 June), 

20.4% (26 July) and 31.8% (23 September) of the total flow in the system 

on these dates. Actual flow rates in Upper Poplar Creek during the three 

3. -1 measurement periods were as follows: 0.69 m3.s-1 (18 ~ u n e ) ,  0.30 m s 

3 -1 (26 July), and 0.07 m .s (23 September). 

5.6.1.3 Habitat Zonation 

Prior to alteration resulting from the Beaver Creek Diversion, 

aquatic habitat in Poplar Creek was evaluated by Griffiths (1973) and 
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Syncrude Canada Ltd. (1975). Griffiths (1973) assigned a preliminary 

Class 4 rating (Canada Land Inventory system) t o  Poplar Creek; this 

indicates the presence of low quality habitat. Syncrude Canada Ltd. 

(1975) conducted a systematic habitat evaluation of Poplar Creek. 

Transects were located from the vicinity of Ruth Creek downstream t o  

near the confluence of Poplar Creek with the Athabasca River. On the  

basis of these data, Poplar Creek was separated into two discrete reaches 

(Syncrude Canada Ltd. 1975). The lower reach, which was 4.25 km in 

length, extended upstream from the mouth to  a location near the present 

stilling basin. This reach was characterized by low gradient (3.2 m-km-l), 

a predominance of Flat habitat, and sand-silt substrate. Associated fish 

sampling indicated that  this reach was not utilized t o  a appreciable extent 

by sportfish species (e.g., Arctic grayling). The upper reach extended 

upstream from below the stilling basin to  beyond Ruth Creek (Figure 2.4). 

This section, which was 1.42 km in length, was characterized by a higher 

gradient (5.3 m*krn"). As such, i t  contained a greater diversity of cover 

types (riffles, pools, etc.) and substrates (gravel, cobble, sandlsilt). 

Noton and Chymko (1 97 8) re-evaluated habitat conditions in Poplar 

Creek in 1977, one year following channel alteration. The upper reach 

displayed negligible change since 1974, apart from a rise in water level in 

t h e  section immediately above the stilling basin (approximately 100 m in 

length). This was due to the ponding of water behind the initial drop 

structure (Drop Structure No. 11). Substantial changes were noted in the 

downstream reach due t o  channelization and placement of 11 drop 

structures. The newly created channel was wider, shallower, exhibited 



higher velocities (localized), and was more diverse with respect t o  the 

distribution of cover types and substrate. Two major cover types were 

described within the channelized section: riffle situated immediately 

below drop structures, and pool (Flat according to  present scheme) in the 

intervening reach between drop structures. Following the diversion, three 

reaches were evident: 1) original channel downstream of Highway 63; 

2) channelized section; and 3) original channel upstream of the stilling 

basin. OtNei1 (1979, 1982) conducted fishery investigations within these 

various reaches to  define differences in the type and extent of use by fish 

populations. 

In the present study gradient mapping and on-site investigations 

were conducted in order to  delineate and describe habitat reaches. Five 

discrete habitat reaches were identified (Figure 5.30). Of the five 

reaches, two (R2, ~ 3 )  were investigated in detail in the present study. 

The results obtained at habitat stations located in these reaches (HI to  

H3) are described in Table 5.22. 

Reach 1 (km 0 to  2.1) 

Reach 1 is a low gradient reach (2.5 m*krn-') extending from the 

Poplar Creek-Athabasca River confluence t o  approximately 200 m below 

the Highway 63 crossing. Apart from the initial section immediately 

below Drop Structure No. 1 (which features accelerated bank erosion) the 

channel does not appear to  have been altered from its pre-diversion state. 

Reach 1 is characterized by predominantly Flat habitat and sandsi l t  



Table 5.22 Summary of physlcd hsbitat characteristics s t  sampling stntions on Poplar Creek, September 1984 

Channel Features a t  Trareect C o w  Type Distribution (96) 

Water Inca1 Mean Mean 
TemdoC) Rooted Wetted Gredient Depth Velocity Discharge me 

Station Date iTime)(h) Width (m) Width (m) (96) (em) ( c m s l )  (rn3-irl) Riffle Run Flat 1 2 3 4 5 

H1-TIC 6 Sept. 11 
(1200) 

-T2C 6 SeDt. 11 
(1020) 

-T3C 6 Sept. 11 
(1120) 

- ~ 4 d  6 Sept. 11 
(1320) 

(Beaver pond) 

(Beaver pond) 

(Beaver pond) 

(Benver pond) 

,---- 
-T4 23 Sept. 4.5 

(1139) 
-T5 23 Sept. 4.5 

-T2 22 Sept. 6 
(1700) 

-T3 22 Sept. 6 
(1710) 

Bank Features (RUB/LUB) Sutetrate Distribution (%) Aquatic Veg. 

Cond. Stab. Under. Slope Cover Depth Ov:i Sand Silt LIG CG VCG SC EMB. Macro. Algae 
Station (96) (No.) (cm) (~eg.1 (No.) (em) lit sB (% (No.) (No.) (No.) 

9 3 2 1  
- 2-4 1 1 

5 1 1 
4 1 5 

100 5 1 5 
- NlAe I 2 

N/A I 1 
- NIA 1 
- NIA 1 1 
- NIA 1 1 

1 1  1 
- 3-4 1 1 

3 1 1 

aWSC Station No. 07DB001 (preliminary data; 6 September). 
b ~ n g l e  of undercut in parentheses. 
CRansec ts  below Drop Structure No. 5. 
d ~ a n s e c t s  below Drop Structure No. 11. 
eN/A - not applicable. 
Note: Description of terms in Table 2.2. 





substrate. Vegetative debris accumulations in the channel and dense bank 

vegetation (willow, alder, overstory species) also are characteristic. 

Reach 2 (krn 2.1 t o  3.9) 

Reach 2, 1.8 krn in length, includes the channelized section of 

Poplar Creek (Plate 9). The distribution and diversity of cover types 

within the section are related to and controlled by the presence of 11 drop 

structures (Figure 2.4). Three major habitat cover types a re  associated 

with each of the drop structures. Riffle cover type occurs within and 

immediately downstream of drop structures, followed by Run. Noton and 

Chymko (1978) determined that these cover types in combination 

contributed 20% of the channel distance between drop structures. Flat 

cover tjrpe encompasses the majority (approximately 80%) of the habitat 

between drop structures. Data from station HI provide a description of 

physical characteristics of the three inajor cover types ( ~ i f f l e ,  Run, Flat). 

Transects T3 and T5 were situated in Riffle habitat a t  the top end of drop 

structures No. 5 and 11, respectively. Transects T2 and T4 were situated 

in Run habitat below T3 and T5, respectively. Transect T1 was located in 

Flat cover type below Drop Structure No. 5. 

Channel width a t  t h e  five transects was variable. Rooted width 

ranged from 14.2 m to 19.0 m. Wetted width varied between 9.4 m and 

12.0 m. Lower values were associated with the upper transects 

(i.e., DS No. 11). Mean depths a t  transects varied according to cover 

type: Riffle (11 t o  17 cm), Run (21 t o  35 cm), and Flat (65 em). The local 



gradient (i.e., determined on-site) in each cover type was as follows: 

Riffles (5%), Run (1.5%), and Flat (0.5%). Mean current velocities at the 

two Riffle transects was 25 cm-s-1 and 76 crnas-l. Lower mean velocities 

were recorded at Run transects (11 ernas-1 and 2 1  em-s'l). The lowest 

value was measured at the Flat transect (7 cm-s-'1. 

Differences in substrate dominance were evident amongst the 

transects. Substrates at  Riffle dominated transects (T3, T5) consisted 

largely of small (25.6 to 51.2 cm) and large (51.2 em+) boulder although 

large cobble (12.8 to 25.6 cm) also was well represented. Substrate 

material in Run dominated transects (7'2, T4), although extremely coarse 

in nature, was noticeably smaller than in Riffle habitat (i.e., due to 

absence of large boulders). Substrate at  the Flat transect was dominated 

by sand (57%) and silt (16%). Lesser amounts of the larger, coarse 

textured categories also were present. Sediment coverage of coarse 

substrate was negligible in Riffle cover types, low to moderate in Run, 

and high in Flat areas. 

Macrophyte densities within the wetted channel were negligible at 

all transects except TI (Flat habitat) where low densities were noted. 

Algal density was negligible at all of the lower transects (at DS No. 5). 

Algal coverage exceeded 75% at the upper transects (at DS No. 111, 

possibly due to the proximity to the stilling basin (i.e., input of nutrients 

from Poplar Creek ~eservoir). Stream banks at all stations exhibited 

little erosion; resistance to further erosion was rated as high (i.e., due to 

rip-rap and/or vegetation cover). 



Reach 3 (km 3.9 t o  11.5) 

Reach 3 is a high gradient reach (10.3 m-km-1) commencing up- 

stream of t h e  stilling basin. Data  f rom Station H3 typifies t h e  habi ta t  

conditions in the  reach (Table 5.22). Station H2 was s i tuated within a 

beaver controlled section exhibiting low gradient (0.25% on-site). This 

section is sufficiently different from high gradient habi ta t  upstream and 

t h e  channelized reach downstrea~n t o  be classified as a separa te  sub-reach 

within Reach 3. I t  appears t o  be a remnant  of the  original low gradient 

reach discussed by Syncrude Canada Ltd. (1 975). Channel features  within 

t h e  sub-reach were described as follows: wet ted width was 6.7 m: mean 

depth was 80' em,  and mean velocity was 3 cm-s-l. Habitat  diversi ty in 

t h e  section was low (100% Flat), and t h e  subst ra te  consisted entirely of a 

sand-silt mixture. 

Within Reach 3 proper, major channel features  were  as follows: 

wet ted width was 5.7 m, mean depth  was 1 7  cm,  and mean velocity was 

13.7 cmss-1. The overall cover type distribution indicates t h e  presence 

of relat ively diverse habitat: 2796 Riffle, 34% Run, 14% Flat ,  and 25% 

Pool. All pools observed were  of low quality (i.e., Class 1) largely due t o  

insufficient depth and cover. The subst ra te  in Reach 3 also displayed 

considerable variability. Coarse textured mater ia l  was dominant (67%); 

sand contributed t h e  remainder (33%). The coarse mater ia l  was dis- 

tr ibuted as follows: 3596 coarse gravel (1.6-3.2 cm); 12% very coarse 

gravel  (3.2-6.4 cm); 13% small  cobble (6.4-12.8 cm); and 7% large  cobble 

(1 2.8-25.6 cm). Macrophyte and algal densities within t h e  channel were 

negligible. 



5.6.2 WATERQUALITY 

5.6.2.i Physical Parairieters 

In Poplar Creek a t  stations PC-W3, PC-W2, and PC-W1, the water 

temperatures ranged from 5.0°C (September) t o  24.0oC in July (Table 5.2) 

The pH was alkaline with values ranging froin 7.5 to a high of 8.6 a t  

station PC-W1 in July. During the same period in 1977 the pH ranged 

from 8.0 to 8.3 (Noton and Chymko 1978). The dissolved oxygen levels 

-1 
ranged from 8.2 to 11.0 mg0L . The oxygen saturation ranged from 72 to  

100% in June and showed no distinct trends among the stations. In 1977, 

oxygen saturation levels were similar, within the 89 to 100% range. At 

station PC-W 1 total non-filterable residue values ranged from 2.8 to  28.0 

- 1 
mgwL . The highest value occurred in July, even though during this 

period the flow in the creek was one-third that  in June. Noton and 

Chyrnko (1978) reported considerably lower values (ranging from <0.5 to 

1.5 rng-c') a t  a station near PC-W1. Poplar Creek water was brown in 

colour due to dissolved organics. 

5.6.2.2 Major Ions 

The ionic character of the Poplar Creek water was similar among 

stations, and particularly so between PC-W2 and PC-W1 (Figure 5.4). 

Most ions showed increased concentrations from June to September. At 
- 

PC-W2 and PC-W1 the ionic dominance was distinct with HC03 

= + 
> ~ a +  > ~ a + +  > CI- > M~' '  > SO4 > K . At PC-W3, however, chloride, 



which was f i f t h  in dominance in June, rose sharply to  become the second 

most dominant anion in July and September. Sodium concentrations also 

showed increases during this period. The increased influence of 

groundwater is the likely source of both parameters. The ions 

characteristic of station PC-W2 indicated that the quality of water 

entering from Poplar Creek Reservoir had no apparent effect on the 

water quality in the creek, even though there was a three to  six times 

greater flow contribution from the reservoir than from the natural flow in 

the creek a t  PC-W3. This suggests that the water leaving the reservoir 

must be from the epilimnetic zone. The ionic quality of the water a t  PC- 

W 2  during July and September is very similar to  that  associated with the 

respective months in the Poplar Creek Reservoir. It appears that during 

stratification, saline hypolimnetic water does not discharge into Poplar 

Creek. 

5.6.2.3 Nutrients 

Total nitrogen concentrations were very similar among the three 

stations in Poplar Creek. The values ranged from 0.83 t o  1.29 rng N-L-I 

1 and slightly exceeded the ASWQO of 1.0 mg N-L- , with the highest 

concentrations occurring in July in each sampling period. In addition, the 

concentrations generally increased from PC-W3 to PC-W 1 during each 

sampling period except June. The nitrate + nitrite concentrations 

(ranging f r o n  <0.003 to 0.122 mg N-G') generally increased from June t o  

September; values also increased downstream from PC-W3 t o  PC-W1 

during each sampling period. 



Concentrations of total phosphorus ranged from 0.021 to  0.060 

mg P-L-' and slightly exceeded the ASWQO of 0.05 mg P-G' but were 

within the Environment Canada guideline of 0.100 mg POL-'. At each 

station the lowest values occurred in September. The maximum 

concentrations generally were found in July even though there was a 

marked decrease in stream discharge in this period compared to  June. 

For each sampling period the concentrations were highest a t  PC-W3. 

During July and September, the concentrations of total phosphorus in the 

epilimnetic water of Poplar Creek Reservoir were lower than those 

reported for PC-W3. Total phosphorus concentrations generally showed a 

direct relationship with the hydrograph. At PC-W 1, ortho-phosphorus 

concentrations ranged from 0.005 mg POL-' (September) to  

0.038 mg P-L-' (June). Noton and Chymko (1978) reported a level of less 

than 0.016 mg P . L - ~  in September a t  a station near PC-W1. 

Reactive silica concentrations ranged from 1.30 to 8.40 mg*~-'; 

highest levels occurred in September a t  the three stations. Similar 

concentrations were found in 1977 by Noton and Chymko (1978). 

Concentrations of total organic carbon in Poplar Creek ranged from 

25.1 to 36.7 mgo~-'. The levels were similar to those recorded near 

station PC-W1 for the June to  September period in 1977 (Noton and 

Chymko 1978). 



5.6.2.4 P a c e  Metals and Other Substances 

At s ta t ion PC-W1, the  concentrations of t r a c e  metals  and e lements  
.* 

in Poplar Creek were  below t h e  detect ion limits. Tota l  iron (0.62 to 0.78 

.I r n g - ~ - l )  and t o t a l  manganese (0.040 t o  0.080 m g . i l )  exceeded t h e  

respective ASWQO of 0.30 and 0.050 mg-L-'. With respect  t o  t h e  other  
m 

parameters,  phenol levels (0.006 t o  0.026 mg.~- ' )  exceeded t h e  ASWQ0 

of 0.005 rng.~". Oil and grease  levels were  low ranging from 1.0 t o  1.7 
II) 

- 1 
mg.L . In July 1977, the  oil and grease  concentration near s ta t ion PC- 

II W 1  was 14.4 mg-L-' (Noton and Chymko 1978). 

- 
5.6.3 ZOOBENTHOS 

Stations sampled in Poplar Creek  corresponded t o  locations t h a t  

have been examined on a continuing basis since 1974 (Boerger 1983). 

Detailed description of the  s ta t ions  was  provided by Noton and Chymko 

(1 978). 

In 1984. a s  in other  years subsequent t o  creek diversion and opening 

of t h e  Poplar Creek  Reservoir spillway, densities downstream of t h e  

spillway (PC-B1 and PC-B2) generally exceeded densities a t  upstream 

stations (PC-B3 and PC-B4) (Appendix D: Tables D27 t o  ~ 3 0 ) .  



~ i m u l i i d a e l  ;Yere a dominant component of the  fauna a t  a l l  s ta t ions  

in spring (Figure 5.31); however, absolute densities of simuliids were  a t  

leas t  fourteenfold g rea te r  a t  downstream s ta t ions  than upstrearn of t h e  

spillway. Chironomidae, Oligochaeta and,  t o  a lesser extent ,  Baetis 

( ~ p h e m e r o p t e r a )  were other  important components of the  biota a t  B3 and 

B4. In spring, s ta t ion B1 had g rea tes t  taxonomic richness, but B3 and B4 

had much greater  diversity owing t o  a more equitable distribution of 

abundance among t a x a  (Table 5.3). 

Density, biomass, and richness increased at all stat ions from spring 

t o  summer.  Diversity increased at  t h e  two  downstream stations,  but 

decreased slightly at upstream stations. Sirnuliidae remained dominant a t  

B1, but declined in importance at t h e  other  th ree  stations. 

Hydra and Chironomidae were important summer taxa at B2. 

Stations B3 and 8 4  showed increased densities and proportions of Baetis 

and Chironomidae (Figure 5.31). 

In fal l  1984, marked increases in density ivere observed at s ta t ions  

B2, B3 and B4, but a decline was observed at B1. Biomass declined a t  all 

stat ions except B4, reflecting the  dominance of small  chironomids in the  

creek at this t ime  (Appendix D, Table ~ 2 7 ) .  Simuliidae were present only 

l ~ r .  P.H. Adler (ex University of ~ l b e r t a )  kindly identified an auxiliary sample 
collected from PC-B2 (June). This contained seven Simulium vittatum complex 
(cytotype IS-7), three  S. venustum colnplex (cytotype CC), one S. verecundum 
complex AC D) and four S. furculatum complex (cytotype unknown). 
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a t  station B1. Oligochaeta were i~nportant constituents of fall samples a t  

all four stations. A significant portion of the increased density a t  B4 was 

attributed to the presence of the stonefly, Nemoura. Taxonomic richness 

increased substantially in fall samples a t  B1 and B2, but diversity 

increased only a t  the former station (Table 5.3). Stations B3 and B4 

exhibited little change in richness, but showed a decline in diversity. 

Poplar Creek has been sampled quantitatively during a t  least seven 

years prior to the present study (Boerger 1983). However, since different 

samplers and protocols have been used among studies, conparisons can 

only be made in a general context. Artificial substrate samplers 

(barbeque baskets containing varying numbers of stones) were used 

between 1979 and 1982. Such samplers can produce overestimates of 

abundance and taxonomic richness; the degree of bias varies with 

fluctuations in current velocity (Ciborowski and Clifford 1984). Earlier 

sampling was undertaken with Hess or Surber samplers (Noton and 

Chymko 197  8). These authors selected sampling areas consisting of 

uniformly small gravel substrate. In the present study (and possibly in 

earlier surveys), collections were made within the dominant microhabitat 

type of each station; this consisted of moderate-sized boulder areas a t  

stations B1 and B2, and cobble areas a t  B3 and B4. 

These differences in methodology may partially explain the greater 

variability in year-to-year density estimates for zoobenthos (Boerger 

1983). Summer 1984 samples, which can be compared with the largest 

data base (that of Boerger 1983), produced density estimates that  were 



similar to es t imates  for 1980-1982 at  s ta t ions  B1 and B2, 50 96 less than 

1980-1982 at B3, and slightly g rea te r  than tha t  a t  B4. Summer es t imates  

for 1977 were very high, owing t o  t h e  appearance of many very young 

Simuliidae in t h e  samples (Noton and Chymko 1978). Taxonomic richness 

was a t  the  upper end of the  range of yearly es t imates  for  s ta t ions  Bl., B2, 

and B4 in 1984. This is t o  be expected since present e s t imates  were  

augmented by d a t a  from sweep samples; however, richness a t  s ta t ion B3 

was substantial ly less than  minimum es t imates  for any prior year  (14 t axa  

in 1974 and 1977; Boerger 1983). This, together with the  reduced density 

es t imates ,  may suggest  some form of perturbation occurred at th is  

stat ion.  

Taxonomic cornposition in 1984 was remarkably consistent  with t h a t  

of earl ier  studies. Filter-feeding organisms (Simuliidae and ~ y d r a )  

dominated a t  B1 and B2, whereas Baetis and Chironomidae made up t h e  

g rea tes t  proportion of samples at B3 and B4. Noton and Chymko (1978) 

a t t r ibuted the  high abundance of Simuliidae t o  increased organic inputs 

from Poplar Creek  Reservoir; however, t h e  distribution of this taxon is 

not consistent with thei r  interpretation.  Although abundance of f i l ter  

feeding animals does become very g r e a t  at lentic outlets ,  densities 

typically decline very quickly with increasing distance from t h e  source of 

organic input (Sheldon and Oswood 1977; Oswood 1979; Ciborowski 

unpublished data).  Densities 1.5 krn downstream of a n  outflow (i.e., t h e  

distance of s ta t ion B1 from t h e  Poplar Creek spillway) would be expected 

to diminish t o  less t3an 15 96 of densities 130 m downstream (data  f r o v  

Sheldon and Oswood 1977; Ciborowski personal observation). 



Furthermore, MacKay River s ta t ion &16-B, which was physically similar t o  

downstream stations on Poplar Creek,  supported black fly densit ies 

equivalent t o  or g rea te r  than those a t  B1 and B2. However., at s ta t ion 

M6-B, the re  was no equivalent lentic input upstream. The upper MacKay 

River and Lower Poplar Creek both possess rapid current velocities, 

coarse and relatively silt-free subst ra te ,  and receive ample solar radiation 

for  periphytic development. The l a t t e r  component can provide a constant 

input of high quality seston,  on which Simuliidae feed. It is noteworthy 

(and consistent with earl ier  studies) t h a t  Simuliidae persisted longer and 

at g rea te r  densities a t  s ta t ion B1 than at B2. Boerger (1983) suggested 

this may be a result  of t h e  e f fec t s  of epilimnetic discharge on the  the rmal  

regime immediately downstream of t h e  spillway. It is equally possible, 

however, t h a t  ne t  seston quality increases with increasing distance 

downstream of t h e  spillway, owing t o  g rea te r  length of river subs t ra te  

available for periphytic production. Such a change in quality ra ther  than 

quanti ty would not be ref lected by measurement of to ta l  organic carbon, 

which appears to remain constant along Poplar Creek (Boerger 1983; 

present study). 

5.6.4 FISH 

Five stat ions were sampled by backpack electrofishing during t h e  

1984 survey (Figure 2.4). ,4ll stat ions (except EF3) were sampled during 

each period; EF3 was not sainpled in t h e  summer survey due t o  high 

water  levels tha t  presented conditions unsuitable for wading. 



Nine fish species were recorded in Poplar Creek during 1984 surveys 

(Table 5.23); of these, three were sportfish species (Arctic grayling;, 

northern pike, and burbot), two were coarse fish species (longnose and 

white sucker), and four were forage species (fathead minnow, lake chub, 

northern redbelly dace, and brook stickleback) . 

Species diversity in Poplar Creek decreased in an upstream direction 

re able 5.23). At the lowermost stations ( E F ~ ,  EF5 and EF3), six species of 

fish were recorded. Five species were recorded a t  EF2 and three species 

a t  EF1, the uppermost sample station. White sucker, fathead minnow, and 

lake chub were captured a t  all sampling stations; brook stickleback was 

present a t  all stations except EF1. The remaining species were recorded 

only from the channelized reach. These species exhibited a sporadic 

distribution and likely were more closely associated with the Athabasca 

River (i.e., enter the lower reaches of Poplar Creek for foraging 

purposes). 

The three species of sportfish recorded in Poplar Creek in 1984 were 

Arctic grayling, northern pike, and burbot (Table 5.23). All were recorded 

in the channelized section of Poplar Creek in 1978; in 1981 only burbot 

were recorded. 

Only three Arctic grayling were captured in 1984. These 

individuals, all of which were juveniles, were taken in Riffle-Run habitat 



Table 5.23. Percentage composition of various fish species in backpack electrofishing 
collections from Poplar Creek, 1984 (all seasons combined). 

Location All 
Stations 

Speciesa PC-EF1 PC-EF2 PC-EF3 PC-EF5 PC-EF6 Combined 
(nib (75) (372) (637) (908) (634) (2626) 

AG 
N P  

LING 
LNS 
WS 

FHM 
LKC 
NRD 

BS 

0.1 
LO. 1c  
LO. 1 

2 . 8  
3 4 . 5  
3 2 . 3  
1 3 . 4  

0.1 
16.7 

aFor species code explanation, see text Table 3.6. 
b ~ u m b e r  of fish captured and observed. 
CL = less than. 
d ~ o e s  not include numerous (>I0 000) fry observed. Identified subsamples consisted of 

approximately 98% white sucker y-o-y and 2% fathead minnow y-o-y. 
W o e s  not include numerous (>5 000) fry observed. Identified subsamples consisted of 

approximately 98% white sucker y-o-y and 2% fathead minnow y-o-y. 



below DS 1 0  and 11 on 31 May. Arctic grayling were not encountered 

during the  la te  September sampling period; high flows prevented sampling 

in late July. In 1978, OINeil (1979) captured moderate numbers of Arctic 

grayling during May, July, and October. These individuals were 

distributed below the upper drop structures (similar t o  1984) and farther 

upstream into the  unchannelized section. During the 1981 study in Poplar 

Creek, this species was absent from the catch ( 0 ' ~ e i l  1982). It is evident 

tha t  t he  distribution of Arctic grayling in Poplar Creek is extremely 

variable on a seasonal and year-to-year basis. A preliminary review of 

flow data  during, and in the weeks prior to ,  the  sampling periods in t he  

three study years was undertaken. It is apparent t ha t  the sample periods 

with the  highest catches were preceeded by periods of seasonally higher 

flows. This was particularly evident in 1978. Conversely, low capture 

ra tes  generally occurred when sample periods were preceded by extended 

periods of low flow (mid-July 1981). I t  is apparent t ha t  Arctic grayling in 

Poplar Creek a r e  seasonal migrants from the  Athabasca River (i.e., 

entering primarily for feeding purposes). Their absence during the  low 

flow periods likely is due to  reduced habitat suitability (insufficient depth 

and cover, high water temperatures, etc.) and/or restricted access past 

drop structures. 

Northern pike were infrequent residents of Poplar Creek during 

1984. One individual, a spent male, was captured in a large pool below 

DSI in the spring. In 1978, adult northern pike in spawning condition were 

recorded in Poplar Creek during the  spring period. Based on the limited 

ainount of suitable spawning habitat  and the absence of y-o-y in summer 



and fall  captures  in 1978, 1981, and 1984, the  presence of a noteworthy 

spawning run into the  channelized section of Poplar Creek and upstream 

of the  diversion is unlikely. 

Burbot made a minor contribution t o  t h e  electrofishing c a t c h  in 

1984. One individual (a juvenile) was collected below DS6 in t h e  fall. In 

1978, a small  number of adults  and juveniles %yere present in the  summer 

and fall, respectively, in t h e  channelized sect ion of Poplar Creek.  It is 

apparent t h a t  burbot move into the  system, likely from t h e  Athabasca 

River, for feeding and rearing purposes. 

5.6.4.2 Coarsefish S ~ e c i e s  

White sucker and longnose sucker were collected from Poplar Creek 

in 1984 (Table 5.23). White sucker was t h e  most abundant species, 

contributing 34.5% t o  the  to ta l  ca tch   able 5.23). This species was 

recorded at all s ta t ions  and during all periods with t h e  exception of 

s ta t ion EF1 during the  spring period (Appendix E, Table E4). The absence 

of all species from t h a t  s ta t ion in t h e  spring likely resulted from t h e  low 

suitability of this a r e a  for overwintering, and t h e  presence of large  

impassible beaver dams located far ther  downstream in t h e  systern he.,  in 

EF2). In the  spring, juvenile white suckers were recorded immediately 

downstream from t h e  lowermost beaver dam in EF2, but were absent frorn 

t h e  catch above the  dam. This dam was breached by f reshet  conditions in 

ear ly  July. White sucker juveniles and y-o-y were  captured upstream of 

t h e  darn in the  summer survey suggesting these  individuals had 



moved upstream into the area. Capture rates of white suckers ranged 

from 5.6 fishamin'' in the spring t o  34.0 fishomin-' in the summer and 6.0 

fishamin-' in the fall (Appendix E, Table ~ 4 ) .  The high capture rates 

during suminer reflect the appearance in the catch of y-o-y white suckers. 

This capture rate does not include the estimated 15 000 or more observed 

in low velocity areas along the periphery of the channelized section. 

Identification of a subsample of these individuals indicated that 

approximately 98% were white sucker y-o-y, with the remainder 

identified as fathead minnow y-o-y. The abundance of white sucker y-o-y 

indicates successful spawning in Poplar Creek during 1984. The spawning 

run of adults in May, however, was not recorded; all white suckers 

captured in this period were juveniles. Since water temperatures during 

the 1984 spring survey were relatively high (120C), spawning likely had 

been completed prior t o  initiation of the study. In 1978, pre-spawning 

aggregations of white suckers were recorded in lower Poplar Creek during 

mid-May. These adults were absent from subsequent summer and fall 

surveys, and were thought to  be a migratory spawning population 

originating from the Athabasca River. 

Capture rates for longnose suckers were variable, relating to  

difference in seasonal distribution and abundance (Appendix E, Table E4). 

This species was substantially less abundant in Poplar Creek than white 

sucker (Table 5.23). Longnose suckers were captured in low numbers in 

the spring, and only from sample stations within the channelized reach. 

Yost of these individuals were juveniles, with a small number of adults 

present. The low occurrence of y-o-y of this species in summer and fall 



captures suggests that the spawning use of this systern is limited, although 

rapid emigration of y-o-y after hatching may occur. 

During summer and fall the catch of longnose suciters was comprised 

mainly of juveniles. These juveniles exhibited a preference for Riffle-Run 

habitat a t ,  and immediately below, drop structures. The greatest density 

(4.1 fish-min-l) was recorded in the f a l l  a t  ES6. The fact that juvenile 

longnose suckers were abundant in the fall yet were rarely encountered in 

summer suggests that  these groups are seasonal migrants from the 

Athabasca River. 

5.6.4.3 Forage Species 

In 1984, several forage species (i.e., cyprinids and sticklebacks) were 

captured in Poplar Creek. In order of decreasing abundance, they were as 

follows: fathead minnow, brook stickleback, lake chub and northern 

redbelly dace (Table 5.23). 

Overall, fathead minnow was the most abundant forage species in 

Poplar Creek, contributing 34.5% to  the total electrofishing catch (Table 

5.23). Although fathead minnow was the dominant species a t  upper 

stations (EF~-EFS), i t  exhibited a general decline in percentage 

composition with increased downstream distance. Capture rates for this 

species were highest during the spring period in EF3 when 33.4 fish-rnin-' 

were recorded (Appendix E, Table E4). The catch a t  this time consisted 

mainly of mature adults although juveniles also were abundant. In the 



summer,  fa thead minnow y-o-y were numerous in sections EF5 and EF6. 

The location or ex ten t  of fa thead minnow spawning in Poplar Creek  is 

unknown. The abundance of y-o-y in t h e  lower electrofishing s ta t ions  and 

absence f rom s ta t ions  above t h e  spillway confluence suggests a majori ty 

of spawning may occur in Poplar Creek  Reservoir. 

Brook st ickleback were common in Poplar Creek during 1984 surveys 

(Table 5.23). This species was most abundant in spring surveys at s ta t ions  

EF2 and EF3, when respective CUE'S of 15.5 and 17.3 fishomin-'were 

recorded (Appendix E, Table E4). Brook st ickleback were  not  recorded in 

captures f rom EF1 suggesting t h e  distribution of this species is l imited t o  

t h e  lower sections of Poplar Creek. In 1984, ca tches  declined 

substantially during t h e  summer and fall  periods, perhaps due t o  a 

downstream movement ou t  of t h e  area ,  In 1978, brook st ickleback were  

absent in t h e  spring ca tch  and increased in abundance over t h e  July t o  

September period. Although the  reason for t h e  difference between years 

is unknown, i t  likely was due t o  differences in seasonal discharge patterns.  

Results of t h e  1978 study indicated t h a t  t h e  brook st ickleback population 

in Poplar Creek originated from Poplar Creek  Reservoir. 

Lake chub were  frequently encountered during electrofishing 

surveys in Poplar Creek (Table 5.23). During both sample  periods, highest 

capture  r a t e s  were recorded at the  lowermost sampling s ta t ion (EF6) 

(Appendix E, Table E4). This species occurred infrequently at sample 

stat ions upstream of the  spillway confluence. A cer ta in  portion of the  

lake chub in Poplar Creek a r e  evidently seasonal migrants from t h e  



Athabasca River. The presence of adult  lake chub (in spawning 

colouration) a t  lower s ta t ions  in t h e  spring indicates a probable spawnins 

use of the  system. Spawners observed in the  beaver pond a t  the  lower end 

of EF2 may orginate f rom a smal l  resident population in upper Poplar 

Creek,  or result  from t h e  entrapment  of those individuals by beaver dams 

in the  area.  

Northern redbelly dace made a minor contribution t o  t h e  

electrofishing c a t c h  in Poplar Creek (Table 5.23). This species thJas 

recorded only in EF2 during t h e  summer and fa l l  surveys. These d a t a  

suggest the  occurrence of a small  resident population in Upper Poplar 

Creek; al ternatively,  these  individuals may have entered frorn t h e  

Athabasca River. 



SECTION 6.0 

HORSESHOE LAKE 

6.1 
.I 

AQUATIC HABITAT 

m 
6.1.1 PHYSICAL CHARACTERISTICS 

2 Horseshoe Lake is a sinall (0.34 ltm ), irregularly shaped waterbody, 

s i tuated near t h e  Athabasca River on t h e  eas tern  edge of Lease 1 7  

(Figures 1.1 and 2.5). A channel, constructed prior t o  the  development of 

Lease 17, drains from t h e  northeastern edge of t h e  lake t o  t h e  Athabasca 

River. During periods of high discharge in t h e  Athabasca River, flows a r e  

reversed in t h e  channel resulting in temporary inundations t h a t  increase 

the  amount of aquat ic  habitat  in t h e  lake. An additional, secondary out le t  

(a natural  drainage) exits  from t h e  northwestern t i p  of t h e  lake and 

follows an  irregular course t o  t h e  northeast  prior t o  joining t h e  Athabasca 

River. 

An aer ia l  reconnaisance of I-Iorseshoe Lake conducted during t h e  fa l l  

of 1984 indicated outflow in t h e  out le t  channel was controlled by th ree  

large beaver dams; flows over t h e  beaver dams were not apparent.  In t h e  

secondary out le t ,  discharge at this t i m e  terminated in a ser ies  of s tagnant  

pools approximately 300 in frorn the  confluence with t h e  Athabasca River. 

The majority of t h e  surface  a r e a  of Horseshoe Lake was covered 

with abundant growths of emergent  and floating aquat ic  vegetation 

(Pla te  10). 



6.1.2 MACROPHYTES 

The survey of distribution and relat ive abundance of macrophytes in 

Horseshoe Lake in 1984 revealed t h a t  Horseshoe Lake was shallow and 

was occupied by submersed and floating plants in a l l  a reas  (Figure 6.1, 

Table 6.1). Nuphar was extremely dense t o  t h e  ex ten t  t h a t  i t  impeded t h e  

passage of a canoe during surveys. Only a few a reas  were not covered by 

Nuphar. The composition of t h e  understory varied according t o  location; 

however, no definite pa t t e rn  was identified. The presence of abundant 

Elodea longivaginata (male), an  uncommon species in t h e  province, was of 

particular interest .  Horseshoe Lake, at present. is t h e  most northerly 

documented occurrence of t h e  species in t h e  province. I t  was most 

abundant in the  eas t  and west  a rms  of the  lake. Detailed descriptions of 

t h e  macrophyte assemblages at t h e  sampling s i t e s  a r e  provided in 

Appendix F, Table F4. 

6.2 WATER QUALITY 

6.2.1 PHYSICAL PARAMETERS 

The water  t empera tu res  in Horseshoe Lake a t  s ta t ion HL-W ranged 

from 5.0oC (September) t o  22.0oC ( ~ u l y )  at t h e  surface  (Table 6.2). 

Temperatures decreased by 1.5 t o  2.0oC from t h e  surface  t o  t h e  bottom 

(depth of 1 m) of t h e  lake during June and July; in September t h e  lake was  

isothermal. The pH ranged f rom acidic (6.9 a t  t h e  bottom in July) t o  

alkaline (7.9 at t h e  su r face  in September). The dissolved oxygen 





Table 6.1 Distribution pa t t e rn  and relat ive abundance of macrophytes found in 
Horseshoe Lake, July 1984. 

