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ABSTRACT 

Annual production of crustacean plankton, benthic macroinverte-

brates and fish was estimated in six alpine and subalpine lakes in Banff 

National Park, Alberta, to determine levels of secondary production like-

ly to be encountered in Canadian Rocky Mountain lakes, and to identify 

which taxonomic groups are most productive. The six lakes chosen for 

study are representative of many Canadian Rocky Mountain lakes with res-

pect to several important physical, chemical and biological 'attributes. 

For invertebrates, life history and population dynamics data nec-

essary for production calculations were obtained from instar and size-

frequency analyses supplemented with data from the literature. Produc-

tion was calculated by the Pechen-Shushkina method, a modification of 

Southwood's method for calculating numbers passing through an instar, or 

the Allen Curve method (crustacean plankton); or was estimated from mean 

biomass data by using production-to-biomass ratios per generation ob-

tained from a review of the literature (benthic invertebrates). Poten-

tial production of trout was calculated from estimates of food production 

and, estimates of the food requirements of model trout populations calcu-

lated by using Winberg's "balanced equation". 

Total annual production of àrustacean. plankton ranged from 60 to 

1460 mg m 3 dry weight (420 to 3240 mg n(2 ). Differences among the lakes 

were attributable primarily to differences in Daphnia production. 

Annual production of benthic macroinvertebrates ranged from 5.0 to 

26.9 g m 2 preserved wet weight for nonpredaceous species. Production 

by predators was 33 to 54% of nonpredator production in the two lowest-

elevation lakes, and was near zero in the remaining four lakes. Chirono-

mids comprised most of the benthic macroinvertebrate production (60 to 
'iii 



77%) in four lakes, and were the single most productive taxonomic group 

in another. Amphipod production was substantial in three lakes, consti-

tuting 18 to 73% of total benthic macroinvertebrate production. Differ-

ences in benthic macroinvertebrate production among the six lakes were 

attributable mostly to differences in biomass. 

In the two lowest-elevation lakes, crustacean plankton production 

was more than three times benthic invertebrate production, but in the 

remaining four lakes production by crustacean plankton was the same as, 

to less than one-quarter of, benthic macroinvertebrate production. Estim-

ates of crustacean plankton and benthic macrôinvertebrate production in 

most of the study lakes are similar to those published for these groups 

in other oligotrophic arctic or mountain lakes, and are much lower than 

published estimates for most mesotrophic or eutrophic lakes. Production 

of crustacean plankton in one lake could be termed moderately high. 

Planktonic crustaceans comprised a volumetrically important part 

of the diet of some trout 10 g or less in weight, but were unimportant 

in the diets of most larger trout. Benthic invertebrates, particularly 

chironomids, amphipods and trichopterans, were the most important foods 

of trout generally. Allochthonous food was important to trout in only 

one lake, comprising less than 10% of the ration in the other five lakes. 

Potential production of trout ranged from 3.8 to 23.7 kg ha-1 wet 

weight, but only in one lake was production potential clearly greater 

-1 
than 10 kg ha . The estimates of potential trout production in the 

study lakes are among the lowest reported for Salmonidae in the liter-

ature, but are comparable to the estimates published for salmonid faunas 

in other unproductive lake types, suggesting the calculations in this 

study are realistic. 

iv 
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SECTION 1 

INTRODUCTION, STUDY AREA AND METHODS 

INTRODUCTION 

The Rocky Mountains in southern Canada form a band700 km long 

and 70 to 110 km wide along the Continental Divide between British Colum-

bia and Alberta. Within this area lie thousands of lakes of a 

variety of types that reflect the climatically and geologically diverse 

nature of the surroundings (Northcote and Larkin 1963, Larkin 1974). 

The region as a whole is important for the recreation and extractive re-

source industries, both of which are to be greatly expanded in the near 

future (Parks Canada 1974; Alberta Energy and Natural Resources 1977; 

Alberta Recreation, Parks and Wildlife 1978). The lakes are one of the 

most important recreational resources of the region and are likely to be 

strongly affected by expansion in either type of industry. 

The Rocky Mountain lakes are also a valuable research 

resource. Alpine and subalpine lakes tend to have simpler communities 1 

than do lakes at lower elevations (Anderson 1974a), providing opportuni-

ties to analyze community and ecosystem2 processes that in more complex 

situations would be nearly incomprehensible. In addition, the remote-

ness of some mountain lakes has protected them from human manipulation, 

making them useful benchmarks against which the effects of human activi-

ties on other similar lakes can be measured. 

1 Any group of interacting populations (Ricklefs 1973:590) 

2 A community and its environment in which there is a transfer 
of energy and matter (Whittaker 1975:2) 
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Most studies touching on the liinnology of Canadian Rocky Mountain 

lakes have been limnological, floral or faunal surveys over large geo-

graphical areas, only a few of the investig4tions dealing with Rocky 

Mountain lakes extensively (e.g., Bajkov 1927, 1929; Bere 1929.; Neave 

1929a and b; Neave and Bajkov 1929; Wallis 1929; Rawson 1942, 1953; Reed 

1959; Anderson 1968a, 1971, 1974a; Mudry and Anderson 1977). Some fish-

ery biology and fishery management studies have also been published (Raw-

son 1940a and b, 1947, 1953; Rawson and Elsey 1950; McHugh 1940, 1941; 

Solman 1950; Cuerrier 1954; Cuerrier and Schultz 1957; Nelson 1965; 

Anderson 1975). Studies of lake dynamics have so far been confined to 

only a few subject areas: physical and chemical liinnology (Wilcox 1899; 

Johnston 1922; Anderson 1968b, 1970a; Brown 1973), benthic fauna develop-

ment in reservoirs (Nursall 1952; Pillion 1967), plankton community dy-

namics (Anderson 1967, 1968b, 1970b and c, 1972, 1977; Anderson and 

Raasveldt 1974; Anderson and Green 1975, 1976), and production. In the 

latter field a start has been made on the measurement 'of phytoplankton 

and,, planktonic bacteria production (Fabris 1966; Fabris and Hammer 1975; 

Anderson 1968b, 1974b; Anderson and Dokulil 1977), but only exploratory 

calculations of invertebrate and fish production have been published 

(Anderson 1975, 1977). 

Production, defined as the total amount of tissue formed during 

a given period regardless of whether the tissue survives to the end of 

the period (Ivlev 1945), is part of the process of energy and matter 

transfer through ecosystems. Energy and matter are stored as tissue in 

organisms as a result of production. When the tissue is consumer, the 

contained energy and matter are passed to the consuming organisms. The 
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consumers use part of the energy and matter to build their 

own tissue (production), and are in turn consumed by yet other organisms. 

The greater the production of an organism the more energy and matter are 

available to its consumers. If the production of the organisms in an 

ecosystem could be measured and if it was known which organisms consume 

which, much would be known about how the ecosystem functions. 

Because of the relative simplicity of their biological communi-

ties mentioned earlier (p.1), Rocky Mountain lakes are good ecosystems 

in which to study secondary production 1. In comparison to many other 

types of lakes there are usually few species with which to deal, and the 

expected long life cycles of animals in high mountain lakes would permit 

a low sampling frequency to be used. Both conditions would reduce the 

extensive data analysis usually required in secondary production studies. 

In addition, a knowledge of secondary production in Rocky Mountain lakes 

could be directly applied to managing the resource. For example, one of 

the most important uses of Canadian Rocky Mountain lakes is for sport-

fishing. Knowing the potential trout production of the lakes, biologists 

could decid6 catch limits, and could help to determine the economic value 

of the fishery and the restrictions that should be placed on development 

in various watersheds. 

As an initial step toward understanding production in Rocky Moun-

tain lakes, it is the objective of this study to estimate secondary pro-

duction in some important communities in a variety of lakes in the region. 

Specifically, the objectives are to estimate - 

1 Used in the broad sense of Waters (1977:93) to mean production of 
all heterotrophs. 
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1) production of crustacean plankton, 

2) production of benthic macroinvertebrates, and 

3) potential production of trout 

in six representative Canadian Rocky Mountain lakes. 

The crustacean plankton and benthic macroinvertebrate communities 

were selected for study because they are likely to play an important role 

in the transfer- of energy and matter (Wetzel 1975), there are estab-

lished procedures for studying them (e.g., Edmondson and Winberg 1971), 

and because they are probably the most important food sources of trout 

in the lakes (Mayhood and Anderson 1976). Potential production of trout 

was estimated because of its value in making resource management decis-

ions. The results of the study were expected to show which taxa are the 

most important producers in these communities, and what levels of second-

ary production are to be expected in Canadian Rocky Mountain lakes. 

This information would indicate which taxa and what types of lakes would 

most profitably be studied in detail. 

THE STUDY AREA 

I selected six lakes near Lake Louise in Banff National Park for 

study because the Lake Louise area offers a variety of mountain lakes 

that are accessible by road or a short hike. The, area is just two hours 

by car from the University laboratories, and inexpensive accommodation 

was available on site. The location and some features of the study area 

are illustrated in Figure 1. 

Attributes of the General Study Area  

The climate of the Lake Louise area has been summarized by Ander-
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son (1970a) and Gardner (1968) from weather records for Lake Louise 

village. Additional data are included in the report by Janz and Storr 

(1977) covering all of the contiguous mountain parks. The climate is 

classified as Dfc in the Kppen system, having long, dry winters and 

short, cool summers. The mean annual temperature is -0.2°C, with mean 

daily winter temperatures usually in the -8 to +4°C range, and mean 

daily summer temperatures usually in the 10 to 20°C range. Temperature 

extremes are 23 and -53°C (November to April) and 34 and -28°C (May to 

October). Temperatures well above freezing occur frequently in winter, 

reflecting the influence of Chinook winds. More than 60% of the mean 

annual precipitation of 71 cm water equivalent falls as snow. A snow 

cover of 1 to 3 m persists in the valleys for up to six months of the 

year. 