Species Distribution Pattern 

Ceretophyllum demersum 
Chara spp. 
Drepanocladus spp. 
Elodea longivaginata 
Lemna trisulca 
Myriophyllum demersum 
Potamogeton pectinatus 
Potamogeton praelongus 
Potamogenton pusillus 
Potamogeton zosteriformis 
Utricularia vulgaris 

Nuphar variegatum 
Lemna minor 

Carex spp. 
Eleocharis spp. 
Hippuris vulgaris 
Sagittaria spp. 
Scirpus validus 
Sparganium spp. 
Typha latifolia 

Submersed 

Common 
Rare  
Abundanta 
Abundant 
Abundant 
Common 
Common 
Present 
Present 
Present 
Common 

Floating-Leaf e d  

Abundant 
Present 

Emergent 

Common 
Common 
Common 
Common 
Common 
Common 
Common 

- 

aLocally abundant but not widespread. 



Table 6.2. Summary of water  quality d a t a  for Horseshoe Lake, 1984. 

Si teIDate  HL-W 

Parameter  
21 June 27 July 24 Sept. 
0.5 m 0.5 m 0.5 m 

Temperature OC 

pH 
Specific Conductance u s-cm-' 
D'issolved Oxygen 
Oxygen % Saturation 
Turbidity N.T.U. 
Calcium 
Magnesium 
Sodium 
Potassium 
Chloride 
Sulpha t e  
PP. Alkalinity as C a C 0 3  
Alkalinity, T. as C a C 0 3  
Bicarbonate 
Carbonate 
Hardness, T. as C a C 0 3  
Silica (Reactive) 
Total  Filterable Residue 
Total  Non-Filterable Residue 
Chemical  Oxygen Demand 
Oil & Grease 
Nitrogen, T. a s  N 
Nitrate + Nitri te Nitrogen as N 
Kjeldahl Nitrogen, T. a s  N 
Ammonia Nitrogen, T. as N 
Phosphorus, T. as P 
Ortho-Phosophorus as P 
Total Organic Carbon 
Total  Inorganic Carbon 
Phenol 
Arsenic, T. 
Selenium, T. 
Boron, T. 
Cadmium, T. 
Copper, T. 
Iron, T. 
Chromium, T. 
Manganese, T. 
Zinc, T. 
Lead, T. 
Vanadium, T. 
Nickel, T. 
Mercury, T. 
Cyanide, T. 
Tannin & Lignin 
Ion Balance 

18.5s;17.0b 
7.6s;7.6b 
440s;440b 
12.5s;12,7b 
131s;129b 
7.3 
25.60 
12.70 
53.00 
0.82 
41.90 
12.0 
LO. 1 
159.0 
194.0 
0 
116.0 
0.40 
260 
12.0 
68 
1.0 
1.05 
0.006 
1.04 
0.05 
0.068 
0.02 4 
17.3 
34.0 
0.008 
0.0005 
L0.0002 
0.08 
L0.001 
LO.001 
0.86 
L0.001 
0.030 
0.001 
L0.002 
LO.OO1 
LO.001 
LO.0001 
0.003 
1.2 
1.01 

22.0s;20.0b 
7.2s;6.9b 
560s;625b 
8.3s;7.3b 
95s;80b 
3.0 
25.00 
15.60 
70.00 
2.35 
57.00 
9.3 
LO. 1 
206.0 
251.0 
0 
127.0 
0.90 
3 15 
3.2 
6 3 
3.3 
1.34 
0.004 
1.34 
0.04 
0.060 
0.032 
24.0 
47.0 
0,007 
0.0003 
L0.0002 
0.09 
LO.001 
L0.001 
0.68 
0.002 
0.090 
0.002 
L0.002 
LO.OO1 
LO.001 
LO.0001 
0.00 4 
1.6 
0.95 

Notes: All values a r e  reported a s  m g * i l  unless otherwise s t a ted .  
L - Less Than; T. - Total; N - Nitrogen; P - Phorphorus; 
s - Surface; b - Bottom. 



ranged froin 7.3 mg.~- '  a t  the bottom in July to 12.5 a t  the surface in 

June. Oxygen was supersaturated (131%) in June then declined in July 

reaching a low of 74% a t  the bottom in September. Speculatively, the 

high level of primary productivity, exemplified by the supersaturated 

oxygen condition, contributed high oxygen demand during late  summer 

resulting in notably lower oxygen saturation, particularly a t  the bottom. 

The total non-filterable residue ranged from 3.2 mg.L-' (July) to  

22.4 mg*L-' (September). The source of the high values in September 

cannot be ascertained. Bottom ooze disturbed inadvertently may have 

been a source. The Secchi disc visibilities recorded during July and 

September were 1.0 m and 0.7 m, respectively. 

6.2.2 MAJOR IONS 

The water in Horseshoe Lake was of the sodium bicarbonate type. 
- + ++ ++ - - 

In June the  ionic dominance was H C 0 3  > N a  > C a  >C1->Mg > S O 4  

> K +  (Figure 5.4). In July, the concentrations of most parameters 

increased except for calcium and sulphate, resulting in chloride becoming 

the second most dominant anion. Subsequent decreases in sodium, 

chloride and increases in calcium concentrations resulted in the water 

becoming a sodium/calcium bicarbonate type in September. The consider- 

able increase in concentrations of potassium from June t o  September was 

unique as compared to those described for the other systems; the cause of 

of such behaviour is unclear. The ionic character of the surface and 



exceeded the  ASWQO of 0.005 rng.~-'  in June and July. Oil and grease 

concentrations ranged from 1.0 t o  3.3 m g * ~ - ' .  

6.3 FISH - 

Horseshoe Lake was sampled during summer and fa l l  1984  able 

2.1). On both occasions sampling was conducted from a canoe using a 

backpack electrofisher ( ~ i g u r e  2.5). Fish were  not captured during e i ther  

sampling event;  however, one juvenile northern pike was observed by 

study personnel during the  aquat ic  macrophyte survey in July, and two 

juveniles also were  recorded by individuals conducting avifauna studies (J. 

Smith, LGL Ltd., pers. comm.). It is apparent t h a t  Horseshoe Lake is used 

t o  a l imited ex ten t  for summer rearing. The degree of spawning in t h e  

lake,  however, is unknown. An abundance of suitaSle spawning habi ta t  for 

northern pike is available in Horseshoe Lake although i t  may no t  be 

accessible in all years. The accessibility of Horseshoe Lake t o  fish pop- 

ulations (i.e., northern pike) from t h e  Athabasca River likely is controlled 

by flow s t a g e  in the  Athabasca River (i.e., sufficient  t o  cause back- 

flooding in to  Horseshoe Lake). In years  of high spring flows, northern pike 

could migrate into the  system t o  spawn. Northern pike spawning has been 

observed in Saline Lake (located across t h e  Athabasca River), a waterbody 

similar in many respects  to  Horseshoe Lake (OtNeil, personal observation). 

The shallow nature  of Horseshoe Lake, with abundant growth of macro- 

phytes and the  absence of a defined inlet, is expected t o  produce unsuit- 

able overwinter conditions for fish. Therefore,  if spawning does occur in 

Horseshoe Lake, the  adults and offspring would be required t o  vaca te  the 

waterbody prior t o  freeze-up. 



botto,n waters was similar a s  indicated by the  specific conductance and 

to ta l  f i l terable residue concentrations. 

6.2.3 NUTRIENTS 

Total  nitrogen concentrations (ranging from 0.90 t o  1.34 mg N-L-') 

1 slightly exceeded t h e  ASWQO of 1.0 mg N-L- . Nitri te + n i t r a t e  

concentrations were low ranging from 0.003 mg N*L-' ( ~ e p t e m b e r )  t o  

0.006 mg N-L-' (June). Tota l  phosphorus concentrations ranged f rom 

0.050 mg P - L - ~  (September) t o  0.068 mg P-L-' (June). The values slightly 

exceeded t h e  ASWQO of 0.05 mg P-L-' and more notably t h e  Environment 

Canada guideline of 0.025 rng P-L-'. The ortho-phosphorus 

concentrations ranged from 0.009 t o  0.032 mg P-L-' in September and 

July, respectively, and showed no relationship with t h e  t o t a l  phosphorus 

seasonal fluctuation. Reactive silica levels (0.40 t o  1.41 m g * ~ - l )  were  

low, showing increased concentra t  ions from June t o  September. Tota l  

organic carbon levels ranged from 17.3 t o  24.0 mg-L'l in June and July, 

respectively. 

6.2.4 TRACE METALS AND OTHER SUBSTANCES 

The concentrations of most t r ace  metals  and e lements  in Horseshoe 

Lake were below detect ion l imits and showed no trend among sampling 

periods. Iron concentrations in June (0.86 mg.L-l) and July (0.68 mg-L"), 

and the  mangailese concentration (0.090 mg-~- ' ) ,  exceeded thei r  

1 respective ASWQO of 0.30 and 0.050 mg-L- . With respect  t o  o ther  

parameters,  phenol levels (ranging fro:n 0.005 t o  0.008 r n g - ~ - ' l )  slightly 
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r rTgble  7.1. Summary of water quality data for the Athabasca River, 1984. 

Site/Date AR-W8 AR-W7 AR-W6 AR-W5 

Parameter 26 May 28 July 27 Sept. 26 May 28 July 27 Sept. 26 May 28 July 27 Sept. 26 May 28 July 27 Sept. 
I 

Temperature OC 

,H 
Specific Conductance p ~-cm-' 

d i s s o l v e d  Oxygen 
Oxygen % Saturation 
Turbidity N.T.U. 
P4cium 
Mapnesium 

#-ium 
Potassium 
Chloride 
Sulphate 
klphide 
PP. Alkalinity, a s  CaCO3 

-Alkalinity, T. a s  CaCO3 
Bicarbonate 
Hardness, T. a s  CaCO3 
Fluoride 
Silica (Reactive) 

lJhreshold Odour Number 
Coiour 
Total Filterable Residue 
Total Non-Filterable Residue 
Yitrate + Nitrite Nitrogen a s  N 

mmonia Nitrogen, T. a s  N 
leldahl Nitrogen, T. a s  N -t. 

Nitroeen. T. as N 
~otal-Organic Carbon 
b t a l  Inorganic Carbon 
)hosphorus, T. a s  P 

-tho-Phosphorus a s  P 
Phenol 
Surfactants 
) i l k  Grease 
k b o n  Chloroform Extraction 

d h e m i c a l  Oxygen Demand 
Biochemical Oxygen Demand 
Cyanide,T. 
-admiurn, T. 
:hromium, T. 

*I?? T. 
Lead. T. 
Manganese, T. 
iilver, T. 
:inc, T. 

rrlanadium, T. 
Selenium, T. 
Mercury, T. 
usenic, T. 
lickel, T. 

d m i n u m ,  T. 
Cobalt, T. 
Boron, T. 
"itanium, T. 

Wium, T. 
lethyl Mercaptan 

'Sodium as  % of Cations 
Tannin & Lignin 
Ion Eialance 

T o t e s :  All values are reported in m g . ~ - l  unless otherwise noted. 
L - Less man ;  T. - Total; N - Nitrogen; P - Phosphorus 

I 

Continued ... 



SECTION 7.0 

ATHABASCA RIVER 

7.1 WATER QUALITY 

7.1.1 PHYSICAL PARAMETERS 

At s ta t ions  AR-W1 t o  AR-W8, t h e  water  temperatures  in t h e  

Athabasca River during May, July, and September ranged f rom 4.0oC 

(September) t o  24.00C (July) (Table 7.1). In July 1975, t h e  maximum 

temperature  was 20.0oC while in September t h e  mean value was 12.30C 

(McCart  et al. 1977). The pH was alkaline, ranging from 7.6 t o  8.7. 

Trends among sampling periods or  among s ta t ions  were  not  apparent ,  

except  t h a t  the  highest pH generally occurred in July while t h e  lowest  pH 

was recorded in May. A similar pa t t e rn  was  identified in 1974/75 s tudy  by 

McCart  et al. (1977). The levels of t o t a l  non-filterable residue and 

turbidity were  high, part icularly those recorded in May and September. 

The non-filterable residue values ranged f rom 32.4 t o  340.0 rng.~-'. The 

values were  considerably higher in May and September than in July, which 

was similar t o  the  pa t t e rn  exhibited by t h e  discharge ra tes  in t h e  river. 

The turbidity levels ranged f rom 1 4  t o  200 N.T.U. with t h e  lowest  and 

highest values generally occurring in July  and September,  respectively. 

Between May and September 1975, t o t a l  non-filterable residue and 

turbidity levels ranged from approximately 25 t o  225 m g . ~ - '  and 1 5  t o  50 

N.T.U., respectively ( ~ c C a r t  et al. 1977). The colour of t h e  Athabasca 

River water  ranged f rom 100 t o  200 (true colour) units in May and 

September, respectively. 



II 
Table 7.1. Continued 

An-W4 AR-W3 AR-W2 AR-W 1 

26 May 2 8  July 27 Sept. 26 May 2 8  July 27 Sept. 26 May 2 8  July 27 Sept. 26 May 2 8  July 27 SepL 

Temperature OC 

>H 
A e c i f i c  Conductance ir ~ e c r n - '  

Dissolved Oxygen 
Oxygen % Saturation 
Turbidity N.T.U. 
"cium 

6.0 
8.1 
215 
10.8 
86 
140 
33.10 
8.90 
5.10 
0.76 
2.50 
25.1 
0.07 
LO.l 
99.0 
121.0 
119.5 
0.05 
3.92 
2 
200 

222.0 
0.045 
0.28 
0.50 
0.55 

0.133 
0.008 
LO.001 
0.09 
1.0 
1.2 
20 
1.8 
0.005 
LO.001 
0.002 
0.004 
2.40 
0.002 
0.150 
L0.001 
0.008 
LO.001 
0.0002 
LO.0001 
0.0010 
L0.001 
0.65 
0.002 
0.04 
L0.010 
0.07 
LO.? 
8.5 
1.7 
1.02 

Potassium 
Chloride 
Sulphate 
hlphide 

e P .  Alkalinity as CaC03 
Alkalinity, T. as CaC03 
Bicarbonate 
+ardness, T. as CaC03 
'luor ide 

j i l i c a  (Reactive) 
Threshold Odour Number 
Colour 
Total Filterable Residue 
rota1 Non-Filterable Residue 
iitrite + Nitrate Nitrogen as N 

a m m o n i a  Nitrogen, T. as N 
Kjeldahl Nitrogen, T. as N 
Nitrogen, T. a s  N 
:otal Organic Carbon 
'otal Inorganic Carbon 

dhosphorus, T. as P 
Ortho-Phosphorus as P 
Phenol 
Lrfactants 
)il & Grease 

&arbon Chloroform Extraction 
Chemical Oxygen Demand 
Biochemical Oxygen Demand 
Yyanide, T. 
:admiurn, T. 
:hromium, T. 

t o p p e r ,  T. 
Iron, T. 
Lead, T. 
langanese, T. 
,aver, T. 

i i n c ,  T. 
Vanadium, T. 
Selenium, T. 
lercury, T. 
usenic, T. 

Cobalt, T. 
b ron .  T. 

~ ~~, 

Ytanium, T. 
arium, T. 

*ethyl Mercaptan 
Sodium as % of Cations 
Tamin & Q n i n  

)n Balance 

Notes: All values are reported in mg-~- '  unless otherwise noted. 
L - Less 'Ihan; T. - Total; N - Nitrogen; P - Phosphorus. 



The dissolved oxygen concentrations (ranging from 8.4 t o  12.8 

m g * ~ - l )  were lowest in July and highest in September. The oxygen 

sa tura t ion levels, however, were lowest in May (83%) and highest in July 

(105%). Trends among s ta t ions  were  not evident. During t h e  s a m e  

sampling periods in 1975, oxygen sa tura t ion exceeded 80% (McCart e t  al. 

1977). 

7.1.2 MAJOR IONS 

The water  in the  Athabasca River was of t h e  calcium bicarbonate 

type, generally with a n  ionic dominance of HC03-> ~ a + + >  Mg++> S04= 

> ~ a + >  C1-> K+ (Figure 7.1). The ionic charac te r  of the  water was similar 

among t h e  stat ions,  showing no trends a s  indicated by t h e  specific 

conductance levels. Sodium and chloride ions, however, exhibited an  

e r ra t i c  behaviour at AR-W7; this perhaps resulted from influence by t h e  

Poplar Creek Reservoir water.  Sodium and chloride concentrations in 

Poplar Creek were  considerably higher (approximately th ree  t imes)  than  

those recorded at AR-W8. At AR-W7 samples were obtained at the  

demarcation between t h e  Athabasca River water ,  which was s i l ty  in 

colour, and the  brown coloured Poplar Creek  water.  Similarly, at  AR-W2 

t h e  behaviour of sodium may have resulted from t h e  MacKay River 

influence where the  sodium concentrations were approximately two  t o  

th ree  t imes  greater .  The sampling approach used at AR-W2 was similar 

t o  tha t  described for AR-W7. 
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Figure 7.1 Ionic dominance of the major ions, and specific conductance profiles, for the 
Athabasca River in May, July and September, 1984. 
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7.1.3 NUTRIENTS 

Total nitrogen concentrations ranged from 0.46 to 1.12 rng N-L-' 

and generally were below the  ASWQO of 1.0 mg N - L - ~ .  The values, which 

generally were highest in May and lowest in September, showed no trend 

among the stations. Nitrate + nitrite concentrations ranged from 0.003 t o  

0.065 mg N*L". Although a trend among stations was not apparent, the 

values generally were highest in September and lowest in July. 

Total phosphorus concentrations (ranging from 0.025 to  

0.285 mg P-L-') frequently exceeded the  ASWQO of 0.05 mg P-L-' but 

showed no trends among stations. The values generally were highest in 

May, declined sharply in July, and increased in September. This pattern 

closely paralleled the fluctuations of the non-filterable residue 

concentrations. The behaviour of ortho-phosphorus, however, was 

distinctly different, with the highest values occurring in July. In 1975, 

the concentrations of the total  dissolved phosphorus, which ranged from 

approximately 0.030 to 0.020 mg P-L-', showed the same behaviour with 

highest levels recorded during June and July ( ~ c ~ a r t  e t  al. 1977). As 

with total nitrogen, there was no trend apparent among stations. 

Reactive silica concentrations ranged from 2.54 t o  5.50 mg*L-l. 

Although no trends among stations were apparent, the lowest and highest 

concentrations generally occurred in July and May, respectively. 

Total organic carbon levels ranged from 5.3 to 16.5 rng.~-'. These 

concentrations were similar to  those found in 1975 when concentrations 



between 11.0 t o  15.0 mg.L-l were  reported immediately downstream of 

t h e  SUNCOR pumphouse (McCart et al. 1977). In addition, t h e y  indicated 

t h a t  values along t ransects  were  similar with no consistent difference 

between t h e  east and west  bank. 

7.1.4 TRACE METALS AND OTHER SUBSTANCES 
111) 

Most t r a c e  metals  and e lements  exhibited concentrations below t h e  

detect ion limits. Most parameters  showed no dist inct  t rends  among 

stat ions or  sampling periods. Concentrations of heavy metals  adsorbed t o  

part iculate mat te r  (mainly clay and organics) generally f luc tua te  in di rect  

relationship with concentrations of t o t a l  non-filterable residue. This was  

exemplified by the  concentrations of to ta l  copper, zinc, vanadium, 

aluminum, nickel, iron, and manganese which generally exhibited t h e  

highest levels in May. Iron concentrations (ranging from 0.046 t o  

3.30 rng-L-l) frequently exceeded t h e  ASWQO of 0.30 r n g - t l .  All 

manganese levels (ranging from 0.040 t o  2.33 m g - ~ - ' )  exceeded t h e  

ASWQO of 0.05 mg.~'' except on two  occasions. A single cyanide 

concentration (0.021 m g - ~ " )  slightly exceeded t h e  ASWQO of 0.01 

mga~- ' .  Although t h e  unusually high cyanide level is considered natural ,  

i t  should be checked in future  studies. 

All aluminum levels (ranging f rom 0.14 t o  1.03 m g * ~ - l )  exceeded 

t h e  t en ta t ive  guideline of 0.100 mg*L-' proposed by t h e  International 

Joint Commission t o  Environment Canada. The source of t h e  aluminum is 

probably associated with t h e  suspended clay particles. Copper 



concentrations (ranging froin 0.001 t o  0.008 rng.~-') occasionally 

exceeded t h e  Environment Canada guideline of 0.005 r n g . ~ - l .  With 

respect  t o  other parameters ,  phenol levels ranged from less than 0.001 t o  

0.012 rng.l-' and occasionally exceeded t h e  ASWQO of 0.005 rng-~- ' .  All 

carbon chloroform extract ion values (ranging f r o n  0.4 t o  2.9 r n g ~ - ' )  

exceeded t h e  ASWQO of 0.2 rng-L-'. Oil and grease  concentrations 

ranging from 0.1 t o  2.7 rng-L-' were  recorded. 



SECTION 8.0 

DISCUSSION 

8.1 WATER QUALITY 

Water quality has an important role in determining the character of 

aquatic life in aquatic systems. 

Lotic systems, including the MacKay River and tributaries, West 

Interception Ditch and tributaries, Bridge Creek, Lower Beaver Creek, 

Creek B-1, Upper Beaver Creek, Poplar Creek, and Athabasca River, were 

indicative of typical natural systems and revealed no characteristics that 

were considered deleterious or seriously inhibitory t o  the existing aquatic 

life. Except for the Athabasca River, the water was brown in colour due 

to the dissolved organics. Temperatures as high as 24.50C were reached 

in July. The water quality parameters generally were within the Alberta 

Surface Water Quality Objectives (Alberta Environment 1977) and the 

Environment Canada-Water Quality Sourcebook ( M c ~ e e l y  e t  al. 1979). 

The concentrations of trace metals and elements were below the 

detection limits except for iron and manganese. The source of phenol 

likely was natural, originating mainly from oil sands outcroppings and 

decaying vegetation. The waters generally were alkaline and of the 

calcium bicarbonate type, although sodium bicarbonate waters frequently 

were present. Even though the streams exhibited changes in ionic 

dominance, the level of salinity did not increase notably. Except for some 

tributaries associated with the West Interception Ditch, the dissolved 

oxygen conditions were within the acceptable limits for fish. Although 



the concentrations of nutrients (total nitrogen and total phosphorus) 

generally exceeded the water quality objectives, the concentrations of 

nitrate + nitrite and the ortho-phosphorus fractions frequently were low. 

The water quality in lentic systems, including Beaver Creek 

Reservoir, Ruth Lake, Poplar Creek Reservoir, and Horseshoe Lake, were 

similar. The waters had a pH ranging from slightly acidic to  alkaline and 

were of the sodium bicarbonate type with high levels of sodium and 

chloride ions. Concentrations of trace metals and elements generally 

were below detection limits except for iron and manganese which 

frequently exceeded the water quality objectives. These conditions are  

typical of shallow boreal lakes rich in organic matter. In Beaver Creek 

Reservoir stratification was poorly developed in June and July; an 

isothermal condition was reached in September. Temperatures as high as 

22.0oC were reached a t  the surface in July. During stratification 

dissolved oxygen levels in the hypolimnion decreased to below 5.0 m g * ~ - l ,  

a minimum limit for fish. A supersaturated oxygen condition was present 

in the epilimnion in July. Specific conductance levels were considerably 

higher in the hypolimnion than in the epilimnion. Total nitrogen 

concentrations were low and only slightly exceeded the water quality 

objective. The concentrations of nitrate + nitrite also were considered 

low. The concentrations of total phosphorus frequently exceeded the 

water quality objective; some concentrations of the ortho-phosphorus 

fraction also exceeded the objective. 



Water quality in Ruth Lake was similar to that in the Beaver Creek 

Reservoir. Although Ruth Lake showed no stratification, slight 

temperature, pH, dissolved oxygen, and specific conductance gradients 

between the surface and the bottom were observed. Total nitrogen 

concentrations were similar to that in Beaver Creek Reservoir while total 

phosphorus levels were lower in Ruth Lake. 

Poplar Creek Reservoir revealed a typical stratification pattern 

during June, July, and September; an isothermal condition was reached in 

October 1984. Anaerobic conditions were present in the hypolimnion in 

June and July, and the presence of hydrogen sulphide gas was apparent. 

The concentrations of most major ions were higher in Poplar Creek 

Reservoir than Ruth Lake. In Poplar Creek Reservoir specific 

conductance, total nitrogen, total phosphorus, and reactive silica levels 

were higher in the hypolimnion than in the epilimnion. Total nitrogen 

concentrations generally were higher than those in Ruth Lake based on 

results from composite samples. The concentrations of t race metals and 

elements were similar to those described for Ruth Lake; cyanide 

concentrations exceeded the water quality objectives. 

During the study, Horseshoe Lake was aerobic and exhibited super- 

saturation in June. Water temperatures reached 22.0oC in July. Total 

nitrogen and total phosphorus concentrations exceeded the water quality 

objectives. Concentrations of trace metals and elements were below the 

detection limits except for iron and manganese which exceeded the water 

quality objectives. Phenol levels also exceeded the objectives. 



8.2 PHYTOPLANKTON 

For Beaver Creek  Reservoir, Ruth Lake, and Poplar Creek  

Reservoir, a comparison of mean phytoplankton standing crop es t imates  

on a cell volume basis revealed t h a t  Beaver Creek Reservoir was t h e  most 

productive and Poplar Creek  Reservoir t h e  least productive (Table 8.1). 

On an areal  basis, however, which considers production for t h e  t o t a l  wa te r  

column expressed on a surface  a r e a  basis, Ruth Lake exhibited t h e  lowest  

standing crop and Poplar Creek Reservoir t h e  highest. High algal 

production levels in t h e  epilimnion of Poplar Creek Reservoir also is 

indicated by the  higher surface  oxygen levels during both mid-June and 

late July sampling periods, in comparison t o  Ruth Lake and Beaver Creek  

Reservoir. The higher production level  in Poplar Creek Reservoir is 

a t t r ibuted mainly t o  a bloom of Cyanophyta, primarily Aphanizomenon 

flos-aquae, in t h e  epilimnion. Although a similar increase in blue-green 

algae occurred in both Ruth Lake and Beaver Creek Reservoir, t h e  bio- 

volume was g rea te r  and t h e  bloom persisted longer in Poplar Creek 

Reservoir. 

The dominance by blue-green algae in t h e  two reservoirs indicates 

t h a t  this group was able t o  t a k e  advantage of existing conditions and 

substantially increase i t s  population. Blue-green algae can regulate their  

buoyancy (Reynolds 1975), and thus can b e t t e r  maintain themselves near  

t h e  surface where incident light is greates t .  This is a part icular 

advantage in turbid sys tems such as Beaver Creek Reservoir where t h e  

trophogenic zone is shallow (Noton and Chymko 1978). Vertical mixing in 



Table 8.1 Phytoplankton standing crop es t imates  based on the  mean of th ree  seasonal samples. 

Water body 

Volumetric Basis Areal Basis 

Cell Number Cell Volume Cell Number Cell Volume 

t c e l l s m ~ ' )  (XIO 3 pm 3 - m ~ - l )  (x10 9. m -2 1 ( x l ~ ' ~ p r n ~ - m - ~ )  

Beaver Creek  Reservoir 

Ruth Lake 

Poplar Creek  Reservoir 



a weakly stratified waterbody such as this, can circulate algae unable t o  

regulate their buoyancy into deeper waters and out of the trophogenic 

zone, thereby suppressing production. Many species of blue-green algae 

exhibit rapid population increases when conditions are suitable. 

Hoogenhout and Amez (1964) reported that some species of Anabaena are 

capable of doubling their populations one to  four times per day. Large 

concentrations of algae near the surface also can effectively shade other 

algae in the deeper waters (Fogg 1966), thereby inhibiting production of 

those species that  cannot regulate their buoyancy and move toward the 

surf ace. 

Blue-green algae can also fix atmospheric nitrogen, thereby 

fluorishing during periods when concentrations of available dissolved 

nitrogen are low ( ~ u g d a l e  and Dugdale 1962). Water quality results from 

the present study indicate that  nitrate + nitrite nitrogen levels were 

generally low throughout the three waterbodies in all three of the seasons 

sampled. The low available nitrogen levels may be a limiting factor for 

populations of non blue-green algae. 

The extensive macrophyte growth might explain the low 

phytoplankton production in Ruth Lake. The extensive growths of Nuphar 

likely shade a substantial portion of the waterbody, thereby inhibiting 

algal growth in the underlying waters. Macrophytes and algae also 

compete for the available macronutrients. The extent to  which these 

factors affect algal production is unknown. 



ZOOPLANKTON 

In this study, zooplankton samples obtained from Beaver Creek 

Reservoir, Ruth Lake, and Poplar Creek Reservoir, revealed no uncommon 

or rare species among the rotifers, crustaceans, and Chaoboridae. The 

zooplankton communities of these three waters showed l i t t le  

differentiation and were similar in many respects to  the communities of 

many other small lakes in central and northern Alberta (R.S. Anderson 

1974 and unpublished data). On a wide scale, the communities were not 

unlike those of many small meso- and eutrophic lakes in t he  Great  Plains 

area of central North America (e.g., those described by Teraguchi e t  al. 

1983; Baker 1979). 

The dominance of the cladoceran plankton by Daphnia pmvula 

appears t o  be uncommon for this part  of North America, although i t  is 

frequently encountered farther east (e.g., Ohio: Teraguchi e t  al. 1983). 

D, parvula was reported only infrequently prior t o  the 1960's (Brooks 

1 975), but has been recorded with increasing frequency in recent years. 

This could be due t o  any or all of the following reasons: 

a )  the species could have been missed, especially when scarce, because 

of its small size; 

b) prior to  the 1970fs, there was a paucity of detailed studies in the 

large numbers of small lakes in western Canada; 

c )  increase in fish or other plankton predators could have shifted the 

size structure in favour of smaller species; and 



d) t h e  species may be s t i l l  in the  process of range expansion, a process 

t h a t  could have been hastened by the  previous point. 

The continuation of the  dominance by D. parvula is not assured. The 

a l tera t ion of dominance between D. parvula one year and one or  more  

other Daphnia spp. in another year has been noted for Field Lake, a small ,  

elongate and shallow lake near Lac la Biche (R.S. Anderson, unpubl. 

data).  Such occurrences elsewhere in northeastern Alberta can be 

expected. 

I t  is noteworthy t h a t  t h e  zooplankton communities of all th ree  

waterbodies under s tudy were  comprised of relat ively small  species in 

1984, although large  species had been common in 1974-1977. In the  

presence of sufficient  food and the  absence of zooplankton-feeding 

predators, the  tendency is towards large  species (e.g., Lynch 1977a, and 

others), although t h e  species of cer ta in  genera  such as Daphnia (large) and 

Bosmina (small) may coexist in the  absence of predators by partitioning an  

adequately diverse food source (Kerfoot and DeMott 1980). Many 

investigators have shown t h a t  t h e  shift  from large  t o  small  species is 

related t o  the  presence of abundant fish or o ther  ver tebrate  predators,  or  

large  invertebrate predators (Brooks and Dodson 1 965; Hrbacek and 

Novotna - Dvorakova 1965; Anderson and Raasveldt 1974; and Anderson 

1980). Conversely, t h e  decline or removal of fish may promote a re turn  

t o  large zooplankton species (Shapiro and Wright 1984). However, ce r ta in  

other studies have shown t h a t  t h e  type and concentratjon of food 

available (Weglenska 1971) or  combinations of a number of environmental  



factors in addition to food and/or predators may determine the size 

structure of zooplankton communities (Lynch 1977b, 1980). 

Although the presence of large numbers of zooplankton - feeding 

fish (especially fathead minnows) is the most obvious explanation for the  

apparent shift from large t o  small body size in the crustacean plankters 

from the three waterbodies between 1977 and 1984, other causes a re  

possible. Large year-to-year fluctuations do occur in many small lake 

zooplankton communities, a.nd i t  would be necessary t o  gather fish, 

zooplankton, and other lim nological data consistently over a period of 

several years to  be able to  determine the exact causes of community 

structure changes and to ascertain the permanent or cyclical nature of 

these changes. For example, high flushing rates in small water bodies a re  

known to have an impact on community structure and abundance. In the 

waterbodies of this study, flushing may have reduced overall abundance, 

but does not seem to  have affected composition, as  species gone from any 

one waterbody are gone from all three. Furthermore, there is no evidence 

of l'downstreamll accumulation of either numbers or biomass. With 

respect to  water quality, there is some evidence of higher total dissolved 

solids (TDS) and lower dissolved oxygen levels a t  greater depths in Poplar 

Creek Reservoir, but i t  is unlikely that any of the species present now or 

in 1977 would be eliminated by present levels of TDS. If species have 

been excluded from the deeper waters of this reservoir, i t  likely is due t o  

low oxygen levels. The combination of higher TDS a t  greater depth, 

especially in Poplar Creek Reservoir, and the establishment of a 

pronounced thermocline would prevent complete mixing and could produce 



a zone of stagnation characterized by anoxic conditions. Such conditions 

reduce the lake volume occupied by zooplankters. 

If zooplankton-feeding fish are a major factor in influencing the 

zooplankton community structure, a major change in fish species could, in 

future, see a return of some or all of the zooplankton species. These 

species are probably still present in very low numbers in the plankton, 

near shore in shallow areas, or in isolated shoreline ponds. If the large 

species should reappear, for whatever reasons, their reappearance could 

very well be accompanied by reductions in numbers of some of the small 

species dominating the 1984 plankton. 

Due to the elongated and relatively narrow nature of the three 

waterbodies of this study, winds likely influence the distribution of 

zooplankton, with some species affected more than others (see Teraguchi 

e t  al. 1983). This wind factor may explain the considerable differences in 

abundance of certain species between different stations in the same 

reservoir on the same day in previous studies ( ~ o t o n  and Chymko 1977). 

To ascertain the effect of wind on zooplankton distribution sampling a t  

several stations during a period of several days of moderate t o  strong 

wind action would be required. Conversely, to obviate the problem of 

uneven distribution due t o  wind action, composite samples from a 

minimum of ten stations should be taken in order to provide a 

representative assessment of total lake zooplankton. 



ZOOBENTHOS 

The composition of benthic communities within the study area is 

typical for the boreal region of northeastern Alberta. Differences in 

composition, richness, and abundance of zoobenthos could largely be 

ascribed to  physical and energetic characterstics among stations. 

Multivariate analyses ( ~ p p e n d i x  H) detected composit ionally distinct 

groupings of stations that  reflected the differing physical nature of 

running water habitats in spring and summer. Stations dominated by 

mayflies and Simuliidae, sucl~  as upstream MacKay River and lower Poplar 

Creek stations, were characterized by moderate to  rapid flow, hard, 

relatively unsilted substrate, and were located on wide streams that  

received abundant solar radiation. This stimulates periphytic 

development and provides a food supply conducive t o  development of 

grazing and filter-feeding organisms. Stations with equivalent flow and 

substrate conditions that received lit t le sunlight harboured fewer 

individuals of these taxa and contained proportionately more organisms 

that feed on dead organic matter. Stations typical of this included some 

Lower Beaver Creek drainage stations, and smaller tributaries of the  

MacKay River. Stations with silted substrates and/or reduced velocity 

typically were dominated by Chironomidae and Oligochaeta (e.g., 

upstream W.I.D. and tributary stations). 

There was little evidence that alteration of stream habitats resulted 

in taxonomically distinct communities. Principal components analysis 

consistently grouped stations subjected to modification with unperturbed 



stations having equivalent structural and energetic characteristics. In 

particular, the  communities of Poplar Creek stations downstream of the  

inflow of Poplar Creek Reservoir were similar t o  erosional stations on the 

MacKay River. Changes in community composition, abundance, and 

biomass from earlier studies (e.g., Tsui et al. 1977; Noton and Chyrnko 

1978) indicate recovery from perturbation e f fec t s  and convergence t o  

community characteristics typical for this portion of the province. 

The zoobenthos of lentic s i tes  was dominated by Oligochaeta, 

Chironomidae, and in some cases Chaoborus. The community in deeper 

regions of Beaver Creek Reservoir appeared t o  be increasingly dominated 

by Oligochaeta. This implies that  the substrate in such areas  is 

accumulating organic material, and reflects a natural increase in 

productivity of the reservoir a s  i t  matures. The dipteran, Chaoborus, has 

become more prevalent in hypolimnetic regions of Poplar Creek 

Reservoir, suggesting continued anoxic conditions in such areas. Again, 

this appears t o  be a natural consequence of eutrophication of a newly 

formed reservoir. 

8.5 FISH 

The assemblage of fish species recorded in the MacKay River was 

similar to  that  noted during previous investigations on this system 

(Griffiths 1973; RRCS 1975; McCart et al. 1978; Machniak e t  al. 1980). 

Differences in species composition were limited t o  forage species. 

Earlier studies identified 2 1  species as  cornpared to  19 species 

encountered in 1984. 



Variations in the relative abundance of sportfish between 1978 and 

the present were, for most species, attributed t o  differences in sampling 

techniques and effort. An exception was the large number of goldeye 

captured in 1984 in comparison t o  1978. In 1984, goldeye was the most 

abundant sportfish species encountered in the MacKay River, with both 

adults and juveniles present. In 1978, goldeye was the fourth most 

abundant sport fish species (after walleye, northern pike, and Arctic 

grayling). All of the catch was comprised of juveniles. Goldeye also was 

the most abundant sport species encountered during 1976 and 1977 studies 

on the Athabasca River within the  Mildred Lake area  (Bond 1980). 