The geology and geomorphology of the study area have been the 

subject of several reports and publications, that of Kucera (1974) being 

a good summary account. Precanibrin Miette Group rocks (slate, pebble 

conglomerate, grits and some quartzite) underlie most of the Lake Louise 

area, outcropping on the forested slopes of the Bow Valley and between 

Ptarmigan and Baker Lakes at the Castle Mountain Thrust. Lower Cambrian 

Gog Group quartzites and some shale form the lower slopes of nearly all 

the mountains in the area, capping Panorama Ridge on the eastern side of 

the Consolation Valley. Middle Cambrian rocks of the Mt. Whyte, Cathe-

dral, Stephen and Eldon Formations (mainly limestone and dolomite) form 

the middle slopes and summits of most peaks in the area. The Precam-

brian Miette Group rocks overlie much younger Devonian carbonates in the 

northeast corner of the study area at the Castle Mountain Thrust, points 

in the study area east of this fault lying on Devonian bedrock. Quaker-
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nary glacial and fluvial deposits cover the floor of the Bow Valley. 

The geomorphology is typical of the Rocky Mountain region, being 

characterized by numerous high peaks, sheer cliffs, glaciers, cirques, 

hanging valleys, talus slopes, avalanche slopes,' landslides, lateral, 

terminal and groud moraines,-and other glacial and fluvial landforms 

(see map, Kucera 1974). The valley floor at the village of Lake .Louise 

is about 1500 m above mean sea level. At 3543 m, Mount Temple is the 

highest point in the region, but many peaks exceed 3.050 m, particularly 

along the Continental Divide. - 

Soils in the study area are primarily podzols, brunisols and 

luvisols, the types showing a complex-distribution (Walker et al.1976a). 

At high elevations soils are frequently thin and poorly developed. Topo-

graphic maps (NTS 82 N/8 East)- and air photos indicate that a substantial 

proportion of the Lake Louise area, perhaps 25%, is bare rock, glacial 

ice or - 

Forest cover in the Lake Louise area corresponds to the subalpine 

forest region of Rowe (1972), in which two subzones can be distinguished. 

The lower subalpine consists of dense, continuous closed-forest stands 

of Engelmann spruce (Picea engelinannii Parry), lodgepole pine (Pinus 

c0nt02?ta Dougl.) and alpine .fir [Abies lasiocarpa (Hook.) Nutt. ]. The 

upper subalpine is typically amore open forest of .Engeimann spruce, 

alpine fir and, at the highest elevations, alpine larch (Larirc lyallii 

Pan.). Treeline in the study area is approximately 1900 m and 2300 m 

on north-and south-facing slopes, respectively (Walker et alL. 1976a). 

It is marked by patches of }zrunmtholz (stunted, knarled and. twisted clumps 

of trees), the principal -species being alpine fir and alpine larch. The 

treeless zone above timberline is .the alpine zone. 
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Walker et al. (1976a,b) mapped landforms, vegetation and soils in 

a detailed land classification system that covers much, but not all, of 

the study area. Additional details of the study area features are 

covered in depth by them. 

The Lakes and Their Drainage Basins  

I chose Kingfisher, Mud, Moraine, Lower Consolation, Baker and 

Ptarmigan Lakes for study because they occupy a broad range of altitudes 

in the alpine and subalpine zones, in which most of the Banff Park lakes 

lie. All are accessible in summer by road or a short hike of no more 

than 8 km (Figure 1, Table 1), and all support trout populations, two 

other factors considered in their selection. 

Kingfisher Lake lies in drift on the Bow Valley floor. Steep 

drift hills enclose it on the north and east except for a gap accommo-

dating the temporary surface outlet, which shows evidence of being 

blocked at the lakeshore by an.old. Leaver , dám.. Bedrock outcrops 

through a thin layer of drift on the south. To the north and west is 

floating bog and a low, wet area draining into the lake by temporary 

surface seepage. Miette Group bedrock underlies, and lodgepole pine 

forest covers the entire drainage basin (Table 2), the exact area of 

which could not be determined because the lake is fed mainly by ground-

water. 

Mud Lake lies in a depression in fluted ground moraine covered 

mainly by open lodgepole forest and underlain by Miette Group bedrock 

(Table 2). The north shore of the lake is floating bog. A low drift 

ridge closely parallels the east shore, but the west shore is nearly 

flat except near the outlet end. The exact area of the drainage basin 



Table 1. Geographic coordinates, elevation and vegetation zones of the six lakes selected for study. 

Lake  
UTMa Grid Elevation Vegetation 

Latitude Longitude Reference (meters) Zone  

Kingfisher 510 24' 40' N 116° 09' 40" W 11U/NG 583956 1539 lower subalpine 

Mud 51° 26' 30" N 116° 10' 30" w. 11U/NG 573989 1600 lower subalpine 

Moraine 510 19' 30" N 116° 11' 00" W 11U/NG 579858 1887 lower subalpine 

Lower 
Consolation 51° 19' 00" N 116° 09' 00" W 11U/NG 592850 1951 upper subalpine 

Baker 510 29' 30" N 116° 02' 30" W 11U/NH 667047 2210 treeline 

Ptarmigan 51 0 29' 00" N 116° 04' 30" W 11U/NH 643039 2332 alpine 

a Universal Transverse Mercator. 



Table 2. Some attributes of the drainage basins of the six lakes. 

Bedrock Composition (% total area)b Basin Coverage (% total area)a 

Drainage Basin  Cambrian Devonian Rock 

Lake Area (ha)  Miette Gog  Carbonates Carbonates Forest Low Plants Glacier 

Kingfisher ? 100 100 

Mud 100 100 

Moraine 2630 74 26 13 68 19 

Lower 
Consolation 1006 3 78 - 19 13 66 21 

Baker 806 13 41 4 42 10 90 

Ptarmigan 195 85 15 100 

a From National Topographic Service map 82 N/8 East, Edition 4 ASE, Series A 741, supplemented by 

aerial photograph and ground observations. 

b From data of Price and Mountjoy (1970), Aitken (1967), Belyea (1964), Baird (1967) and Kucera 

(1974), replotted on the map' in footnote (a), and sup1emented by ground observation. 
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could not be measured because the lake is fed mainly by groundwater. 

Moraine Lake is dammed behind landslide debris in the glacial Val-

ley of the Ten Peaks (Kucera 1974). Nine of the Ten Peaks of the Contin-

ental Divide form a continuous wall more than 6 km long and 2900 to 3400 

in or more above sea level (about 1000 to 1500 in above lake level) along 

the southern and western boundary of the drainage basin. A shoulder of 

Mount Babel (3101 m) drops steeply into the west side of the lake. The 

rock-covered and stagnating Wenkchemna Glacier at the base of the Ten 

Peaks is the source of the largest tributary to Moraine Lake, Wenkchemna 

Creek. Active hanging glaciers on Mounts .Fay and Bowlen, two of the Ten 

Peaks, contribute some meltwater, with most of the remaining input to the 

lake coming from small brooks entering on the west shore. The west shore 

of Moraine Lake slopes gently at first, then steeply upward to a wide al-

pine plateau (Larch Valley), Eiffel Peak (3078 in) and Pinnacle Mountain 

(3067 m), which mark the northern and western drainage basin boundary. 

Most of the bedrock in the drainage basin is Gog Group quartzite. Near-

]y 90% of the drainage basin is bare rock, low plants or glacier ice, 

even though the lake itself is in the lower subalpine zone (Table 2). 

The Consolation Lakes lie in a narrow glaciated valley between 

Mount Babel on the west and Panorama Ridge (2824 in) on the east. Mount 

Quadra (3173 m) and Bident Mountain (3078 in) close off the head of the 

valley on the south except for 2469-rn Consolation Pass and a narrow 

2408-rn pass leading to Taylor Lake to the southeast. A rock-covered 

glacier on the valley floor above the upper lake is fed by a spectacular 

hangig glacier on Bident and Quadra. The lakes are separated by debris 

of large angular stone blocks, but are connected through this leaky dam 
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by subsurface water flow. Large avalanche slopes open onto the lakes 

from Panorama Ridge, and debris slopes form the entire west shoreline of 

the lower lake. The lower lake is dammed behind drift: debris blocks 

derived from Mount Babel litter Babel Creek, the outlet, but do not sig-

nificantly obstruct flow. As with Moraine Lake, the drainage basin of 

Lower Consolation Lake is nearly 90% bare rock, low plants and glacier 

ice. Gog Group quartzite dominates the bedrock in the drainage basin 

(Table 2). 

Baker Lake lies in a wide valley that is treeless except for 

small patches of alpine fir near the outlet and below a sheltered ridge 

west of the lake. The valley and lake are f1ankedby Fossil Mountain 

(2926 m) on the north and Brachiopod Mountain (2652 in) to the south. 

The lake is dammed behind upturned Devonian strata at the east end, the 

outlet stream flowing around the north end of this darn to descend in a 

series of falls to the main Baker Creek valley. The east-west orienta-

tion of Baker Lake and the openness of its valley expose the lake to 

frequent strong westerly winds. 

Ptarmigan Lake lies in the upper part of the Baker Lake drainage 

basin west of the Castle Mountain Thrust in a wide treeless valley 

oriented east to west. Ptarmigan Peak (3059 in) and Redoubt Mountain 

(2902 in) flank the lake on the north and the south, respectively. Ptar-

migan is even more exposed to high winds than is Baker: the summit of 

Boulder Pass at the west end of Ptarmigan is only a few metres above 

lake level, providing virtually no protection from westerly winds. The 

lake is dammed behind quartzite Gog Group strata that dominate the 

drainage basin bedrock (Table 2) and dip gently westward, the outlet 
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stream spilling over these strata in a series of small waterfalls to 

Baker Lake about 3 kin to the east. 

METHODS 

Sampling Schedule and Station Selection  

A total of 65 visits to the six lakes was made for major sampling 

and observation in the period mid-May to early October of 1974 and 1975. 

In addition, numerous other visits were made to obtain data on ice con-

ditions, temperatures, water renewal times and other general information. 

The study is principally based on 292 zooplankton vertical tows, 256 

benthic collections and 14 collections of a total of 410 fish. The dis-

tribution of sampling effort among the lakes is summarized in Table 3. 

The zoop1ankon of Kingfisher, Mud and Baker Lakes was sampled at 

approximately bi-weekly intervals during the 1975 study period; in Lower 

Consolation, Moraine and Ptarmigan Lakes the sampling frequency was 

approximately once per month. Benthic samples were collected at approxi-

mately monthly intervals during the sampling periods except in Mud Lake, 

where the 1975 samples were taken in May, June and July only. In King-

fisher Lake, benthic samples' were taken only in 1974. Fish collections 

were made in 1974 in June, July and August in Kingfisher; June and July 

in Mud; June,August and September in Moraine; and -July in Lower Consola-

tion. One additional fish collection was made in October 1975 in Mud 

Lake. 

Fish populations in Baker and Ptarmigan Lakes were not sampled in 

1974 or' 1975 because both waters had been extensively gillnetted in 1973 

(Smiley 1976), and many of the samples and data collected then were 

available for analysis. I felt that the possible improvement in the 



Table 3. Distribution of sampling effort among the six lakes. See also page 13, paragraph 

Sampling Period  Number of Number of Number of 
Zooplankton Benthic Fish 

Lake 1974  1975  Vertical Towsb Collections Collections  

Kingfisher May to September May to Octobei 120 62c 3 

Mud June to September May to October 80 48 3 

Moraine June to September July to September 18 36 3 

Lower 
Consolation July to September June to September 18 33 1 

Baker July and August July to September 35 34 2d 

Ptarmigan July and August July to September 21 35 

a 
Kingfisher and MudLakes were sampled most intensively because they had the longest ice-free 
seasons and were the warmest lakes. In addition, it was hoped that concentrated sampling in 

Kingfisher, the most accessible lake, would provide data of high precision for at least one 
of the lakes. 

b 1975 only. c 1974 only. d July 1973. 
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applicability and comparability of the data was likely to be too small to 

justify removing more fish from these lakes. 

Stations for sampling zooplankton and benthos were selected accord-

ing to the following procedure. In 1974, benthic samples from Baker, 

Ptarmigan, Lower Consolation and Moraine Lakes were collected on each 

sampling date from four to seven sites selected in the field to represent 

all areas of each lake. This survey procedure was used to determine 

which parts of the lakes could be sampled by Ekman grab (mud mostly) so 

that random-sampling stations could be established. All parts of King-

fisher and Mud Lakes were known to be suitable for Ekmañ grab sampling, 

so a bottom survey was unnecessary for them. Numbered grids were drawn 

on outline maps of all six lakes, and in all but Moraine Lake the area 

suitable for Ekman grab sampling was divided into two or three sampling 

strata. Six to twelve sampling stations in each lake were chosen from a 

table of random numbers, the number of stations in each stratum being al-

lotted in proportion to the stratum area relative to the total lake area. 

Figures 2 to 4 illustrate the locations of the sampling sites in each 

lake. 

Field Methods  

Soundings of the lakes were made with a battery-powered echo sounder 

(Fish Lo-K-Tor, Lowrance Electronics Corp., Tulsa, Oklahoma). Readings 

were taken at regular, timed intervals along several transects across 

each lake while an assistant rowed at constant speed. 

Flow rates in outlet and major inlet streams were measured with a 

propeller-type flow meter (GM Manufacturing Ltd.) calibrated by the Hy-

draulic Division, Canada Centre for Inland Waters, Burlington, Ontario. 
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circles; physico-chemical sampling station, dotted circle; shoreline 
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contour lines (see also page 15). About 100% of the bottom in both 
lakes could be sampled by Ekman grab. 
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Figure 4. Sampling stations in Baker and-Ptarmigan Lakes. Symbols as in 
Figure3. About 90% of the bottom in Baker Lake could be sam-
pled by Ekman grab; in Ptarmigan Lake this proportion was about 
80%. 
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Thirty-second readings were taken at 60% of the site depth at several 

points across each stream. Width and mean depth were also measured to 

calculate stream discharge. In a few cases, when the flow meter was un-

available, floating wood chips were timed repeatedly over a stretch of 

stream of measured length, width and mean depth to estimate flow. 

Water transparency was measured near the deepest point of each lake 

with a 20-cm black and white Secchi disc following the procedure descri-

bed by Hutchinson (1957399). Water colour was observed against the 

white part of the disc at half the Secchi depth. 

Water temperatures were measured in the water column near the deep-

est point of each lake with a thermistor thermometer (Yellow Springs In-

struments, Model 425C) calibrated at the beginning of each depth series 

against a mercury thermometer accurate to t 0.1°C. The duration of the 

ice-free period was determined from my own observations of ice conditions 

in spring and fall, and from those of reliable observers working in the 

area (e.g., park wardens and scientists). 

Mud samples were collected from near the deepest part of each lake 

with an Ekman grab and stored in double Zip1oc plastic bags for labora-

tory analysis of organic content. 

Water samples for laboratory analysis were collected from approxi-

mately 30 cm below the surface near the center of each lake in acid-

washed, double-rinsed two-litre polyethylene bottles. The bottles were 

shipped in dark iced coolers to the water quality laboratory of the In-

land Waters Directorate, Calgary, for analysis. Water samples for ana-

lysis in the field were collected with a PVC or plexiglass Van Dorn sam-

pler from selected depths, with a weighted and calibrated rubber-lined 



20 

hose to obtain an integrated sample from a column of water as described 

by Tonolli (1971), or from approximately 30 cm below the surface with 

double-rinsed one-litre polyethylene bottles. Conductivity was measured 

with a D.ionic Series 3 portable meter, and pH with a Hellige colour com-

parator or an EIL Model 308 electronic meter. Hach methods (Hach Chemi-

cal Company, Ames, Iowa) were used for all other field determinations of 

water chemistry. 

Zooplankton collections were made with a #20-mesh Wisconsin-style 

nylon plankton net (mouth diameter 25 cm, mesh aperture 65 to 70 pm) by 

making one vertical haul at each station on each sampling date. The net 

was lowered slowly until the weighted vial was felt to touch bottom, then 

the net was gently lowered a further 30 to 50 cm to bring the mouth with-

in a few centimetres of the sediments. The net was retrieved at a con-

stant rate of 0.5 m 51 so that the adjustments for net filtration effi-

ciency calculated by Anderson (1968b, 1970b) could be applied to the 

plankton counts. Samples were preserved at the time of collection with 

enough 37% formaldehyde solution to bring the final concentration of the 

sample to 5% formaldehyde. 

Macrophytes were identified to genus in the field, and their loca-

tions and abundances were noted on sketch maps. - 

Qualitative shoreline collections were made by searching under 

rocks, sticks and debris along the shores of each lake, then sweeping the 

dislodged animals from the water with a small aquarium net -or-kitchen 

strainer. Collections were made for 15 to 30 minutes at each site sam-

pled, then were preserved in 3.7% formaldehyde solution. 

Benthic samples were collected, with a 15.24-cm square Ecnan grab, 

one grab sample being taken from each -station on each, sampling date. 
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Samples were-sieved through a screened bucket (mesh aperture 0.36 mm x 

0.52 mm) and the residue was stored in formaldehyde solution for final 

sorting in the laboratory. 

Fish were collected with gangs of green nylon multifilament gill-

nets, having 20 m each of 1.9-, 3.8-, 5.1-, 7.6-, and 10.2-cm. mesh 

(stretched measure). In Kingfisher Lake, 10-rn panels of each mesh size 

were used. The nets were set on the bottom overnight at the locations 

shown in Figures 2 to 4. Specimens were weighed to the nearest gram and 

their fork lengths were measured to the nearest millimetre. Stomachs- were 

stored in 5.6% formaldehyde solution, and btoJ.iths in a few drops of gly-

cerol, for later study in the laboratory. In some cases the fish were 

frozen whole to be examined as above in the laboratory. 

Laboratory Methods  

- Lake soundings were plotted on base maps drawn on enlarged aerial 

photographs, and were used to set the locations of contour lines. The 

photographs revealed considerable bottom detail in some cases, and were 

helpful -in setting contours on the maps of some lakes. Scales of the 

aerial photographs were determined from the formula 

elevation of the aircraft - lake elevation  
lens diameter 

Lake elevations were determined from 1:50,000-scale topographic maps 

(National Topographic Series 82 N/8 East, edition 4ASE, series A74l, con-

tour interval 30.5 m). Morphometric measurements were made from the lake 

maps using the methods described by Hutchinson (1957:164-167). 

Water renewal times were calculated as the total lake volume at 

high water divided by the daily outflow or inflow, assuming no change in 

lake level over the time period. Sediment samples were homogenized by 



22 

thorough stirring, at least six suiDsamples being taken for analysis. Sub-

samples were dried for 24 h at 100°C, weighed, ashed at 650°C for two hours 

and reweighed. The weight loss on ignition was taken as a rough measure 

of the organic content of the sediments. No correction was made for car-

bonate or bicarbonate transformation. 

Crustacean plankters were identified to species with the keys and 

descriptions of Wilson and Yeatinan (1959), Brooks (1957, 1959), Brandlova, 

Brandl and Fernando (1972) and Deevey and Deevey (1971). Samples for each 

sampling date in each lake were pooled and subsampled with a Folsom plank-

ton splitter for counting and measurement under a dissecting microscope. 

Cladocera and Copepoda were measured for size-frequency analysis and bio-

mass determinations with an ocular micrometer, at a magnification of 25X 

except for the large Diaptoinus arcticus, which was measured at 12X. The 

daphnids, bosminids and copepoa nauplii were measured in the manner illus-

trated by Bottrell et al. (1976:440-444). Poiyphernus pediculuswas meas-

ured from the front of the eye to the furthest margin of the carapace. Co-

pepod adults were measured from the tip of the rostrum to the base of the 

caudal rami. 

Benthic samples were sorted from the residue left from field siev-

ing under a dissecting microscope. Identifications of shoreline and ben-

thic invertebrates were made with the following keys and descriptions: 

General references:. Pennak (1953), Edmondson (1959), Usinger (1956) 

Ephemeroptera: Needham, Traver and Hsu (1935) 

Odonata: Needham and Westfall (1955), Walker (1912, 1925, 1953) 

Hemiptera: Brooks and Kelton (1967) 

Trichoptera: Ross (1944) 

Coleoptera: Larson (1975) 

Diptera: Hamilton and Saether (pers. comm. MS keys),. Saether (1969, 
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1971, 1975a and b), Hamilton, Saether and Oliver (1969), Pankratova 

(1970), Roback (1957), Stewart and Loch (1973), Mason (1973) 

Mollusca: Burch (1972), Clarke (1973) 

Representative specimens of aquatic beetles identified by Dr. D. Larson 

and chironomid specimens identified by Dr. A. Hamilton, Dr. 0. Saether and 

Mr. R.L. Hare were used to verify some identifications. Individuals were 

counted and sorted into groups of easily-separable taxa. The groups were 

blotted on tissue to remove adhering preservative, then were weighed to 

the nearest 0.1 mg on an electronic balance. Molluscs were weighed with 

their shells intact. 