Sirnilarly, most (99%) of goldeye recorded in this area were juveniles. The 

presence of numerous adult goldeye in the  MacKay River in 1984 may 

indicate a more intensive use of this system than originally surmised. 

Evidence of goldeye spawning in the MacKay River in 1984 was not 

obtained; however, i t  is evident tha t  the system provides important 

feeding habitat. 

The limited sampling conducted on the MacKay River in 1984 did 

not provide sufficient data  for an  accurate assessment of sportfish 

movements or use patterns in the system. Machniak e t  al. (1980) 

indicated sport fish species in the  MacKay River originated from 

Athabasca River populations and returned to this system before freeze- 

up. An exception was a resident population of northern pike reported in 

the upper reaches of the IlacKay River. Walleye and northern pike 

inovem ents in to the MacKay River were described as post-spawning 

feeding migrations. ,4rctic grayling adults in spawning condition moved 



upstream in the  MacKay River in early spring although spawning a reas  of 

these  individuals were  not  recorded. The presence of a few young-of-the- 

year Arctic grayling in t h e  MacKay River upstream of Lease 1 7  suggests 

some spawning use may be made of t h e  upper reaches  of t h e  mainstem 

r iver  or  in tr ibutaries t o  t h e  system. The apparent absence (for extended 

rearing and adult feeding) of Arctic grayling from t h e  middle and lower 

reaches  of the  MacKay River may be re la ted t o  t h e  high summer wate r  

temperatures  (Sec. 3.2.1). Other factors  (e.g., wa te r  chemistry,  flow 

characterist ics)  also may be contributing factors.  A similar small  number 

of burbot, lake whitefish, and mountain whitefish were  observed in t h e  

MacKay River during both 1978 and 1984 studies, and probably only 

indicates shor t  distance/duration foraging movements by fish from t h e  

Athabasca River. 

The late initiation of t h e  spring s tudy period in 1984 precluded t h e  

d i rec t  identification of spawning use of t h e  MacKay River by spring 

spawning species (e.g., walleye, northern pike, yellow perch, sucker 

species). Indirect evidence (i.e., presence of spent adults  and young-of- 

the-year fish) support t h e  conclusion t h a t  both white sucker and longnose 

sucker spawning occurs in t h e  MacKay River. White suckers were  t h e  

most abundant coarse  f ish encountered. Machniak et al. (1980) reported a 

white sucker spawning migration in to  t h e  MacKay River in ear ly  May 

1978. A spawning migration of lesser magnitude was recorded for  

longnose suckers. Results  for  both s tudy years  indicate t h e  presence of 

important spawning and rearing habi ta t  for  these  species in the  MacKay 

River. 



Three species of fish were captured in t h e  West Interception Ditch 

System and Bridge Creek including t h e  fathead minnow, brook 

stickleback, and lake chub. The former  two  species were  widespread in 

both systems. A similar distribution pa t t e rn  was reported by Tsui et al. 

(1977). Lake chub were encountered in the  ditch and in Bridge Creek,  but 

only sporadically. The earlier investigators did not encounter lake  chub in 

t h e  upper par t  of the  system (i.e., above North Star ter  ~ i k e ) .  I t  now 

appears t h a t  the re  is e i ther  a resident population of lake  chub in t h e  upper 

system or a periodic invasion of individuals from Creek  B1 (i.e., 

overtopping of dam). 

The 1984 sampling results indicate t h a t  t h e  section of Lower Beaver 

Creek from t h e  North Star ter  Dike t o  t h e  Highway 63 crossing is devoid 

of fish. In 1977, lake chub, white suckers, and longnose suckers were 

present in th is  reach. It is apparent t h a t  t h e  former upstream spawning 

movements into this reach no longer occur; th is  is likely due t o  severe  

habitat  l imitations and access  restr ict ions (i.e., at culverts). 

In 1984, t h e  fish fauna of t h e  Beaver Creek Diversion system 

(excluding Poplar Creek)  consisted of resident populations of white 

suckers, fa thead minnows, brook st ickleback,  and lake chub. Each of 

these species was recorded in Beaver Creek Reservoir and t r ibutar ies  

(i.e., Upper Beaver Creek  and Creek  B1) t o  t h e  reservoir. Lake chub were  

absent from Ruth Lake and Poplar Creek Reservoir. Fathead minnow and 

brook st ickleback were  substantially more  abundant in Ruth Lake than 

elsewhere in t h e  diversion system. Densities of these  species declined 

substantially a t  all lent ic  sample stat ions compared t o  densities reported 



in 1981. The reason for this population decrease  is unclear, although i t  

may be related t o  declining levels of productivity in t h e  reservoir. The 

high densities recorded in 1978 and 1981 may have ref lected an  initial 

increase in productivity a f t e r  impoundment. The decline in s t a t u s  of 

forage species also may have been due t o  competi t ion for food and space 

by white suckers. White suckers, although present in low abundance in 

seine haul captures,  exhibited similar gill net  capture  r a t e s  in 1981 

compared t o  1984. The presence of suitable spawning habi ta t  for  this 

species in Creek  B1 may account for t h e  apparent maintenance of white 

sucker population levels. The presence of diverse and densely populated 

invertebrate fauna in Creek B1 (Sec. 5.2.3) suggests tha t  feeding 

conditions for young-of-the-year white suckers and lake chub a r e  very 

suitable. In Ruth Lake, a substantial  increase in gill net  capture  r a t e s  for 

white sucker was recorded in 1984 compared t o  1981. This increase may 

be related t o  the  presence of suitable rearing and feeding habi ta t  since 

the  ca tch  in Ruth Lake consisted of juveniles and t o  a lesser ex ten t ,  young 

adults. 

As was noted in previous studies, t h e  white sucker population in 

Poplar Creek Reservoir was character ized by relat ively low abundance 

and the  absence of annual recrui tment  (i.e., no y-o-y captured). The 

following features  appear t o  limit the  habi ta t  suitability of this waterbody 

in comparison t o  Beaver Creek Reservoir: anoxic conditions in hypolim- 

net ic  s t r a t a  during summer,  which likely reduces t h e  availability and 

quality of feeding areas ;  anoxic conditions throughout t h e  majority of the  

water  column during winter, which may reduce overwintering success 



(particularly for the larger individuals); and absence of suitable spawning 

habitat within, and in proximity to,  the reservoir proper. It appears tha t  

the white sucker population in Poplar Creek Reservoir is supported by 

migrants from the upper part  of the diversion system (Beaver Creek 

~ e s e r  voir). 

Fish species composition in the Beaver Creek Diversion system 

(excluding Poplar Creek) has apparently stabilized since the development 

of the diversion system (Table 8.2). In Beaver Creek Reservoir, Poplar 

Creek Reservoir, Ruth Lake, and Upper Beaver Creek, species 

composition in 1981 was identical t o  tha t  recorded in 1984. Differences 

in composition and abundance between 1981 and 1984 in Poplar Creek 

likely ref lect  differences in the extent of seasonal use (e.g., feeding 

related) by fish from the Athabasca River. The presence of Arctic 

grayling in particular appears to  be dependent on flow rates  in Poplar 

Creek. 



Table 8.2. Post-development fish species composition in the Beaver Creek Diversion Study area recorded by previous 
investigators (1 977a, 1978b, and 1981c), and during the present study (1 984). 

Beaver Creek Poplar Creek Upper Beaver 
Reservoir Ruth Lake Reservoir Creek Poplar Creek 

Species 77 78 81 84 77 78 81 84 77 78 81 84 77 78 81 84 77 78 81 84 

Lake whitefish 
Mountain whitefish 
Arctic grayling 
Northern pike 
Yellow walleye 
Yellow perch 
Burbot 
Longnose sucker 
White sucker 
Fathead minnow 
Lake chub 
Spottail shiner 
Finescale dace 
Northern redbelly dace 
Spoonhead sculpin 
Brook stickleback 
Trout-perch 

Total species (17) 6 5 4 4  4 5 3 3  3 4 3 3  6 6 4 4  1 5 1 0 6 9  

"Noton and Chymko (1978). 
b ~ ' ~ e i l  (1979). 
cOfNei1 (1982). 
d+ indicates species present. 
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APPENDIX A 

LOCATION AND IDENTIFICATION 

OF 1984 SAMPLE =ATIONS 



Table Al. Summary of sample 

study 
System Component 

MacKay River Habitat 
(mainstem) 

Water Quallty 

Benthos 

Fisheries 

MacKay River Water Quality 
(tr~butaries) 

Benthos 

Dover River Habltat 
(mainstem) 

Water Quality 

Benthos 
Fisheries 

Dover River Water Quality 
(tr~butary) 
W.I.D. Habitat 

Water Quallty 

Benthos 

station locations in the Syncrude Study Area, 1984. 

Station 
Designation Station Location/Descriptid 

..- --- 
MR-ES3 
MR-EF1 
MR-EFZ 
MR-EF3 
IMR-EF4 

DR-H3 

DR-H4 
DR-W 

DR-B 

Km 0.8: aoorox. 300 m uostream of bridee: oranee slash and S.P. on 30 cm diam. molar on RUB. . c - - . . 
Km 2.8; transect IS 9 m downstream of large poplar (approx. 35 m from waters edge) on RUB and 18 m downstream of 
palnted boulder on LUB; S.P. on poplar on RUB. 
Km 10.3; transect between 20 m hlgh poplar on LUB and 25 m hlgh poplar approx. 10 m back from top of RUB. 
Km 22.0; transect located 34 m downstream from large boulder In mld-channel; across from brrch 5 m back from top of 
RUB and 5 m upstream of large blrch (12 m high) on R U B  S.P. on birch on RUB. 
Km 29.3: transect between l a k e  mDlar on RU-B and lsree ooDlar on LUB: S.P. on w ~ l a r  on LUB. 
Km 38.91 transect between poglai li m from waters edge ~ ~ ' L U B  and 6 m high sp&e 4 m from edge of RUB. 
Km 45.2; transect between painted boulders on RUB and LUB; no S.P. 
Km 49.1; transect between alder 4 m from top of RUB and alder on LUB; S.P. on alder on RUB. 
Km 58.7; transect located 24 m upstream of large painted boulder on LUB and across from flagged alder on RUB; no S.P. 
Km 0.5; sampled off edge of bridge. 
Km 38.7; 40 m downstream of Creek M5 confluence. 
Km 60.8; approx. 2 km upstream of MI1 confluence. 
Km 0.7; 90 m upstream of bridge; flagging and paint on alders in shallow ditch along LUB. 
Km 14.0; along RUB. 
Km 29.3; 1.5 km upstream of Dover Rlver confluence; site marked by two red rings on tree and painted rock on RUB. 
Km 40.2; 90 m upstream of Creek M 6  confluence; site marked by red paint on saplings and painted rock on LUB. 
Km 0.0 t o  Km 5.0; alternate bank.  
Km 10.5 to Km 15.0; alternate banks. 
Km 26.3 t o  31.0; alternate banks. 
Km 0.6; 60 m along LUB. 
Km 2.7; 110 m along LUB. 
Km 10.2; 110 m (alternate RUB and LUB). 
Km 21.8; 100 m along RUB. 
Km 29.8: 60 m alone LUB 
Km 38.93 70 m aloni RUB. 
Km 49.1: 50 m alone RUB. - - - -  
Km 59.31 110 m along LUB. 
Km 75.9; 160 m along RUB. 
Km 1.6; 3 hauls along RUB. 
Km 0.6; 1 haul along LUB; 2 hauls along RUB. 
Km 2.1; 3 hauls along RUB. 
Km 7.8; 3 hauls along RUB. 
Km 10.2; 3 hauls along RUB. 
Km 19.8: 3 hauls alone RUB. 
Km 21.8; 1 haul alonz-RUB. 
~ ~ -. - ~ - - ~  

Km 75.9; 2 hauls ~IO&-LUB. 
approx. 50 m upstream from mouth; flagged. 
approx. 40 m upstream from mouth; flagged. 
approx. 10 m upstream from mouth; flagged. 
approx. 20 m upstream from mouth; flagged. 
approx. 40 m upstream from mouth; flagged. 
access by cutline a t  top of valley approx. 1.0 km upstream from mouth; approx. 20 m below beaverdam; flagged. 
approx. 250 m upstream from mouth and 30 m below large beaverdam; flagged. 
R D D ~ O X .  10 m u~st ream from mouth: flaeeed. . -- 
approx. 25 I, upstream fro!~! m a t h ;  flagged. 
appro*. 4U 11 upstream from mouth, flagged. 
approx. 40 11 upstream from mouth; flagged. 
approx. 40 m upstream from mouth; red palnt on saplings on RUB. 
approx. 600 m upstream from mouth; site marked by 2 red rings on tree on RUB. 
Km 0.3; transect between large poplar on top of RUB and alder on LUB; S.P. on Large poplar on RUB. 
Km 9.0; transect located 1.5 m upstream of 7 m high spruce on LUBand across from flagged alder 4 m bacl: from channel 
on RUB; S.P. on spruce on LUB. 
Km 17.3; two transects: T l  located 2 m upstream of 10 m high alder on LUB (8 m from bank edge) and across I ron  3 m 
hlgh alder on RUB; S.P. on alder an LUB: T2 (located approx. 100 m upstream of TI)  situated between large aspen on edge 
of steep LUB and alder leaning out over water on RUB; S.P. on alder on LUB. 
Km 32.1; transect between alder 4 m inland from LUB and alder overhanging RUB; S.P. on alder on LUB. 
Km 3.0; approx. 40 m upstream from confluence of Creek Dl; discharge transect situated approx. 150 m upstream from 
confluence of Creek Dl. 
iOO m upctrea.n f ruv  \lache) River conflueoce: marked ny ? red ltnes on wulder elnDedded In escarpment on R U B .  
e c t l o n  extended from confluence wltv \lacKay Rlver upstrrum for 300 rn. 
l i ~ t  9.0; 90 m SectLon alcng L C H  amve old r~leander scar on RLB. 
Km 17.3; 110 m section; alternate banks. 
tim 32.1; 130 m sectlo"; alternate banks. 
tim 9.0; 1 haul along LUB. 
h m  32.1; 1 haul along LUB. 
approx. 15 m upstream from mouth; flagged. 

W.1.D.-HI 21 m (stralghtline distances) upstream of 6ridge Creek confluence; Transect TI across from willow clump on RUB; 
Tramects T2 t o  T5 situated a t  50 m intervals upstream from T I  (all flagged). 

WID-HZ a t  edge of cutbne (E-W orlentation); flagged wooden stake on LUB; Transect T2 (located 50 m downstream of TI) slso 
marked on LUB with flagged wooden stake. 

WID-H3 Transect TI located approx. 500 m dwnstream from dam a t  source; between flagged wooden stakes; S.P. on large black 
spruce (20 m beck from channel) on RUB; T2 (50 m downstream of TI) between wooden stakes on LUB and willow on RUB; 
Transect T3 (30 m dawnstream of TI) between steel survey stake on LUB and wooden stake on RUB. 

*ID-W1 s t  road crossing approx. 25 m downstream of culvert exit. 
WID-W2 apprax. 800 m downstream from Creek W2 confluence. 
WID-B1 12.2 km downstream of source; 50 m downstream of double culverts. 
WID-B2 4.2 km downstream of source; site marked by double red rings on 2 poplars on RUB; designated as Station 5 by n u , ,  et. a l  

(1977). 



Tabie Ai. Continued 

Study 
System Component 

Station 
Designation Station LocationDescriptiona 

W.I.D. Water Quality 
(tributaries) 

below flrst beaverdam approx. 30 m upstream from mouth. 
30 m upstream from W.I.D. confluence. 
3 m upstream from W.I.D. confluence. 
30 m upstream from mouth and 25 m upstream of beaverdam; flagged on beaverdam; designated as Station 7 by Tsui et.  al 
11 '3771 

Benthos 

Fisheries 
Bridge Creek Habitat 

~ - - .  .,. 
along southern edge of large beaverpond located approx. 200 m upstrearn from mouth 
Transect T1 located 30 m upstream from culvert inlet a t  Hwy 63 crossing; S.P. on iarge (1.5 m) stump on RUB a t  TI; re- 
maining 4 transects a t  25 m intervals upstream of TI; (all transects flagged). 
Transect T5 Located 20 m downstream from W.I.D. confluence (flagging on poplar on LUR); Transects T5 to T2 located at 
25 m intervals downstream of T5; TI located 50 m downstream of T2. AU transects flagged. 
Transect TI located 20 m upstream from W.I.D. confluence; Transects T2 to T5 a t  25 m intervals upstream of Ti (all 
flagged). 
200 m upstream from Hwy 63 crossing; slte marked by 2 red paint rings on tree on LUB. 
25 m upstream from W.I.D. confluence. 
200 m upstream from Hwy 63 crosslng; site marked by 2 red palnt rlngs on tree on LUB. 
section starts from culvert outlet downstream of fiwy 63 to approx. 150 m downstream. 
150 m section upstream from culvert inlet a t  Hwy 63. 
200 m sectlon downstream from W.I.D. confluence. 

Water Quality BRC-W1 
BRC-W2 
BRC-B Benthos 

Fieherles BRC-EFI 
BRC-EF2 
BRC-EF3 
BRC-EF4 
LBC-HI 

150 m section upstream from W.I.D. confluence. 
Transect T l  located 20 m upstream from culvert inlet a t  Hwy 63 crosslng; Transects T2 to T5 located a t  50 m intervals 
upstream from T l  (all transects flagged); S.P. a t  T5 on 6 m alder on LUB. 

Lower Beaver Habitat 
Creek 

Water Quality a b r o x .  100 m downstream frorn  ridge Creek confluence. 
approx. 150 m upstream from Hwy 63 crossing. 
approx. 80 m downstream from Bridge Creek confluence; site msrked by 2 red paint rlngs on tree on LUB. 
approx. 200 m upstream from Hwy 63 crossing. 
from culvert a t  Hwy 63 crossing downstream for 150 m. 
from culvert a t  Hwy 63 crossing upstream for I50 m. 
TI located 20 m downstream of iarge boulder on top of RUB (boulder iocated 800 m downstream of impoundment outlet 
when travelling by road); 2 additional transects Located a t  50 m intervals upstream from T l  (all trarlsects flagged). 
Transect TI located a t  metal standpipe approx. 80 m downstream from temporary road crossing (crosslng sltuated approx. 
400 m upstream from Beaver Creek Reservoir); 2 additional sites a t  50 m intervls downstream from T1 (all transects 
flagged); Note: thls station was added (after the establishment of B1-HI) to determine habitat characteristics in a white 
sucker spawnmi: area and therefore does not follow the sequentral station codlng system. 
lmmedlately downstream of culvert a t  road crossing in channelized sectlo" of Creek B1 (approx. 320 m downstream from 
the outlet of the ~mpaundment. 
upstream end of the culvert a t  the road crossing of the natural stream channel. 
approx. 40 m downstream of the temporary road crossing situated 400 m upstream from Beaver Creek Reservoir. 
same location as El-H2. 
same location as B1-HI. 
approx. 400 m from e perpendicular to the dam and approx. 400 m from west bank; a t  the BCR-1 station (Noton and 

Benthos 

Flsherles 

Creek B1 Habitat 

Water Quality 

Benthos 
Flsheries 

Beaver Creek h a t e r  Quailty 
Reservoir 

6enthos 

~ ~ 

Chymko 1978). 
near access point (boat launch site) approx. 20 m offshore; a t  I-m depth contour; marked with yellow float. 
a t  3-m depth contour; marked wlth float. 
a t  5-m deoth contour: marked wlth float. 

BCR-B1 
IICR-B2 
BCR-B3 
BCR-B4 
BCR-B5 
BCR-Z 
BCR-P 
BCR-ESl 
BCR-ES2 
BCR-GI 

H I  1-III depth contour, mnr<erl H I I ~  float. 
a '  3-11. depth conlox: marked wltn float. 
same as BCR-W. 
Same slte BCR-W. 
diversion channel from Beaver Creek Reservoir to Ruth Lake; alternate banks. 
in vicinity of BCR-S3 
perpendicular to shore adjacent to mlne depressurization water discharge plpe; a t  same location as G l  estabiished by 
O'Nei1 (1979). 
parallel t o  island along 3-m depth contour; a t  same location as C2 established by O'Ne11 (1979). 
on west shore a t  cut l~ne  crossing; same locatlon as S3 established by O'Nei1 (1979). 
approximately 0.8 km SE and nearer the outlet than the RL-2 site establlshed by Noton and Chymko (1978). 
located 118 the way down the north shore approx. 80 rn off shore; aligned with cuthne; marked with white float. 
same as RL-W. 
same as RL-W. 
from 100 m south-east of beeverlodge i n s  northwest d~rection to 300 m past beaverlodge. 
spprox. 100 m offshore from beaverlodge. 
approx. 113 way dawn the north shore; approx. 200 m north-west of beaverlodge; near Statlon S2 established by OINeil 
(1979). 

Ruth Lake Water Quallty 
Benthos 
Zooplankton 
Phytoplankton 
Flsheries 

RL-B 
KL-Z 
RL-P 
RL-ES 
RL-GN 
RL-S2 

Poplar Creek Water Quality 
Reservoir 

Benthos 

PCR-W a t  south end of reservoir approx. 125 m off dam face on 18 m depth contour; situated approx. halfway between PCR-BS 
PCR-B4; marked with fioat. Approximately the same locstlon as PCR-1 establlshed by Noton and Chymko (1978). 
e t  south end of reservoir on I-m depth contour; site nearest to spillway canal; marked with float. 
a t  south end of reservoir 100 m off dam face and SW of PCR-B1 on 3-m depth contour; marked with fioat. 
a t  south end of reservoir 100 m off dam face in line with and to the SW of PCR-B2; on 5-m contour; marked w ~ t h  fioat. 
a t  south end of reservoir, closest to west shore of reservoir 100 rn off dam face; on 10-m contour; marked with float. 
halfway between PCR-B3 and PCR-B4, approx. 100 m off  dam face; marked with float. 5 m contour. 
same as PCR-W. 
same as PCH-W. 
located approx. 50 m off polnt of west shore; north of csuseway. 
located approx. 40 m off west shore perpendicular to dam face; south of causeway. 
along eastern shore, approx. 300 m south of causeway; same location as S3 established by O'Neli (1979). 
one transect locatlon approx. 40 m downstream of AOSTRA road crosslng; flagging on overhanging alder on RUB: S.P. on 
10 m hlgh willow clump situated 12 m back from L.U.B. 
a t  Water Survey of Canada gauge site located approx. 100 m downstream from the AOSTRA road crossing. 
approx. 20 m downstream of WSC gauge; paint and flagging on cluster of overhanging dead trees; at station rstabllshed by 
Noton and Chymko (1978). 
lower 1.0 km; alternate banks. 
from AOSTRA road crossing downstream for approx. 400 m. 
transect situated approx. mid-way between drop structures 5 and 6 (DS5 and 6) across from large white spruce (orange 
blaze and S.P.) located approx. 15 rn from RUB edge: Note - labelled on S.P. as PCl(a)-TI. 
transect located 20 m downstream from crest of DS5 (distance measured from top end of iarge boulder a t  crest of DS5). 

Continued. . . 

PCR-B1 
PCR-B2 
PCR-B3 
PCR-B4 
PCR-B5 
PCR-Z 
PCR-P 
PCR-G 1 
PCR-G2 
PCR-S3 

Zooplankton 
Phytoplankton 
Flshertes 

Upper Beaver Habrtat 
Creek 

Water Quailty 
Benthos 

UBC-H 

UBC-W 
UBC-B 

Flsher~es 

Poplar Creek Habltat 

UBC-ES 
UBC-EF 
PC-HI-T1 



Table Al. Cont~nued. 

Study 
System Component 

Water Quallty 

Benthos 

~thabasea h a t e r  Qual~ty  
River 

Horseshoe Water Quallty 
Lake Fisheries 

Station 
Designation 

PC-HI-T3 

PC-HI-TS 

PC-HZ 

PC-W1 
PC-W 2 

AR-W? 
AR-W3 
AR-W4 
AR-W 5 
AX-W6 
AR-W7 
AR-W8 
HL-W 
HL-EF1 
HL-EF2 

Station L D c a t i o n / ~ i p t i M I s  

transect 1.6 m downstream from DS5; S.P. on large white spruce 20 m back from RUB: Note - labelled on S.P. as 
PCl(c)-TI. 
transect 20.6 m downstream from crest of DS I 1  across from flagged and painted birch tree on LUB: Note -labelled on 
flagging as PCl(b)-T2. 
transect 3.6 m downstream from crest of DS 11; between painted small boulders on LUB and RUB; willows near both 
boulders flagged: Note -labelled on flagging as PCl(c)-TZ. 
transect TI s~tuated  approx. 28 m downstream from 1-m high beaverdam. between birch tree (flagging, paint and S.P.) on 
RUB and alder on LUB; 4 additional transects (T2 t o  T5) located a t  50 m intervals (measured along RUB) upstream from 
T1 (all transects marked by flagged trees on both LUB and RUB). 
transect T1 s~tuated  20 rn upstream from Ruth Creek confluence; marked by flagged alder on RUB; 4 additional transects 
(T2 to T5) located upstream of T1 a t  50 rn intervals; S.P. on birch tree marking LUB a t  T3. 
approx. 500 m upstream Athabasca River confluence. 
approx. 600 rn downstream of stilling basin; Station PC-2 (Noton and Chymko 1978). 
approx. 500 rn upstream of stilllng basln. 
station approx. 25 m upstream of Hwy 63 brldge a t  yellow angle iron stake on LUB; a t  Syncrude benthic station PCl. 
approx. 70 m downstream of DS 9; marked by 2 red rings on jackpine; a t  Syncrude benthic station PC2. 
approx. 600 rn upstream of spillway confluence; a t  Syncrude benthic station PC3. 
approx. 100 m upstream from Ruth Creek confluence; rebar in stream channel; a t  Syncrude benthic station PC4. 
section begins approx. 20 m upstream from Ruth Creek confluence and extends upstream for approx. 200 m. 
section begins a t  approx. 200 rn upstream from stilling basin confluence a t  PC-Hl(T1) site and extends 150 rn upstream. 
section begins below DS 10 and extends upstream to the stilling basin confluence. 
seetlon begins a t  crest of DS 4 and extends to the crest of DS 6. 
section begins a t  large pool below DS 1 and extends to crest of DS 2. 
mid-channel and approx. 50 m upstream of MacKay River confluence. 
150 m downstream from MacKav River confluence and soorox. 3 m from RUB. e c 

10 m upstream from YacKay Rlver confluence and approx. 12 m from RUB. 
rnld-channel and approx. 50 m upstream of pumphouse. 
75 m upstream from purnphouse and 6 m from RUB. 
mid-channel, approx. 50 m upstream from Poplar Creek confluence. 
5 m downstreem from Poplar Creek confluence, approx. 3 m from RUB. 
10 rn uDstream from P o ~ l a r  Creek confluence. and 10 rn from RUB. 
off iouthern 41ure of lndln 3ody of lahe, midway uethren cd,t and weit arms. 
sampled 4011 m ~n lower portion of east n r 7 .  
sa:nplell ~ J U  nl along southern Fhorellne of mnln lake from HI.-C townrds cast ar n. 

a Abbreviations used in thls column are: LUB and RUB = l e f t  and right banks viewed looking upstream; S.P. = metal survey plate; DS =drop structure. 

b AU Poplar Creek fisheries stations are the same as those established by OINeil (1979). 

Note: unless otherw~se stated, all flagging and palnt were blaze orange m color. 
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AQUATIC HABITAT 



Table B1. Stream Habitat - Survey Form 



R.L. & L. ENVIRONMENTAL SERVICES LTD. 

STREAM HABITAT SURVEY FORM 

Stream Reach Date 

Station km Transect 

Orientation - UB to  - UB H20 Temp./Time 

Station/Transect Mark 

Width (rn) Rooted Wetted Gradient (%) 

Turbidity Visibility 

BANK FEATURES 

Condition (RUB) (LUB) Stability (RUB) (LUB) 

Undercut (RUB) (LUB) Slope (Deg.) (RUB) - (LUB) 

Cover (RUB) (LUB) Overhang (RUB) (LUB) 

Bankdepth (RUB) (LUB) 

DEPTH/VELOCW 

Location ( ) 

Depth ( j 

Velocity ( ) 

0.6 d 

0.2 d/0.8 d 

COVER TYPES w 

Interval ( ) 

1 2 3 4 5  

r 

Riffle 

Veg 
Rating 

- 

Algae 
Rating 

- 

Run Flat  Pool In-Stream Cover 
1 





Table B2. Drainage description for fluvial systems in the study area. 

System Drainage Area (km2) Stream Ordera Dominant Terrain Type 

MacKay River (at  Athabasca R.) 
Dover River (at  &lacKay R. confl.) 
D l  
M 1  
M2 
M3 
M 4  
M 5  
M6 
M 7  
M 8  
M9 
M l O  
M 11 
West Interception Ditch (above Bridge Creek) 
W 1  
W 2  
W 3  
W 4  
W5 
Bridge Creek (not incl. W .I.D) 
Bridge Creek (incl. w.1.D) 
Lower Beaver Creek (not incl. Bridge Creek) 
Lower Beaver Creek (incl. Bridge Creek) 
Upper Beaver Creek 
Cache Creek 
Creek B2 
Creek B1 (at Beaver Cr. Res.) 
Poplar Creek (at Athabasca R. confl.) 

Muskeg 
Muskeg 
Muskeg 

Highland 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 
Muskeg 

Highland 
Muskeg 

Highland 
Muskeg 

Highland 
Highland 
Highland 

a According t o  Strahler (1957), not determined for larger systems. 

-bundefined drainage. 



Table B3. Discharges calculated froin measurernents recorded during the 1984 study and 
from Water Survey of Canada (WSC) gauging stations on the MacKay River, 
Poplar Creek, and Upper Beaver Creek (1984 preliminary data). 

wr ing  Summer Fall 
System Site Date Q(m3.s-1) Date ~ ( m 3 - s - 1 )  Date Q(rn3-s-1) 

MacKay River 1 9  June 
1 9  June 
1 9  June 
1 9  June 
1 9  June 
1 9  June 
20 June 
20 June 
20 June 
20 June 
20 June 
20 June 

31.10 
0.08 
0.17 
0.06 
0.02 
0.02 
0.02 
0.10 

LO. 01 
LO.O1 
0.05 
0.02 

30 July 
28 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 

10.40 21 Sept. 
LO. old 22 Sept. 
LO.O1 21 Sept. 
LO.01 21 Sept. 
LO.O1 2 1 Sept. 
LO.01 21 Sept. 
L0.01 21 Sept. 
LO.01 21 Sept. 
LO.01 21 Sept. 

0 21 Sept. 
0 21 Sept. 

LO.01 21 Sept. 

Dover River DR-W 1 9  June 
D I-W 1 9  June 

1 .33  30 July 
0.05 30 July 

1.64 21 Sept. 
L0.01 21 Sept. 

West 
Interception 
Ditch 

W ID-W 1 17  June 
W 3-W 17  June 
W 4-W 17  June 
W5-W 17  June 

0.10 25 July 
0.07 25 July 
0.02 2 5 July 

LO.O1 25 July 

0.02 26 Sept. 
L0.01 25 Sept. 
LO.01 25 Sept. 
LO.O1 25 Sept. 

0.26 2 9 July 
0.01 2 9 July 

0.02 22 Sept. 
L0.01 21 Sept. 

Lower Beaver 
Creek 

LBC-W 1 1 9  June 
L13C-W 2 1 9  June 

0.02 21 Sept. 
LO.O1 25 Sept. 

Bridge Creek BKC-W 1 1 8  June 
BRC-W2 17  June 

0.16 2 9 July 
0.04 25 July 

PC-w 2b 1 8  June 
PC-W3 18 June 

Poplar Creek 4.18 26 July 
0.69 26 July 

1.47 23 Sept. 
0.30 23 Sept. 

UBC-Wc 1 5  June 0.44 30 July 0.17 21 Sept. Upper Beaver 
Creek 

Creek B1  0.21 30 July 0.06 21 Sept. 

a WSC Stn. 07DB001. 
b WSC Stn. 07DA007. 
c WSC Stn. 07DA018. 
d L=Less than. 



I 

Table B4. A zomparison of discharge and drainage areas of fluvial wa te r  bodies in t h e  
1984 Syncrude Study Area t o  t h e  discharge and drainage area of t h e  MacKay 
River, 1984. 

111 

SEASONAL COMPARISON TO MACKAY RIVER DISCHARGE a 
I 

SYSTEM Drainage 
Area SPRING SUMMER FALL 

.I 
(krn2) %b Date % Date % Date % 

Creek  M1 - Creek  M2 
Creek  M3 
Creek  M4 

r. Creek  M5 
Creek  M6 
Creek  M 7  

II 
Creek  M 8 
Creek  M9 
Creek  MI0 
Creek  MI1  
Dover River 
Creek  D l  
W .I.D. 

,, Creek  W3 
Creek W 4  
Creek  W 5 
L. Beaver Cr.  

I Bridge Cr.  
U.Beaver Cr. 
Creek  B1 

= Poplar Cr.  

11.06 0.20 1 9  June 
72.35 1.30 1 9  June 

5.24 0.09 1 9  June 
4.38 0.08 1 9  June 
6.40 0.12 1 9  June 

52.36 0.94 2 0 J u n e  
28.06 0.51 2 0 J u n e  

3.57 0.06 2 0 J u n e  
2.06 0.04 2 0 J u n e  

18.04 0.32 20 June 
3.18 0.06 20 June  

963.00 17.35 1 9  June 
27.58 0.50 1 9  June 
N / A ~  N/A 1 7  June 
26.03 0.47 1 7 J u n e  
10.37 0.19 1 7  June 
18.30 0.33 1 7  June 

3.78 0.07 1 9 J u n e  
13.70 0 .25 1 7 J u n e  

165.00 2.97 1 5  June 
47.44 0.85 1 5  June 

427.06e 7.69 1 8  June 

2 8 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
30 July 
25 July 
25 July 
25 July 
25 July 
29 July 
29 July 
30 July 
30 July 
26 July 

0.03 
0.05 
0.01 

LO. OlC 

LO. 01 
0.05 

LO.01 
LO. 01 

0 
0 

LO.01 
15.79 

0.04 
0.10 

LO.01 
LO. 01 
LO. 01 
0.18 
0.18 
1.67 
0.54 
7.24 

22 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
2 1  Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 
22 Sept. 
21 Sept. 
21 Sept. 
21 Sept. 
23 Sept. 

0.05 
0.80 
0.10 
0.08 
0.12 
0.08 
0 .09 

0 
0 

0.13 
0 

6.49 
0.19 
0.16 

L0.01 
0.05 

LO. 01 
0.34 
0.17 
2.88 
0.36 
3.40 

- a Calculated by t h e  division of the  discharge for  each system on a part icular d a t e  by t h e  
discharge recorded in t h e  MacKay River on t h a t  d a t e  (from Water Survey of Canada,  
preliminary 1984 da ta )  

m 
Percent of MacKay River drainage a rea  (5550 km2 - Water Survey of Canada 1983 ) 
L - Less than 

d Drainage a r e a  not calculated 
e Includes drainage a rea  of Poplar Creek proper (151 km2), Upper Beaver Creek  (165 km2) ,  

Creek B1 (47.44 km2) and Creek B2 (63.62 km2); does not include mine o r  reservoir  
drainage areas.  



APPENDIX C 

ZOOPLANKTON 



Table C1. Mean body length and ind~v~dual  aliquot Counts of zooplankton from Beaver Creek Reservoir (station BCR Z), 1984. 

- - 

15 June 1984 24 July 1984 23 September 1984 

Mean Count in Calcu- Nean Count in Calcu- Mean Count in Calcu- 
Body Aliquot  NO.^ lated Body Aliquot Yo. lated Body Aliquot No. lated 

Lengths Sample Length Sample Length Sample 
(mm) Total (mm) Total (mm) Total 

COPEPODA 

CALANOIDA 

Diaptornlrr oregonensis 0.842 34 29 24 464 1.007 101 88 82 1 4 4 5  1.190 166 154 167 2 5 9 7  

diaptomid nauplli 284 - - 4 544 244 - - 3 904 12 - - 192 

CYCLOPOIDA 

Acanthocyclops vernalis A+ adv.C 0.826 14 - - 224 0.750 8 - - 128 0.707 16 - - 256 

(n=14) (n=8) (n=16) 

Diacyclop thornmi A+ adv.C 0 . -  0 0.769 8 - - 128 0.799 18 - - 288 

in=8) (n=18) 

Mesocyclaps edax 0.750 2 - - 32 0.732 4 - - 64 0.750 7 - - 112 

(n=2) (n=4) 'n=7) 

cyelopoid copepodids, immature C 0.441 75 - - 1200 0.459 140 - - 2 2 4 0  0.512 204 - - 3 264 

c y c l o p ~ d  nauphi 264 - - 4 224 152 - - 2 4 3 2  540 - - 8 640 

CLADOCERA 

Bosmina longirostrk 

Ceriodaphnia lsclrrtr~s 0 - -  0 0.503 2 - - 32 0 - - 0 

(n=2) 

Macrothrix hirsuticornis 0.403 1 - - 16 0 - 0 0 - 0 

(n=1) 

Daphnia parvula 0.663 11 7 9 144 0.525 92 - - 1 4 7 2  0.744 3 8 4 80 

(n=l8) (n=l l )  

Diaphanosoma leuchtenbergianum 0 0 2 11 0.631 241 - - 3 8 5 6  0.737 7 2 2 59 

(n=7) 

Alona guttata 0 0 1  5 1 - - 16 0 0  1 J 

Chydorls sphaericls 

ROTIPERA 

Keratella cochleark 

Keratella earlinae 

Keratella quadrat8 

Keratella hiemalis 

Notholca acuminsta 

Euchlanis dilatata 

Brachionus etllycinoris 

Brachionus quadridentatus 

Asplanchns priodonta 

Synchaeta pectinata ("1 
Synchaeta oblonga ( 1 )  

Synchaeta sp. 

Gastmpw (? I  sp. 

Polyarthra vulgaris 

Pilinia longisete 

Polyarthra dohchoptera 

Rotaria neptunia 

unidentifted rotlfers 

OTHER TAXA 

Ostracoda, Immature 

a Mean body length based on measurements of 30 individuals except where noted in brackets. Vean length not determined far Rotifera or immatures. 
Counts i n  allquots 2 and 3 are for selected mature forms only, to allow assesment  of replicability. Dash indicates species or life stage not counted in second 
or third aliquot. Depth sampled and total volume sampied were 0 5.5 m and 461 L o n  15  June. 0 - 3.5 m and 294 Lon 24 July, and 0 - 4.5 m and 377 L on 23 
September. Volume of allquo: IS 1/16 of preserved sample volume. 

C A =adul t ;  C = copepodid, usually I to 111; adv. C =advanced copepdids, usua!ly IV and V. 



'Table C2. Mean body length and individual aliquot counts of zooplankton from Ruth Lake (station RL-Z), 1984. 

16 June 1984 26 July 1984 24 September 1984 

Mean Count in Cnlcu- Mean Count in Calcu- Mean Count in Calcu- 
Body Allquot  NO.^ lated Body Aliquot no. lated Body Aliquot No. lated 

~ e n g t h ~  Sample Length - Sample Length Sample 
(mml I 2 3 Total (mml 1 2 3 Total fmm) 1 2 3 13/16 Total 

COPEPODA 
CALANOIDA 

Diaptomllr oregonensh 

CYCLOPOlDIA 
Acanthoyclops vernalis A+ 8dv.C 

cyclopaid copepodids, immature C 

eyclopoid nauplii 

CLADOCERA 
Bmmine longirmtris 

Ceriodaphnk lacustris 

Acroperus h a r p e  

KOllFERA 
Keratella cochlenris 
Keratella earlinae 
Keratella quadrata 
Notholca acuminate 
Trichotria pocillum 
Euchlanis dilate 
h c h n i o n u s  qwdridentetus 
Synchaeta pectinata 
Svnchaeta oblonw 

Lecane (Monostyle) bulla 

OTHER T4XA 
DIPTERA 

CEKATOPOGONIDAE (larvae) 

OSTRACODA. Immature 

a hiean body length based on measurements of 30 tndivlduals except where noted in brackets. Mean length not determined for Rotlfera or ~mmatores.  
Counts In allquots 2 and 3 are for selected mature forms only, to allow assessment of replicsbility. Dash indxeates species or life stage not counted in second 
or thlrd aliquot. Depth sampled and total volume sampled were 0 - 1.5 m and 126 L, respectively, an all three sampling dates. Volume of aliquot is 1116 of 
preserved sample volume. 
A = adult; C = copepodld, usually 1 to Ill; ad". C = advanced copepodids, usually IV and V. 



Table C3. Mean body length and individual aliquot counts of zooplankton from Poplar Creek Reservoir (Station PCR-Z), 1984. 

- 
16 Jlme 1984 26 July 1984 24 September 1984 

Mean Count in Calcu- Mean Count in Calcu- Mean Count in Calcu- 
Body Allquot  NO.^ lated Body Aliquot No. lated Body Aliquot No. lated 

Lengtha Sample Length sample Length. Sample 
(mm) Total (mm) Total (mm) Total 

COPEPODA 
CALANOIDA 

D i i t o m m  oregonensis 

diaptomld nauphi 

CYCLOPOIDA 
Aeanthocyclops vernalis A+ adv.C 

Diacyclops thomasi A+ adv.C 

Mwxyclopa edax 

cyclopoid copepodids, immature C 

cyclopoid nauplii 

CLADOCERA 
Bosmina longimstris 

Ceriodaphnia lacwtris 

Ceriodaphnia quadranguLa 

Maerothrix hirsutimrnis 

Daphnia parvula 

Diephnnosoma leuchtenbergianum 

Alona gutttata 

Chydorus sphaericw 

ROTIFERA 
Keratella eochlearis 
Keratella earlinae 
Keratella quadrata 
Notholea acuminata 
Puchlanis dilatata 
Euchlanis mikmpw.  
Wichoeerca multicrlnis 
Brachionus calyeifloris 
Brachionus quadridentatlrr 
Asplanchna priodonta 
Synchaeta pectinate (?) 
Synchaeta oblonga (?I  
Gas t rpn ( ? )  sp. 
Pilinie loneiseta 

OTHER TAXA 
Small fish 

~p 

a Mean body length based on measurements of 30 individuals except where noted in breckets. Mean length not determined for Ratifera or immatures. 
Counts in allquots 2 and 3 are for selected mature forms only, to allow a s e s m e n t  of replicability. Dash indicates species or life stage not counted in second or third 
aliquot. Depth sampled and total volume sampled were 0 - 14 m and 1114 L, respectively, on 16 June and 26 July, and 0 - 16  m and 1340 Lon 24 September. Volume of 
aliquot was 1116 of preserved sample volume. 

c A = adult; C = copepodid, usually 1 to Ill; ad". C =advanced copepodids, usually IV and V. 



APPENDIX D 

ZOOBENTHOS 



Table Dl. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Neill samples and dipnet samples from station MR-B1 on the hlacKay River. 
1984. 

SYNCRUDE 
Code 'IBg 

S p r i i  (19 June) Summer (28 July) Fall (%2 September) 
- 

1 2 3 x Dio 1 2 3 ? Dio 1 2 3 i Dio 

MTC M ' E  

COELENTERATA 
Hydmzoa 

Hydra 4 1 . 3  
NEMATODA 
MOLLUSCA 

Pelecypoda 
Sphaeriidae 5 1 2 . 0  
Unionidae 

Gastropods 
Valvatidae 

Valvata 1 0 . 3  
Valvata sineera sincera 
Valvata t r iuvinata  

Lymnaeidae 
Lymnaea 

Physidae 

P P Z d a e  
Armiger 
Gyraulur 
Helisoma 
Romenetur 

Ancylidae 
Ferrissia 

ANNELIDA 
Hirudinea 

Glosiphonildae 
Glossiphonia complannta 
HeloMelh stsgnalis 

Hlrudinidae 
Haemopis grandis 

Erpobdell~dae 
Nepheiopsis olncura 

Ollgochaeta 
ARTHROPODA 

Arachnids 
Acari 

Crustacea 
Malacostraca 

Arnphipoda 
Gammarur laerrrtris. 
H y a l e h  azteea 

Insecta 
Collembola 
Emphemeroptera 

SipNonuridae 
Ameletw 
Siphlonurua 

Metretopodidae 
Metretoprs 

Baetidae 
Wetis 
Callibaetis 
Centroptilum 
F'seudm1oeon 

Heptageniidae 
Heptagenia 
RhiVrogena 
Stenonema 

LeptopNebiidae 
Leptqhlebia 
Psraleptophlebia 

Ephemerellidae 
Ephernereh  

Tricorythidae 
Trimrythodes 

Caenidae 
Caenis 

Baetiscidae 
Wetisea 

Odonata 
Calopterygidae 

Calopteryx 
Lestldae 

Lestes 
Coenagrionidae 

CoeMgrion P 
kchnura 

Continued ... 



Table Dl. Continued. 
- - 

s p h g  (19 Juw) Smnmer (28 July) PaU (22 September) 
SYNCRUDE 

Code Tag 1 2 3 i Dip 1 2 3 i Dip 1 2 3 f Dip 

Gomphidae 
Gompmg 
Ophiogo~phrs  

Aeshnidae 
A&ma 
ANU 

Corduliidae 
SmatocNora  

Libellulidae 
Plecoptera 

Pteronarcyidae 
m-ca 

Taeniopterygidae 
m - e v  

Nemourldae 
MPenka 
Nemolaa 

Perlidae 
Aemneuria 
c- 

Perlodidae 
Arcympt- 

Chloroperlidae 
Hemiptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris 
Trichoptera 

pupae 
Philopotamidae 

Wormalaia 
Psychomyiidae 

p s y d m g i a  
Polycentropodidae 

Neurecliplis 
Po1ycentropts 

Hydropsychidae 
Cheumatopsyche 
EYm-che 

Rhyacophilidae 
lm* 

Glossosomat~dae 
GlosSoa9ma 

Hydroptilidae 
Hydroptila 

Ochmtrichia 
Phryganeidae 

=mi 
Brachycentridae 

EPachyeentrls 
Lepidostometidae 

Lepidmtoma 
Limnephilidae 

Clostoeecl 
Grammotauiius 
HaprophYL= 
Nemotaulius 

Helicopsychidae 
Helimpyche 

Leptoceridae 
cerae lea  
Oecetis 

Coleoptera 
Gyrinidae 
Haliplidae 

AaliPlus 
Dytiscidae 
Elmidae 

6 Diptera 
pupae 

35 Tipulidae 
Chaoboridae 

112 Chaobaus 
7 Simuliidae 

pupae 
31 Ceratopogonidae 
8 Chironomidae 

38 Tabanidae 
46 Empididae 4 5 3.0 

COLUMN TOTIUS 22 25 19 21.9 54 40 59 50.9 256 202 322 260.0 

TAXA 12 4 16 9 13 9 

Notes: MTC = major taxonomic category; MTG = major taxonomic group; A = abundant (five or more individuals), P = present; Neill sampler: area = 0.1 m2 mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D2. Taxonomic composition and abundance of benthic macroinvertebrates in replicate NeiU samples and dipnet samples from station MR-02 on the MacKay River, 
1984. 

SYNCBUDE 
Code T- 

Spring (19 June) Summer (30 July) FaU (21 September) - 
1 2 3 x Dio 1 2 3 D i ~  1 2 3  : D i p  

MTC MTG 

COELENTERATA 

I 
Hydrozoa 

12 Hgdra 
15 NEMATODA 

8 MOLLUSCA 
Pelecypoda 

29 Sohaeriidae 
dnionidae 

Gastropoda 
Valvatidae 

Valvata 
Valvata sineera sineera 
Vaivata triesrinata 

Lymnaeidae 
Lymnaur 

Physidae 
mysa 

Planorbidae 
hmiger  
Ggraulls 
Helisoma 
Romenet ls  

Ancylidae 
F&ia 

ANNELlDA 
Hirudinea 

Glossiphoniidae 
Glmiphonia mrnplaMta 
HeloMeUa stqulis 

Hirudinidae 
h e m o p i s  gram% 

Erpobdellidae 
Nephelopis oixcum 

Oligochaeta 
ARTHROPODA 

Arachnids 
Acari 

Crustacea 
Malacostraca 

Amohiooda 

lnsecta 
Collembola 
Emphemeroptera 

Siphlonuridae 
Ameletle 
S i p h l o o ~  

Metretopodidae 
Metretopus 

Baetidae 
Baetis 
Callibaetis 
Centroptilurn 
E'aeudocloeon 

Heptageniidae 
H q t w e n i a  
Rhi- 
Stenonema 

Leptophlebiidae 
leptophlebia 
Paraleptophlebia 

Ephemereuidae 
&themaella 

Tricorythidee 
Trimryth&es 

Caenldae 
caenis 

Baetisc~dae 
Baetisea 

Odonata 
Calopterygidae 

c + o P t e v  
Lestldae 

Lestea 

Continued ... 



Table D2. Continued. 

SYNCRUDE 
Sprii  (19 June) Summer (30 July) PaU (21 September) 

Code Taxa 1 2 3 ? Dip 1 2 3 ? Dip 1 2 3 f Dip 

M n :  MTG 

Gomphidae 
2 8 G o m m  
86 Ophio~omphm P 4 1.3 A 

Aeshn~dae 
42 Aeshna 
87 ANU 

Corduliidae 
39 Somatochlora 
88 Libellulidae 

2 Plecoptera 
Pteronarcyidae 

3 Pteronarep~ 
Taeniopterygidae 

89 Taeniopteryx 
Nemouridae 

59 Malenkn 
34 Nemoura 

Perlidae 
90 Aeronetlria 
91 CLaaasenia 

Perlodidae 
58 Areynopteryr 
48 b P a l a  
92 Chloroperlidae 

Hemiptera 
93 Notonectidae 
94 Corixidae 

Gerridae 
95 Gerris 

3 Trichoptera 
pupae 

Philopotamidae 
Wormaldia 

Psychomyiidae 
Pspehomyia 

Polycentropodidae 
N e w d i p s i s  
P o l y c e n t r o p  

Hydropychidae 
Cheumatopsyche 
H W F c h e  

Rhyacophilldae 
R h y m e  

Glossosomatidae 
Glossosoma 

Hydroptilidse 
Hydroptila 

Oehmtrichia 
Phrygane~dae 

A m W a  
Ftilcstomis 

Brachycentridae 
Rnchycentrlrs 

Lepidostomatidae 
Lepidostoma 

Limnephilidae 
Clostoeea 
Grammotaulllrs 
HesPerophylax 
Nemotauliw 

Helieopychidae 
Helicqxzyche 

Leptoceridae 
Ceraclea 
Oecetis 

Caleoptera 
Gyrinidae 
Haliplidse 

W P l l r s  
Dytiscidae 
Elmidae 

Diotera 
pupae 

Tipulidae 
Chaoboridae 

Chaoborrr, 
Slmuliidae 

pupae 
31 Ceratopogonidae 
8 Chironomidae 
38 Tabanidae 
46 Empididae 

COLUMN TOTALS 

TAXA 

Notes: MTC = major taxonomic category; MTG = major taxonomic group; A = abundant (five or more individuals), P = present; Neill sampler: area = 0.1 m2, mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D3. Taxonomic composition and abundance of benth~c macroinvertebrates in replicate Neill samples and dipnet samples from station MR-B3 on the MacKay River, 
1984. 

SYNCBUDB spring (19 June) Summer (30 July) Fall (21 September) 

Code 
- 

Taxa 1 2 3 x Dip 1 2 3 x Dip 
- 

1 2 3 x Dip 

MTC MTG 

COELENTERATA 
Hydrozoa 

12 Hydra 
15 NEMATODA 

MOLLUSCA 
Pelecypoda 

Sphaeriidae 
Unionidae 

Gastmpoda 
Valvatidae 

valvata 
Valvata sineera sincera 
Valvata tricarinata 

Lymnaeidae 
Lymnaea 

Physidae 

P"yJa. 
Phnorbldae 

Armiger 
Gyraulls 
Helisoma 
Romenet ls  

Ancylidae 
Ferrissia 

ANNELIDA 
Hirudinea 

Glossiphoniidae 
Glog~iphonia eomplanata 
HeloMella stagnalis 

Hirudinidae 
b e m o p i s  grandis 

Erpobdellidae 
Nepheloph o b m n a  

Ohgochaeta 
AHTHKOPODA 

Arachnlda 
Acari 

Crustacea 
Malacostraca 

Amphlpoda 
Gammane lacustris 
Hyalella az teca  

lnsecta 
Couembola 
Emphemeroptera 

Siphlonuridae 
Ameletls 
SiphlonUnLs 

Metretopodidae 
Metretopup 

Baetidae 
Baetis 

Callibaetis 
Centroptilum 
Pseudocloeon 

Heptageniidae 
xeptaga 
Rhithmgem 
Stenonema 

LeptopNebiidae 
kptophlebia 
Paraleptophlebia 

EphemereUidae 
Xphemerella 

Trico~ythidae 
Wiaxytlwdes 

Caenidae 
Caenis 

Baetiscidae 
Baetisea 

Odonata 
Calopterygidae 

CaLopteryr 
Lestldae 
lestes 

Coenagrionidae 
Coemgrion 
Plchnura 

Continued ... 



Table D3. Continued. 

SYNCRUDE 
Code Tag 

S p r i  (19 June) Summer (50 July) Fan (21 September) 

1 2 3 ? Dip 
- 

1 2 3 x Dip 1 2 3 i Dip 

MTC M E  

Gomphidae 
Gomphw 
Ophiogomph~ 

Aeshmdae 
Aeshm 
Anar 

Corduliidae 
Samatochlora 

LibeUulidae 
Plecoptera 

Pteronarcyidae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
N e m o m  

Perlidae 
Aaoneuria 
CLaa?senia 

Perlodidae 
Arcynopteryx 

Chloroperlidae 
Hemiptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris 
Richoptera 

pupae 
Philopotamidae 

Wormaldia 
Psychomyiidae 

Psychomyin 
Polvcenhowdidae 

ljeurecli&s 
Polycentrops 

Hydropsychidae 
Cheumatopsyehe 
Hydrqmyehe 

Rhyacophilidae 
RhyacoW 

Glossosomatidae 
Glarsosoma 

Hydroptilidae 
Hydroptila 

Ochrotriehia 
Phryganeidae 

2 i E E m i s  
Brachycentridae 

Rachyeentrus 
Lepidostomatidae 

Lepidostorna 
Limnephilidae 

Clostoeca 
Gramrnotaulila 
A S m P h Y l a x  
Nemotaulius 

Helicopsychidae 
Helicopsyehe 

Leptoceridae 
cerac1ea 
Oeeetis 

Coleoptera 
Gyrinidae 
Haliplidae 
mpl" 

Dytiscldae 
Elrnidae 

Diptera 
pupae 

Tipulidae 
Chaoboridae 

ChaobOnE 
Slrn uliidae 27 56 46 43.0 P 

pupae 
37 Ceratopogonidae 

8 Chironomidae 5 4 3.0 3 9 2 4 .7  1 11 4 .0  
38 Tabanidae 
46 Empididae 1 1 0 . 1  

COLUMN 'TUTAlS 65 81 68 73.3 133 364 88  194.9 12 94 43 49.3 

TAXA 9 5 18 I 20 7 

Notes: MTC = major taxonomic category; M T G  = major taxonomic group; A = abundant (five or more individuals), P = present; NeiU sampler: area = 0.1 m2. mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D4. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Neill samples and dipnet samples from station MR-B4 on the MacKay River, 
1984. 

SY NCBUDE 
Code Taxa 

(19 June) Summer (30 July) Pall (21 September) 

1 2 3 1; D ~ D  
- - 

1 2 3 x Dio 1 2 3 X D ~ D  

M E  MTG 

COELENTERATA 
Hvdmzoa 

12 Hydra 
15 NEMATODA 

8 MOLLUSCA 
Pelecypcda 

29 Sohaeriidae 

Gastropods 
Valvatidae 

6G Valvata 
Valvata slncera sincera 
Valvata tricarineta 

Lyrnnaeidae 
32 ~ y m n a e a  

Physidae 
10 my" 

Planorb~dae 
67 Armiger 
11 Gyraulw 
50 Helisoma 
68 Promenett6 

Ancylidae 
18 Perrissia 

9 ANNELLOA 
23 Hirudlnea 

Clossiphoniidae 
69 Glossiphonia complansta 
10 Helobdella stagnalis 

Hirudinidae 
71 Haemopis grandis 

Erpobdellldae 
72 Nephelwis  o k c m a  
22 Oligochaeta 

ARTHROPODA 
Arachnlda 

13 Acarl 
10 Crustacea 

Malacostraca 
Amphipoda 

24 Gammart6 lnclrstris 
73 Hyalella azteea 

Insects 
74 Collernbola 

1 Empherneroptera 
Siphlonuridae 

33 Ameletus 
75 SipNonunnr 

Metretopadidae 
76 M e t r e t o p  

Baetidae 
I Baetis 

callibaetis 
77 Centroptilum 
44 Rreudocloeon 

Heptageniidae 
2 Heptagenia 

78 
19 

WUvogena 
Stenonema 

Leptophlebiidae 
80 Leptophlebia 
30 Fwaleptophlebia 

Ephemerellidae 
19 Ephemerella 

Tricorythidae 
43 meoqm0des 

Caenidae 
45 Caenis 

I 
Baetlscidae 

81 Baetisca 
5 Odanata 

Calopterygidae 
82 c d o p t e r y r  

Lestidae 
83 Lest- 

Coenagrionidne 
84 m e n q ~ i o n  
85 behnura 

Continued ... 



Table D4. Continued. 

SYNCRUDE 
Code Tarn 

(19 June) Summer (30 July) Pa11 (21 September) -- 
1 2 3 f Dip 1 2 3 7 Dip 1 2 3 f Dip 

MTC MTG 

Gomphidae 
28 Gomphlrs 
86 ophiogomphw 

Aeshnldae 
42 Aeshna 
87 ARax 

Corduliidae 
39 SomatocNora 
88 LibeUulidae 

2 Plecoptera 
Pteronarcyidae 

3 Pteronarcys 
Taeniopterygidae 

89 Taeniopteryr 
Nemouridae 

59 Male* 
34 N e m m  

Perlidae 
90 Aemnelrria 
91 Classsenia 

Perlodidae 
58 ~ c y m p t e r y l ;  
48 h P r l a  
92 Chlaroperlidae 

Hemlptera 
93 Notonectidae 
94 Corixidae 

Gerridae 
95 Gerris 

3 Trichoptera 
pupae 

Philopotamldae 
Wwmaldia 

Psychomyiidae 
Psychomyia 

Polycentropodidae 
Neureelipsis 
Polyeentrops 

Hydropsychidae 
Cheumatopsyehe 
H*p?lche 

Rhyacophil~dae 
Rhyacophila 

Glossosomat~dae 
Glossosoma 

Hydroptllidae 
Hydroptila 

Oehrotriehia 
Phryganeidae 

Agrypnia 
Ptilcstomis 

Brachycentridae 
R a c h y c e n t m  

Lepidostomatidae 
Lepidostoma 

Limnephilldae 
Clostoeea 
Grammotaulius 
HesperOphyl- 
Nemotaulilrs 

Helicopsychidae 
H e l i y y e h e  

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gyrinldae 
Hdiplidae 

w p 1 U s  
Dytlscidae 
Elmidae 

6 Diptera 
pupae 

35 Tioulldae 
~haobar idae  

112 Chaoborls 
7 Simulildae 

pupae 
37 Ceratopogonidae 

8 Chironomidae 

COLUMN WTAIS 411 366 219 331.8 69 104 88 87.1 769 393 781 646.8 

TAXA 15 5 18 7 23 7 

Notes: MTC = major taxonomic category; YTG = major taxonomic group; A = abundant (five or more individuals), P = present: NeiU sampler: area = 0.1 rn2, mesh size = 
0.210 mm; Dipnet: mesh slze = 0.250 mm. 



Table D5. Taxonom~c composition and abundance of benthic macroinvertebrates in replicate Neill samples and dipnet samples from station M2-B on Creek M2, 1984. 

SYNCRUDE 
Code Tau! 

S p r i  (19 June) - 
1 2 3 x Dip 

Summer (30 July) - 
1 2 3 x Dip 

Fall (21 September) - 
1 2 3 x Dip 

COELENTERATA 
Hydrozoa 

Hydra 
NEMATODA 
MOLLUSCA 

Pelecypoda 
Sphaeriidae 
Unionidae 

Gastropoda 
Valvatidae 

valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeidae 
Lymnaea 

Physldse 

P"F 
Planorb~dae 

Armiger 
Gyraulus 
Helisoma 
Romenetus 

Ancylidae 
Ferrissia 

ANNELlDA 
Hirudinea 

Glossiphoniidae 
Glossiphonia eompLaMta 
Helobdella stagnalis 

Hirudinidae 
Haemopis grandis 

Erpobdellidae 
Nephelopsis obscma 

Oligochaeta 
ARTHROPODA 

Arachnids 
Acari 

Crustacea 
Malacostraca 

Amphipoda 
Cam- lacwtris 
Hyalella ez teea  

Insectn 
Collembola 
Emphemeroptera 

Siphlonuridae 
Ameletlrs 
siphlw- 

Metretopodidae 
Metretopus 

Baetidae 
Beet is 
Callibaetis 
Centroptilum 
E'seudocloeon 

Heptageniidae 
neptapenia 
Rhithrogena 
Stenonema 

Leptophlebiidae 
Leptophlebia 
Paraleptophlebia 

Ephemerellidae 
Ephemerella 

Tricorythidae 
T?ieayUlodes 

Caenidae 
Ceenis 

Baetiscidae 
Baetisca 

Odonata 
Calopterygidae 

Calopteryr 
Lestidae 

M t e s  
Coenagrionidae 

Coensgrion 
khnure 

Continued ... 



Table D5. Continued. 

SYNCRUDE 
rode Ta8 

sprirg (19 J l w )  SZlmmer (30 July) Pall (21 September) 

1 2 3 x Dio 1 2 3 f Dip 1 2 3 ii Dip 

Gomphidae 
Gomphus 
O ~ e o g o m ~ h =  

Aeshnldae 
A m  
Anax 

Corduliidae 
Somatochlora 

Libellulidae 
Plecoptera 

Pteronarcyidae 
P t e r o w e y s  

Taeniopterygidae 
Taeniopteryr 

Nemouridae 
Malenhr 
Nemoura 

Perlidae 
Aaonelnia 
Claarrwnia 

Perlodidae 
beery. 
laooala 

cNo;operlidae 
Hemiptera 

Notonectidae 
Corixidae 
Gerrldae 

Gerris 
Trichoptera 

pupae 
Philopctamidae 

Wormddia 
Psychomyiidae 

Polycentropodidae 
Neureclipsis 
Polyeentropm 

Hydropsyehidae 
Cheumatopsyehe 
Hydrop6yehe 

Rhyacophilidae 
mga- 

Glossosomatidae 
Glosscaoma 

Hydroptilidae 
Hydroptila 

Oclmtrichia 
Phryganeidae 

2 E Z m i s  
Brachycentridae 

k a e h y e e n t n s  
Lepidostomatidae 

lepidostoma 
Limnephilidae 

C h t 0 e . X  
Grammotaulils 
Hespero~hy- 
Nemotaulius 

Helicopsychidae 
Helieopsyehe 

Leptoceridae 
Ceraelea 
Oeeetis 

Coleoptera 
Gvrinidae 
~ h p l i d a e  

111 mllip1us 
41 Dytuc~dae  

6 Elmidae 
6 D~ptera  

pupae 
35 Tioulidae 

~haobor idae  
112 C h a o b a l s  
I Simuliidae 21 17 20 21.3 1 5 2.0 P 4 8 4 5.3 

pupae 2 0.7 
37 Ceratopogwidae 
8 Chironomidae 2 5 9 5.3 11 9 20 13.3 P 13 59 24 32.0 P 

38 Tabanidae 1 0.3 
46 Empididae 

COLUMN TOT- 48 45 49 41.3 28 26 54 35.9 46 136 40 73.9 

TAXA 6 1 14 6 12 4 -- 

Notes: MTC = major taxonomic category; MTG = major taxonomic group; A = abundant (five or more individuals), P = present; NeiU sampler: area = 0.1 m2, mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D6. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Weill samples and dipnet samples from Station DR Don Dover River 1984. 

I SYNCRUDE 
Code Taxa 

w i n g  (19 June) mmmer (30 July) Pllll(21 September) 

1 2 3 % Dip 1 2 3 2 Dip 1 2 3 ? Dip 

MTC MTG 

COELENTERATA 
Hydrozoa 

Hydra 
NEMATODA 
MOLLUSCA 

Pelecypoda 
Sphaeriidae 
Unlonidae 

Gastropods 
Valvatidae 

valvata 
Vdvata sincera sincera 
Valvata tricarinata 

Lymnaeidae 
Lymnaea 

Physldae 
nysa 

Planorbidae 
Armiger 
Gyrauhr, 
Helisoma 
Romenetus 

Ancylidae 
Perrissia 

ANNELlDA 
Hirudinea 

Glossiphoniidae 
Glossiphonia eomplanata 
Helobdeh stagnalis 

Hirudinidae 
HBemopis grandis 

Erpobdell~dae 
Nephelopsis obseura 

Ol~gochaeta 
AXTHROPODA 

Arachnids 
ACari 

Crustaeea 
Malacostraca 

Amphipoda 
Gammarw l a m t r i s  
Hyalella azteca 

Insecta 
Collernbola 
Emphemeroptera 

Siphlonuridae 
Ameletls 
S i p h l o n m  

Metretopodidae 
Metre tops  

Baetidae 
Baetis 
Callibaetis 
Centroptilum 
Pscudxloeon 

Heptageniidae 
Heptsgenis 
Rhithrogena 
Stenonema 

Leptophlebiidae 
Leptophlebia 
Paraleptopblebia 

Ephemerellidae 
m e m e r e & %  

TIicorythidae 
Trieorythcdes 

Caenidae 
Caenis 

Bsetiscidae 
Baetisca 

Odonata 
Calopterygidse 

Calopteryx 
Lestidae 

Lestes 
Coenagrionidee 

Coenagrion 
lrchnllra 

Continued ... 



Table 0 6 .  Continued. 

SYNCRUDE 
Code Taxa 

spring (19 June) Summer (30 July) -- 
1 2 3 F Dio 1 2 3 x Dip 

Fall (21 September) 

1 2 3  F D i p  

~ d m p h u s  
@?ogomph= 

Aeshnldae 
Aeshna 
Anar 

Corduliidae 
Somatoehlora 

Libellvlidae 
Plecoptera 

Pteronarcyidae 
Pteronareys 

Taeniopterygidae 
Taeniopterp 

Nemouridae 
Malenka 
Nemolna 

Perlidae 
Amneur ia  
Classsenia 

Perlodidae 
Aw'noptergx 
lsoperla 

Chloroperlldae 
Hemiptera 

Notonectidae 
Corlndae 
Gerridae 

Gerris 
Trichoptera 

pupae 
Philowtsmidae 

~ & m a l d i a  
Psychomyiidae 

Psychomyia 
Polycentropodidae 

Neureclipsis 
p o l y e e n t r o p  

Hydropsychidse 
Cheumatopsyche 
Hydropsyche 

Rhyacophilidae 
R ~ Y ~ w F  

Glossosomatrdae 
Glossosoma 

Hydroptilidae 
Hydroptila 

Oehrotrichia 
Phryganeidae 

Agryplia 
W a s t o m i s  

Brachycentrldae 
Ilrachycentrus 

Lep~dostomatidae 
Lepidostoma 

Limnephilidae 
Clostoeea 
Grammotaulius 
Heseerwhylax 
Nemotauliw 

Helicapsych8dae 
Helimpyehe 

Leptocerldae 
Ceraclea 
Oecetis 

Caleoptera 
Gyrinidae 
Hahohdae 

111 H L p l w  
47 Dytlscidae 

6 Elmldae 
6 Diptera 

pupae 
35 Tipulldae 

Chaoborldae 
112 Chaoborua 

7 Simuliidae 16 31 29 25.3 A 
pupae 

3 7  Ceratopogonldae 
8 Chironomidae 3 21 6 10.0 

38 Tabanidae 
46 Empldidae 1 0.3 

COLUMN T U T U  60 86 53 66.1 138 151 183 157.3 90 214 114 139.2 

TAXA 16 6 21 7 26 5 

Notes: MTC = malor taxonomic category; 3ITG = major tsxonom~c group; A = abundant (five or more ~ndlviduals), P = present; Neill sampler: area = 0.1 mZ, mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D7. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Neill samples and dipnet samples from station M6-B on Creek M6, 1984. 

SYNCRUDE 
wing (19 ~ u n e )  Summer (30 July) Fall (21 September) 

Code Tara 1 2 3 ii Dip 1 2 3 ii Dip 1 2 3 ii Dip 

MTC MTG 

COELENTERATA 
Hydrozoa 

Hydra 
NEM.4TODA 
MOLLUSCA 

Pelecypoda 
Sphaeriidae 
Unionidae 

Gastropods 
Valvatidae 

Valvata 
Valvata sincera sincera 
Valvata t r i m i n a t e  

Lymnaeidae 
Lymnaea 

Physidae 
nysa 

Planorbldae 
Armiger 
Gyraulw 
Hetisoma 
Romenetw 

Ancylidae 
Ferrissia 

ANNELIDA 
Hlrudinea 

Glmiphonlldae 
Glossiphonia e o m p h t a  
Helobdella stsgnalis 

Hirudinidae 
Heemcpis grandis 

Erpobdellldae 
Nephelopsis okcum 

Ohgochaeta 8 6 19 11.0 
ARTHROPODA 

Arachnids 
Acari 2 0 . 7  

Crustacea 
Malacostraca 

Amphipoda 
Gammarw Lacwtris 
Hyalella aeteea 

Insecta 
Collembola 
Empherneroptera 

Siphlonuridae 
Ameletw 
S i p h l o n m  

Metretopodidae 
Metretopus 

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Pseudocloeon 

Heptageniidae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophleblldae 
Leptophlebie 
Rualeptophlebia 

Ephemerellidae 
Ephemerella 

lticorythidae 
Tricorythodes 

Caenidae 
Caenis 

Baetlscidae 
b e t i s e a  

Odonata 
Calopterygldae 

Calopteryi 
Lestidae 

Lestes 
Coenagriomdae 

Coenagrian 
lsehnura 

Continued ... 



Table Dl. Continued. 

SYNCRUDE 
spring (19 d m )  Summer (30 July) Pall (21 September) 

Code Taa 1 2 3 i Dip 1 2 3 i Dip 1 2 3 Dip 

Gomphidae 
Comphus 
Ophiosom@= 

Aeshnidae 
Aesma 
Anax 

Corduliidae 
Somatochlaa 

Libellulidae 
Plecoptera 

Pteronareyidae 
F'teronarcys 

Taeniopterygidae 
Tseniopterpx 

Nemoundae 
Malen!la 
N e m m a  

Perlidae 
Amnelnia  
Claassenia 

Perlodidae 
A r e y n o p t m  
lropvh 

CNoroperlidae 
Hemiptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris 
Trichoptera 

pupae 
Philopotamidae 

WormaMia 
Psychomyiidae 

Psychomyin 
Polycentropcdidae 

Neureelipsis 
Polyeentropa 

Hydropsychidae 
Cheumatopgyche 
H m y Y c h e  

Rhyacoph~lrdae 
R h y s e  

Glossosomatldae 
Glrmosorna 

Hydroptilidae 
Hydroptila 

Ochrotrichia 
Phryganeidae 

Brachycentridae 
Rachycentns  

Lepidostomatidae 
Lepidostoma 

Limnephilidae 
c1ostoeur 
Grammotaulim 
ResperophYlax 
Nemotaulius 

Helicopsychidae 
Helicopsyche 

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gyrinidae 
Haliplidae 
w- 

Dytiscidae 
Elmidae 

Dlptera 
pupae 

Tipulidae 
Chaoboridae 

Chaobons 
Simuliidae 

pupae 
Ceratopogonidae 
Chironomidae 
Tabanidae 
Empididae 

COLUMN TOTALS 44 116 91 85.8 146 66 86 99.2 1846 1160 2152 1919.4 

TAXA 1 3  1 13 2 15 2 

Notes: MTC = major taxonomic category; MTG = major taxonomic group; A = abundant (five or more ~ndividuals), P = present; Neill sampler: area = 0.1 m2, mesh size = 
0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D8. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Neil1 samples and dipnet samples from station *ID-B1 on the West 
lnterceptlon Ditch, 1984. 

I SYNCRUDE spring (17 June) Summer (28 July) Fall (26 September) - - - 
Code Tarn 1 2 3 x Dip 1 2 3 x Dip 1 2 3 x Dip 

COELENTERATA 
Hydrozoa 

12 Hydra 
15 NEMATODA 

8 MOLLUSCA 
Pelecypoda 

2 9  Sphaerlidae 
65 Unionldae 

Gastropods 
Valvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnae~dae 
Lymnaea 

Physidae 

Plsnorbldae 
Armiger 
Gyraulus 
Helisoma 
Romenetlg 

Ancyl~dae 
Perrisria 

ANNELIDA 
Hlrudlnea 

Glossiphoni~dae 
Glosiphonia complanata 
Helobdella stagnalis 

Hirudlnidae 
Haemopis grandis 

Erpabdellldae 
Nephelopsis otscura 

Oligochaeta 
ARTHROPODA 

Arachnids 
Acari 

Crustaces 
Malacostraca 

Amphipods 
Gammarrrn tecustris 
Hyalella azteea 

Insects 
Collembola 
Emphemeroptera 

Siphlonuridae 
Ameletlrs 
Siphlonun~l 

kletretopodidae 
Metretopus 

Baetldae 
Baetis 
Callitnetis 
Centroptilum 
Pseudocloeon 

Heptageni~dae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophlebiidae 
Leptophlebin 
Rvaleptophlebia 

Ephemerellrdae 
Ephemerella 

Trteorythldse 
lYiaKythales 

Caenidae 
Caenis 

Baetiscidae 
8 1 Baetiscs 

5 Odonata 
Calopterygrdae 

82 Calopteryx 
Lestldae 

83 Lestes 
Coenagrlonidae 

84 Coenagrion 
85 Lsehnwa 

Continued ... 