Otoliths were immersed in glycerol and were examined under a dis-

secting microscope (up to 50X) against a dark background to determine fish 

ages. The number of hyaline rings observed on the otoliths was taken as 

the age of the fish in years. An additional annulus was assigned on the 

extreme edge of the otolith when the fish were taken early or late in the 

sampling season, on the assumption that growth had just begun (early sea-

son) or had just ended (late season). 

Fish stomachs were examined and the contents were identified under 

a dissecting microscope (up to 50X). Taxa were sorted into separate piles 

in the sorting dish and the percentage of the total food volume consumed 

was estimated by eye (c.f. Windell 1971:217-219). 

Details of the calculations used and evaluations of various methods 

are described at length in Sections 3, 4 and 5. 
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SECTION 2 

PHYSICAL LIMNOLOGY AND WATER CHEMISTRY 

In this section some physical and chemical attributes of the lakes 

are described, morphometric and temperature data required for some pro-

duction calculations are presented, and the lakes are compared to others 

in the Canadian Rocky Mountains. Many of the features such as mean depth, 

temperature and total mineral content of the water may be related to 

secondary production (e.g., Ryder 1965, Johnson and Brinkhurst 1971), 

so the comparisons between the study lakes and other Canadian Rocky 

Mountain lakes provide an indication of how representative the study 

lakes are likely to be with respect to secondary production. 

MORPHOMETRY AND DRAINAGE 

Bathymetric maps and hypsographic curves of the six lakes are pro-

vided in Figures 5 to 7. Morphometric data are summarized in Table 4. 

That the study lakes were selected to represent a wide range of 

altitudes in the Lake Louise area accounts for the wide altitudinal range 

they occupy among Canadian Rocky Mountain lakes in general (Figure BA). 

A broad range of the areas and maximum depths found for Canadian Rocky 

Mointain lakes are also represented by the study lakes (Figures 8B, BC). 

The volumes and mean depths of the six -lakes are well within the ranges 

shown by the 20 Canadian Rocky Mountain lakes for which comparable data 

are available (Rawson 1942, 1953; Anderson 1968b, 1970a and b, 1975; 

Anderson and Dokulil 1977; Anderson and Green 1975). Because volume is 

largely determined by area and mean depth is correlated with maximum 
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Table 4. Morphometry of the six lakes. 

Area Depth (m) Volume 
Lake (ha) max. mean 104m3  

Kingfisher 2.0 7.2 2.0 4.0 

Mud 7.3 7.2 2.4 17.6 

Moraine 41.3 22.9 9.6 397.1 

Lower Consolation 14.5 11.3 5.9 85.7 

Baker 36.4 11.6 5.4 198.6 

Ptarmigan 27.9 21.3 7.0 195.0 
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depth (Neumann 1959), the ranks of the six lakes in volume and mean depth 

must be near their respective ranks in area and maximum depth, shown in 

Figures 8B and 8C. 

Table 5 summarizes the drainage data for the lakes and provides 

estimates of water renewal times. The times are-only rough estimates 

because they are based on few outflow or inflow measurements, but are 

probably of the correct order of magnitude. 

Because Kingfisher overflows for only a -short time in spring and 

receives no measureable surface inflow, its water renewal time was es-

timated from the drop in water level in summer. Lake level declined by 

approximately .30 cm over a 90-day period in summer. The volume of water 

lost was 6000 m3 (lake area times drop in water level), or about 67 m3 

per day, yielding an estimate of 600 days for the water renewal time. 

The effect of incoming seepage was not considered, so the actual renewal 

time must be less than 600 dayá. 

Subsurface drainage is most important in Moraine Lake. The sum 

of discharges into the lake from the three principal inlets was 5,5 times 

the outlet discharge at the one time when flow measurements were made 

within- a day of each other. In fact, the maximum outlet discharge was 

considerably lower- thari the minimum inflow measured. Since the lake 

level did not increase during the time the comparative measurements were 

taken (outlet'discharge measurements from late June to early July sug-

gest that, if anything, the lake level was dropping slightly at the time), 

at least 80% of the outflow from Moraine Lake is subterranean. The 

water leaks through the landslide dam at the north end of the lake, ac-

counting for the overwinter drop in water level-of six metres or more. 

There is no evidence that subsurface drainage is important in Mud, 



Table 5. Some drainage attributes of the six lakes. 

Discharge 

Lake Outlet Date (m3s 1) Main Inlets  

Kingfisher seepage 

Mud Mud Cr. 74-06-19 0.02 

74-09-20 similar to 
above date 

75-08-26 0.03 

Moraine Moraine Cr. 74-06-25 1.57 

7-07-04 1.31 

74-08-13 0.92 

74-09-17 -0.0 

75-07-02 -0.0 

75-09-12 -0.0 

Lower 

Consolation Babel Cr. 

Baker 

74-07-03 2.04 subsurface 

74-08-08 1.26 from upper 

74-09-12 0.57 lake 

75-07-04 1.25 

Baker Cr. 74-07-30 0.55 Ptarmigan 

74-08-28 0.20 Cr 

Ptarmigan Ptarmigan 
Cr. 

74-08-01 0.24 surface 

74-08-30 0.05 runoff 

seepage 

Date 

seepage, 

springs 

Werikcheman Cr. 74-07-03 

74-08-08 
74-09-12 

Fay Cr. 74-07-04 

74-08-08 

74-09-17 

Larch Valley 74-07-04 

Cr. 74-08-08 
74-09-17 

Discharge 

m31) 

6.89 

3.46 
2.09 

Mean Summer 
Water Renewal 

Time (days)  

<600 

81 

0.13 11 

0.16 (inlet data) 
-0.16 'est. 

0.13 

0.03 
"-0.015 est. 

8 

61 

156 
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Lower Consolation, Baker or Ptarmigan Lakes, Lower Consolation Lakewater 

level can drop 30 cm or more during the summer, but drops in lake levels 

in Mud, Baker and Ptarmigan Lakes were no wore than 30 cm in this study. 

The drainage data were too incomplete to calculate precise annual 

rates of water renewal, but approximate rates were calculated by making 

some reasonable assumptions. Kingfisher Lake had no surface outflow 

during winter, and its water level did not drop appreciably after freeze-

up. Outflow was restricted primarily to the 160-day ice-free period 

when the water renewal time was less than 600 days, so Kingfisher Lake 

had a water renewal rate of at least 0.6 times per year. The outlet of 

Mud Lake had approximately the same discharge in late fall as in summer, 

and may have flowed all winter; therefore, the water renewal rate could 

have been as high as 4.5 1imes per year.(winter flow) or as low as 2 

times per year (no winter flow). Water in Moraine drained out above the 

six-metre contour after September, there was little winter inflow so 

there was little water renewal in winter. The mean water renewal time 

of 11 days applied to the 110-day period mid-June to late September when 

the lake was overflowing through the surface outlet gives an estimated 

water renewal rate of approximately 10 times per year. Discharge from 

Lower Consolation Lake was much lower in fall than in mid-summer, but 

probably was maintained at a low level through the-winter. If the mean 

water renewal time of 8 days is taken to apply only to the 150-day June 

to October period, the water renewal. rate would be 19 times per year; 

but the true rate would be slightly higher because there is some winter 

replacement. If the mean water renewal time for Baker Lake of 61 days 

is taken -to apply to the June to October period and winter discharge is 
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neglected (it is probably very low), the water renewal rate would be 2.5 

times per year. The outlet of Ptarmigan Lake is just a trickle by late 

summer and probably does not flow at all in winter. The mean water re-

newal time of 156 days applied to the June to October period (150 days) 

yields an estimated water renewal rate of once per year for Ptarmigan 

Lake. 

The limited comparable data available on Canadian Rocky Mountain 

lakes give no reason to believe the study lakes have unrepresentative 

water renewal rates. The water renewal rates of Kingfisher and Ptarmigan 

Lakes were close to the 0.7 to 0.8 times per year estimated for Upper 

Waterton Lake (Anderson and Green 1975, 1976) and the 1 time per year 

suggested for Herbert Lake (Anderson 1970a). The water renewal rates of 

Mud and Baker Lakes differed little from the 2 to 3 times per year es-

timated for Pyramid Lake (Anderson and Dokulil 1977). Moraine and Lower 

Consolation Lakes had water renewal rates greater than the 5.8 to 7.1 

times per year of Lower Waterton Lake (Anderson and Green 1975, 1976) 

and the 7.7 times per year of Snowflake Lake (Anderson 1968b, 1970a), 

but much less than the 157 to 161 times per year of Knight's Lake (Ander-

son and Green 1975, 1976). 

BOTTOM TYPES AND SEDIMENTS 

Kingfisher and Mud Lakes have similar bottom types. Bottom areas 

less than two. to three metres deep are covered by light-coloured floc-

culent sediments only slightly more dense than water; deep areas are 

covered by dark brown, jelly-like, flocculent mud of high organic con-

tent (78.1%, Kingfisher Lake; 70.0%, Mud. Lake; n = 0 in both cases). 
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The bottom of the northern end of Moraine Lake is covered by 

coarse sand, gravel and talus; the bottom of the west side is covered by 

rock fragments usually no more than 30 cm inmaximum dimension. The bot-

tom in the central and southern parts of the basin is covered by cohesive 

or granular clay having an organic content of 7.0% (n = 1). 

Talus and large rock debris cover the bottom of Lower Consolation 

Lake to near the maximum depth along the entire west side, some of the 

fragments reaching 2 m or more in maximum dimension. The bottom in 

shallow water elsewhere is covered by sandy sediments except at the ava-

lanche slope on the east shore, where large rock rubble up to 50 cm in 

maximum dimension covers the bottom. The bottom in the central portion 

of the lake is covered by dark green-brown mud having an organic content 

of 28.4% (n = 

Much of the near-shore area of Baker Lake is sandy. Numerous rock 

ridges form reefs in the eastern third of the lake basin, and form the 

bedrock eastern and southeastern shoreline. The central portion of the 

lake bottom is covered mainly by black, silty sediment having a mean or-

ganic content of 12.8% (range 11.8 to 13.9%, n = 2). 

The bottom of the shallow eastern basin of Ptarmigan Lake is 

covered by light-coloured mud. The bottom of near-shore areas elsewhere 

is covered by sandy deposits and rock fragments. Rock fragments are 

particularly abundant along the southwest shoreline, where a debris slope 

enters the lake. The deep sediments are mainly black, gritty mud having 

a mean organic content of 13.1% (range 12.4 to 13.8%, n = 2). 

TEMPERATURE AND ICE COVER 

Lake temperatures during the ice-free seasons of 1974 and 1975 
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are shown in Figures 9 to 11. 

Moraine, Lower Consolation, Baker and Ptarmigan Lakes stratified 

weakly or not at all in the two years. Kingfisher Lake was distinctly 

stratified in June 1974, but stratification was weakly developed later 

that summer and throughout the ice-free period of 1975. Mud Lake was 

distinctly stratified in both years, particularly in June 1974. 

Kingfisher and Mud Lakes were the warmest lakes, the former being 

warmer than the latter, most obviously at depths greater than four 

metres. Springs at the north end probably contribute the cool water to 

the depths of Mud Lake. Glacial meltwater inlets make Moraine and Lower 

Consolation the coldest of the lakes. Baker and Ptarmigan Lakes receive 

no glacial meltwater, so are warmer than Moraine and Lower Consolation 

Lakes. The greater elevations and depths df Baker and Ptarmigan Lakes 

causes them to be cooler than Mud or Kingfisher Lakes. 

Temperature conditions in Kingfisher and Mud Lakes are similar to 

those in nearby Herbert Lake (Fabris and Hammer 1975; Anderson 1970a), 

and in Celestine Lake, Jasper National Park (Anderson 1970b) in that 

epilitunetic temperatures are greater than 15°C for prolonged periods, 

and near-bottom temperatures are well above 4°C through nearly all cifthe 

ice-free period. Moraine and Lower Consolation Lakes are among the 

coldest Canadian Rocky Mountain lakes, but the summer temperatures and 

weakly-developed thermal stratification of Baker and Ptarmigan Lakes are 

typical of alpine lakes in the region (cf. Anderson 1968a, b; 1970a; 

Fabris and Hammer 1975). 

Kingfisher and Mud Lakes had an ice-free period of approximately 

160 days, break-up occurring in mid-May and freeze-up in late October in 

1974 and 1975. Ptarmigan Lake did not become free of ice until late or 
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Kingfisher 

Lake 

Figure 9.. SecchI transparency (dark circles) and isotherm diagrams, 

Kingfisher and Mud Lakes. Temperatures in 0C. 
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mid-July in 1974 and 1975, and is known to freeze over in late October 

or early November (G. Belland, pers. comm.; R.S. Anderson, unpublished 

data), yielding an estimated ice-free period of 110 days. Moraine be-

came ice-free in late or mid-June, Lower Consolation in late June or 

early July and Baker in early or mid-July in 1974 and 1975. 

Because it is so cold even in mid-summer, Lower Consolation Lake 

may freeze, over about the same time (late October) as do shallower or 

higher lakes in the Canadian Rockies (Fabris and Hammer 1975; Anderson 

1968a, 1970a). Moraine Lake may freeze over in early or mid-November 

because of its greater depth, even though it is slightly lower than 

Lower Consolation Lake. Baker Lake, only 122 in lower, is shallower, and 

breaks up one to two weeks earlier than Ptarmigan Lake, suggesting that 

it probably freezes over one to two weeks earlier also. Resonab1e 

estimates of the duration of the ice-free periods are therefore 1l0 140 

days for Lower Consolation Lake, 130 i150 days for Moraine Lake and about 

110 days for Baker Lake. 

Kingfisher and Mud Lakes have ice-free -periods identical to those 

of nearby Herbert Lake and Herbert Pond (Anderson 1970a, 1974b; Fabris 

and Hammer 1975) but slightly shorter than those of the lower elevation 

Jasper lakes, Patricia and Pyramid (Anderson 1974b; Anderson and Dokulil 

1977). The ice-free period of Ptarmigan Lake is similar to that of al-

pine lakes and ponds (Anderson 1968a, 1974b; Fabris and Hammer 1975), 

but longer than that of the nearby alpine Eiffel and Helen Lakes (Fabris 

and Hammer 1975). 

WATER TRANSPARENCY AND COLOUR 

Secchi transparencies recorded on various dates 'are presented 
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with the temperature profiles in Figures 9 to II. Among the lakes in 

which Secchi transparency was measurable the study lakes tended to have 

clearer waters than do Canadian Rocky Mountain lakes in general, but the 

tendency was not pronounced (Figure 8D). 

Water colour was variable among the lakes, and within some lakes 

among sampling dates; Kingfisher Lake water was almost always, yellow-

green, but in September and October 1975 it was distinctly green. Mud 

Lake water was various shades of brown from May to early July, and was 

yellow-green from mid-July to September. Water colour in Moraine and 

Lower Consolation Lakes was blue; milky blue in the former and clear 

blue in the latter. Baker Lake had light- to medium-green water,. and 

Ptarmigan Lake water was green to blue-green. 

Laboratory analyses of colour in water samples collected on the 

dates shown in Table 6 ranged from 0 to 7 Hazen units; turbidity analyses 

done on the same samples at the same time ranged from 0.3 to 1.3 Jackson 

units in the various lakes. These colour and turbidity figures are very 

low. 

As a rule of thumb the Secchi disc disappears at the level of 15% 

light transmission, and at abovit twice the Secchi depth light is effect-

ively absent (Vollenweidér 1974:176). According to this rule, light 

penetrates to the bottom of all of the lakes over most of their areas in 

summer, and at least occasionally penetrates to the maximum depth of all 

six lakes. 

Secchi transparency is limited by the absorption properties of 

water and the quantity of dissolved and particulate matter in the water, 

particularly the latter (Wetzel 1975:63-64). The lower Secchitrans-
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parencies in 1974 in Kingfisher Lake probably reflect higher quantities 

of suspended particulate matter in that year compared to 1975, because 

in neither year was the water highly coloured, nor was it silted. In 

Mud Lake Secchi transparency could have been limited by the brown colour 

of the water, especially early in the summer, and by plankton. Glacial 

siltation, although it was not as pronounced as in other glacial lakes 

nearby (e.g. Lake Louise), limited Secchi transparency in Moraine Lake. 

In Baker and Ptarmigan Lakes pLankton probably limited Secchi transparency 

because colour was low and neither lake has a large source of silt. 

WATER CHEMISTRY 

Conductivity, sum of constituents, field pH, hardness and alka-

linity all tended to decrease with increasing elevation among the six 

lakes (Table 6, compare to Table 1). Laboratory pH showed no trend with 

altitude, and laboratory figures for conductivity and alkalinity were 

lower than the field measurements. Phenolphthalein alkalinity was 

always zero in laboratory and field analyses. 

All six waters were of th& calcium-magnesium-bicarbonate type, 

calcium consistently forming slightly more than half the total cations, 

and bicarbonate always comprising at least three-quarters of the anions 

in milliequivalents (Table 7). Sulphate was the second most abundant 

anion in all six lakes. 

The waters of the six lakes are representative of Canadian Rocky 

Mountain lakes in general with respect to their sums of constituents 

(TDS) and pH (Figure 8E, F), 'but tend to be more dilute than the average 

142 mg 11 for North American river water (Livingstone 1963). 



Table 6. Some physical and chemical features of water from the six lakes. Laboratory analyses were 

done on surface samples, field analyses on composite samples to 10 m. Field results ± 1 SE, 

1974 - 1975 

Total Total 
Conductivity Sum of Hardness Alkalinity 

at 25°C Constituents as CaCO3 as CaCO3 

Lake Date (pS cm 1) (mg 1 1) p11 (mg 1 1) (mg 1 1) 

Kingfisher lab 75-07-08 221 113.4 8.4 121 115 

field June to 261 ± 9.4 8.2 ± 0.05 132 ± 3.4 

Sept. n=4 n=4 n=4 

Mud lab 70-06-25 272 155 8.0 146 125 

field May,July 290 ± 9.9 8.2 ± 0.09 126 ± 3.5 
.to Sept n=4 n=3 n=4 

Moraine lab 67-09-20 124 65.0 7.9 63.4 54.9 

field June to 140 ± 3.4 7.8 ± 0.03 67 ± 2.1 

Sept. n 4 n=4 n=4 

Lower lab 73-07-17 115 63.0 8.0 62.0 52.0 
Consolation field July to 152 ± 6.7 8.0 ± 0.15 66 ± 2.0 

Sept. n=3 n=3 n3 

Baker lab 66-07-22 104 54.7 8.1 49.8 39.3 
field July and 130 ± 6.7 7.7 ± 0.03 55 ± 0.0 

August n=3 n=3 n=3 

Ptarmigan lab 66-07-22 53.3 26.6 7.4 26.3 22.1 

field August 77 ± 5.0 7.4 ± 0.05 34 ± 0.0 

n=2 n=2 n=2 



Table 7. Major ionic constituents of surface waters of the six lakes, determined from laboratory 
analyses (collection dates as in Table 6). Percentages are the proportion of anions or 

cations calculated from equivalent weights. 

Cations Anions 

Ca  Mg  Na  K  HCO3  SO4  Cl  

mg l  % mg 1-1 % mg1 1 % mg 1 % mg 1  % mq1 1 % mq i 1 % 

Kingfisher 27.0 54.3 13.0 43.1 1.1 1.9 0.6 0.6 140.2 97.6 2.2 1.9 0.4 0.5 

Mud 34.0 54.7 14.9 39.5 3.1 4.4 0.4 0.3 152 84.4 21.8 15.4 0.2 0.2 

Moraine 15.7 60.7 5.9 37.6 0.4 1.4 0.2 0.4 66.9 87.2 7.6 12.6 <0.1 0.0 

Lower 
Consolation 15.0 59.0 6.0 38.9 0.5 1.7 0.2 0.4 63.4 87.3 6.8 11.9 0.3 0.7 

Baker 11.0 53.4 5.4 43.2 0.6 2.5 0.3 0.8 47.9 76.0 11.7 23.6 0.1 0.3 

Ptarmigan 6.2 56.8 2.6 39.3 0.3 2.4 0.3 1.4 26.9 86.6 3.2 13.1 0.05 0.3 
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The major ionic composition of the water of the six lakes, with 

Ca>Mg and HCQ3>SO4, is similar to that found in numerous other Canadian 

Rocky Mountain lakes (Anderson 1968b1 1970a, b, 1974a,'b; Fabris and 

Hammer 1975), and is characteristic of the surface waters of the region 

as a whole (Water Quality Branch 1976). The .dominance by these ions re-

flects the dominance (among soluble rock types) of limestone and dolo-

mite formations in the Rocky Mountains (e.g. Baird 1967; Belyea 1964). 