I 



l'able DS. Continued 

SYNCRUDE 
Code T a r s  

Sorine (17 June) Summer (28 Julv) . - 
1 2 3 2 DIP 1 2 3 x Dip 1 2 3 x Dip 

-- -- 

M T C  MTG 

Gomphldae 
2 8 Gomphus 
86 Ophiagomphus 1 0 3 

Aeshnidae 
42 Aeshna 
87 Anax P 

Cordullldae 
39 SomatoeNora 
88 Llbelluildae 1 3  1 . 3  

2 Plecoptera 
Pteronarcvidae 

3 Reronarcys 
Taeniopterygldae 

89 Taeniopteryx 
Nemourldae 

59 Malenka 
34 Nemoura 

Perlidae 
90 Aaoneuria 

lsoperl* 
Chloroperlidae 

Hemiptera 
Notonectldae 
Corixldae 
Gerndae 

Gerris 
Trlchoptera 

pupae 
Philopatamldae 

Wormaldia 
Psychomylidae 

Ryehom yia 
Polycentropodidae 

Neureclipsis 
Polycentropw 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 

Rhyacophilldae 
Rhyamphila 

Glossosomatldae 
Glossasoma 

Hydroptllldae 
Hydroptlla 

Ochrotriehia 
Phryganeidae 

Agryplia 
Ptilastomis 

Brachvcentrldae 
Brachycentra 

Lepidostomatidse 
Lepidostoma 

Limnephllldae 
Clostwca 
Grammotaulius 
Hesperophylax 
Nemotaulim 

Hellcopsychidee 
Helimpsyche 

Leptacercdae 
Ceraclea 
Oecetis 

Coleoptera 
Gyrinidae 
Hallplldae 

Haliplus 
Dytlscidae 
Elmldae 

Dlptera 
pupae 

Tlpulidac 
Chaoborldae 

Chaoborus 
Slmulildae 

pupae 
Cerstopagonidae 
Chironomidae 
Tabanidae 
Emptdidae 

COLUMN MTALS 

TAXA 

Notes: MTC = major taxonornjc category; XTG = malor taxonomic group: A = abundant (five or more ~ndlv~duals).  P = present; NelU sampler: area = 0.1 m2. mesh size = 
0.210 mm; Dlpnet: mesh slze = 0.250 mm. 



ÿ able D9. Taxonomic composition and abundance of benthic jnacroinvertebrates in replicate Ekman grab samples and d~pnet  samples from statlon W3-B on Creek k3, 
1984. 

SYNCRUDE 
S p r i  (17 June) Summer (28 July) Pa11 (26 September) 

I 
- - - 

Code Tara 1 2 3 x Dip 1 2 3 x Dip 1 2 3 x Dip 

MTC M W  

COELENTERATA 

Peiecypoda 
Sphserlrdae 
L'nlonldse 

Gastropoda 
Valvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeidae 
Lymnaea 

Physidae 
nysa 

Planorbidae 
Armiger 
Gyraulus 
Helisoma 
Romenetrs  

Ancylldae 
Ferrissia 

ANNELIDA 
Hlrudlnea 

Glosslphonlldae 
Glossiphonia complanata 
HeloMella stagnaiis 

H~rudmmdae 
Haemopis grandis 

ErpobdeUldae 
Nephel-is obseura 

Oligachaeta 3 
ARTHHOPODA 

Arachn~da 
Acsrl 

Crustscea 
Malacostra~a 

A,nphlpods 
Gammarus lacustris 1 
Hyalelle azteca 

lnsec ta 
Collelnbola 
Ernphemeroptera 

Siphlonurldae 
Ameletus 
Siphlonunrr 

Metretopodidae 
Metretopus 

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudoclwon 

Heptagenlldae 
Heptagenia 
Rhiulrogena 
Stenonema 

Leptophlebildae 
Leptophlebia 
Paraleptophlebia 

Ephernerellldae 
Ephemerella 

Trlcorythidae 
Trieorythodes 

Caenldae 
Caenis 

Baetlscldae 
Metisea 

Odonata 
Calopterygldae 

Calopteryx 
Lest~dae 

Lestes 
Coenagrlonldae 

Cwnagrion 
lschnure 



Table U9. Continued. 
-- -- 

Spring (17 June) Summer (28 July) Fall (26 September) 
SYNCRUDE - 

Code Taxa 1 2 3 F Dip 1 2 3 x Dip 1 2 3 x Dip 
. - - -. -- . - - - 

MTC MTG 

Gomphidae 
Gomphus 
O ~ h i o g o m ~ h u s  

Aeshnldae 
Aeshna 
Anax 

Corduliidae 
Somatahlora 

Libellulidae 
Plecoptera 

Pteronarcyidae 
Pteronarep 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Male* 
Nemoura 

Perlidae 
Acroneuria 
Claassenia 

Perlodidae 
AreynoPteryx 
b p e r l a  

Chloroperlidae 
Hemiptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris 
l'richoptera 

pupae 
Philoptamidae 

Wormaldia 
Psychomyiidae 

Psychomyia 
Polycentropodidae 

Neureelipsis 
Polycentropus 

Hydropsychidae 
Cheumatopsyehe 
Hydropsgehe 

Rhyacophilidae 
Rhyacophila 

Glossosomat~dae 
Glossmma 

Hydroptilidae 
Hydroptila 

Oehrotriehia 
Phryganeidae 

Agrypnia 
Ptilostomis 

Brachycentridae 
Brachyeentrla 

Lepidostomatidae 
Lepidostoma 

Limnephilidae 
CloStoeca 
GrammOtauliuS 
He+peroPhYlax 
Nemotaulius 

Helicopsychidae 
Helicopsyehe 

Leptoceridae 
Ceraelea 
Oeeetis 

Coleoptera 
Gyrinidae 
Haliplidae 

Haliplrrs 
Dytiscidae 
Elmidae 

DIptera 
pupae 

Tipulidae 
Chaoboridae 

Cheoborw 
Simuliidae 

pupae 
37 Ceratopgonidae 

8 Chironomidae 
38 Tabanidae 
46 Empldidae 

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

COLUMN TOTALS 5 3 9 5.6 53 42 113 69.2 108 24 I28 86.1 

TAXA 14 11 12 5 18 11 
- 

Notes: MTC = major taxonomic category; ~ I T ( ;  = majar taxonomic group; A - abundant (five or more individuals). P =present; Ekwan grab sampler: area = 0 023 m2, 

sieve mesh size = 0.250 mm; Dipnet: mesh slze = 0 250 min. 



Table D10. Taxonomic composition and abundance of benthic rnacroinvertebrates in repl~cate  Neil1 samples and d ~ p n e t  samples from station WID-B2 an the West 
Interception Ditch, 1984. 

SYNCRUDE 
Code Taxa 

-- 

Spring (17 June) Summer (28 July) Pall (26 September) 

1 2 3 ; Dip 1 2 3 2 Dip 1 2 3 x Dip 

MTG 

COELENTERAT.4 
Hvdrozoa 

Hydra 
NEWATODA 
MOLLUSCA 

Pelecypoda 
Sphaerildae 
linlanidae 

Gastropod8 
Valvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lyrnnaeldae 
Lymnaea 

Physidae 
nysa 

Planorbidae 
Armiger 
Gyraulus 
Helisoma 
Romenetlrr 

Ancyl~dae 
Perrissia 

ANNELIDA 
H~rudlnea 

Glossiphoni~dae 
Glossiphonia eomplanata 
Helobdella s t a g d s  

HIrudlnldae 
Haemopis grandis 

Erpobdellldae 
Nephelopsis obseura 

Ollgochaeta 
AKTHHOPODA 

Arachnlda 
Acarl 

Crustacea 
Malacostraca 

Amphipods 
Gammarus lacustris 
Hyalella azteca 

lnsecta 
Collembola 
Ernphelneroptera 

Siphlanurldae 
Ameletlrr 
Siphlonurus 

Metretopodldae 
Metretopus 

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudoclwon 

Heptagenlidae 
Heptegenia 
Rhithrogena 
Stenonema 

Leptophlebi~dae 
LeptopNebis 
ParaleptopNebia 

Ephemerellidae 
EphemereUs 

Tr~COryth~dae 
Tricorythodes 

Caenldae 
Caenis 

Baetiscadae 
Baetisea 

Odonata 
Calopterygldae 

Calopteryx 
Lestldse 

Lestes 
Coenagrionidae 

Cwnagrion 
Lschnura 



SYNCRUUE 
Code Tara 

spring (17 June) - Summer (28 July) 

1 2 3 4 D ~ D  1 2 3 D ~ D  

Pall 126 September) -- - .- -- - -- 
I 2 3 i Dip 

MTC MTG 

f;omphldae 
Gomphus 
Ophiogomphus 

Aeshnidac 
Aeshna 
Anax 

Lorduliidae 
Somatochlora 

LlDeUulldae 
Plecoptera 

Pteronarcyldae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoura 

Perlidse 
Aemneuria 
C l a m e n i a  

Perlodidae 
Arcynopteryx 
m p e r l a  

rhloroperlldae 
Hernlptera 

Notonectldae 
Corixldae 
Gerrldse 

Gerris 
Trlchoptera 

pupae 
Phliopotamidae 

Wormaldia 
Psychomyiidae 

Psychomyia 
Polycentropodldae 

Neureclipsis 
Polycentroprrs 

Itydropsychidae 
Cheumatopsyche 
Hydropsyche 

Khyacophilidae 
Rhyacophila 

Glossosomatidae 
Glossosoma 

Hydropt~lidae 
liydroptila 

Ochrotrichia 
Phryganeidae 

Agrypnia 
Ptiostomis 

Brachycentrlda~ 
Brachycentrus 

Lepidostolnatidae 
Lepidostoma 

L~mnephiltdae 
Clostoeca 
Grammotaulius 
Hesperophylax 
Nemotaulius 

Hel~capsychldae 
Heticopsyehe 

Leptocerldae 
Ceraclea 
Oecetis 

Coleopters 
Gyrinidae 
tlailplldae 

Haliplus 
Dytlscldae 
Elm~dae 

Dlptera 
DUDBf 

"- pupae 
d c  Ceratopogonidae 

8 Chlronolnldae 
38 Tnbanidae 
46 Cmpidldae 

COLUMN TOTALS 50 18 28 31.9 88 80 111 92.9 766 484 524 591.2 

TAXA 19 15 11 6 14 3 

xotes: :;TC = malo,, tsxano!ntc rstegory: 'VTG = innlor tsxonolnic group: 4 = abundant ' f lvs  or (more ~ndiv,dunls). P = present: NeiU sampler: area = 0.1 m2 mesh size 7 

0.210 mm; Dipnet: :nesh size = 0,250 .nm. 



Table D11. Taxonomic composition and abundance of benthlc lniacrolnvertebrates in replicate Neill samples and d ~ p n e t  samples from station BRC-B on Bridge Creek, 1984. 

SYNCRUDE 
spring (18 June) Summer (29 July) Fell (21 September) 

- - 
Code Tarn 1 2 3 x Dip 1 2 3 x Dip 1 2 3 x Dip 

MTC MTC. 

COELENTERATA 
Hydrozoa 

12 Hydra P 
15 NEMATODA 0.3 

8 MOLLUSCA 
Pelecypoda 

29 Sphaerudae 
65 Unlonldae 

Gastropoda 
Valvatidae 

66 Valvala 
Valvata slncera sincera 
Valvata tricarinsta 

Lymnaeldae 
32 Lymnaea 

Phvsldae 

11 ~ y r a i l u  
50 Hetisoma 
68 Romenetus 

Ancyildae 
18 Ferrissia 

9 ANNELIUA 
23 Hirudinea 

Glossiphoniidae 
69 Glossiphonia m m p h a t a  
70 Helobdella stagnalis 

Hirudlnidae 
7 1 Haemopis grandis 

Erpobdell~dae 
72 Nephelopsis obscura 
22 Ollgochaeta 7 I 2.7 

ARTHROPODA 
Arachnids 

13 Acarl 1 0.3 
10 C r u s t a ~ e a  

k ~ a l ~ c o s t r a c a  
Amphipods 

24 Gammarls lacustris 
73 HyaleUa az teca  

1nsec ta 
74 Callembola 

1 Emphelneroptera 
Siphlonurldae 

33 Ameletus 
75 Siphlonurus 

Sletretopodldae 
76 Metretopus 

Baetldae 
1 Eaetis 

c a l l i h s e t i  
77 Centroptilurn 
44 Reudocloeon 

Heptagenudae 
2 Heptagenia 

78 Rhithrogena 
79 Stenonema 

Leptaphlebl~dae 
80 Leptophlebia 
30 Paraleptophlebia 

Epheinerellldae 
19 Ephemerella 

TY~corythtdae 
13 Trimrythodes 

Caenldae 
15  Csenis 

Baetlscldae 
81 Eaetisea 

5 Odonata 
Calopterygrdae 

82 Calopteryx 
Lestldae 

83 L e ~ t e s  
Coenagriontdee 

84 Coenagrion 
85 Lwhnura 

Continued ... 



Table D l l .  Cont~nued. 
-- 

Spring (18 June) Summer (29 July) Fa11 (21 September) 
SYNCRUDE 

Code Tam 1 2 3 x Dip 1 2 3 x Dip 1 2 3 ii Dip 

MTC MTG 

Gomphidae 
28 Gomphw 
86 Ophicgomphus 

Aeshnidae 
42 Aeshna 
87 Anax 

Cordulildae 
39 Somatochlwa 
88 Libellulldae 

2 Plecoptera 
Pteronarcyidae 

3 Pteronareys 
Taeniopterygldae 

89 Taeniopteryx 
Nemouridae 

59 Malenka 
34 Nemoura 

Perlidae 
90 Amneur ia  
91 Clsusznia 

Perlodidae 
58 Arcympteryx 
48 -Perk 
92 Chloroperlidne 

Hemlptera 
93 Notonectidse 
91 Corixidae 

Gerridae 
95 Gerris 

3 Trichoptera 
pupae 

Phllopotamidae 
17 Wwmaldia 

Psychornyildae 
96 Rychomyia 

Polycentropodldae 
20 Neureclipsis 
97 Polycent row 

Hydropsychidae 
98 Cheumatopsyche 

4 Hydropsyche 
Rhyacophllldae 

51 Rhyaeophila 
Glossosomatidae 

5 Glossosoma 
Hydroptilidae 

4i Hydroptila 
95 Ochrotrichia 

Phrveaneidae 

Brachycentridae 
Brachyeentrus 

Lepidostomatidae 
Lepidostoma 

Limnephilidae 
c1ostwca 
Grarnrnotauliw 
Hesperophylax 
Nernotauliw 

Hellcopsychidae 
Helicopsyche 

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gynnidae 
Haliplidae 

Haliplw 
Dytiscidae 
Elmidae 

Diptera 
pupae 

35 Tlpulidae 
Chaobaridae 

112 Chaoborw 
7 Simuliidae 

pupae 
31 Ceratopogonidae 

8 Chironomidae 
38 Tabanidee 
46 Empididae 

-- -- . -. - 
COLUMN TOTALS 32 I I 15.4 33 15 46 31.3 9 5 11 8.3  

TAX A 13 6 10 4 7 3 
-- 

Notes: AITC = major taxonomic category; MTG = major taxonomic group; A = abundant (five or mare individuals). P = present; Neill sampler: apee = 0.1 m 2 ,  mesh size = 
0.210 mm; Dipnet: mesh s!ze = 0 250 mm. 



II 

Table 312. Taxonomic colnposition and abundance of benthic tnacro~nvertebrates ~n replicate Nelll samples and dipnet samples from statlon LBC-B1 on Lower Beaver 
Creek, 1984.  

I SY NCRUUE Spring (19 June) Summer (29 July) Fa11 (22 September) 
Code Tarn 

- 
1 2 3 x Dip 

- 
1 2 3 x Dip 1 2 3 ; Dip 

M T C  MMn: 

COELENTERATA 
Hydrozoa 

12 Hydra 
15 NEMATODA 

8 MOLLUSCA 
Pelecypoda 

29 Sphaeriidae 
65 Unlonldae 

Gastropods 
Valvatidae 

66 Vdvata 
Valvata sincera sincera 
Valvata tricarineta 

Lvrnnaeldae 
Lymnaea 

Physldae 
wysa 

Planorbldae 
Armiger 
Gyraulus 
Helisoma 
Romenetla 

Ancylidae 
Ferrissia 

ANNELIDA 
Hlrudlnea 

Glossiphonlldae 
Glossiphonia eompLanata 
Helobdella stagnalis 

Hlrudinldae 
Haemopis grandis 

Erpobdellldae 
Nephelopsis obscura 

Oligochaeta 
ARTHROPODA 

Arachnlda 
Acari 

Crustaces 
hlalacostraca 

Arnphipoda 
Gammarus lacustris 
Hyalella azteca 

Insects 
Collernbols 
Empheineroptera 

Siphlonurldae 
Ameletus 
S i p h l o n m  

Metretopodldae 
Metretopus 

Baetidae 
Beetis 
Callibeetis 
Centroptilum 
Reudoeloeon 

Heptageniidae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophlebiidae 
Leptophlebia 
Paraleptophlebia 

Ephernerelladae 
W e m e r e l l a  

Trkcoryth~dae 
TTieorythodes 

Caenbdae 
Caenis 

Baetlscidae 
Beetisee 

Odonata 
Calopteryg~dae 

Calopteryx 
Lestldae 

h t e s  
Coenagrlonrdae 

C w n a p i o n  
lsehnura 



- - - - - - - - -. -- -- - - - . . - -. -- - - - - - -- 
Spring (19 June) 

- - -- 
Summer (29 July) Pall (22 September) 

SYNCRUDE 
Code Taxa 1 2 3 x Dip 1 2 3 x Dip 1 2 3 X Dip 

-- -. -- -- ~ 

MTC MTG 

Gomphsdae 
Gomphus 
Ophiogomphus 

e s h n l d a e  
Aerhna 
Anax 

Corduludae 
Somatochlora 

L~beilulidac 
Plecoptern 

Pteronarcyidae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoma 

Perlldae 
A w n e w i a  
Claasenia 

Perlodidae 
Areynopteryx 
W r L -  

Chlaraperlldae 
t ieinlpters 

Notonectldae 
Cortxidatl 
Gerrldae 

Gerris 
1Y1choptera 

pupae 
P h ~ i o p o t a m ~ d a e  

Wormaldia 
Psychamy!idsf 

Rychomyia 
Polycentropod~dse 

Neureclipsis 
Palyeentropw 

Hydropsycir~dae 
Cheumatopsyche 
Hydropsyche 

Bhyacophilidae 
Rhyamphila 

Giossosomat~dae 
Glcsosoma 

Hydropt.lidae 
tipdroptila 

Ochrotrichia 
Phryganeldac 

Agrypnia 
Ptilmtomis 

Bracnycen t r~dae  
Erachycentrla 

Lepidostomatldae 
Lepidastoma 

Llmnephil~dae 
CloStOeca 
Grammotaullus 
Hesperophylex 
Nemotaulius 

l l e l~copsych~dae  
Helicopsyche 

Leptocerldsr  
Ceraclea 
Oecetis 

Coleoptera 
Cyrtniaae 
Hallplldne 

Haliplus 
Dytiscldee 
Elrnldee 

i l l  
4 7  

6 

- - - - - -- - - 

COLUMN TOTALS 7 34 65 35.3 209 100 135 147.7 312 329 54 231.6 

TAXA 10 5 15 2 18 4 

Notes: :ITC = mslor taxonomic category: \IT(; = malot. t a x o n o m ~ c  g o u p ;  4 = abundant (f ive or more ~nd,vtdunls). P = present: Ne,ll ?ampler: sren = 0.1 m2. mesh v z e  - 
0.210 mm: Dlpnet: mesh size = 0.250 mm. 



'Table DiJ .  Taxonomic composltlon anu abunaance o i  benthic macro~nvertebrates In replicate Ne~ll samples and dipnet samples from station LBC-B2 on Lower Beaver 
Creek. 1984. 

SYNCRUDE 
Code Taxa 

- -  

Sprmg (19 June) Summer (29 July) Fall (21 September) - 
1 2 3 x Dlp 

- 
1 2 3 x Dlp 1 2 3 x DIP 

MTC MTG 

LOELENlEKATA 
hvdrozoa 

1 2  Hydra 
15 IUKWATOUA 

8 MOLLUSCA 
Pelecypoda 

29 Sphaerudae 
65 Dnlomdae 

tiastropcda 
Valva tidae 

66 Valvata 
Valvata sincera sincera 
Valvata triearinata 

Lymnaeidse 
32 Lymnaen 

Pnysldae 
IU Physa 

Planorbldae 
67 Armiger 
1 I Gyraulus 
50 Hehsoma 
68 Romenetus 

Ancyhdae 
18 Ferrissia 

9 ANNELIUA 
23 hlrudlnea 

Giossiphonlldse 
69 G1asslphoni.a eomplanata 
70 HeloMella stegnalis 

hlrudrn~dse 
7 1  Haemopis grandis 

Erpobdeli~dae 
72 Nephelopsis obscura 
22 Oligochaeta 

ARTHKOPOUA 
Arachnids 

13 Acarl 
1U Crustacea 

Malacostrsca 
Amphlpcda 

14 Gammarls lacustris 
73 Hyalella aztece 

lnsecta 
74 CoUenlbola 

1 Emphemeroptera 
Slphlonurldae 

33 Ameletus 
75 S i p N o n m  

letretopodldae 
76 Metretopus 

Uaetldae 
1 Beetis 

Call~baetis 
77 Centroptilum 
44 Pseudoclcuon 

Heptagenlldae 
L Heptagenia 

78 Rhithrogena 
79 Stenonema 

Leptophleblldae 
80 Leptophlebia 
JO Paraleptophlebia 

bphemereuldae 
19 Ephemerella 

Tr~coryth~dae  
43 Tricorythodes 

Caenldae 
45 Caenis 

Baetlscldae 
d l  Beetisea 

5 Odollata 
Calopteryg~dse 

d 2  Calopteryx 
Lesttdse 

I J  Lestes 
Coenagrlonldae 

a4 Coenagrion 
85 k h n u r a  

Cont~nued ... 



Table D13. Continued. 

SYNCRUDE 
spring (19 J m e )  Summer (29 July) Fall (21 September) -- 

Code Taur 1 2 3 x Dip 1 2 3 ? Dip 1 2 3 ? Dip 
- 

MTC MTG 

Gomphidae 
Gomphus 
ophiogomphus 

Aeshnldae 
A s h a  
ANU 

Cordulildae 
Somatochlwa 

Libellulidae 
Plecoptera 

Pteronarcyidae 
Pteronarcys 

Taenioptelygidae 
Taeniopteryx 

Nemouridse 
Malenh 
Nemoura 

Perlldae 
Acmneuria 
Claassenia 

Perlodidae 
Arcynopteryx 
LWper1a 

Chloroperlidae 
Hemlptera 

Notonectldae 
Corlxldae 
Gerridae 

Gerris 
Trichoptera 

pupae 
Phllopotamidae 

Wormaldia 
Psychomyiidae 

Rychomyia 
Polycentropodidae 

Neweclipis 
mlycentropus 

Hydropsychidae 
Cheumatopyehe 
Hydropsyche 

Rhyscaphil~dae 
Rhya- 

Glossosomat~dae 
Glgsosoma 

Hydroptilidne 
Hydroptila 

Ochrotriehia 
Phryganeidae 

l r s v p l i a  
W i t o m i s  

Brachycentr~dae 
Rachycentnm 

Lepidostomatidae 
Lepidostoma 

Limnephilidae 
Clostoeoa 
Grammotaulius 
HesPeroPhYb 
Nemotaulila 

Helicopsychidae 
Helieopyche 

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gprinidae 
Hallplldae 

Haliplw 
Dytlscidae 
nmldae 

Dlptera 
pupae 

Tipulldae 
Chaoboridae 

Chaoborus 
Simuliidae 

46 Empididae 

COLUMN TOTALS 61 274 321 218.7 1514 499 942 984.6 358 391 306 353.5 

TAXA 19 8 31 7 23 7 

Notes: LlTC = major taxonomic category; "AT3 = major taxonomic group; A = abundant (five or more indkvlduals), P = present: Neill snmpler: area = 0.1 mZ. mesh size = 

0.210 mm; Dipnet: mesh size = 0.250 mm. 



Table D14. Taxonomic composition and abundance of benthic macroinvertebrates in replicate Ekman grab samples and dlpnet ~ a n p l e s  from .tation UBC n on Upper 
Beaver Creek, 1984. 

SYNCRUDE 
Code Taxa 

MTC MTG 

spring (15 June) 
-- Summer (30 July) 

--A 

1 2 3 x DQ 1 2 3 i Dio 
Pa11 (22 September) 

1 2 3 X Dio 

COELENTERATA 
Hydrozoa 

Hydra 
NEWATODA 
MOLLUSCA 

Pelecypoda 
Sphaeriidae 
Unionidae 

Gastropods 
Valvatidae 

Valvata 
Valvata sincera sineera 
Valvata triearinata 

Lymnaeidae 
Lymnaea 

Physldae 

Planorbidae 
Armiger 
Gyraulus 
Helisoma 
Promenetls 

Ancylidae 
Ferrissia 

ANNELIDA 
Htrudines 

Glossiphonildae 
Glmsiphonia eomplanata 
HeloMeUa stagnalis 

llirudinidae 
Haemopis grandis 

Erpobdellidae 
Nephelopsis obsewa 

Ollgochaeta 
AHTHROPODA 

Arachnlda 
Acar, 

Crustacea 
Malscostraca 

Amphtpoda 
Gemmarus laeustris 
Hyalella azteea 

lnsecta 
CoUembola 
Emphemeroptera 

Siphlonuridae 
Ameletm 
Siphlonurvs 

Metretopodidae 
M e t r e t o w  

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Pseudocloeon 

Heptagenitdae 
Heptngenia 
RhiUvogena 
Stenonema 

Leptaphlehlldae 
Leptophlebia 
Paraleptophlebia 

Ephemerellidae 
ephemereUa 

Tricorythidse 
Pimythodes 

Caenidae 
Caenis 

Baetis~ldae 
Baetisca 

Odonsta 
Calopterygidae 

Calopteryx 
Lestidae 

Lestes 
Coenasr~onldae 

Coenagrion 
lsehnura 



SYNCRUDE 
Code Taxa 

Spring (15 June) -- 
1 2 3 Z Dio 

Summer (30 July) -- - . - 
1 2 3 E DIP 

Fall (22 September) ---- 
1 2 3 i Dip 

MTC MTG 

Gomphidae 
2 8 Gomohus 

~phibgomphus 
Aeshnidae 

Aeshna 
Anax 

Corduli~dse 
Somatochlora 

Llbellulidae 
Plecoptera 

Pteronsrcyldee 
Pteronareys 

Taenlopterygldse 
Taeniopteryx 

Nemourldae 
Malenka 
Nemoura 

Perl~dae 
Aeroneuria 
CLaassenia 

Perlodldae 
Arcynopteryx 
lsoperla 

Chloroperlldae 
Hemlptera 

Notonectidae 
Corlxidee 
Gerrldae 

Gerris 
Tr~choptera 

pupae 
Philopotamidae 

Wormaldia 
Psychomyndae 

Psychomyin 
Polycentropodidae 

Neureelipsis 
Polyeentroplln 

Hydropsychidae 
Cheumatopsyehe 
Hydropsyche 

Rhyacophllldae 
Rhyaeophila 

Glossosomet~dae 
Glossosoma 

Rydroptllidae 
Hydroptlla 

Oehmtriehia 
Phryganeldae 

Agrypnia 
Ptilostomis 

Brachvcentrldae 

Lepidostoma 
Limnephilldae 

Clostwea 
Grammotaulius 
Hesperophylax 
Nemotaulius 

Hel~copsychidse 
Helieogyche 

Leptoceridae 
Ceraclea 
O e e e t i  

Coleoptera 
Gyr~nldae 
Raliplidse 

Haliplus 

Dlptera 
pupae 

Tipultdee 
Chsobor~dae 

Chaobwus 
Slmullidee 

pupae 
Ceratopogonidae 
Chlronomldae 
Tebanidae 
Empidldae 

COLUMN TOTALS 94 2 0 31 .9  17 212 113 134 .0  252 380 192  274.7 

TAXA 14  12 18 6 11 5 

Notes: X1l.C = major taxonornlc category: \1TC major taxonoinlc group: 4 = abundant (five or more ~ndlv~duals),  P = present: Ekrnsn grab sampler: area = 0.0?3 m2 
sieve mesh size = 0 . 2 5 0  mm; Dipnet: mesh size = 0 . 2 5 0  mm. 



Table D15. I'axonomic ComPOSltlOn and abundance of benthlc macrolnvertebrates in replicate Ned1 samples and dipnet samples from station B1-B on Creek B1, 1984. 

SY NCRUDE Spring (NIA) Summer (28 July) Fa11 (26 September) 
Code Tara 1 2 3 i Dip 1 2 3 ? Dip 

- 
1 2 3 x Dip 

COELENTERATA NO SAMPLES WERE 
Hydrozoa COLLECTED IN SPRING 

Hydra 
NEMATODA 1 0.3 
YOLLUSCA 

Pelecypoda 
Sphaeri~dae 
Unlonldae 

Gastropods 
Vslvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricnrinata 

Lymnaeidae 
Lymnaea 

Physidae 
nysa 

Planorb~dae 
Armiger 
Gyraulus 
Helisoma 

9 ANNELIDA 
23 Hlrudlnes 

Glosslphoniidae 
69 Glosslphonia c o m p h t a  
70 HeloMella st-s 

Hirudlnidae 
7 1 Haemopis grandis 

Erpabdell~dae 
72 Nephelopsis obseura 
22 Ollgochaete 

ARTHROPODA 
Arachnraa 

13 Aeari 
10 Crustacea 

Malacostraca 
Arnphlpoda 

24 Gammarus hcustris 
73 Hyalella azteca 

Insecta 
74 Collembola 

1 Emphemeroptera 
Slphlonurrdae 

33 Ameletus 
75 SipNonurus 

Metretopod~dae 
76 Metretopus 

Baetldae 
1 Baetis 

Caihbaetis 
77 Centroptilum 
44 Pseudoclwon 

Heptagenlldae 
2 Heptagenia 

78 Rhithrogena 
79 Stenonema 

Leptophleblldae 
60 Leptophlebia 
30 ParaleptopNeb~a 

tphernerellidae 
19 Qhemerelle 

TTi~oryth~dae 
43 TTimrythodes 

Caenkdae 
15 Caenis 

baetecrdae 
8 1 h e t i s e a  

5 Odonata 
Calopterygldae 

82 Calopteryx 
Lestldae 

63 Lestes 
Coenagrlonrdae 

84 Cwnagrion 
85 Ischnura 

Continued ... 



Table D15. Continued 
- 

SYNCRUDE 
Spring (NIA) Summer (28 July) Pall (26 September) 

Code Taxa 1 2 3 x DIP 1 2 3 x Dip 1 2 3 x Dip 
-- 

MTC MTG 

Gomphidae 
Gomphus 
Oehiogomphus 

Aeshnidse 
Aeshna 
Ansx 

Corduliidae 
SomatoeNora 

Lxbellulidae 
Plecoptera 

Pteronarcyidae 
Pteronarop 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenk 
Nemoura 

Perlidae 
Acmneuria 
Claarsenia 

Perlodidae 
ArcynoPteryx 
kw-la 

Chloroperlldae 
llemiptera 

Notonectidae ~ - 

94 Cor~xidae 
Gerrldae 

95 Gerris 
3 T~lchaptera 

pupae 
Philopotamidae 

Wormaldia 
Psychomyiidae 

Psychomyia 
Polycentropodidae 

Neureclipsis 
P o l y c e n t r o p  

Hydropsychidae 
Cheumatopsyche 
H y d r w e h e  

Rhyacophilidae 
Rhyacophip 

Glossosomatldae 
Glassosoma 

Hydroptilidae 
Hydroptila 

Dehmtrichia 
Phryganeidae 

2E:is 
Brachycentridae 

Rachycentns  
Lepiaostomatidae 

Lepidostoma 
Limnephilidae 

Clmtoeea 
Grarnmotaulila 
Hapero~hylax  
NemotaUlius 

Helicopsychidae 
Helicopyche 

Leptoceridae 
Ceradea  
Oeeetis 

:oleoptera 
Gyrinldae 
Haliplidae 

HaliPhn 
Dytisc;dae 
Elmidae 

Diptera 
pupae 

Tipulldae 
Chaoboridae 

Chaobwus 
Sllnuliidae 

pupae 
Ceratopogonidae 
Chironomidae 
Tabanidae 
Empididae 

-- 
COLUMN TOTALS 123 . 71 10 61.9 320 116 182 209.0 

TAXA 16 5 30 4 
p-pp--p-. - 

Notes: MTC = major t u  :lomic category; MTG = major taxonomic group; A = abundant (five or more individuals). P = present; Netll sampler: area = 0.1 m 2 .  mesh S l Z r  = 
0.210 mm; Dlpnet: mesh size = 0.250 mm. 



i'able D16. Taxonomic composition and abundance of benthlc macro~nvertebrates in replicate Ekman grab samples and dlpnet samples from station BCR-B1 on Beaver 
Creek Keservolr, 1984. 

I SYNCRUDE Spring (15 June) Summer (24 July) Fa11 (23 September) 
Code Tara 1 2 3 :  - 1 2 3 x Dip 1 2 3 ; Dip 

MTC MTG 

COELENTERA rA 
Hydrozoa 

12 Hydra 
15 NbWATODA 

8 MOLLUSCA 
Pelecypoda 

29 Sphnerirdae 
ti5 Unionidae 

Gastropcaa 
Valvatrdae 

Bb Vlllvata 
Valvata sincera sincera 
Valvata tricarinata 

Lgmnaeldae 
32 Lymnaea 

Physidae 
10 mysa 

Planorb~dae 
b7 Armiger 
11 G y r a u l l ~  
50 Helisorna 
68 Romenetlrs 

Ancylidae 
18 Ferrissla 

9 ANNELIDA 
23 Hirudinea 

Glossiphoniidae 
69 Glossiphania e o m p h t a  
70 Helobdella stagnalis 

H~rudlmdae 
7 1 Haemopis grandis 

Erpobdellldae 
12 Nephelopsis ohPeura 
22 Ollgochaeta 243 83 68 131 .3  

AHl'hhOP0L)A 
Arachnlda 

13 Acari I 0 . 3  
10 Crustacea 

Rialscostraca 
Amphipoda 

24 Gammarus lacustris 1 0 . 3  
73 Hyalella azteca 0 . 7  

lnsecta 
74 Collembola 

1 Emphetneroptera 
S~phlonurldae 

35 Ameletus 
75 SipNonuns 

bietretopodldae 
76 Metretopus 

Baetldae 
1 Baetis 

Callibaetis 
77 Centroptilum 
44 Pseudoeloeon 

Heptagsniidae 
2 Heptagenia 

78 Rhithrogena 
7 b Stenonema 

LeptopNebudae 
6u Leptophlebia 
30 Paraleptophlebia 

Ephelnerellldae 
19 Ephemerella 

Trlcoryth~dae 
43 Trieorythades 

Caenldae 
45 Caenis 

fiaetucldae 
8 i Baeti?.cn 

Oaonata 
Calopterygldae 

82  Calopteryx 
Lestldae 

83 k t e s  
Coenagrlonidae 

P 

84 Coenagrion 
P 4 

85 lschnura 4 4 2 . 7  

Continued ... 



.rabie n l6 .  Continued. 
~ ---pp-...p--...-----------.p--.--. 