The differences between field and laboratory measurements were 

usually significant but were unimportant in that they did not lead to 

different ranking of the lakes. Part of the differences are attribut-

able to the fact that laboratory samples were collected at the surface 

but field samples were a composite of water taken from the surface to a 

depth of up to 10 0. This would tend to give higher field conductivity 

and alkalinity values when the lakes are stratified, because deeper 

waters are then usually more highly mineralized than surface waters. 

Part of the differences could also be due to changes in the laboratory 

samples in transit: pH and alkalinity in particular are subject to rapid 

unpreventable changes with storage (Thomas 1953). Part of the differ-

ences could be due to differences in the accuracy of methods. For ex-

ample, the method used for field alkalinity is accurate to only ±7 mg 

i_i because of the concentration of the reagents used. In all cases the 

differences are within expected seasonal and depth variations (cf. Ander-

son 1970a), so the determinations are suitable for a general character-

ization of the water chemistry. 

1 'Samples were collected by different agencies for different purposes. 
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SECTION 3 

CRUSTACEAN PLANKTON 

CALCULATIONS AND METHODS EVALUATION 

Abundance and Biomass  

Numbers of crustacean plankters per cubic metre were calculated 

from counts of one-eighth or one-thirty-second subsamples of the pooled 

field samples, the volume of the water column sampled, and estimates of 

the filtering efficiency of the net. The main sources of error in 

measuring abundance in this way are field variability (patchy distribu-

tion of individuals in the lake), sampler inefficiency and subsainpling 

errors. 

The collection of vertically-integrated samples from 6 to 12 ran-

domly-selected sampling stations was an attempt to minimize the effect 

of field variability on the abundance estimates. No measurement of the 

error due to field variability was possible because the samples had tobe 

pooled to reduce-the'workaEplankton, analysig to manageable proportions. 

Filtration efficiency of plankton nets is considerably less than 

100% because backpressure causes water and plankters to flow around the 

net rather than through it, and because some species may actively avoid 

the net. Anderson(1968b:lll) calculated the mean filtration efficiency 

standard error (SE) of the style of net used in the present study to 

be 21.5% 1.10 (n = 16). Filtration efficiency tends to be lower 

(x = l7%) in May and June in Alberta mountain lakes because of the 

greater degree of phytoplankton clogging typical of that period (Ander-

son l97Ob). In this study a filtration correction factor of 5 was used 
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to convert plankton counts to numbers per cubic metre for samples taken 

in all months except May and June, when a factor of 6 was used. 

McEwen et al. (1954) assessed the performance of a Folsom plankton 

splitter similar to that used in the present study, finding splitting 

errors to be random. Their. data (their Tables 3 and 4) suggest that 

when more than 40 individuals are found in each subsample, the standard 

deviation will be 10 to 20% of the mean. When mean counts are more than 

10, the expected distribution is approximately normal (Elliott 1971:31). 

In a normal distribution, 95% of the individual observations fall within 

2 standard deviations of the mean, therefore 95% of the single-subsample 

counts will be within 20 to 40% of the mean count of all possible Folsom 

subsamples in which there are more than 40 individuals. In the present 

study more than 40 individuals of the most abundant species were counted 

in single subsamples, so these counts should have been within 20 to 40% 

of the number in the whole sample 95% of the time. Counts of the least 

abundant species would have been much less precise, but the absolute 

error would usually have been #rivially small because the absolute abun-

dance was low. 

Individual dry weights of most crustacean plañkters were calcu-

lated from the length-dry weight regressions, of Eottrell et al. (1976: 

438, 442) shown below: 

Copepoda: In w = 1.9526 + 2.3990 1nL ±0.0854 

Bosrnina: . in w 3.0896 + 3.0395 In L ±0.2123 

Ceriodaphnia: in w = 2.5623 + 3.3380 In L ±0.6819 

Daphnia: ln •w = 1.4681 + 2.8292 in L ±0.0723 

Dapbnidae: in w= 1.5072 +2.7610 in L ±0.0683 

,(for Scapholeberis). 

where w is individual weight (jig dry weight), and 
.L is individual length (mm) 
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Figures to the right are 95% confidence limits of the regression coef-

ficients. For Polyphmus the length-wet weight regression of Sherbakov 

(1952, in Edmondson 1971a:141) was used to calculate individual wet 

weight in micrograms: 

WO -33 = 4.4 L - 0.2 

The footnote given by Edmondson in his Table 2.3.1 makes it clear that 

w°33, rather than the printed w 3, is what is meant; otherwise w is 

impossibly large. Wet weights of copepod eggs were calculated from the 

equation relating -the volume of a sphereto its radius 

V = 4/3 r 

where r is the egg radius in mm, and 

V is the egg volume in mm3 

on the assumption that the eggs had a density of 1 g dm-3, the density 

of pure water at 4°C. Eggs of Cladocera were assumed to weigh no more 

than the calculated weight of the smallest individual in the smallest 

size class observed. Where necessary the wet weight - dry weight rela-

tionship shown by Bottrell e al. (.i976436) was used to convert wet. 

weights to dry weights. Mean individual dry weights were multiplied by 

the abundance estimates to calculate the biomasses of the various taxa. 

Instar Analysis  

Instar analysis (Edmondson 1971b:149) was used to obtain the life- - 

history data required for the production calculations. For copepods the 

abundance of eggs; nauplii, copepodids and adults were plotted separately 

against time. Cladocera do not have instars that are readily distin-
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guishable, so arbitrary length-classes 1 were substituted for instars and 

the numbers of each were plotted against time. 

Egg development times were calculated from the equations of Bot-

treil et al. (1976:445) relating development times to ;temperature. De-

velopment times were calculated at the maximum and minimum water tempera-

tures observed on each sampling date, and the mean of the two calcula-

tions was taken as the mean development time for that date. The equa-

tions used were: 

Daphnidae: in D = 3.3956 + 0.2193 in T - 0.3414 (in T) 2 

± 0.3363 ± 0.0706 

all Cladocera: in D = 3.1457 + 0.4797 in T - 0.4003 (in T) 2 
(used for Cladocera 
other than Daphnidae) ± 0.3935 ± 0.0817 

Calarioida: in D= 3.9650 - 0.4049 ln'T - 0.1909 (in T) 2 

± 0.2738 ± 0.0817 

where D is the development time (days), and 

T is the water temperature (°C) 

The 95% confidence limits are provided below their respective regression 

coefficients. 

A source of error in the calculations of egg development times 

was the 'temperature estimate. Mud 'Lake in particular' had a marked ther-

mal gradient in the summer, but because the distribution of the plankton 

was not studied, the temperature to which the various species were' sub-

jected was unknown. Use of a mean figure could have led to a large 

under- or over-estimate of egg development times if the crustaceans all 

occupied the coldest or wannest water exclusively, but these possibili-

1 Hereinafter referred to asinstars because they were treated in 
exactly the same way. 
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ties seem unlikely. The other lakes had only slight thermal gradients 

in summer 1975, so the calculated egg development times of crustaceans 

in those waters could not be much in error. The influence of any pos-

sible error in egg development times on the production estimates was far 

exceeded by another error, largely correctable, which is discussed with 

the results. 

The development times of other instars were calculated from the 

instar abundance graphs. Most of the instar curves (e.g., Figure 12), 

showed distinct pulses in abundance that could be traced through the 

population as the various instars developed. The mean time of pulse was 

determined for each instar, then the difference in the mean time of pulse 

was determined for successive instars. Where sufficient data were avail-

able the mean day of pulse was plotted against instar, a smooth curve 

was drawn by eye, and corrected mean days of pulse for each instar were 

read from the curve (e.g., Figure 16) (Rigler and Cooley 1974). For 

each instar the mean of the immediately preceding, and immediately fol-

lowing differences between the mean days of pulse was taken as the best 

estimate of the development time for the instar. 

The method of calculating development times proposed by Rigler 

and Cooley (1974:640-641) was not used. The iterative calculations 

necessary when field data only are available are too time-consuming and 

do not justify the possible slight improvement inaccuracy, particularly 

when other sources of error are likely to be more important. In this 

study boundaries of abundancepulsspfen had to be chosen subjectively. 

The shape of the pulse and the mean pulse data were frequently influenced 

by differential mortality during the pulse and by errors in the abundance 

estimates. The latter sources of error are probably characteristic of 
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all population data on planktonic crustaceans, and in most cases can be 

expected to be much more important than that arising from a failure to 

use Rigler and Cooley's theoretically more defensible calculation. 

Production  

No single method of calculating production was suitable for all 

taxa because of the many life-history differences among them. For popu-

lations having well-defined cohorts the Allen Curve method as described 

by Mann (1971:160) was used whenever the data permitted. The Allen 

Curve method is empirical, requiring no assumptions about the develop-

ment times of instars or the type of growth experienced by individuals: 

it is therefore highly reliable when the data are suitable for its use. 

For populations in which continuous or prolonged reproduction made co-

horts unrecognizable, the -Allen Curve method could not be applied. Two 

calculations were then used: 

1) Method of Pechen and Shushkina (1964, described by Winberg et al 

1971:304) 

n 
P = E (Ni . w1/D) 
i= 1 

where P is production (jig dry weight cf 1), 

N is the number of individuals per cubic metre in instar.i on 
a given, date, 

w1 is the change in individual weight (growth) of instar 
i (.ig dry weight), 

Di is the development time of instar i (days), and 

n is the number of instars 

The calculation was made for every sampling date on which the species 

was collected. -The total production over a given period was calculated 
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by multiplying the mean daily P by the number of days in the period. The 

method assumes that the Di7s as estimated from the instar pulse times are 

the same as the D1 1s on each sampling date. 

2) Extension of Southwood's method for estimating numbers passing through 

an instar. 

The area under the curve of instar abundance plotted against time 

has the dimensions numbers X days. Division of the area by the develop-

ment time of the instar gives the approximate number reaching the median 

age of the instar (Southwood 1966:279). An estimate of production during 

any given period can be obtained from the equation 

n 
'P =E (N.w) 

i= 1 

where N is the number passing through instar i during the period. The 

method is analogous to that of Pechen and Shushkina, but does not rely on 

a summation of instantaneous population growth estimates. It assumes no 

mortality within instars, only between instars. Because mortality must 

occur during the instar in nature, the estimate of Ni will be an under-

estimate of the number entering the instar but an overestimate of the 

number leaving it. Whether this leads to an over- or underestimate of P 

depends on the distributionof mortality in time within the instar. 

Production had to be calculated by a variety of less satisfactory 

• methods when data were unsuitable for analysis by the methods outlined 

above. Sometimes the maximum observed biomass was the only measure of 

production available; in other cases an estimated production-to-biomass 

(P/B) ratio was used as a factor to convert observed mean biomasses to 

production estimates. In the results to follow the methods used are 



52 

specified in each case. 

RESULTS 

Kingfisher Lake  

Species composition. The most common crustacean plankters in 

Kingfisher Lake were Daphnia (pulex group); Sccpholeberis kingi Sars, 

1903; Ceriodaphnia affinis Lillj eborg, 1900, Bosmina longirostris (0 F. 

Miller.. 1785); Polyphemus pediculus (Linn4,. 1.761).; AcazthOdiaptomus den-

ticoriis (Wierzej ski, 1888); Diaptomus leptopus S.A. Forbes 1882; 

Acanthocyclops vernalis Fischer 1853 and Orthocyclops modestus (Herrick, 

1883). Occasional specimns of Alona sp., Chydorus sphaez2icus (0.F. 

Mliu1er' 1785) and Mczcrocyc lops albidus (Jurine,.. 1820) occurred in the 

samples, but were never abundant. Several -non-pectenate Ceriodaphnia, 

possibly Ceriodcrphnia quadazgula (O.F. Mtil1er 1785) were found in the 

samples colleted June 3, 1975, but all specimens dissected in subse-

quent samples were the pectenate C. affinis. 

The Daphnia species could not be positively identified. All 

specimens examined had the large mid-pecten teeth characteristic of the 

pulex group, but showed a confusing range of head and body shapes. 

Mature females had heads with ventral margins ranging from the almost 

straight or slightly sinuate type characteristic of Daphnia schØdleri 

Sars,1862; through the concave-sinuate shape of Daphnia pulicaria Forbes, 

1893 emend. Hrabáek,l959; to the strongly concave shape diagnostic of Da-

phnia pulexLeYdig, 1860 -exnend.Richard,1896 (Brooks 1957, 1959; Brand-

lova, Brandi and Fernando 1972) Some specimens with D. schQdleri head 

shapes had the rotund body shape, rounded back and short shellspine of 
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D. pulcc; other specimens had the D. puler head shape with the long 

shelispine and elongate body shape of D. schø'dleri. There seemed to be 

a gradual trend through the ice-free period, with small to medium-sized 

individuals with D. schpdleri and D. pulea characteristics most common 

in May to July, and large individuals with the D. pulicaria head shape 

most common in August to October. 

Instarnalysis. Figures 12 to 15 illustrate the course of devel-

opment of the most abundant species in summer 1975. 

Most Daphnia size-classes had two peaks of abundance (Figure 12A), 

but the second peak may have been caused by a sampling error because it 

is coincident in all but one class. A substantial population was still 

present on the last sampling date, so the population may have continued 

to develop well into the fall. 

Ceriodaphnia had two major pulses during the sampling period (Fig-

ure 12B). A small third pulse may have been generated by a small peak 

of eggs that appeared in late August, but the data are inconclusive. 

Only a small population of large individuals was present on the last 

sampling date and few Ceriodaphnia were present on the first sampling 

date, indicating that nearly all of the non-resting phase of the popula-

tion clewa.s sampled. 

A single large pulse of Bosmina originated in June, and small 

numbers of eggs produced in late July through August generated a much 

smaller second pulse in late summer (Figure l3A). A single size-class 

dominated the population through August, indicating that development had 

virtually ceased. The data suggest that the entire non-resting phase of 

the annual population cycle was completed in the sampling period. 



Figure 12. Size-class abundance curves and mean date of pulse (vertical bars) for Daphnia (left) and 
Criodaphnia (right) in Kingfisher Lake. Size-classes in micrometer units (m.u.). 
1 m.u. = 0.0398 mm 
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The Cyclopoida data revealed no consistent pattern .of development 

(Figure 15A) partly because the different species of nauplii and copepo-

dids could not be separated, but more importantly because all three 

species in the lake are. at least partly benthic and so were not always 

susceptible to sampling. The nauplius and copepodid curves indicate 

that three generations of cyclopoids could have developed through the 

sampling period. 

The Calanoida, chiefly Dictptornus 7eptopus, had two main genera-

tions during the ice-free period of 1975, one developing from eggs car-

ried in May by winter adults, the other developing frbm eggs produced in k 

July by the first generation (Figure l5B). It is not clear from Figure 

15B whether eggs produced from August to October developed, or whether 

all instars ceased development, but in the calculations it was assumed 

that development continued. 

The mean day of-pulse for several instars could be determined for 

Daphnia, Ceiodccphnia, Bosmina and the Calanoida (Figures 12, l3A and 

15B). These data were used to obtain the smoothed curves of mean pulse-

date (Figure 16) and instar development time (Table 8) that yielded the 

number of individua1spassing through each instar (Figure 17). 

As Figure-17 clearly shows, the estimated total number of eggs 

produced cannot account for the number -of later size-classes observed in 

the Daphnia, Ceriodaphnia or Bosmina populations. All three genera pro-

duce ephippial eggs (resting eggs) which are not quantitatively collected 

by vertical plankton tows, and which most likely make up the observed 

deficit. The number of neonatal Daphnia was under-estimated because the 

development time of the subsequent size-class was used to estimate the 

development time of neonates. The neonatal individuals had a narrower 
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Table 8. Development times for the instars of four planktonic C.rustacea, 
Kingfisher Lake, May to October 1975. Asterisks indicate 
estimated times. m.u.: ocular micrometer units (0.0398 m.u. 
= 1 nun). 

Development time (days) 
Size-class (m.u.) 

Taxon or instar Pulse 1 Pulse 2 - Mean 

Daphnia 

Criodaphnia 

Bosmina 

Calanoida 

eggs 
14-15 3.2* 
16-20 3.2 
21-25 4.0 
26-30 5.4 
31-35 7.0 
36-40 8.0 
41-45 8.0* 

4.7 

eggs 5.3 
8-10 3.5 2.0 2.8 
lli3 3.6 2.2 2.9 
14-16 3.8 3.0 3.4 
17-19 3.9 3.8 3.8 
20-22 4.0 4.0 4.0 

eggs 
5-6 8.5 
7-8 12.0 

9-10 14.0 
11-12 14.0* 
13-14 14.0* 

7.0 

eggs 5.8 
nauplii 9 8 8.5 
copepodids 17.5 21.5 19.5 
adults 26 32 29.0 
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size-range so they must have developed much faster than did the subse-

quent size-class. Calanoida egg numbers may have been slightly under-

estimated because some eggs were produced before the first sampling date, 

so were missed in the counts (Figure l8B). 

Development times could not be determined for the instars of 

Scapholeberis, Polyphemus or the Cyclopoida because the instar abundance 

data were too sparse or erratic (Figures l3B, 14 and 15A). 

Production. Mean summer biomass, mean daily production, total 

summer production and P/B's for the most abundant Crustacea are summar-

ized in Table 9. Production calculated by the extension of the South-

wood method has been adjusted for the minimum number of ephippial eggs 

(and neonates, in the case of Daphnia) that must have developed to pro-

duce the maximum number observed in later instars as shown in Figure 17. 

A similar adjustnthnt.to the calculations made by the Peàhen-Shushkina 

method was not possible because the error is not detectable when the 

method is used alone, and because production is .firstcalculated an a daIy 

basis but the error could not be attributed to individual days. 

The Pechen-Shushkina and unadjusted'. Southwood methods yielded 

very similar results; in the case of Bosmina results were identical. 

Both methods, however, provide underestimates because they fail to ac-

count for production from ph-±piai eggs to at least the- neonatal size-

class. The error is relatively small despite the large difference in 

estimated egg numbers, amounting to less than 11% in the case of Daphnia, 

where the discrepancy between unadjusted. and adjusted values was 

greatest. Even the adjusted Southwood estimates are at least slightly 

low because zero mortality was assumed for the developing ephippial eggs. 



Table 9. Production and biomass (dry weight) of planktonic Custacea in Kingfisher Lake, May to 
October, 1975 (140 days). Asterisks indicate assumed values. P: production, : mean biomass. 

Taxon 

Daphnia (pulex group) 

Ceriodaphnia 

Bo Smina longirostris 

Scapho leberis kingi 

P0 lyphemus pediculus 

Cyclopoida 

Calanoida 

Method 

Pechen-Shushkina 
Southwood (unadjusted).' 

Southwood (adjusted) - 

Pechen-Shushkina 
Southwood (unadjusted) 
Southwood (adjusted) 

Pechen-Shushkina 
Southwood (unadjusted)• 
Southwood (justed) 

maximum observed biomass 

estimated maximum P/B 

maximum observed biomass 
estimated maximum P/B 

maximum observed biomass 

Pechen-Shushkina 

Southwood (unadjusted) 
Southwood (adjusted) 

mean summer 
biomass 

mg nr3 

mean daily 
production 

mg m 3 

total summer summer 
production 

mg m 3 

76.3 5.6 780 10.2 

76.3 6.0 840 11.0 
76.3 6.7 940 12.3 

7.1 
7.1 
7.1 

6.4 
6.4 
6.4 

0.5 
0.5 

1.9 
1.9 

9.1 

17.5 
17.5 
17.5 

1.3 
1.4 
1.4 

0.42 
0.42 
0.46 

>0.02 
-<O. 14 

S0.5 

0.3 

180 25 
190 27 
200 28 

59 9.4 
59 9.4 
64 10.1 

?2.6 
20 35* 

15.7 
70 <35* 

41.4 

150 8.5 
160 9.1 
160 9.1 
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Only crude estimates of production of S. kingi and P. pediculus 

were possible because instar development times could not be measured. 