Spring (15 June) Summer (24 July) 
-. - - - ---- -- Pall (23 September) 

SYNCRUDE 
Code Tam I 2 3  i 1 2 3 k Dip 1 2 3 k Dip 

-p--pp--p.---pp- 

MTC MTG 

Gomphldae 
Gomphlrs 
Ophiagomphus 

Aeshnidee 
Aeshna 
Anax 

Corduliidae 
SomatoeNora 

Libellulldae 
Plecoptera 

Pteronarcytdae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemourldae 
Malenka 
NemOUTB 

Perlidae 
Aemneuria 
Claassenia 

Perlodidae 
ArcYnoPterYx 
hoperla 

Chloroperlldae 
Hemrptera 

Notonectldae 
Cortxldae 
tierridae 

Gerris 
Tr~choptera 

pupae 
Philopotamldae 

Wormaldia 
Psychomyndae 

Psychomyia 
Polycentropodidse 

Neureclipsis 
Polycentrops 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 

Rhyacophllldae 
Rhyacophila 

Glossosornatidae 
Glossosoma 

Ilydroptllldae 
Hydroptlla 

Oehrotriehia 
Phryganeidae 

A g r ~ ~ n i a  
Phryganea 
Ptilmtomis 

Brachycentr~dae 
Brachyeentrus 

Lepldostomatldae 
Lepidostoma 

Limnephilidae 
Clostoeca 
Gr~mmotauhur  
HesPerophYlax 
Nemataulius 

Hellcopsychidae 
Helicopsyehe 

Leptoceridae 
Ceraclea 
Oecetis 

Coleoptera 
Gyrinldae 
Haliplidae 

Haliplus 
Dytlscldae 
Elmidee 

Dlptera 
pupae 

'Tipulldae 
Chaoboridae 

Chaobortrs 
Slmulildae 

pupae 
37 Ceratopogonldae 

a Chlronomldae 
38 Taban~dee 
46 Empid~dae 

--- - 

COLUMN TOTALS 292 106 92 163.2 131 92 124 115.3 250 208 196 217.9 

TAX A 12 17 10 19 10 

Notes: \.IT(; = malo: tsxonomlc category; \1TG = major taxononltc group: A = abundant (five or more ~ndrviduals). P = present: Bkmnn grab sampler: area = 0.0?3 mZ. 
%eve mesh slze = 0.250 mm: Dipnet: mesh size = 0.700 mm. 



Table D l ? .  l'axonomic composltlon and abundance of benthic macroinvertebrates in repl~cate  Ekman grab samples from station BCK-B2 on Beaver Creek Reservoir, 1984. 

SYNCHUDE 
Code Tars 

Spring (15 June) 
- 

1 2 3  x 

Summer (24 July) - 
1 2 3  x 

Fall (23 September) 
- 

1 2 3 x  

M T C  MTG 

COELENTEKAIA 
Hydrozoa 

Hvdra 
NEMATODA. 
MOLLLSCA 

Pelecypcda 
S~haerlldae 

Gastropoaa 
Valvsttdae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeldae 
Lymnaes 

Physrdae 
"Y? 

Planorbldae 
Armiger 
Gyraulus 
Helisoma 
Romenetus 

Ancylidae 
Ferrissia 

ANNELIUA 
Hlrudtnea 

tilosslphonlldae 
Glossiphonia complanata 
Helobdeh stagnalis 

H~rudinldae 
Haemopis grandis 

Erpobdellldae 
Nephelopis obseura 

OLlgochaeta 
AKTHHOPOUA 

Arachnrda 
Acnrl 

Crustacea 
Malaeostracs 

Amphlpcda 
Gemmans lacustris 
HyaleUa az tecs  

lnsecta 
Callembola 
Empherneroptera 

Siphlonurldae 
Ameletm 
SipNonurus 

>letretopodtdae 
Metretopus 

Baettdae 
Bsetis 
Callibeetis 
Centroptilum 
Pseudoclwon 

Heptagen~idae 
Heptagenia 
Rhithrogena 
Stenonerna 

Leptophlebudae 
LeptopNebia 
Paraleptophlebia 

Ephemerellldae 
Ephemerella 

Tr~coryth~dae  
TricoryUlodes 

Caenldae 
Caenis 

baetncldae 
Baetisea 

Odonata 
Caiopteryyidae 

Calopteryx 
Lestldae 

LeSteS 
Coenagr~on~dae 

Coenagrion 
lsehnura 



Table 017. Continued. 

SYNCRUDE 
Code Taza 

S p r i i  (15 June) Summer (24 July) Fall (23 September) 

1 2 3  x - - 
1 2 3  x 1 2 3  x 

MTC MTC 

Golnphidae 
Gomphus 
Ophiogomphus 

Aeshnldae 
Aeshn.9 
ARax 

Cordullldae 
SomatoeNora 

Libellulidse 
Plecoptera 

Pteronarcy~dae 
Pteronareys 

Taenlopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
N e m m a  

Perhdae 
Acmneuria 
ClaasEenia 

Perlodidae 
Arcynopteryx 
bperh 

Chlaroperlidae 
Hemiptera 

Notonectidae 
Corlxidae 
Gerridae 

Gerris 
Trichoptera 

pupae 
Philoptamidae 

Wormaldia 
Psychomyi~dae 

Psychomyia 
Polycentropodidae 

Neureclipsis 
P o l y c e n t r o p  

Hydropsych~dae 
Cheumatopsyche 
Hydropsyche 

Hhyacophil~dae 
Rhyacophila 

Glassosomatidae 
Gloswsoma 

Hydroptllidae 
Hydroptlla 

Oehrotrichia 
Phryganeldae 

2 E E m i s  
Brachycentrldae 

Brachycentrus 
Lepidostomat~dae 

Lepidostoma 
Limnephilidae 

Clostoffa 
Grammotaulius 
Hespero~hyl= 
Nemotaulius 

Helicopsychldae 
Helimpyehe 

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gyrlnldae 
Haliplidae 

Haliplus 
Dytiscidae 
Umidae 

Diptera 
pupae 

Tipulidae 
Chaoborldae 

Chaobwls 1 0.3 
Simuliidae 

pupae 
Ceratopgonidae 
Chrronornidae 7 9 14 10.0 
'Tabanidae 
Empididae 

COLUMN TOTALS 16 38 60 37.9 

TAXA 8 

Notes: ITC = major taxonolnlc category; MTG = major taxonomic group; Ek~nan grab sampler: area = 0.023 m2, sleve mesh size = 0.250 mm. 



Table DIE. Taxonomic composition and abundnnce of benthic rnac~oinvertebrates in replicate E k v s n  grab samples from station RCR F3 on Beaver Creek Recervoir. 1984. 
. 

II SY NCRUDE Spring (1 5 June) Sxmmer (24 July) Pall (23 September) 
Code Rua 1 2 3  X -- 1 2 3  x 

- 
1 2 3  x 

-~ 
MTC MTG 

COELENTERATA 
I fiydrozoe 

12 Hydra 
15 NEMATODA 

8 
2.7 

MOLLUSCA 
Pelecypoda 

2 9 Sphaeriidae 1 0.3 
65 Unionidae 

G a s t r o m a  
Valvatidae 

66 Valvata 4 6 3  4 . 3  
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeidae 
32 Lymnaea 

Physidae 
10 myse 

Planorbldae 
67 Arrniger 
11 Gyraulus 
50 Helisoma 
6b Rornenetls 

Ancylidae 
18 Ferrissie 

9 ANNELIDA 
23 Hlrudlnea 

Glossiphonlldae 
69 Glassiphonia complanata 
70 Helobdella stagmlis 

Htrudtnidae 
7 1 Haemopis grandis 

Erpobdellidae 
72 Nephelopsis obscure 
22 Oligoci~aeta 

ARTHKOPODA 
Arachnlda 

13 Acsrl 
10 Crustncea 

\IaIaC~straca 
~\mphlpodn 

24 Gammarls lacustris 
73 Hyalella azteca 

lnsecta 
74 Collembola 

1 Elnphemeroptera 
Siphlanuridae 

33 Ameletls 
75 SipNonurls 

hletretopodidae 
76 Metretopus 

Baetidae 
1 Baetis 

Callitmetis 
77 Centroptilurn 
44 Pseudoclaeon 

Heptageniidae 
Heptagenia 

78 Rhithrogena 
7Y Stenonema 

Leptophleblidae 
80 Leptophlebia 
30 Paraleptophlebia 

Ephemerellldac 
I Y F.phemereUa 

Trlcorythidae 
43 Trieorythodes 

Caenldne 
15 Caenis 

Baetlscidae 
8: Baetisea 

5 Odanata 
Calopterygidae 

82 Calopteryx 
Lestldee 

83 Lestes 
C0enagr:onldse 

81 Coenagrion 
85 lschnwa 

__ . 

Contiwed .. 



--__ ._ -- ----___. -__- -- -- -. - -. _ - - - ._ - 

Spring (15 June) 
- -. 

Summer (24 July) 
. - -- - -- - 

Fall (23 September) 
SYNCRUDE - . - .- -- -- -. - - - -. . 

Code Taxa 1 2 3  X 1 2 3  x 1 2 3  4 
- - -- - -- - -- 

MTC MTG 

Gomphidae 
Gomphus 
Ophiogomphw 

4eshntdae ~ ~ 

Aeshna 
Anax 

Corduliidac 
Somatochlora 

Libellulldae 
Plecoptera 

Pteronarcyldae 
Pteronarcys 

Taenlopterygidae 
Taeniopteryx 

Nernourtdae 
Malenka 
Nemoura 

Perlidae 
Acroneuria 
Claassenia 

PerlodldaQ 
Arcynopteryx 
lsoperla 

Chloroperlldae 
Hemiptera 

Notonecttdae 
Corixldae 
tierridae 

Gerris 
1Yi~hoptera 

pupae 
Phllopotarnidae 

Worrnaldia 
Psychornyiidae 

Rychomyia 
Polycentropod~dae 

Neureciipsis 
Polycentropus 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 

Rhyacophilldae 
Rhyacophila 

Glossosomatldae 
Glmsosoma 

Hydroptlhdae 
Hydroptlla 

Ochrotrichia 
Phryganeidae 

Agrypnia 
Ptilostomis 

Brachycentridae 
Brachyeentrus 

1,eptdostomatldae 
Lepidostorna 

Llmnephilidae 
Closroeca 
Gram moteulius 
Hesperophylax 
NemotaU1IUS 

Hellcopsychldae 
Helicopsyche 

ieptoceridae 
Ceraclee 
Oecetis 

Coleoptera 
Ggnnldae 
Haltplldae 

Haliplus 
Dytlsc~dae 
Elmtdaa 

Dlptern 
pupae 

'l~pulldae 
Chaoboridac 

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

COLUMN TOTALS 58 84 58 66.6 31 50 121 67.3 130 160 416 235.3 

TAXA 7 4 8 
- -- - pp -. 

Notes: :iTC = rnnlor taxonoinlc category; \IT(; = ~major taxonornlc group: Ekrnan grab sampler: area = 0 . 0 2 3  m2. %eve mesh size = 0.350 mm. 



Table D1Y. 'raxonomic composition and abundance of benthic macroinvertebrates in replicate Ekrnsn grab samples f-om  tati ion BCR 6 4  on Denver Creek Reservoir. 1 9 x 4 .  

.- 

SYNCRUDE Spring N/A Summer (24 July) 
- Pall (23 September) 

Code Taxe 1 2 3  i 
---ppp 

1 2 3  x 1 2 3  F --- -~ 

COELENTERATA 
Hydrozon 

12 Hydra 
15 NEVATODA 

8 MOLLUSCA 
Pelecypoda 

Sphaer~idae 
Unlonidae 

Gastropoda 
Veivatidae 

Valvata 
Valvata sincera sineera 
Valvata triearinata 

Lymnseidae 
Lymnaea 

Physidse 

Planorbldae 
Armiger 
Gyraulus 
Helisoma 
Promenetus 

Ancyl~dae 
Perrissia 

ANNELIIIA 
llirudlnea 

Glossiphonudae 
Glossiphonia eomplanata 
Helobdella stagnalis 

Hlrudlnidae 
Haemopis grandis 

Erpobdellidae 
Nephelopsis obseura 

Ollgachaets 
AHTHROPODA 

hrachnida 
Acar~ 

Crustacea 
Ualacostraca 

Amphlpoda 
Gammarus lacustris 
HyaleUa azteca 

lnsecta 
CoUernbola 

NO SAIIPLES WERE 
COl.LECTEI> IY SPRING 

Einphemeroptera 
S~phlonuridae 

Ameletus 
SipNonwus 

Metretopodidae 
M e t r e t o p  

Baetldae 
Beetis 
Callibaetis 
Centroptilum 
Pseudocloeon 

Heptagenlidae 
Heptagenia 
Rhithrogena 
Stenonema 

l,eptophleb~~dae 
Leptophlebia 
Paraleptophlebia 

EphemereUldae 
Fphemereua 

Wicorythidse 
Tricorythodes 

Cnenidae 
Caenis 

Baetlscidae 
Beetisea 

Odonata 
Calopterygldae 

Calopteryx 
Lestidae 

Lestes 
Coenagr~on~dae 

Cwnagrion 
lschnura 



Table I)l9. Continued 

SYNCRUDE 
Code Taur 

MTC MTG 

Gomphidae 
Gomphus 
o~hiokomphus 

Aeshnidae 
Aerhna 
Anax 

Corduliidae 
Somatochlora 

Libelluhdae 
Plecoptera 

Pteronarcyidae 
Pteronareys 

Taeniopterygidae 
Taeniopteryx 

Nemour~dae 
Malenlta 
Nemoma 

Periidae 
Acmneuria 
Claazsenia 

Periodidae 
Areynopteryx 
m p e r l a  

Chioroperl~dae 
Hemlptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris 
Tr~choptera 

pupae 
Phiioptamrdae 

Wormaldia 
Psychomyiidae 

Psychornyia 
Poiycentropodidae 

Neureclipsis 
Polycentroprs 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 

Rhyacophilidae 
Rhyaeophiia 

Glossosomatidae 
Glossmoma 

Hydmptilidae 
Hydroptlia 

Ochrotrichia 
Phryganeidae 

Agrypnia 
F'tilmtomis 

Brachycentridae 
Brachycentw 

Lepidostomatidae 
Lepidostorna 

Llmnephllldae 
Clmtoeca 
Grammotaulim 
Hesperophylax 
Nemotaulius 

Helicopsyehidae 
Heliropsyche 

Leptoceridae 
Ceraelea 
Oeeetis 

c01eoptera 
tiyrinidae 
Hallplldae 

Haliplus 
Dytlscldae 
Eimidae 

Diptera 
pupae 

Tlpulldae 
Chaoboridae 

Chaoborus 
Simuliidae 

pupae 
37 Ceratopgonidae 

8 Chironomidae 

Spring N/A Summer (24 duly) - Pall (23 September) 

1 2 3  it 1 2 3  X 1 2 3  i 

36 Tahanidae 4 1 . 3  
4 6  Empid~dae 

-- - ... . - - -- 
COLUMN TOTALS 80 115 72 89.0 896 256 548 566.7 

TAXA 11 13 
-- .- 

Notes: MTC = major taxonomic category; MTG = major taxonomic group; Ekman grab sampler: area = 0.023 m2. qieve mesh size = 0.250 mm. 



.I 

Tahle D20 Taxonomic co~npos~tion and abundance of benthic macroinvertebrates In replicate Ekman grab samples from s t a t ~ o n  BCR-B5 on Eeaver Creek Rec~rvoil. 1984. 

1. SYNCRUDE 
Code Tam 

Spring N I A  -- 
1 2 3  x 

Summer (24 July) 

1 2 3  i 
Pall (23 September) 

- - - 
1 2 3  F 

MTC MTG 

COELENTERATA NO SARTPLES k E 4 E  
COLLECTED IN SPRING 

8 "IOLLUSCA 
Pelecypoda 

29  Sphaeriidae 
65 Unlonidae 

Gastropods 
Valvat~dae 

6b Valvata 
Valvata sineera sineera 
Valvata tricarinata 

Lylnneeldae 
Lyrnnaea 

Phys!dae 

p"? Planorhdae 
Armiger 
Gyraulus 
Helisorna 
Promenetus 

Ancylidae 
Ferrissia 

ANNELIDA 
Hrrudinea 

Glosslphonlldse 
Glcssiphonia complanata 
Helobdella st@s 

Hirudlnidae 
Haemopis grandis 

Erpobdellldae 
Nephelopsis &curs 

Ollgoehaeta 
AKTHROPODA 

Arachnldn 
ACBPI 

Crustacea 
\Ialacostracn 

Arnphlpods 
Gernmarls laeustris 
Hyalella azteca 

lnsec ta 
Collembols 
Emphe~neroptern 

S~phlonuridae 
Ameletus 
SipNonurus 

Metretopodldae 
M e t r e t o w  

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudocloeon 

Heptageniidae 
Heptagenia 
Rhithrogena 
Stenonema 

1,eptophlebildae 
LeptopNebia 
ParaleptopNebia 

Ephernerellldac 
Ephemerella 

Trtcorytlildse 
Picorythodes 

Ceentdae 
Caenis 

Baetlscldac 
Haetisea 

Odonnta 
Calopterygldsf 

Calopteryx 
Lestldae 

LeStes 
Coenngrton~dae 

Cwnagrion 
Lschnura 



Tnalc [ ) 2 O ,  contbnued. 

SYNCRUDE spring NIA %mmer (24 July) Fall (23 September) 

Code Taxa 1 2 3  X 1 2 3  X 1 2 3  7 

MTC MTG 

Gornphldae 
2 8 Gornphus 
86 Ophiogomphus 

Aeshnldae 
12 Aeshna 
87 Anax 

Corduliidae 
39 Sornatochlora 
88 Llbellulldae 

2 Piecoptera 
Pteronarcyidae 

3 Pteronarcys 
Taen~opterygldae 

89 Taeniopteryx 
Nemourldae 

59 Malenka 
31 Nemowa 

Perlidae 
Y O  Acmnewia 
9 1 Claassenia 

Perlodidae 
58 Areynopteryx 
48 lsoperla 
92 Chloroperl~dar 

Hemiptera 
93 Notonectldae 
94 Corixldae 

Gerrtdse 
95 Gerris 

3 TPlchoptera 
pupae 

Phllopotamldae 
17 Wormaldia 

Psychomyiidae 
96 Psyehomyia 

Polycentropod~dae 
20 Neweelipsis 
9 i  Polyeenbopus 

Hydropsychldae 
98 C h e u m a t o ~ y c h e  
1 Hydropsyche 

Rhyacophilldae 
51 Rhyacophile 

Glossosomatldae 
J Glossosoma 

Hydraptil~dee 
11 Hydroptila 
99 Oehrotrichia 

Phryganeldae 
101 
102 2 E E r n i s  

Brachycentridae 
27 Brachyeentrus 

Lepldostomatldae 
103 Lepiidmtama 

Limnephilidae 
104 c lmtoeea  
105 Grammotaulim 
106 Hesperophylax 
107 Nemotaulius 

Hel~copsychldae 
108 IIelieopsyche 

Leptocerldae 
9 Ceraelea 

109 Oecetis 
4 Coleoptera 

110 tiyrsnldae 
Hallplldac 

111 Haliplus 
1 7  Dytlscldae 

6 Elmldae 
6 D~ptera  

pupae 
35 Tlpulldae 

Chaobaridae 
112 Chaoborus 

Slrnuliidae 
pupae 

37 Ceratopogontda~ 1 13.3 
8 Ch~ronorn~dae 11 28 29 22.7 24 24 51 34.0 

3 8 Tabanidae 
46 Ernpldldae 

COLUMN TOTALS 20 133 70 74.3 60 80 148 96.1 

TAXA 8 I - 
Nates: VTC = !"ajar taxonomic category; VTC; = major taxonomic group; Fkman grab sampler: area = 0.023 m2, rieve mesh slze = 0 250 mm 



I'aole U21. Taxononi~c cornposltlon and abundance of benthic ~nacroinvertebrates In rep l~ca te  Ekman grab samples and d ~ p n e t  samples from station RL-B on Ruth Lake, 
1964. 

SYNCRUDE W i  (16 June) Summer (25 July) Pa11 (24 September) 
Code Taza 1 2 3  X 1 2 3 i Dip 1 2 3 i Dip 

COELENTERAIA 
Hydrozoa 

Hydra 
NtRlAl"0UA 
UOLLUSCA 

Pelecypoda 
Sphaerudse 
Unionldae 

t i~s t ropoda  
Vslvstldse 

Velvata 
Valvata slncera sincera 
Valvsta triearinata 

Lymnae~dae 
Lymnaea 

Physldae 

Planorbidae 
Armiger 
(iyraulus 
Helisoma 
R o m e n e t l s  

Ancylldae 
Ferrissla 

ANNhLlDA 
Hirudlnea 

Glosslphoniidse 
Glossiphonia complanata 
Helobdella stagnaiis 

Hlrudinldae 
Haemopis grandis 

Erpobdellldae 
Nephelopsis obscura 

Ol~gochseta 
AKTHROPODA 

Araclln~da 
Acarl 

Crustaces 
? I1eIacos t r~~a  

Amphipods 
Gammarus Lacustris 
Hyalella azteca 

Insects 
Colle>nbola 
Einplremeroptera 

Slphlonur~dae 
Ameletls 
SipNon- 

>letretopod~dse 
Metretopus 

aaetldae 
Baetis 
CnIhbaetis 
Centroptilum 
Reudoclwon 

Heptagen~ldae 
Heptagenia 
Khithrogena 
Stenonema 

Leptophleblldae 
Leptophlebia 
Pareleptophlebia 

Eohemerellldae 

Caenzdae 
45 Caenis 

B a e t s c ~ d a e  
8 1 Eaetisca 

J Odonata 
Calopterygldae 

8 2  Calopteryx 
Lestldee 

83 Lestes 
Coenagrmnldae 

81 Cwnagrion 
15 lschnura 



Table U21. Continued 
-- ---- .. 

SYNCRUDL 
Sprmg (16 June) Summer (25 July) Pall (24 September) 

Code Tara 1 2 3 :  1 2 3 x DIP 1 2 3 Tx Dip 

MTC MTG 

Gomphldae 
Gomphus 
Ophiogornphus 

Aeshnidae 
Aeshna 
Anax 

Cordullldae 
Somatochlora 

Libellubdee 
PleCOptePa 

Pteronarcyidae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoura 

Perlidae 
Acroneuria 
C m e n i a  

Perlodidae 
Arcynopteryx 
lsoperla 

Chloroperlldae 
Hemiptera 

Notonectidae 
Corixidae 
Gerridae 

Gerris - ~~ 

Tr~rlchoptera 
pupae 

Philopotamidae 
Wormaldia 

Psychomyndae 
Psyehomyia 

Polycentropodidae 
Neureclipsis 
Polycentropln 

ffydropsychldae 
Cheumatopsyche 
Hydropsyche 

Rhyacophilidee 
Rhyacophila 

Glossosomatidae 
Glossosorna 

Hydroptllidae 
Hydroptila 

Ochrotriehia 
Phryganeidae 

Phryganea 

Z m i s  
Brachycentridae 

Ezaehycentrus 
Lepldostomatldae 

Lepidostoma 
L2mnephlllde.e 

clcstoeca 
Grammotaulius 
Hesperophylax 
Nemotaulius 

Helicopsychidae 
Hel icwyche  

Leptoceridae 
Ceraclea 
Oecetis 

Coleoptera 
Gyrlnldae 
Haliplldae 

Haliplus 
Dytiscidae 
Elmldae 

Dlptera 
pupae 

Tipultdae 
Chaobor idae 

Chaoborus 
S~inul l~dae  

pupae 
Ceratopogonidae 
Chironom~dae 
Ta banidae 
Empididae 

COLUMN TOTALS 4 14  5 7.6 9 9 36 17.9 180 244 216 213.2 

TAXA 3 13 11 20 5 
-- -- - - - - - 

Notes: :rlTC = major taaonomlc cateoory; ;llT(; major tnxonomlc group; ,2 = abundant (five or more ~ndlviduals). P = present: F k m ~ n  grnh ~nmpler :  nren = 0.023 m "  
sleve mesh size = 0.250 trim; Dipnet: mesh size = 0.700 mrn. 



I.ible D22. Tsuonomic composltlon and abundance of benthic rnacro8nverteSrates in repllcnte E k m ~ n  grab sam?les and dipnet samples from s t n t ~ o n  F r P  R1 on Poplar 
Creek Heservolr, 1984. 

111 
SYNCRUDE 

Code Tam 

Spring 11 6 June) 

1 2 3 x  

Summer (26 July) 

1 2 3 x Dip 

Fall (25 September) 

1 2 3 2 Dip 

MTC MTG 

COELENTERATA 
liydrozoa 

Hydra 
NE\IATOUI\ 
MOLLUSCA 

Pelecypcda 
Sphaerlldac 
Unronldae 

Gastropda 
Valvatldae 

Valvata 
Valvata slncera sincera 
Valvata tricarinata 

Lyrnnaeldae 
Lymnaea 

Physldae 
P h ~ s a  

Planorbldae 
Armiger 
Gyraulla 
Helisoma 
Promenetla 

Ancylldae 
Ferrissia 

ANNELlDA 
Illrudlnea 

Glors~phonlldae 
Glmsiphonia eomplanata 
HelobdelI.9 stagnalis 

Hlrudinldae 
Haemopis grandis 

Erpobdelildae 
Nephelopsis obscura 

Ollgochaeta 
ARTHROPODA 

:\rachnidn 
hcari  

Crustacea 
\lelacostrsca 

Arnphrpoda 
Gammarla lacustris 
Hylllella azteca 

Insecta 
Collernbola 
Emphemeroptera 

Siphionuridlc 
Ameletus 
Siphlonurus 

Metretopodldae 
M e t r e t o p  

Ltaetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudoclwon 

lieptagenudae 
Heptagenia 
Rhithrogena 
Stenonema 

1.eptophlebt1dae 
Leptophlebia 
ParaleptopNebia 

Ephernel.ell~dae 
mhemerella 

Tricocythidae 
Tricorythodes 

Caenidne 
Caenis 

Bsetlscldnc 
Baetisca 

Odonata 
Calopteryg~dne 

Calopteryx 
Lestldac 

Lestes 
Coenagrionlclae 

Coenagrion 
lschnura 



Table D7.2. Continurd. 

SYNCRUDE 
Code T a m  

Spring (16 June) - - 
1 2 3  1 

Summer (26 July) -- - - - . - Fall (25 September) -- - . . - - - - .- - - 
1 2 3 x Dip 1 2 3 .: Dip 

MTC MTG 

Comphidae 
Gomphus 
Ophiogomphus 

Aeshnldae 
Aeshna 
Anax 

Corduliidae 
SomatoeNora 

Llbellulldae 
Plecoptera 

Pteronarcyldae 
heronarcys 

Taeniopterygldae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoma 

Perlidae 
Amneur ia  
Claassenia 

Perlodldae 
Areynopteryx 
lsoperla 

Chloroperlidae 
liemiptera 

Kotonectldae 
Cor~xIdae 
tierridae 

Gerris 
TTiehoptera 

pupae 
Philopotam~dae 

Wormaldia 
Psychomgiidae 

Psychomyia 
Polycentropodidae 

Neureclipsis 
Polycentropus 

Hydropsych~dae 
Cheumatopsyche 
Hydropsyche 

IIhyacoph~ltdae 
Rhyacophila 

Glo~soso~natldae 
GI-ma 

Rydropt~lidae 
Hydroptlla 

Ochrotriehia 
Phryganeidee 

Agrypnia 
hi lmtomis  

Rrachycentrldae 
Rschycentrus 

Le~ldos to~nat$dee  
103 iepidmtoma 

iimnephllldae 
104 C l a t o e c a  
105 Grammotauhu6 
106 Hesperophylax 
1 U i  Nemotaulius 

Hel~copsychidae 
106 Hel~copsyche 

Leptoceridee 
9 Ceraciea 

109 Oecetis 
4 Coleopter~  

110 tiyrinldae 
liahphdae 

111 H&plus 
17  Dytlscldee 

b k.lrnldae 
6 Dlptera 

pupae 
Ilpulldae 
Chsoboridsf 

Chaoborus 
Simulildse 

PUP= 
Ceratopogon~dse 
Chironomldae 
'Tabanidae 
Ernpididae 

COLUMN TOTALS 32 59 52 47 .1  270 119 209 199.3 3033 1491 3193 2722.3 

TAXA I 18 7 26 9 

Nates: IITC = major taxonolntc category: ' i l ' l ;  - major  taYono nlc zrorln: \ - .ibundflilt ' f iu -  a- T(,FC ~nd>v~dual i I .  P = P I . C F P ~ ~ :  Eh nnn g - ~ h  ismr le r :  area - 0.023 712 
sieve mesh size = 0.250 mm; Dipnet: rner!? slre = 0.700 nix. 



Table U23.  Taxanom~c composition ma abundance of benthlc macroinvertebrates in replicate Ekmau grab samples from s t a t ~ o n  PCR-B2 on Poplar Creek Reservoir, 1984. 

Spring (16 June) Summer (26 July) Fall (25 September) 
SYNCRUDE 

Code Taxe 1 2 3  2 1 2 3  7 1 2 3  i 

Mn: M W  

LOELENTERATA 
Hydrozoa 

12 Hvdra 

~ I O L L L S C  A 
Pelecypoda 

Sphaerndae 
tinlamdae 

Gastropods 
Valvatidae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeldae 
Lymnaea 

Physidae 
my" 

Planorbldae 
Armiger 
Gyraulus 
Helisoma . . 

b8 Promenetus 
Ancylidae 

18 Ferrissia 

9 ANNELlDA 
23 Hirudlnea 

Glosslpl~on~idae 
69 Glmsiphonie complanata 
70 Helobdella stagnalis 

Hirudinldae 
7 1 Haemopis grandls 

hr~obdellldne 
7 2  ~ e ~ h e l o p i s  obscma 
22 Ollgochaeta 

ARTHROPODA 
Arachnlda 

1 3  Acarl 
10 Crustacea 

Yalacostraca 
Amphipcda 

24 (iammanrs Lacustris 2 0 . 7  
73 Hyalella azteca 

lnsecta 
74 Colleiabola 1 0 . 3  

1 Emphemeroptera 
S~phlonurldae 

3 3 Ameletrs 
75 Siphlonurus 

2.letretopcdidae 
76 Metretopus 

Baetldae 
1 Baetis 

Callibaetis 
77 Centroptilum 
4 1  Reudocloeon 

Heptagenlldae 
2 Heptagenia 

78 Rhithrogena 
79 Stenonema 

ieptophlebudae 
SO Leptophlebia 
30 Paraleptophlebia 

Ephernerellldae 
19 Ephemerella 

'n~corytlndae 
43 T~icorythcdes 

Caenldae 
45 Caenis 

Baetlscldae 
81  Baetisca 

Odonata 
Calopterygldae 

a 2  calopteryx 
Lestidae 

a a  m t e s  
Coenagrionldac 

84 Coenagrion 
85 lschnura 

Continued ... 



SY NCRUDE Spring (16 June) Summer (26 July) Fa11 (25 September) - 
Code T a m  1 2 3  i 1 2 3  x 1 2 3  X 

Gomphidae 
Gomphus 
OphtOgomphrs 

Aeshnlaae 
Asshna 
Anax 

Corduliidae 
Somatochlora 

Libellulidae 
Plecoptera 

Pteronarcyidae 
Pteronareys 

Taeniopterygidae 
Taeniopteryx 

Nemourldae 
Malenka 
N e m m a  

Perlidae 
Acmneuria 
Claassenia 

Perlodrdae 
Areynopteryx 
w r l a  

Chloroperlidae 
Hemlptera 

Notonectldae 
Corlxidae 
Gerridae 

Gerris 
Thchoptera 

pupae 
Philopotam~dae 

Wormaldia 
Psychomylidae 

Psychomyia 
Polycentropodidae 

NeuPeclipsis 
hlycentropus 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 

Rhyaeophilldae 
Rhy"eoph? 

Glossosornatidae 
Glawrsoma 

Hydroptllldae 
Hydroptila 

Ochmtrichia 
Phryyaneidae - 

Ptilostornis 
Brachycentridae 

Brachycentrua 
Lepidostomatidae 

Lepidostoma 
L~mnephilidae 

Clwtoeca 
Grammoteulirs 
HesperoPhYlm 
Nemataulirs 

Helicopsychidae 
Helieopsyche 

Leptoceridae 
Ceraclea 
Oecetis 

Coleoptera 
Gyrin~dae 
Hallplidae 

Haliplw 
Dytiscidse 
Elmidae 

Diptera 
pupae 

Tipulldae 
Chaaborldae 

pupae 
37 Ceratopogonidae 

8 Chlronorn~dae 21 19 7 19.7 
38 Tabw~dae 
46 Elnpididae 

COLUMN P3TALS 29 31 21 27.0 37 24 66 42.3 27 60 29 38.6 

TAXA 7 4 2 
-- 

Notes: 'MTC = major taxonom~c category; MTG = major taxonom~c group; Ckman grab sampler: area = 0.023 m2, sieve mesh size = 0.250 mm. 



Table D24. Taxonomic compositron and abundance of benthlc lnacroinvertebrates III replicate Ekman grab samples irom statlon PCR-B3 on Poplar Creek Reservoir, 1984. 

SYNCRUDE 
Spring (16 JI  

..I 
Code 'ram 1 2 3  x 1 2 3  x 1 2 3  x 

m e )  Summer (26 July) Fell (25 September) 
- - - 

MTC MTG 

COELENTEKATA 
Hydrozoa 

L 12 Hydra 
15 NhillATODA 

8 MOLLUSCA 
Pelecypoda 

29 Sphaenidae 
65 Unionldae 

Gastropods 
Valvatidae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lgmnaeidae 
Lymnaea 

Physidae 
mysa 

Planorbldae 
Armiger 
Gyraulrrs 
Helisoma 
Promenetus 

Ancylidae 
Ferrissia 

ANNELIDA 
Hlrudinea 

Gloss~phom~aae 
Glcsslphania complanata 
HeloMella st@s 

Hlrudlnldae 
Haemopis grandis 

Erpobdellidae 
Nephelopsis obseura 

Ulieochaeta 

Ainphlpods 
Gammarus Lacrrstris 
HyaleUa azteca 

secta 
Collembola 
Emphemeroptera 

Siphlonurldae 
Ameletrrs 
Siphlonum 

Metretopodldae 
Metretopus 

Baetidae 
Baetis 
CallILmetis 
Centroptilum 
Reudoclwon 

Heptagen~ldae 
Heptagenia 
Rhithrogena 
Stenonemu 

Leptophlebndae 
Leptophlebia 
Paraleptophlebia 

Ephemerellidae 
Ephemerella 

TTlcorythrdae 
Trieorythodes 

Caemdae 
Caenis 

Bsetiscldae 

Lestidae 
83 Lestes 

Coenagrlon~dae 
84 Coenagrion 
85 lscllnura 

Continued 



- 
_--_--._-p..- 

SYNCRUDE Spring (16 Jlme) Summer (26 July) ~- Fall (25 September) 
Code Taxa 1 2 3  X 1 2 3  x 1 2 3  x 

- - -- ~_. .- 

MTC MTG 

i l l  
I 

Goniphldae 
Gomphus 
Ophiogomphus 

Aeshnldae 
Aeshna 
Anax 

COrdUlild~e 
Samatochlora 

I,~bcllu!idae 
Plecoptera 

Pteronarcpidae 
Pteronarcp  

Taen~opterygidse 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoura 

Perlidae 
Acroneuria 
Claassenia 

Perlodidee 
Arcynopteryx 
lsoperla 

Chioroperildae 
tiernlptera 

Notonectldae 
Corlsidae 
Gerrldse 

Gerris 
D tchoptera 

ychimyia 
Polycentropod!dae 

Neurecligis 
Polycentropus 

Hydropsychtdae 
Cheumatopsyche 
Hydrogyche 

Rhyacophllidee 
Rhyacophila 

Glossosomatidae 
Glassosoma 

Hydroptilidae 
Hpdraptlla 

Ochrotrichla 
Phryganeldae 

Agrypnia 
Ptilostornis 

BPaChycentl.~dae 
Brachyeentrrs 

Lepldostornat~dae 
Lepidastorna 

Llmneph~lidae 
Clostoeca 
Grammotaulius 
Hesprophylax 
Nemotaulirs 

Hellcopsych>dsa 
Helicopsyche 

Leptocerldae 
Ceiaclea 
Oecetis 

Coleoptfra 
Gyrlnldae 
Halip!idae 

tialiplus 
Dytiscldse 
Elnirdee 

Dlptera 
pupae 

Tipulldae 
Chnoboridae 

Chaoborrs 
Slmui>~dar 

-- 
COLUMN TOTALS 12 5 9 8.6 18  23 8 16.4 36 6 26 22.6 

TAXA 5 5 2 ~ 

Notes: VTC = malor taxonomic cateqor?; :ITL = llnlor taxonomic omup: Ekrnan ~ a b s a m p l e r :  area = 0 0 2 3  m2. ?,eve mesh s t r e  - 0 . 2 5 0  mm 



Table D25 Taxonomir composition and abundance of benthic macroinvertebrate? in replicnte Ekman grab samales from station P r R  R4 on Poplar Creek Reservoir, 19R4 
pp 

-- 

spring (16 June) Summer (26 -- July) Fall (25 September) 
SYNCRUDE 

Cade Taxa l 2 3 X  l 2 3 X  1 2 3 X  -_ -- 

MTC MTG 

COELENTERATA 
Hydrozon 

12 Hydra 
15 NEMATODA 

8 \IOLLUSCA 
Pelecypoda 

29 Spnaer~idae 
6 5  Unionidae 

C;astropoda 
Valvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnneldae 
Lymnaea 

Physidae 
p h ~ y  

Planorbldae 
Armiger 
G p a u l r s  
Helisoma 
Romenetrs  

Ancylidae 
F e r r h i a  

API'HLLIDA 
Hlrudinea 

Glassiphonlldae 
Glossiphonia complanata 
Helobdella stagnalis 

Hirudinidae 
Haemopis grandis 

Erpobdellldse 
Nephelopsis O k M a  

Ollgochaeta 
ARTHROPODA 

Arachrrrda 
4csri 

Crustacea 
?lalacostl.aco 

Amphipods 
Garnmarus lacustris 
Hyalella azteca 

Lnsecta 
Collembola 
Emphemeroptera 

Slphlonur~dae 
Ameletls 
SipNonwus 

lletretopodldae 
M e t r e t o p  

Raetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudoclwon 

lfeptagenlldae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophleblidae 
LeptopNebia 
Paraleptophlebia 

Ephemcrell~dae 
Ephemerella 

Tr~corythldne 
Tricorythodes 

Csenldae 
Caenis 

Baetlscidae 
Baetisea 

Odonata 
Calopterygidae 

Calopterrx 
Lestidae 

Lestes 
Coenagrionlda~ 

Cwnagrion 
Ischnure 



Table D25.  Continued. 

SYNCRUDE 
Code Taxa 

Spring (16 June) Summer (26 July) 

1 2 3  x 1 2 3  i 
Fall (25 September) 

1 2 3  x 

M W  MTG 

tiomphidae 
Gomphus 
Ophiogomphus 

Aeshnidae 
Aeshna 
Anax 

Cordullidae 
Sornatoehlora 

Libellulidae 
Plecoptera 

Pteronarcyidae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nernouridae 
Malenka 
Nernoura 

Perlidae 
Acroneuria 
CLaassenia 

Perlod~dae 
A r e ~ n o p t e v  
bpsrla 

Chloroperlldae 
Hernlptera 

Notonectldae 
Corixidae 
Gerridae 

Gerrb  
Trichoptera 

pupae 
Philopotarnldae 

Worrnaldie 
Psychotnyiidae 

Psyehomyia 
Polycentropadidae 

Neureelipis 
Polycentrops 

Xydropsychidae 
Cheumatopsyehe 
Hydropsyche 

Rhyacophilidae 
Rhyacophila 

Glossosoinatidae 
Glossmoma 

Hydroptilidae 
Hydroptila 

Oehrotriehia 
Phryganeidae 

Agrypnia 
Ptilostomis 

Brachycentridae 
Brachycentrls 

Lepidostomhtidae 
Lepidostorna 

Limnephilldae 
Clostoeca 
Grarnmotaulilrs 
HesperOphY~x 
Nemotaulils 

Helicopsychidae 
Helicopyche 

Leptoceridae 
Ceraclea 
Oecetis 

Caleoptera 
Gyrinidse 
Haliplidae 

Haliplus 
nvtiscidae 
~( in idae  

Dlptera 
pupae 

Tipuhdae 
Chaoboridae 

Chnoborls 
Siinuliidae 

pupae 
Ceratopogonidae 
Chironomldae 13 5 5 7.7 
Tabanidse 
Empidldse 

COLUMN TOTALS 21 I 6 11.3 

TAXA 4 

Notes: :ITC = (major taxonomic category; bITG = major tsxonomir group; Ekman grab sampler: area = 0.023 m2. sievp mesh slze = 0.250 mm 



Table D 2 6 .  Taxonomic composition and abundance of benthic macroinverte5rates \n replicate Lkmnn grab samples from station PCR R5 on Poplar CrPek Rrservolr, 1984. 

wring (16 June) Summer (26 July) 
m SYNCRUDE Pall (25 September) 

Code Tam l 2 3 i  1 2 3  X 1 2 3 2  
- ... -- 

Mn: MTG 

COELENTERATA 
Hydrozoa 

I 12 Hydra 
15 NEMATODA 

8 MOLLUSCA 
Pelecypcda 

2 9  Sphaeriidae 
65 Unionldae 

Valvata 
Valvata sincera sincera 
Valvata triearineta 

Lymnaeidae 
Lymnaea 

Physldae 
nysa 

Planorbldae 
Armiger 
Gyraulls 
Helisoma 
Promenetrs 

ANNELIDA 
Hirudines 1 

Glossiphoniidae 
Glossiphonia complanata 
Helobdella stagnalis 

Hirudinidae 
Haemopis grandis 

Erpobdellrdae 
Nephelopis o b s m a  

Ol~gochaeta 
ARTliROPODA 

Arachnids 
Acnri 

Crustacea 
\lalaeostraca 

hmphipoda 
Gammarls laeustris 
Hyalella az teca  

insect" 
Colle.nbola 
Emphemeroptera 

Siphlonuridae 
Ameletls 
Siphlonurla 

Metretopodldne 
Metretopus 

Baetidae 
Beetis 
Callibeetis 
Cent ro~t i lum 
Pseud&loeon 

Heptagenlidae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophleblldae 
LeptopNebia 
Paraleptophlebia 

Ephemerellldae 
Fphemerella 

T?~coryth!dae 
Tricorythodes 

Caenidae 
Caenis 

baet~scidae 
Beetisea 

Odotlata 
Calopte~.yg~dae 

Calopteryx 
Lestldae 

Lestes 
Coensgr~onidae 

Cwnagrion 
kchnura 

-- -- 
Continued ... 



-- -. ~- 

SY NCRUDE - Spring - (16 - June) - --- Wmmer (26 July) - - Pall (25 September) 
Code T a m  I 2 3  i ~ 

1 2 3 r  1 2 3  x 

MTC MTG 

Gomphidae 
Gomphus 
Ophiogomphus 

Aeshnidae 
Aeshna 
Anax 

Cordul~idae 
Somatochlwa 

Libellulidae 
Plecopters 

Pteronarcyidae 
Pteronarcys 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoura 

Perl~dae 
Acroneuria 
Claessenia 

Perlodidae 
AreYnopteryx 
b P l a  

Chloroperlidae 
Hemiotera 

Gerris 
Trlehaptera 

pupae 
Philopotamtdae 

Wormaldia 
Psychomyildae 

Psychomyia 
Polycentropodidse 

Neureclipis 
Polycentropus 

Hydropsychidae 
Cheumatopsyehe 
Hydropsyche 

Rhyacophilidae 
Rhyacophila 

Glassosomatidae 
Glmsosoma 

Hydroptiltdae 
fiydroptila 

Ochrotrichia 
Phryganeldae 

Agrypnia 
Ptilostomis 

Brachycentridee 
Brachycentrus 

Lepldostomatldae 
Lepidostoma 

Llmnephllidae 
c1oStOeca 
Grammotaulius 
Hesperophylax 
Nemotaulius 

Hel~copsychidae 
Helicopyche 

Leptocerldae 
Ceraclea 
Oeceti.  

Coleoptera 
Gyrinldae 
Hallplldae 

Haliplw 
Dyt~ccldae 
Elrntdae 

DiDtera 

. - -- - -. . . . - -- 
COLUMN TOTALS 51 2 3  12 28 .5  10 10 13 1 0 . 9  27 5 9  30 3 8 . 9  
TAXA I 6 3 

-- .- -- - - -. 
Notes: XTC = major taxonornlc category; \IT(: = major tsxonolnic group: C k ~ s n  grab sampler: area = 0.023 m2. s,eve mesh size = 0.250 mm. 



Table D27. Taxonomic compos~tion and abundance of benthlc rnacroinvertebrates I" replicate Ekrnan grab samples and dipnet samples from station PC-B1 on Poplar 
Creek. 1984. 

spring (18 June) Summer (27 July) Fa11 (25 September) 
SYNCRUDE 

Code Taxa 1 2 3 ii Dip 1 2 3 ii Dip 1 2 3 X Dip 

MTC MTG 

COELENTEKATA - ~ 

Hydrozoa 
12 Hydra 
15 NEIMAI'OUA 

8 MOLLUSCA 
Pelecypoda 

Sphaerlldae 
Un~onidae 

Gastropoda 
Valvatlaae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Ly~nnaeldae 
Lymnaea 

Physidae 
p h ~ y  

Planarbldae 
Armiger 
Gyraulus 
Helisoma 
Promenetus 

Ancylidae 
Perrissla 

ANNELIDA 
Hb~udlllea 

tiloss~phonndae 
Glossiphnnia eomplanata 
Helobdella s t q n a h s  

tiirudinldae 
71 Haemopis grandis 

Erpobdell~dae 
72 Nephelopis obscura 

Arachrrida 
1J Acarl 4 1.3 
10 Crustacea 

Malacostraca 
Ainphipoda 

24 Gsmmarls lacustris 
73 HyaleUa azteea 

lnsectn 
74 Collernbola 

1 dtnphemeroptera 
Siphlonurtdae 

33 Ameletls 
7 5 Siphlonurls 

hetretopadidae 
16 Metretopus 

Uaet~dae 
1 Baetis 

Callitnetis 
77 Centroptilum 
44 Pseudoclwon 

Heptagenlldae 
2 Heptagenia 

78 KhiUuogena 
79 Stenonema 

1,eptaphlebudae 
80 LeptopNebia 
30 Paraleptophiebia 

Ephemerellldae 
1 Y Ephemerella 

Trrcorytl,ldae 
43 Trieorythodes 

Ceenldae 
45 Caenis 

daetlscidae 
d l  Baetisca 

5 Odonata 
Calapterygldse 

1 2  Calopteryx 
Lestidae 

83 k t e s  
Coenagrion~dae 

84 Coenagrion 
85 lschnura 

Cont~nued ... 



Table 02:. Continued 

SYNCRUDE 
Code Tam 

Wine (I8 June) . - - 
I 2 3 x Dip 

Summer (27 July) Pall (25 September) 

1 2 3 x Dip 1 2 3 ii Dip 

M K  MTG 

Gomphldae 
Qmphus 
Ophiogomphus 1 0  3  

Aeshnidae 
Aeshna 
Anax P 

Corduliidae 
SomatoeNora 

Llbellulidae 
Plecoptera 

Pteronarcyidae 
Pteronarep 

Taeniopterygidae 
Taeniopteryx 

Nemouridae 
Malen*! 
N e m m a  

Perlldae 
Amneur ia  
Claas3enia 

Perlodidae 
Arcynopteryx 
Lwperla 

Chloroperlrdae 
Aemiptera 

Notonectldae 
Corixldae 
Gerridae 

Gerris 
Trichopters 

pupae 
Philopotsmldae 

Wormaldia 
Psychornyiidae 

Psychornyia 
Polycentropodldae 

Neureclipsis 
Polycentropus 

Hydropsychidae 
Cheumatopsyche 
Hydropsgche 

Rhyacophilidae 
Rhyacophila 

Glossosomatidae 
Glosrosoma 

Hydroptilldae 
Hydroptila 

Ochrotrichia 
Phryganeldae 

AgrYplia 
Ptilostornis 

Grachycentridae 
Brachycentrw 

Lepidostomatidae 
Lepidostorna 

L~mnephilidse 
Clostoeea 
Grammotaulim 
Hespvophylax 
Nemotaulius 

Helicopsychidae 
Helicopsyche 

Leptoceridae 
Ceraclea 
Oeeetis 

Coleoptera 
Gyrinidae 
Hallplidae 

Haliplus 
Dytiscidae P P 
Elmidae 4  3  1  2 .7  4  4 5  4 .3  ' 1  4  2.0 P 

Dlptera 
pupae 5  3  2.1 3  7  4  4 . 7  2  2 2  2 . 0  

Tipulldae 
Chaoborldae 

Chsoborls P 
Sirnuli~dae 70 74 118  8 7 . 3  A 65 225 483 257 .7  A 14 54 8 2 5 3  

pupae 3  1  11 5 . 0  A 1 9  R 1 6  14 3  P 
Ceratopogon~dse 1 0 . 3  
Chtronomidae 41  1 8  43  34.0 28 1 7  96 47 .0  70 69  41 60 .0  A 
Tabanidae 
Empidldae 1 0 . 3  

COLUMN TOTALS 149 110 192 150.3 165 399 711 460.0 142 183 120 148.2 

TAXA 19 11 21 5 32 I I 

Notes: BITC = major taxonomlc category; MTG = major taxonomic croup; A = abundant (five or more individuals). P = present; Nelll sampler: area = 0 1  m Z ,  mest? size = 
o.210 mm; Dlpnet: rnesh size = 0.250 mln 



rnble D28. Taxonomic composition end abundance of benthic inacrolnvertebrate? in repl~cate  Veil1 s n ~ p l e s  and dipnet samples f * o ~  stnt'on PC R? on Poplar "reek, 1984 

Spring (18 June) Summer (27 July) 
- - - Pall (25 September) - - -- 

1 2 3 2 Dip 1 2 3 i Dip 1 2 3 X Dip _ _ _ 
SYNCRUDE 

Code Taxa 

-.--- 
Hydrozoa 

12 Hydra 
15 hEhiATODA 

8 3iOLLUSCA 
Pelecgpods 

Spiiaer~idae 
Unionidae 

(jastrupda 
Valvatldae 

Valvata 
Valvata sincera sincera 
Valvata tricarinata 

Lymnaeidae 
Lymnaea 

Physldae 
nysa 

Planorbldae 
Armiger 
Gyraulus 
Helisoma 
Promenetus 

Ancyl~dae 
Ferrissia 

ANNELIUtZ 
t1,rudinea 

Glossiphonildae 
Glossiphonia complanata 
HelobdeUa stagnalis 

Hirudinldae 
Haemopis grandis 

Er~obdellldae 
kephelopis obscura 

Ol,gochaeta 
ARTHROPODA 

At.achnlda 
Acarl 

CrUStaCea 
~ I ~ ~ C O S ~ P B C B  

Amphlpoda 
Gammarus lacustris 
HvaleUa azteca 

impheineroptera 
Siphlonuridae 

Ameletus 
SipNonurw 

hletretopod~dac 
Metretopus 

Baetldae 
Baetis 
Callibaetis 
Centroptilum 
Reudocloeon 

Heptngenlidae 
Heptagenia 
Rhithragena 
Stenonema 

Leptophleblldae 
Le~toDNebia 

Odonntn 
Cnlopteryg~dse 

82 Calopteryx 
L ~ s t t d ~ e  

a J Lestes 
Coenugr!onidne r 

84 Coenagrion 
85 bchntva 

.- . . - - - ~ -  

('nnllnllrri 



1,151e 028. Continued 

SYNCRUDE 
Code T a m  

Spring (18 June) 
. - --- - - - - Summer (21 July) -- .. - - --- Pall (25 September) 

~~ 

1 2 3 F Dip 1 2 3 i Dip 1 2 3 X nip  

MTC M E  

Comphldae 
Gomphus 
Ophiogomphus 

Aeshnld~e 
Aeshne 
Anax 

Cordullkdae 
Samatochlora 

LlbeUulldae 
Plecoptern 

Pteronarcyidse 
Pteronarcys 

Taeniopterygrdae 
Taeniopteryx 

Nemourldse 
Maienka 
Nemaura 

Pel.lidae 
Acroneuria 
Claasenia  

Perlodldae 
Arcynopteryx 
h p e r l a  

Chloroperl~dae 
Hemlpters 

Notonecttdae 
Corlxtdae 
Gerrldae 

Gerris 
TTirichoptera 

pupae 
Phllopotsrnidse 

Wormaldia 
Psychomyiidae 

Rychomyia 
Polycentropodldae 

Neureclipsis 
Polycentropus 

Hydrapsychldae 
Cheumatoayche 
Hydrapsyche 

Khyacoph~l~dae 
Rhyacophila 

Glossosoinatidae 
Glossosoma 

Hydroptllidse 
Hydroptila 
Ochrotriehia 

Phryganeldae 
Agrypnia 
Ptilostomis 

Brachycentyidae 
Rachycentrrrs 

Lep~dostomatidae 
Lepidostoma 

Llmnephilidne 
Clostoeca 
Grammotaulius 
Hesperophylax 
Nemotaulius 

lrrllcopsychldae 
Helicopsyche 

Leptoceridae 
Ceraclea 
Oecetis 

Coleopters 
Gyrlnldae 
Hallplldae 

Haliplus 
I>ytisc~dae 
Clmldnc 

Dlptern 
pupae 

Tipulidac 
Chaobortdse 

Chaoborlrs 
Slrnullldse 

pupae 
Ceratopoeontdae 
Ch~ronorn~dae 
rabanldae 
E~nptd~dae  

COLUMN MTALS 244 119 142 168.4 246 239 847 444.0 1113 516 973 1087.6 

TAXA 14 10 21 5 31 7 

Notes: \1TC = major. taxonomic category; \IT(; = major taxonolnlc group; 1 . abundant ( f ~ v e  or Inore ~ndlvldunls). P = p-escnt: Nelll ~n-nplr - :  sren = 0.1 m 2 .  mesh F L P  = 
0.210 inm: Ilcpnet: ~ncsh ~ i r c  = 0.250 rnrn. 



,[able 3 2 s .  Tnhonomlc coiriposltlon n r ~ d  abunddncr o f  bentlvc macroinverteb~nte5 in replicate Uclll saniples and dipnet ssmples f row Ftntlon P r  RR or 1.osuer Popla; 
Creek 1984. 

- .PA-- 

Spring (18 June) Summer (27 July) -- 
Fall (25 September) 

SYNCRUDE . - - 
Code Taxa 1 2 3 x Dip 1 2 3 ? Dip 1 2 3 Z Dip 

MTC M'X 

COELENTERATA 
Flvdrozoa 

12 Hydra 
1 5  NEhlATODA 

6 \IOLLUSCA 
Pelecypoda 

29 Sphocriidae 
fi 5 Unlonlaae 

Gastropoda 
Valvntldae 

66 Valvate 
Valvata sincera sincera 
Valvata tricarinata 

Lvmnaeidne 
3 2  Lymnaea 

Phystdae 
1 0  nysa 

Planorbidae 
67 Armiger 
I1 Gyraulus 
50 Helisoma 
66 Promenetus 

Ancylidae 
I6  Ferrissia 

9 4NNELIUA 
23 Blrudinea 

Glos~~phol1,idae 
69 Glosslphonia mmplanata 
70 Helobdella stagnalis 

Hlrudinldae 
71 Haemopis grandis 

Erpobdellidse 
72 Nephelopsis obseura 
22 Ollgochaeta 1 7 2 2.0 

.ZKTHROPODA 
hiachnlda 

Acer, 
Crustacea 

:lalacostraca 
hrnphipoda 

Gammarln lacusiris 
Hyalella azteca 

lnsec ta 
Colle~nbola 
Emphemeraptei'a 

S~phlonurtdae 
Ameletln 
Siphlonurln 

\letretopodldae 
Metretopus 

B a e t l d ~ e  
Baetis 
Cdlibaetis 
Centroptilum 
Reudocloeon 

iieptngenlldae 
Heptagenia 
Rhithrogena 
Stenonema 

Leptophleb~ldae 
Leptophlebia 
Paraleptophlebia 

Ephetncrelltdae 
Ephemerelle 

Trt~orytilzdae 
Tricorythodes 

Caenldae 
Caenis 

BaetiscIdae 
Baetisea 

Odonata 
Cniopteryg~dee 

Calopteryx 
Lpstidae 

Lestes 
Coenagrlonrdae 

Cwnagrion 
echnura 



Paolc ir29. Continued 

SYNCRUDE 
Code T a m  

spring (18 June) Summer (27 July) - - PaU (25 September) 

1 2 3 i Dip 1 2 3 x Dip 1 2 3 ji Dip 

MTC MTG 

Gomphldac 
Gomphus 
Ophiogomphus 

Aeshnldae 
Aeshna 
Anax 

Cordullldae 
Somatochlora 

Llbellulidae 
Plecoptera 

Pteronarcyldae 
Pteronareys 

Taenlopterygidae 
Taeniopteryx 

Nemouridae 
Malenka 
Nemoura 

Perlldae 
Acroneuria 
Classsenia 

Pet.lodidae 
Arcynopteryx 
m p e r l a  

Chloroperlldae 
llemiptera 

Notonectidae 
Corixldae 
Gerndae 

Gerris 
1Ytchoptera 

pupae 
Philopotamidae 

Wormaldia 
Psychomyildae 

Bychornyia 
Polycentropodidee 

Neureclipsis 
Polycentropus 

Hydropsychldae 
Cheumatopsyche 
Hydropsyche 

Rhyacophllldae 
Rhyacaphila 

Glossosomatidae 
Glossaroma 

Hydroptilldse 
Hydroptila 

Oehrotrichia 
Phryganeidae 

Agrypnia 
Ptilostomis 

Brachycentridae 
Brachyeentrls 

Lepidostomatidae 
Lepidostoma 

Lirnnephllldae 
Clostoeca 
Grammateulils 
Hesperophylax 
Nemotaulils 

Hellcopsychidse 
Helimpsyehe 

Leptocerldae 
Ceraclea 
Oecetis 

Coleoptera 
Gyrinidae 
Haliplidae 

HaliPlus 
Dytkscldae 
Elmidae 

Dlptera 
pupae 

Tlpulldae 
Chaoboridae 

Chaoborls 
Slrnulladae 

pupae 
37 Ceratopogonidae 

8 Ch~ronorn~dne 
3 8  Tabanldae 
46 Empldidae 

- -p---pp-p. 

COLUMN TOTALS 21  16 20 19.0 13 9 25 15.9 27 57 189 89.9 

TAXA 14 4 10 4 13 1 
.- - ----- 

Notes: WTC = major texonornic category: MTG = major texonomtc ~ ~ u p :  A = abundant (ftve or more individuals), P : present: Neill ~nrnoler:  wen = 0.1 m2 .  merh Fiat. = 
0.210 mm; Dipnet: mesh size = 0.250 'mm. 



Table D30. 'laxonomic composition and abundance of benthlc macroinvertebrates in replicate Neill samples and dlpnet samples from station PC-B4 on Poplar Creek, 1984. 

spring (18 June) Summer (27 July) Pall (25 September) 
SYNCRUDE - - 

Code Tax8 1 2 3 x Dip 1 2 3 Si Dip 1 2 3 Si Dip 

MTC M l G  
COELENTERATA 

Hvdrozoa --, - 

12 Hydra 
15 NEMATOUA 

8 MOLLUSCA 
Pelecypoda 

29 Sphaerlidae 
65 Un~onidae 

Gastropods 
Velvatidae 

66 Valvata 
Valvata sineera sincera 
Valvata tricarinata 

Lvmnaeidae -. 
Lymnaea 

Physidae 

Planorbldae 
Armiger 
Gyraulllr 
Heliroma 
Romenetllr 

Ancyhdae 
Ferrissia 

ANNELIUA 

Hirudinidae 
kinemopis grandis 

Erpbdellidae 
Nephelapsis olscura 

Ohgochaeta 
ARTHHOPODA 

Arachnids 
Acari 

Crustacea 
&!alaeostraca 

Amphlpoda 
Gammarls lecmtris . . 

73 Hyalella azteca 
lnsecta 

74 Collembola 
1 Einpherneroptera 

Siphlonuridae 
33 Amelet~m 
75 siphlonuns 

Metretopdldae 
76 Metretow3 

Ehetidae 
I Elaetis 

Callibaetis 
77 Centroptilum 
44 Pseudocloeon 

Heptagenildae 
2 Heptagenia 

78 Rhithrogena 
79 Stenonema 

Leptophlebiidae 
80 Leptophlebia 
30 Paralqtophlebia 

Ephemerellidae 
19 Pphemerella 

'I'rtco~ythldae 
43 TrieoryUlodes 

Caenldae 
45 Caenis 

BBetiScldae 
81 Elaetisca 

5 Odonata 
Calopterggidae 

82 Calopteryx 
Lestldae 

83 Lest- 
Caenagr~on~dae 1 0 . 3  

84 Coenagrion 
85 kchnura 

Continued ... 



l a b l c  D30 'ontinued. 

SY NCRUDE 
Code T a m  

Spring (18 June) --- Summer (27 July) 

1 2 3 Dip 1 2 3 x Dip 

Pa11 (25 September) 

1 2 3 2 Dip 

MTC MTG 

Gomphidae 
Gomphus 
Ophiogomphus 

e s h n i d a e  
A&a 
Anar 

Cordul~tdae 
Somatochlora 

Llbellul~dae 
Plecoptera 

Pteronarcyldae 
Pteronarcys 

Perlodidae 
Arcynopteryx 
&perla 

Taenlopterygidae 
Taeniopteryx 

Kemouridse 
Malenke 
Nemoura 

Perlidae 
Aemneuria 
Claessenia 

Perlodldae 
Arcynopteryx 
b p e r h  

Chloroperlldae 
Hemlptera 

Notonectldae 
Corixidae 
Gerrldae 

Gerris 
Trichoptera 

Psychomy~idae 
Psychomyia 

Polycentropodidse 
Neureclipsis 
P o l y c e n t r v  

Hydropsych~dae 
Cheumatopsyche 
Hydmpayche 

Rhyscophll~dae 
Rhyacophiln 

Glossosomatidae 
Giossmoma 

Hydropt~lldae 
Hydroptila 

Ochmtrichia 
Phryganeldne 

=is 
Brachycentrldae 

Brachycentrus 
Phryganeidae 

Ptilostomis 
Lepidastornst~dae 

Lepidmtoma 
Limnephllldee 

Clmtoeca 
Grammotaulius 
Hesperophylax 
Nemotalllius 

Coleoptera 
Gyrinidae 
Iiallplrdae 

Haliples 
Dgtlsc~dfle 
Elmldse 

Dlptera 
pupae 

Tipulldae 
Chaobortdae 

Chaotorus 
Slmullidae 

pupae 
Ceratopogonidfle 
Chironomidae 
Tabanldae 
Ernpid~dae 

COLUMN TOTALS 

TAXA 

Notes: MlC = major taxonomic category: ::TG = major taxonain~c group: A =abundant (five or more ~ndividuals). P present: Neill sampler: area = 0.1 m2, mesh slze = 
0.210 snrn: Dipnet: mesh size = 0.250 mm. 



Table D31. Size d~stribution and estimated bioroass of rnecroinvertebrates at MacKay River system stations, 1984. 

Percentage of organisms in sieves 
Total number Mesh opening (mm) Fstimated 

Waterbody Station Replicate per 0.1 m2 0.25-0.5 0.5-1 1-2 2-4 >4 biomass (mg) 

SPRlNG 
MacKay R. 3.14 

4.46 
2.78 

X1 S.E. 3.46 + 0.511 

0.05 
1.02 
1 . 1 5  

x! S.E. 0.74 t 0.349 

97 .65  
49.95 
32.92 

i! S.E. 60.11 1 19.372 

6.94 
4.72 
9.16 

i +  S.E. 6.94 + 1.282 

Creek i f2  

Dover R. DR-B I 
2 
3 

18 .26  
4.61 

10.54 
i t  S.E. 11.14 1 3.952 

Creek hi6 

SUhlMER 

MacKay R. 

8.59 
20.63 

5.10 
i !  S.E. 11.64 f 4.572 

24.47 
21.89 

3 .61  
i t  S.E. 16.66 f 6.566 

6.01 
8.84 
8.78 

2 :  S.E. 7.90 ! 0.913 

A1 2 

Uover R. 

M 6 

2.36 
2.71 

13.78 
;? S.E. 6.48 i 3.649 

DR-B 1 
2 
3 

31.08 
12.00 
15.93 

i?  S.E. 19.67 + 5.817 

32.07 
7.34 
6.49 

i S.E. 15.30 f 8.389 

cont inued. .  



Table D31. Continued. 

- 

Percentage of organisms in sieves 
Total number Mesh opening (mm) Estimated 

Waterbody Station Replicate per 0.1 m 2  0.25-0.5 0.5-1 1-2 2-4 rl biomass (mg) 

FALL - 
Macliay R. SIR-B1 1 256 48 40 12 0 0 12.63 

2 202 28 52 17  1 I 20.19 
3 322 48 46 5 ? L1 - 18.00 

X ?  S.E. 16.94 2.246 

RIR-B2 1 10  10  I 0  10  0 10  3.36 
2 11 27 64 9 0 0 0 .51  
3 10  10  I 0  10  0 10  _ 3.36 

x! S.E. 2.43 + 0.930 

MR-B3 1 12 25 50 17  8 0 1 .44  
2 94 20 63 16  1 0 6.70 
3 43 4 1  49 5 0 0 -  1 .67  

x- i  S.E. 3.21 21 .716  

L1R-B4 1 769 36 54 2 8 L1 16.82 
2 393 58 37 5 L 1  0 14.53 
3 181  22 5 1  21 L l L1 60.61 

x? S.E. 50.61 t 18.663 

M2 MZ-B 1 46 24 26 48 2 0 5 .62  
2 136 26 18  49 8 0 22 .12  
3 40 52 25 22 O O .  2.46 

x'S.E. 10.07 t 6.095 

Dover R. D P - B  1 
2 
3 

x! S.E. 11.90 ' 1.362 

Creek MG M6-B 1 1 846 5 1  39 4 4 1  0 65.89 
2 1 160 49 40 9 1 L1 63.92 
3 2 752 50 4 1  3 L l  0 -  100 .17  

x ?  S.E. 76.66 2 11.169 

L = less than. 



Table 032 .  Size distribution and es t ima ted  biomass of macroinvertebrates a t  s tat ions associated with t h e  West Interception 
Ditch,  Bridge Creek  and Lower Beaver Creek,  1984. 

Percentage of organisms in sieves 
Total number Mesh w i n g  (mm) Btimated 

Waterbody Station Replicate per 0.1 m 2  0.25-0.5 0.5-1 1-2 2-4 M biom- (mg) 

SPRING - 
W.I.D. WID-B1 1 

2 
3 

0 44 0 55 0 3.84 
9 29  44 11 7 26.84 

35 56 9 0 0 -  11.59 
x +  S.E. 14.09 L 6.156 

33  44 17  6 0 1 .77  
0 25 71 4 0 -  4 .85  

x ?  S.E. 4.26 i 1.299 

Bridge Creek  BRC-B 1 32 9 72 16  3 0 2.84 
2 7 14  57 29 0 0 0.59 
3 7 0 57 29 14 0 - 1 .30  

x! S.E. 1.58 + 0.664 

Lower LBC-B2 1 
Beaver Creek  2 

3 

Lower LBC-B1 1 
Beaver C r e e k  2 

3 

SUMMER 

W.I.D. WID-B1 1 

3 

Creek  W3 W3-B 1 
2 
3 

H.I.D. WID-B2 1 
2 
3 

Bridge Creek  BRC-B 1 
2 
3 

14  43 0 14  29 6 .53  
29 59 9 3 0 2.41 

5 48 48 0 0 -  7.42 
x i  S.E. 5.45 + 1.543 

1 9  81 0 0 0  9.12 
1 9  69 12 0 0 1 0 . 1 9  
29  55 16  0 0 _ 29.83 

x +  S.E. 16.78 + 6.532 

33 58 30 9 0 3 4.12 
1 5  7 67 27 0 0 1 .26  
46 50 37 13  0 0 - 2.21 

I! S.E. 2.55 t 0.837 

Lower LBC-B2 1 1 514 20 17  57 I L1 263.63 
Beaver Creek  2 499 1 1  34 51 L 1 4 108.64 

3 942 12  63 22 I 1 _ 116.50 
x f  S.E. 162.92 + 50.404 

continued 

Lower LBC-B1 1 209 1 3  36 44 6 1 36.53 
Beaver Creek  2 100 3 48 46 2 1 15.36 

3 135 9 39 49 3 0 -  18.14 
x i  S.E. 23.34 ' 6.642 



Table 032.  Continued 

T o t a l  number 
Waterbody Stat ion R e p k c a t e  per 0 . 1  m2 

FALL - 
W.I.D. KID-B1 1 

2 
3 

Creek  W3 Ii3-B 1 
7 

W.I.D. WID-B2 1 2 
2 6 
3 1 

Bridge Creek  BRC-B1 1 
2 
3 

Lower LBC-B2 1 358 
Beaver Creek  2 397 

3 306 

Lower LBC-B1 1 312 
Beaver Creek  2 329 

3 54 

Pe rcen tage  of  organisms in sieves 
Mesh opening (mm) 

0.25-0.5 0.5-1 1-2 2-4 M 

275.17 
194.50 

64 .54  
,? S.E. 178.07 i 61.356 

13.72 
52.23 

x t  S.E. 34.21 i 11.186 

100.72 
102.47 

80 .33  
i A  S.E. 94 51 i 7.106 

32.58 
42.  72 

i l S.E. 38.17 i 2.973 

30.67 
IR.11 

4.11 
S.E. 17.63 1 7.670 

-- -- 

a Eckman grab  samples (area 0.023 "32) were t aken  a t  s t a t ion  W3-B. Densities have been converted to 0.1 m2. 

L = less than.  



Table 1133. Seasonal changes in size distribution and es t imated biomass of macroinvertebrates in Upper Beaver Creek and 
Creek B-1. 1984. 

Percentage of organisms in sieves 
Total numbera Mesh opening (mm) Estimated 

Waterbody Station Replicate per 0.1 m 2  0.25-0.5 0.5-1 1-2 2-4 rl biomass (mg) 

S P I I I N G ~  

Upper UBC-B 
Beaver Creek 

101.42 
I .70 
0.0 

k? S.E. 34.37 + 33.527 

SU\IRIER 

upper UBC-B 
Beaver Creek 

37.08 
117.04 
101.00 

k + S.E. 85.04 + 24.423 

Creek B1 B1-B 17.71 
8.39 
0.59 

i ?  S.E. 8.90 ? 4.947 

FALL - 
Upper UBC-B 
Beaver Creek 

43.99 
76.40 
39.27 

% ?  S.E. 53.22 + 11.670 

Creek B1 B1-B 
5.10 
8.25 

22  S.E. 12.20 2 5.604 

a Ekrnan grab samples (area 0.023 m2) were taken a t  t he  Upper Beaver Creek station. Densities have been converted to  0.1 m2. 
No samples were collected s t  Station B1-B in spring. 

L = less than. 



Table 93.1. Seasonal changes i n  size distribution and est imated bio:nuss of ~naero inver t rbr i~ te . ;  in ricnvc- creek l<c<r~.vo i r .  1 l1R.i. 

Percentage o f  organisms in s ieves  
Station and Total number Mesh opening (mm) Estimflted 

Season Depth Replicate per 0 . 1  m2 0.25-0.5 0.5-1 1-2 2-4 >4 biomass (mg) 

SPRING BCR-Bl 
(1 rn) 

-10.71 
? S.E. 31.70 j . f l l 9  

9 . 7 5  
3 3 . 4 5  
41 .06  ;' S.E. 14.59 ' 13.!64 

5 . 7 7  
1 5 . 3 8  

I l R . 9 5  
.( T S.E. 46.03 35.567 

:1.54 
26. 05  

i S.E. 76.49 2.800 

18.71 
2 5 6 . 6 8  
166.97  

k I S.E. 147.45 69.386 

FALL BCR-B1 - 
(1 rn) 

1 3 9 . 8 1  
286.59  
' 6 9 . 2 1  

?(I S.E. 198.54 ' 44.837 

309.30  
220.34 
Zfi9.37 

? ?  S.E. 266.50 f 25.736 

76.35 
86. '37 

162.79  
i :  S.E. 109.65 + 27.224 

4 9 6 . 0 5  
80 .56  

195.22  
i ?  S.E. 257.24 ? 123.890 

1 9 . 5 7  
7 4 . 3 3  

185.13 
k! S.F. 03.01 + 48.697 

L = less than. 
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Table D35. Seasonal changes in size distribution and es t imated biomass of macroinvertebrates in Ruth Lake, 1984. 

I) Percentage of organisms in sieves 
Station and Total number Mesh opening (mm) Dtimated 

Season Depth Replicate per 0.1 m2 0.25-0.5 0.5-1 1-2 2-4 24 biomass (mg) 

SPRING RL-B 
( 1  rn) 

SUhlMER RL-B 
(1  m) 

I FALL RL-B 1 - 
(1 m) 2 

3 

17  0 25 50 25 0 5 .03  
6 1 0 14  36 50 0 26.72 
22 40 20 20 20 O -  4.32 

x ?  S.E. 12.02 2 7.351 

39 33 44 0 11 11 16 .45  
39 5 5 44 0 0 0 1 .13  

157 42 3 56 0 O -  17 .50  
x ?  S.E. 11.69 + 5.290 

k? S.E. 118.61 2 22.515 



Table [);(ti. Seasonal chflnge? in srze d i s t r i bu t~on  nnd c5ttrnatoci b l o l n ~ s s  o f  snacroinvertebrateu in Poplar Creek R c s c ~ v n ~ r .  1484. 

Percentage o f  organisms in s ieves  
Station and Total number Mesh opening (mm) Estimated 

Season Depth Replicate per 0.1 rn2 0.25-0.5 0.5-1 1-2 2-4 >4 biomass (mg) 

14.10 
0 .91  

1 5 . 7 4  
k S.E. 39.75 + 1.736 

14.16 
0 .94  

11 .69 
x? S.E. 11.93 + 1.224 

203.39 
37.62 
25.05 

2 + S.E. 88.69 + 57.466 

61.28 
63 .21  
66.58 

k? S.E. 63.69 + 1.549 

149.79 
51 .23  
52.56 

k ?  S.E. 84.53 232 .634  

PCR B2 
i3 rn) 

17.95 
52.16 
22.25 

x' S.E. 30.79 f 10.759 

PC K-B3 
( 5  in) 

55.23 
155.66 

63.75 
2: S.E. 91.55 + 32.151 

80.92 
17 .21  
58.00 x ?  S.E. 52.04 1 18.63 

FALL PCR-B1 - 
(1  rn) 

1 451.44 
359.60 
619.21 

S.E. 976.751 247.282 

13.86 
31.43 
39.74 

x? S.E. 28.34 1 7 . 6 2 7  

145.43 
2 . 7 9  

96 .41 x ?  S.E. 51.54 f 41.842 

~ ~ 

209.01 
39 .29  x ?  S.E. 154.31 ? 57.533 

55.06 
103.04 

34.11 
k f S.E. 64.07 ? 20.402 

-- 

L = less than. 



APPENDIX E 

FISHERIES 



Table El.  Sumrnary of boat electoshocking (ES) and backpack electrofishing (EF) CUE (catch per unit e f for t )  for  sample stat ions in the  h7acKay 
River and Dover River, 1984. 

Waterbody Survey Species CUE8 Effort Effic- 
(Station) Date LW MW AG GE NP YW LING LNS WS PHC LKC LND PD NRD SS TP (min) iencyb 

MacKay R. 
M R-ES1 

VI R-ES2 

M R-ES3 

\IR-EF1 
;Il K--EF2 
bh R-EF 3 
MR-EF4 
M R-EF 5 
V R-EF 6 
ILIR-EF 7 
M R-EF 8 
MR-EF9 

28 May 
25 July 
27 May 
24 July 
27 May 
24 July 
26 Sept. 
26 Sept. 
26 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 
25 Sept. 

Dover R. 
DR-EF1 29 May 

25 July 
24 Sept. 

DK-EF2 24 Sept. 
UR-EF3 24 Sept. 
DR-EF4 24 Sept. 

For species code explanation, see t e x t  Table 3.6; CUE = c a t c h  (captured ~ n d  observed) per electrofishing minute. 
!I Efficiency rat ing (1 = optimum efficiency; 4 = lowes t  efficiency). 
" 1. = Less than 



Table E2. Age-length and age-weight relationships for goldeye, walleye and 
mountain whitefish captured in the MacICay River, 1984. 

Scale Fork Length (mm) Weight (g) 

Age Mean S.D. Range Mean S.D. Range Number 

Goldeyea 

Mountain Whitef isha 

0 

1 142.0 3.94 136 to 146 

2 

3 279.0 

4 336.0 

aScale age 

b ~ i n - r a y  age 



Table E3. Suinmary of sampling effor t  and CUE (catch per unit effor t )  from seine stations (S) on the  MacKay River and 
Dover River, 1984. 

Waterbody Survey Species  CUE^ Haul Area 
(Station) Date  NP YW YP LNS W S  FHM LKC LND PD NRD SS TP ES (m 2, 

MacKay River 

iV1 R-S 1 A 
M R-S1B 
M R-S2 

Dover River 

28 May 
25 July 
26 Sept. 
26 Sept. 
28 May 
25 July 
26 Sept. 
28 May 
25 July 
25 Sept. 
25 Sept. 
25 Sept. 

DR-S1 24 Sept. 
DR-S2 24 Sept. 

~ 0 . 1 b  LO.l LO.1 0.2 LO.l 
LO.1 0.4 

LO.1 
LO. 1 0.1 

LO.1 0.1 LO.1 
0.1 LO.1 

aFor species code explanation, see text Table 3.6; CUE = catch per 10 m 2  of surface area.  
b~ = Less than. 



Table E4. Summary of electrofishing !EF) CUE (catch per unit effort) from sample 
stations in the West Interception DitchjLower Beaver Creek System, 1984 

Waterbody Survey Species CUEa Effort 
(Station) Date LNS W S  FHM LKC BS (mid  Efficiencyb 

W . I.D. 
WID-EF1 30 May 

26 July 
27 Sept. 

WID-EF2 30 May 
26 July 
27 Sept. 

WID-EF3 26 July 
27 Sept. 

W . I.D. Tributaries 
W2-EF 30 May 

Beaver Creek 
LBC-EF1 25 Iflay 

21 July 
21 Sept. 

LBC-EF2 25 May 
21 July 
22 Sept. 

Bridge Creek 
BRC-EF1 26 May 

21 July 0 
21 Sept. 

BRC-EF2 21 July 
22 Sept. 

BRC-EF3 30 May 
26 July 
27 Sept. 

BRC-EF4 30 May 
2 6 July 
27 Sept. 

&For species code explanation, see text  Table 3.6; CUE = catch (captured and observed) per 
electrofishing minute. 

b~ff ic iency rating (1 = optimum efficiency; 4 = lowest efficiency). 



Table E5. Summary of boat electroshocking (ES) and backpack electrofishing (EF)  CUE (catch per unit ef for t )  from sample 
stations in t he  Beaver Creek Diversion System, 1984. 

Waterbody Survey Species CUEa Effort 
(Station) Date  AG NP LING LNS WS PHM FHC LKC NRD BS (rnin) Efficiencyb 

*r Upper Beaver Creek 

UBC-ES 13 June 
UBC-EF 26 Sept. 

w 
Creek B1 

B1-EF1 31 May 
27 Sept. 

B1-EF2 26 July 
27 Sept. 

Beaver Creek Reservoir 

BCR-ES1 13 June 
BCR-ES2 13  June 

Ruth Lake 

RL-ES 13 June 

Poplar Creek 

PC-EF1 31 May 
23 July 
22 Sept. 

PC-EF2 31 May 
23 July 
23 Sept. 

PC-EF3 31 May 
23 Sept. 

PC-EF5 25 May 
22 July 
23 Sept. 

PC-EF6 25 May 
22 July 

1 
23 Sept. 

10.7  
16.0  
12.9  

8 .5  
11.9 

5 .0  
10.3  

6.2 
f i .  9 

13.7  
15.6  
1 1 . 2  

a ~ o r  species code explanation, s ee  t ex t  Table 3.6; CUE = catch (captured and observed) per electrofishing minute. 

Cia 
b ~ f f i c i e n c y  rating (1 = optimum efficiency; 4 =lowest  efficiency). 

' ~ o e s  not include more than 10 000 f ry  observed. Identified subsamples consisted of approximately 98% white sucker y-o-y 
and 2% fathead minnow y-o-y. 

d ~ o e s  not include more than 5 000 f ry  observed. Identified subsamples consisted of approximately 98% whits sucker y-o-y 
and 2% fathead minnow y-o-y. 

mm 



Table E6. Summary of sample effort and CUE (catch per unit effort) for seine collections 
in the Beaver Creek Diversion System, 1984. 

Species CUEa 

Waterbody Survey White Fathead B o o k  Haul Area 
(Station) Date Sucker Minnow Stickleback (m 2, 

BC R-S 3 15 July 3.4 8.2 7.0 525.0 

RL-S2 16 July 0.2 37.6 12.5 400.0 

PCR-S3 17  July 0.2 3.8 475.0 

aCUE = catch per 10 m2 of surface area. 



Table E7. Summary of sample effor t  and CUE (catch per unit effort)  for overnight gillnet 
sets  in the  Beaver Creek Diversion System, 1984. 

W aterbody Survey Species CUEa Set 
(Station) Date White Sucker Duration (h) 

bC R-G 1 15-1 6 July 5.1 
(6) 

BC R-G 2 1 6-1 7 July 32.6 
(38) 

K.L-G2 16-1 7 July 68.3 
(74) 

PCR-G 1 17-1 8 July 10.5 
(11) 

PC R-G 2 1 7-1 8 July 11.7 
(13) 

aCUE based on standard net-unit (15.2 m x 2.8 m panels of 3.8 cm, 6.4 cm, 8.9 cm 
monofilament mesh). Results expressed a s  number of fish/net-unit/l2 h; number of 
f ish/standard net unit/overnight s e t  given in parentheses. 



Table E8. Percentage composition and CUE (catch per unit effort)  for various fish species in seine collections from Beaver 
Creek Reservoir, Ruth Lake and Poplar Creek Reservoir (summer 1978, 1981 and 1984).a 

White Sucker Fathead Minnow Lake Chub B o o k  Stickleback 
Juv. and y-o-y 

Location 1978 1981 1984 1978 1981 1984 1978 1981 1984 1978 1981 1984 

Beaver Creek 0.7b 5.2 18.3 48.1 65.1 44.0 2.2 0.3 0 49.0 29.4 37.7 
Reservoir (0.6) (5.3) (3.4) (42.4) (65.5) (8.2) (2.0) (0.3) (0) (43.3) (29.6) (7.0) 
(BCR-S3) 

Ruth LO.lC 0.7 0.4 92.6 85.0 74.7 LO.l 0 0 7.4 14.3 24.9 
Lake 
(RGS2) 

Poplar Creek 1.8 0.8 0 57.1 2 9.1 4.2 0.1 0 0 41.0 70.1 95.8 
Reservoir (0.3) (0.2) (0) (9.8) (7.9) (0.2) (LO.1) (0) (0) (7.1) (18.9) (3.8) 
(PC R-S3) 

a1978 da ta  from OINeil (1979); 1981 data  from O1Nei1 (1982); 1984 da ta  from present study. 
b ~ i r s t  number given is percentage composition of catch;  CUE (catch per 10 m2 of surface area) given in parentheses; both 

values based on three  hauls conducted a t  each s ta t ion during the summer period. 
CL = Less than 



Table E9. Sampling e f fo r t  and CUE (catch per unit ef for t )  for  overnight gillnet 
sets in t h e  Beaver Creek Diversion System (summer 1978, 1981 and 
19841.a 

Species CUE b 

Set 
Longnose White Lake Duration 

Location Year sucker sucker chub (h) 

Beaver Creek 
Reservoir 

BC R-G 1 

BC R-G 2 

Ruth Lake 

R G G 2  

Poplar Creek 
Reservoir 

PC R-G 1 

PC R-G 2 

a 1978 d a t a  f rom OfNeil (1979); 1981 d a t a  from O1Neil (1982); 1984 d a t a  from 
present study. 

CUE based on a standard net-unit (15.2 m X 2.8 m panels of 3.8 e m ,  6.4 em,  
8.9 c m  monofilament mesh). Results expressed a s  number of fish/net- 
unit/l2 h; number of fish/standard net-unit/overnight s e t  given in parentheses. 



E10. Length frequency distribution for white sucker captured by all sample 
methods in Beaver Creek Reservoir, Ruth Lake and Poplar Creek Reservoir, 
1684. 

Beaver Creek Ruth Lake Poplar Creek Combined 
Reservoir Reservoir 

% % % % 
(mm) Number Frequency Number Frequency Number Prequency Number Frequency 

Total No. 76 111 35 222 



APPENDIX F 

SITE SPECEIC COMMENTS RELATING TO THE 

DISTRIBUTION OF AQUATIC MACROPHYTES 

IN THE POUR STANDING WATERBODIES 

IN THE STUDY AREA 



Table F1. Site specific comments relating to  distribution of macrophytes in 
Beaver Creek Reservoir, July 1984. 

sitea Description 

Site 1 

Site 2 

Site 3 

Site 4 

Site 5 

Site 6 

Site 7 

Site 8 

Site 9 

Site 10 & 11 

Site 12 

Site 13 

Site 14 

Site 15 

Site 16 

A t  0.5 m depth - patches of Sparganium and Nuphar. 
At 0.9 m, Potamogeton pusillus and P. richardsonii. At shore - Carex 
with patches of Typha and Scirpus with Salix on higher ground. 

Myriophyllum towards the shore with P. pectinatus growing a t  depths 
up t o  1.5 m. Shore-Typha. 

Myriophyllum, Ceratophyllum, P. pectinatus, P. zosteriformis with 
smaller amounts of P. pusillus and P. richardsonii. Shore - 'I'ypha 
with small areas of Scirpus. 

Myriophyllum , Ceratophyllum , P. pectinatus, P. zosteriformis with 
smaller amounts of I?. pusillus and P. richardsonii. Shore - Typb 
with small areas of Scirpus. 

Mixture of Ceratophyllum, Myriophyllum, P. zosteriformis and P. 
richardsonii. 

Mixture of Ceratophyllum, Myriophyllum, P. zosteriformis and P. 
richardsonii . 
P. pectinatus, P. zosteriformis, some Myriophyllum. Typha thinning 
out on shore. 

Patches of Sparganium near shore with isolated patches of Nuphar. 
Shoreline has a narrow band of Carex with a few plants of EQuisetum 
near the water's edge. 

Well developed colonies of Sparganium extending from the point in an 
arc towards the southeast. 

Very thick beds of Myriophyllum. 

Start of Typha on shore with a few small Typha islands off shore. 
Submersed vegetation consisting almost exclusively of Myriophyllum 
growing t o  a depth of 2 m with much smaller amounts of P. 
zosteriformis. 
Large numbers of Typha islands which are surrounded with 
Ceratophyllum with lesser amounts of Myriophyllum and P. 
zosteriformis. Much of the Typha is last year's growth. Some 
Lemma minor was seen among the Typha. The depth increased 
rapidly away from the islands to  about 1 - 1.5 m. 

Typha islands surrounded by Ceratophyllum and Myriophyllum with 
smaller amounts of P. zosteriformis and P. pectinatus with about 60% 
cover. 

Myriophyllum, Ceratophyllum and P. zosteriformis. 

Shore - Typha being replaced by Scirpus and some Salix. Submersed 
vegetation almost exclusively MyriophyUum with almost 10096 cover 
with one well developed patch of P. praelongus, the only one seen in 
the reservoir. 

a For site location see Figure 5.8. 



I'able F2. Site specific coninents relating to distribution of macrophytes in 
Ruth Lake, July 1984. 

sitea Description 

Site 1 

Site 2 

Site 3 

Site 4 

Site 5 

Site 6 

Site 7 

Open Area 

Site 8 

Site 9 

Site 10  

Myriophyllum dominant with small amounts of P. pectinatus, P. 
zosteriformis, Ranunculus, and isolated plants of Nuphar. A few 
plants of P. praelongus were seen. Clumps of Scirpus in 0.9 m of 
water with an understorey of Ceratophyllum and Lemna trisulca. 

Dense Myriophyllum and small patches of Nuphar with an understorey 
of Ceratophyllum and L. trisulca. 

Numerous small Scirpus islands with small amounts of Typha. The 
islands are surrounded by extremely dense Myriophyllum. 

Dense Myriophyllum which a t  10 m from shore thins out in the 
shallow water. Shore - a narrow band of Typha with Salix and 
Populus behind. 

Myriophyllum dominant. In a few small patches Chara occurs as an 
understorey beneath the Myriophyllum. Small amounts of P. pusillus 
and P. richardsonii. Shore - Typha. 

Entrance to  discharge canal. Myriophyllum and P. pectinatus growing 
in a slow current. Shore - dense Typha on both sides. 

Myriophyllum with small amounts of P. zosteriformis and 
Ceratophyllum. A patch of Chara occurring beneath Myriophyllum 
was seen. 

Roughly follows the 2 m contour and is occupied by scattered Nuphar 
plants and occasional plants of Myriophyllum and P. zosteriformis. 

The open area ends abruptly with the appearance of dense 
Myriophyllum with smaller amounts of Ceratophyllum. Shore - Carex 
with Eleocharis and Scirpus. 

Ceratophyllum is dominant with Myriophyllum sub-dominant. 

A fan of P. pectinatus extends from the mouth of the diversion canal. 

a For s i te  location see Figure 5.16. 



I Table F3. Site specific comments relating to  distribution of macrophytes in 
Poplar Creek Reservoir, July 1984. 

.I sitea Description 

Sites 1 & 2 The east side has submersed vegetation moderate density consisting 
of a mixture of Myriophyllum, Sagittaria and Sparganium growing on 
a fairly firm bottom. Shore - Carex with small amounts of Typha and 
Scirpus. 

I Site 3 

I Site 4 

m 
Site 5 

w Site 6 

A few small Typha islands situated in a dense bed of Myriophyllum 
with lesser amounts of Utricularia and some emergent Hippuris and 
Ranunculus. 

Near the mouth of the diversion canal is a fan of P. pectinatus in 
<0.5 m of water which extends into the canal itself. 

A very large marshy area of Menyanthes trifoliata of unestimated 
extent on both sides of the canal. The west side of the diversion 
canal has a narrow band of Typha. 

The west side of the upper section of the reservoir is populated by 
occasional plants of Sparganiurn reaching the surface with some 
Sagittaria and Myriophyllum. Overall density of plants is low. 

Site 7 The west side of the lower section (south of the causeway) is sparsely 
occupied with a mixed community of Sparganium and Sagittaria. 
Near the dam, Myriophyllurn and Utriculmia form a small bed near 
shore. 

w 
Site 8 Along the dam face patches of P. zosteriformis and Myriophyllum 

grow on a fairly firm and rocky bottom. - Site 9 The area near the entrance of the discharge canal contains fairly 
dense Myriophyllum with patches of P. vaginatus which grows into 
the canal. The south side of the canal has a band of Typha. 

(I Site 10 The east side of the lower section of the reservoir has patches of 
Spaqpnium with lesser amounts of Sagittaria, Myriophyllum and a 
few plants of Polygonurn. Shore - Carex, patches of Typha with Salix 

I behind. 
Site 11 A few plants of Chara seen in shallow water close to  shore. 

I a For site location see Figure 5.22. 



Table F4. Site specific comments relating to distribution of macrophytes in 
Horseshoe Lake, July 1984. 

sitea Description 

Site 1 Ceratophyllum dominant with Elodea and P. pectinatus growing in 
0.5 m. Small amounts of P. pusillus, L. trisulca and L. minor with a 
localized patch of Nuphar. Small amounts of emerging Hippuris and 
Sparganium were seen near shore. Shore - meocharis. Outlet 
channel overgrown with very dense Typha and Carex. 

Site 2 

Site 3 

Site 4 

Site 5 

Site 6 

Site 7 

Site 8 

Elodea dominant, heavily marled with lesser amounts of P. pectinatus 
and Ceratophyllum. In some areas a light understorey of Chara 
occurred in about 0.6 m. Shore - Carex with Eleocharis and small 
amounts of Sagittaria with occasional Typha on the east side. The 
west side of the arm is occupied by Carex. 

Dense Elodea (male plants with some flowering) growing in 2.5 m of 
water. 

Nuphar becomes dominant growing on both sides of the channel 
leaving a narrow Nuphar-free strip down the middle. Elodea, P. 
pectinatus and Ceratophyllum form an understorey. Shore - Carex, 
Sparganium and small amounts of Typha and Eleocharis. 

Nuphar growing almost completely across the channel. Elodea is 
much less abundant. Understorey composed of a mixture of P. 
pectinatus, Ceratophyllum with Elodea, L. trisulca and occasional 
plants of P. zosteriformis. 

Heavy growth of Nuphar with L. trisulca beneath. The channel is 
blocked a t  this point by a dense bed of Scirpus with some Sparganium. 
The bed extends t o  Site 7. 

Nuphar with an understorey of Ceratophyllum and L. trisulca. The 
centre of the channel has a number of small colonies of Hippuris and 
some Typha. Shore - Sparganium, Cares and Salix on east side, 
Sparganium and Salix on the west side. 

Nuphar forming an almost continuous cover with L. trisulca beneath 
the small amounts of Utricularia and Elodea. P. pectinatus and some 
Chara was found in some areas where Nuphar was less dense. Several 
large patches of the moss Drepanocladus mixed with L. trisulca 
occurred in the area. 

Site 9 Abundant Nuphar with an understorey of Utricularia with occasional 
mats of partly floating Drepanocladus in 0.4 m of water. Small 
amounts of L. trisulca. Shore - Typha and Sparganium. 

Site 10 Nuphar with Elodea and some Ceratophyllum. 

Site 11 Elodea in 1..3 m of water. Shore - Sparganium with Carex and Salix 
behind. 

Continued ... 



Table F4. Continued. 

Site 12 Nuphar with an understorey of Ceratophyllum and Utricularia with 
areas of Sparganium and Hippuris. A large area of emergent Hippuris 
growing in water up to 0.3 m occurs a t  the north end of the lake. 
This bed is surrounded by Nuphar and Ceratophyllum. 

Site 13 The northwest arm is occupied by patches of Nuphar extending right 
across the arm with an understorey of Elodea and Ceratophyllum and 
a few areas of P. pectinatus. Smaller amounts of P. zosteriformis 
and P. praelongus in 0.5 t o  0.75 m of water occur. Shore - Carex and 
Sparganium with SaZix behind. 

Site 1 4  Dense Nuphar with L. trisulca and Ceratophyllum beneath with lesser 
amounts of Elodea and P. pectinatus. Shore - Carex and Sparganium. 

Site 15 An area without Nuphar cover extends out to  5 m from the shore. 
The bottom in this area is covered with L. trisulca, Myriophyllum and 
Ceratophyllum. In the area covered with Nuphar the understorey 
consists of P. pectinatus and Elodea in 0.4 m of water. 

Site 16 Variable density of Nuphar with varying proportions of P. pectinatus, 
Elodea and Ceratophyllum with small amounts of L. trisulca and P. 
pusillus. Shore - Carex and Sparganium with Salix behind. 

a For site location see Figure 6.1. 



APPENDIX G 

PHYTOPLANKTON 



Table G1 Cell counts (cellsmL-1) and cell volumes ( um3.103.m~-l) of phytoplankton from Beaver Creek Reservoir (Station BCR-P), 1984. 

1 5  June 24 July 23 September 

Number Volume Number Volume Number Volume 

BACILLARIOPHYTA 
Melosirs gmnulata (large) 
Melosira g~3nula ta  (small) 
NitPlchia acicularis 
Unidentified centric 
Asterionella formosa 
Stephanodiserrs hantzsehii 
Diatoma elongaturn 

ae la  
Sgnedra e ~ d o ~ u m  
Unidentified 
Unidentified 
Gymsigma sp. 
Tabeumk fenestra 
Gomphomma sp. 
Synedra ulna 
Rsgilaria sp. 
Coenxlew sp. 

CRYPTOPHYTA 
BhodomorvlP minuta 
CrvotomMaa aosa 

Cryptomom8 sp. 
CHRYSOPHYTA 

Kephyriw sp. 
Dinobrgon divagens 
D i i  sertularia 
Desmarella sp. 
Unidentified statospore 

PYRHOPHYTA 
Glenodinum. sp. 
Ceratium hvlmdinella 

EUGLENOPHYTA 
Phacm Pynun 
Phacla sp. 
Trachelomonas planctoniea 
EugleM 

CHLOROPHYTA 
Sphaeroeystis sduoeter i  
Seenedesnys acynubatys 
Scenedesnys arcyatys 
Seenedesmla bijwa 
Seenedesmla qmdrieauda 
QuacMuula closteroides 

K v % ~ e r i &  elongats 
Kirehneriella lunaris 
Dictyasphaerium sp. 
ooeystis sp. 
GloeotiUa pelagiea 
Binuclearia eriemis 
Coeloastrum miaoporum 
Pediastrum te t ras  
Pediastrum boryanum 
Ehkntothrix sp. 
Tetrastrum glabrum 
Tetraedrom t r i i u m  
Chlamydomonas sp. 
Chlamvdomonas so. 
~ a g e r c e i m i a  qmd;iseta 
C h l a m y d o m o ~ s  sp. 
Cructgenia tetra- 
cwmarilinl sp. 
Eudorina elegans 
Clostserium actum 
Crucigenia rectm@ark 
Volvox aurela 
Mougeotia sp. 
Coeclamtrum cambricum 
Clwterium sp. 
Pediastrum duplex 

var ealthratum 
Char racium sp. 
Staurastrum sp. 
Crueigenia quadrats 
Sorastrum spinulmum 

CYANOPHYTA 
0seiUatoria sp. 
Osfillatoria limnetiea 
Anabaena sp. 
AnabaeM Dlnnetoniea 

Gomphasphaeria naegelianum 
Merismopedia sp. 

TOTAL 4448 1925 13 960 1245 11 134 1920 

P = present but not encountered in routine cell counts; N = not observed. 



'Table G2 Cell counts icells.rn~-~) and cell volumes ( ~ ~ r n ~ . l o ~ . r n ~ - ~ )  of phytoplankton from Ruth Lake (Station RL-P), 1984. 

15  June 24 July 23 September 

Number Volume Number Volume Nwnber Volume 

BACILLAKIOPHYTA 
Melosins granulata Uarge) 
Melosira granulata (small) 
Nitzschia acicularis 
N i t ~ c h i a  palea 
Unrdentif!ed centrtc 
Asterionella I w m m  
Un~dent i f~ed  diatoms (4) 
synedra SP. 
Diatoma elongatum 
Coceoneis sp. 
Fragileria sp. 
Fragilaria emtonemis 
Nitzpchii sp. 
sJmedra acus 
Stephanodiscus hantzschii 
Cymbella sp. 
Tabellaria floeulase 
synedra ulna 
Gyrosigma sp. 
Gomphonema sp. 

CRYPTOPHYTA 
Rhodamones minuta 
Cryptomonas erosa 
Cryptomoms c w a t a  

CHRYSOPHYTA 
Dinobryon divergens 

PYRROPHYTA 
Peridinium sp. 
Ceratium hirundinella 
Glenodinium sp. 

ECGLENOPHYTA 
Trachelomonas sp. 
Euglena acus 
Phncus sp. 
Trachelomonas plactonica 
Trachelomonss sp. 

CHLOROPHYTA 
Sphaerocystis schroeterl 
Scenedesmus acummatus 
Seenerlesmus areuatus 
Scenedesmus bijuga 
Scenedesmus ineresatulus 
Scenedesmus qusdricuata 
Quadrigula closteroides 
Adristrodesmus movolutus 
Koliella sp. 
Kirchneriella lunar& 
Dictyosphaerium sp. 
Ooept i s  sp. 
GloetiUa pelagiea 
Binuclearia eriensis 
Coeloastrum mieropwum 
Pediastrum tetras 
Pedlastrum boryanurn 
Ualcatothru ip.  
Tetrastrum glabrum 
Tetraedron trigonurn 
Tetraedron caudatum 
Cosmarium sp. 
CNamydomonus sp. 
Tetraedron minimum 
Closterium actum var. 

variabile 
Stamadesmus ep. 
Tedraedron limnetieurn 
Crucigenia tetrapedia 
Cmcigenia rectangularis 
Chlamydamonw sp. 
Closterium actum 
Stawastrum sp. 
Coeloastrum camkicum 
Seenedesmus denticulatus 
Caraeium sp. 
Sorastrum spinulosum 

CYANOPHYTA 
Pseudanabaena sp. 
C h r m o c c u s  limneticus 
chrooeoccus dispersm 
Anabaena sp. 
Anabeena planctonica 
ADhaniwmenom f l s a o u e e  
~bmphaspl?aeria naegefianum 
Lyngbya SP. 
Merismopedis glauca 
Pseudanabaena m w t r i c t a  
Dactylaeoccus Smithii 
spiruiina sp. 

TOTAL 

P = present but not encountered in routine cell counts; N = not observed. 



Table G3 Cell counts ( c e ~ s . m l , - ~ )  and ceU volumes ( ~ m ~ . 1 0 ~ . r n ~ - l )  of phytoplankton from Poplar Creek Reservoir (Station PCR-P), 1984. 

15 June 24 July 23 September 

Number Volume Number Volume Number Volume 

BACILLARIOPHY TA 
Melosira granulnta (large) 
Melosira ganuln ta  (small) 
Ni tvchia  acicularis 
Ni tvchia  palea 
Asterionella formosa 
Unidentified centric 
Diatoma elongatum 
Synedra acus 
Unldentlfied 
Tabellaria fenestra 
Synedra sp. 
Gyrosigma sp. 
Amphora sp. 
Stephanodiscus hantznehii 
Gomphonema sp. 
Nitzvchia linearis 
Synedra eyclopum 
Prsgilaria sp. 
Synedra ulna 

CRY PTOPHYTA 
Rhodomones minute 
Cryptomonas erosa 
Cryptomonas c u n a t a  
Cryptomonas re f le ra  

CHKYSOPHYTA 
Dinobryon divergens 
Dinobryon sertularia 

PYRROPHYTA 
Peridinium sp. 
Glenodinium sp. 
Gymnodinium umberrimun 
Ceratium hirundinella 

EUGLENOPHYTA 
Trachelomonas planctoniee 
Trachelomonas spinulosa 
Phacus sp. 
Euglena acus 

CHLOROPHYTA 
Sphaerocystis sehroeteri 
Scenedesmus acuminatus 
Scenedesmus arcuatus 
Scenedesmus biiuea 
Scenedesmus i n ~ & a t u l u s  
SEenedermlrs nvldricaude - - - - - -- - - - -. - -- 
Quadrtgula closterordes 
Anhstrodesmus convolutus 
Koliella sp. 
Kirchneriella elongate 
Kirchneriella lwurris 
Dictyosphaerium sp. 
Oocwtis SD. 

G I & O ~ ~ U  .pelagica 
Binuclearia eriensis 
Pediastrum te t ras  
Pediastrum boryanum 
Etakatothrix sp. 
Tetrastsruk glabrum 
Chhnydomonas sp. 
Lagerheimia quadriseta 
Characium sp. 
Crucigenia rectangularis 
Crucigenia tetrapedin 
Glenodinium sp. 
Closterium actum 
Tetraedron minimum 
Mougeotia sp. 
TTeubaria varia 
Coel-trum Cambricurn 
Staurastrum sp. 
Sorastrum spinulosum 
Cosmarium sp. 
Closterium actum 

var variabile 
Clmterium sp. 
Cosmarium sp. 

CYANOPHYTA 
Pseudanabaena sp. 
Aphanizomenom flos-aquae 
Gomphosphaeria naegelianum 
Dactylacoccus sp. 
Chrwcoccus dispenus 
Anabaena sp. 
Unldentlfied aklnete (2) 
Anabaena planctonica 
Oseillatoria sp. 
Lyngbya sp. 
Chroococcus limneticus 
Marssoniella e l e g m  
Unidentified 
Merismopedia ep. 

TOTAL 

P = present but not encountered ~n routme cell counts; N = not observed. 
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APPENDIX H 

ZOOBENTHOS MULTIVARIATE ANALYSES 

Resolution of the 19 lotic benthic stations within the Syncrude 

Development area into discrete groupings based on composition of 

abundant zoobenthos taxa was good in spring and summer, but poor in fall. 

In spring, both principal component analysis (PCA, Figure HI)  and 

similarity analysis (SA, Figure H2) detected two groupings of benthic 

stations (A/B and C/D/E, separated by a solid line). The first principal 

component axis accounted for 39.0% of variation among stations. High 

scores along this axis were positively correlated with abundance of Baetis, 

Simuliidae, Chironomidae, and Oligochaeta, and were negatively 

correlated with abundance of Caenis. Included in the former grouping 

were the two upstream MacKay River stations (MR-B3 and MR-B4), 

MacKay River tributary stations (M2-B and M6-B), and station WID-B1. 

These stations were characterized by moderate t o  rapid flow over 

relatively unsilted substrate; both are factors conducive to  development 

of a strongly rheophilic fauna. Within this grouping, two subgroups (A and 

B) were discerned. These were separated along the second principal 

component, which accounted for 25.6% of variation. High scores were 

associated with high densities of Simuliidae, whereas low scores were 

correlated with abundant Oligochaeta and Chironomidae populations. 

Stations in one subgroup !A) included MR-B3, MR-B4, M2-B, DR-B, PC- 

B1, and PC-B2. These stations exhibit a relatively wide, exposed, shallow 

channel form that provides ample solar radiation to  permit a large degree 







of autotrophy. These factors enhance the development of a high quality 

seston source, which is of major importance in filter-feeding based 

benthic communities. The remaining three stations (Group B) were not 

well clustered. Stations M6-B and WID-B1 were structurally dissimilar, 

but both received poor quality carbon inputs from upstream sources -- a 

beaver pond in the former instance, and stands of macrophytes in the 

latter.  Zoobenthos a t  station LBC-B2 were highly autotrophic, which may 

be the result of abundant growths of periphyton on the rock substrates 

inhibiting development of a dense f ilter-feeding population. 

Stations that clustered in the second major grouping (C/D/E) could 

also be subdivided. The separation cannot be ascribed to abundance or 

rarity of any single taxonomic group, except in the case of UBC-B 

(subgroup El, where Caenis was abundant. Clustering of stations within 

subgroup C was somewhat anomalous from a structural perspective. 

Stations MR-B1 and LBC-B1 were both moderate-flow stations that 

showed evidence of siltation; however, the closely clustered station WID- 

B2 was markedly depositional, with minimal flow and dense macrophytic 

growth. With regard to  subgroup D, stations PC-B3, PC-B4, and BRC-B 

were similar in terms of flow, substrate composition, and shading, yet the 

biotic similarity of these with M R-B2 (a wide, fast-flowing, silted station) 

and W 3-B (an open, dystrophic, depositional station) cannot readily be 

explained. 

Similarity analysis of summer data provided discrete clustering of 

stations into five general groups (A to E; Figure H2). The MacKay River 



mainstem and Dover River stations formed a single group (A) of high 

similarity. These were linked t o  a second group (B) consisting of smaller 

creeks that  had an open canopy and moderate flow over gravel or cobble 

substrate (stations M2-B, B1-B, WID-B1, and LBc-Bl). The downstream 

Poplar Creek stations (PC-B1 and PC-B2) were similar t o  each other 

(group C), but joined the above two groups a t  a relatively low level of 

similarity. 

Small shaded creeks with moderate flow and low overall benthic 

densities formed a fourth group (D; stations PC-B3, PC-B4, and BRC-B). 

The remaining group (E) consisted of the depositional stations (W3-B, 

WID-B2, UBC-B) and two small creeks with erosional characteristics but 

high organic input from either autochthonous (LBC-B2) or allochthonous 

(M6-B) sources. 

Principal component analysis of the summer data accounted for 

56.1% of variation among stations. The first principal component axis 

accounted for 30.1% and was positively correlated with abundance of 

Chironomidae and Oligochaeta, but negatively associated with Baetis, 

Tricorythodes (Ephemeroptera), and Simuliidae. Depositional stations 

tended to  have high densities of the former organisms and formed a fairly 

compact group (E; Figure HI). The second principal component accounted 

for 26.0% of variation among stations. High scores were positively 

associated with abundance of filter-feeding organisms (Simuliidae, Hydra) 

and Tricorythodes, whereas low scores correlated with the mayfly 

Ephemerella and detritivorus plecopterans. Two diffuse groupings could 



be distinguished on the basis of this axis. The first (A/B; solid circle) 

consisted of open-canopy, erosional stations, which presumably are 

capable of maintaining a high quality seston supply resulting from 

periphytic growth on hard substrates. MacKay River mainstem stations 

(MR-B1 to  M R - ~ 4 ) ,  DR-B, and PC-B1 appeared to form a subgroup (A; 

dashed circle) within this cluster. The smaller streams and PC-B2 seemed 

to fall within another subgroup (B; dashed circle), having higher densities 

of Chironomidae. This subgrouping may reflect differences in the amount 

of particulate detrital material in substrates. The second grouping (D) 

consisted of shaded, erosional stations, where benthic communities likely 

rely heavily on allochthonous energy inputs. 

Analysis of fall data provided relatively poor resolution of station 

groupings. Principal component analysis accounted for 46.3% of variation 

among stations. The first principal component accounted for 25.6% of 

variation and was positively correlated with abundance of the mayflies 

Tricorythodes and Caenis, Chironomidae, and Oligochaeta. Stations MR- 

B1, MR-B4, PC-B2, and UBC-B could be distinguished from other stations 

as supporting these taxa in abundance, yet they were dissimilar to  one 

another (Figure H2). The second principal component was positively 

correlated with Oligochaeta abundance, but negatively correlated with 

abundance of Simuliidae, Baetidae, and Ricorythodes. Stations M 2-B, 

PC-B1, B1-B, and WID-B1 exhibited similar high Simuliidae densities and 

low Oligochaeta abundance (group A; Figure HI). Large Oligochaeta 

populations were found at stations M6-B, PC-B2, PC-B3, W3-B, WID-B2, 

LBC-B1, LBC-B2, and UBC-B (group C); these stations also supported low 



to  rlloderate densities of mayflies. A third grouping !a) showed relatively 

high interstation similarity (stations MR-B2, RIR-B3, DR-B, and BRC-B; 

Figure H2), and formed an intermediate cluster between the other two 

groupings (Figure HI). 

Grouping on the basis of zoobenthic composition could not be 

related to  structural or geographic characteristics of stations during fall. 

This may be partly because the taxa that best separated stations 

(excepting Simuliidae) are forms that  overwinter as  immatures and rely 

largely on detrital material for nutrients. Furthermore, few of these taxa 

actually grow during the winter months. It is possible that  the 

distribution of overwintering organisms among stations is more 

constrained by m icrotopographical features that contribute t o  factors 

such as winter discharge conditions, depth of ice formation, groundwater 

inputs, and severity of spring runoff, than by aspects of the  stream 

habitats themselves. Analysis of such features, however, is beyond the 

scope of the present study. 
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