Both species had at least one generation through the summer, so the maxi-

mum observed biomass provides a minimum estimate of summer production. 

Calculations of P. pediculus production in Mud Lake showed that summer 

P/B's for Cladocera in Lake Louise area lakes could be as high as 30 to 

40, so 35B should give a reasonable estimate of maximum summer P for P. 

pediculus and S. kingi in Kingfisher Lake. 

The production and biomass figures for Cyclopoida are minimum es-

timates. The summer P given in Table 9 is the sum of the maximum obser-

ved biomasses of each of three cohorts. It is based on the assumption 

that no individuals died or were missed by the sampler. Since neither 

assumption is likely to be true, the actual summer P must be larger. 

Daphnia had by far the greatest production of any crustacean in the 

Kingfisher Lake plankton, followed by Ceriodcçhnia and the Calanoida. 

Bosmina, Polyphemus and probably the Cyclopoida had similar summer pro-

duction, each ranking after the Calanoida. Scapholeberis was the least 

important planktonic crustacean in terms of production. 

Mud Lake  

Species composition. Daphnia (puZex group) Bosmina longirostris, 

Polyphemus pediculus, Acanthodiaptomus denticornis and Acoithocyclops ver-

naZis were the most common crustacean plankters in Mud Lake. Chydorus 

sphaericus was occasionally found in the samples, but was never common. A 

single specimen of Dxphnia rosea Sars, 1862 emend Richard 1896 was also 

found. 

The Daphnia species could not be positively identified. As was the 

case in Kingfisher Lake, there were many intergrading specimens showing 

characters of two or more of Daphnia pulecc,D.schødleri and D.pulicaria. 
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Instar analysis. The courses of development of the largest popula-

tions of Crustacea are shown in Figures 18 and 19. 

The three cladoceràn populations each had a single large pulse be-

ginning in June or July. Bosmina had disappeared from the plankton by 

August and PoZ.yphemus had become uncommon by then, but Daphnia continued 

to be common until at least early October. 

Acthzthocyclops vernalis had three generations during the summer, 

but only the first produced a large number of copepodids and adults: few 

second-generation, and practically no third-generation copepodids and 

adults appeared in the samples despite the large numbers of nauplii 

present through the summer. 

Acanthodiaptomus denticornis, the other common copepod in Mud Lake, 

had two generations through the summer of 1975. The first hatched from 

resting eggs in May and June, reaching maturity in late June and early 

July. It then produced eggs giving rise to the second generation that 

reached maturity in late July or early August. Eggs produced by the sec-

ond generation accumulated in the population and were presumably resting 

eggs. 

The mean days of pulse could be determined for the three cladoceran 

species (Figure 18). These data for-Daphnia and Polyphemus, were plotted 

against size-class (Figure 20). The smoothed values so obtained plus the 

pulse dates calculated for Bosmina (Figure l8B) were used to calculate 

the developmenttime of each size-class (Table 10), the development times 

being used in turn to determine the number of individuals passing through 

each instar (Figure 21). 

As Figure 21 shows, the estimated number of eggs (and neonates in 

the case of Daphnia) were too low to account for the number of mdi-
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Table 10. Development times for the size-classes of three species of 
planktonic Crustacea., Mud Lake, May to October, 1975. 
Asterisks indicate estimated values. m.u.: ocular micro-
meter units (0.0398 m.u. = 1 mm) 

Size-class (mu.) Development time 
Taxon or instar (days)  

Daphnia eggs 7.0 
13-15 3.0 
16-20 3.2 
21-25 3.8 
26-30 4.5 
31-35 5.8 
36-40 9.5 
41-45 12.5 

Bosraina 

Polyphemus 

eggs 7.5 
6-7 4 
8-9 5 

10-11 6 
12-13 6* 
14-15 6* 

eggs 7.0 
8-10 1.8 
11-13 2.0 
14-16 2.8 
17-19 4.0 
20-22 4.5 
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viduals passing through later instars, the difference presumably being 

made up by the hatching of resting eggs. Daphnia neonate nuInberswere 

underestimated because the neonate size range was narrower than that of 

the following instar. Individuals would have passed quickly through the 

neonatal instar and much more slowly through the next instar. The time 

between the mean days of pulse of the two stages, used to estimate devel-

opment time, would have been spent mostly in the later instar. 

The data on Acanthocyc lops instar abundance were unsuitable for 

determining instar durations (Figure 19A), so total numbers passing 

through each instar could not be calculated. 

The adequacy of the Acanthodiaptomus data was checked during the 

production calculations (Figure 22). The first generation suffered vir-

tually no mortality until maturity was reached. In contrast, the second 

generation showed high mortality initially, but little in the late in-

stars. Estimated egg numbers were adequate to account for the numbers 

of later instars observed. 

Production. Biomass and production measurements are presented in 

Table 11. The Pechen-Shushkina and unadjusted Southwood methods were 

in reasonably good agreement but both underestimated production because 

they did not account for production from ephippia to the first size-

class. The degree of error in the unadjusted Southwood method was about 

16% in the case of Daphnia, but was less for Bosmina and Polyphemus, 

when the adjusted and unadjusted figures were compared. 

The sum of the maximum biomasses observed in each of the three 

generations was the only measure of production available for Acwithocy-



4 8 
W, jtg 

12 

72 

generation 2 

—generation 1 

14 

Figure 22. Allen Curves for two generations of Acanthodaptomus 
denticornis in Mud Lake. 7 is in dry weight. 



Table 11. Production and biomass (dry weight) of planktonic Crustacea in Mud Lake, May to October, 
1975 (139 days). 

Taxon  

Daphnia (pulex group) 

l3osrnina ion girostris 

Polyphemus pediculus 

Acanthocyc lops verna7is 

Acanthodiaptomus 
den ticornis 

Method  

Pechen-Shushkina 

Southwood (unadjusted) 

Southwood (adjusted) 

Pechen-Shushkjna 
Southwood (unadjusted) 
Southwood (adjusted) 

Pechen-Shushkjna 

Southwood (unadjusted) 
Southwood (adjusted) 

maximum observed biomass 

Allen Curve, generation 1 
Allen Curve, generation 2 

whole summer 

mean summer 
biomass 

mg m-3 

34.8 
34.8 
34.8 

1.1 
1.1 
1.]. 

0.5 
0.5 
0.5 

3'4 

334a 

13.0 a 

20.1 

mean daily 
production 

mg rn-3 

3.0 
3.2 
3.7 

0.13 
0.17 
0.17 

0.11 
o.12 
0.14 

>0.1 

09b 

total summer summer 
production 

mg rn3 

420 
440 
520 

18 
23 
24 

15 
17 
19 

>15 

67 
53 

120 

12.1 
12.6 
14.8 

16 
21 
22 

30 
34 
38 

>4.4 

2. Oa 
41a 

6.0 

a 

b 

Biomass calculated from Allen Curves (Figure 22) as the mean for each cohort; therefore P/B's are 
per cohort. 

Production not referable to a precise period; calculation assumes 139-day production period. 
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clops vernalis. Actual production must have been at least equal to the 

sum of maximum biomasses, and was probably greater because production by 

many individuals that died before reaching maturity was not included. 

Despite the great difference in the pattrn of mortality between 

the two generations of Accmthodiaptomus, production of both generations 

was similar. The greater production of early instars of the second gen-

eration was largely compensated for by a higher mortality rate. 

Daphnia had by far the greatest production among the planktonic 

crustaceans, followed by Acanthodiaptomus. Actual production of Acan-

thocyclops could have been near that of Bosmina and Polyphemus, which 

had similar summer production, ranking third and fourth, respectively. 

Moraine Lake  

Dicrptômus; a t'idus Marsh, 1920 was by far the most abundant crus-

tacean. in the plankton, Daphnia middendorffiana Fischer, 1851 being 

sparsely represented in the sampleson all three sampling dates. Only 

one specimen of the cyclopoid 4canthocyciops vernalis was found. 

Copepodids dominated the Diccptomus arcticus population in July 

and August, but by September almost the entire population was mature and 

eggs were being produced (Figure 23A). Up to 910 D. arcticus per square 

metre were present on or in the bottom sediments (see Moraine Lake ben-

thic data, Section 4), but no more than 5% of the population was benthic 

on any one sampling date. 

Annual production by Diaptomus arcticus estimated from the Allen 

Curve in Figure 23B was 65 mg m 3 dry weight, including the benthic por-

tion of the population. The observed summer B for 1975 including benthic 
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D. czrcticus, was 33.9 mg m'3 dry weight, giving a summer P/i of 1.9. 

The cohort B calculated from Figure 23B was 26.3 mg m dry weight, 

yielding a P/B of 2.5 per cohort. 

Too few Daphnia middndoffiana were collected for an adequate 

instar analysis: the maximum observed abundance was only 117 m 3. The 

only available estimate of production was the product of the observed 

summer B and an assumed summer P/B. In Baker Lake D. middndorffictna 

had a summer P/B near 8.5 (see below), so the B of 1.81 mg m 3 for the 

same species in Moraine Lake was multiplied by 8.5 to obtain an estim-

ated summer P of approximately 15 mg m 3 dry weight. 

Lower Consolation Lake  

The calanoid copepod Dictptomus tyrre lii Poppe, 1888 was the only 

crustacean present in the plankton in significant numbers. The only 

other planktonic crustacean present was Acanthocyc lops vmaZ.is, of 

which one specimen was found in the samples. 

D. tyrrglli nauplii and copepodids co-dominated the population in 

June (Figure 24A). By early August, many had matured and some eggs were 

produced. In September nearly all of the population was mature and many 

females were carrying eggs. 

The method used to estimate the number of eggs giving rise to the 

D. tyrre lii population yielded an underestimate (Figure 24B). The true 

number of eggs must have been at least the number of individuals ob-

served on the first sampling date, so this was takento be the best 

available estimate of egg numbers and production was calculated accord-

ingly. 
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Annual production of D. tyrre lii was at least 150 mg m-3 dry 

weight. Mean biomass calculated from the samples was 46.2 mg m 3 dry 

weight, yielding a P/B of = 3.3. Mean biomass calculated from the Allen 

Curve was 53.12 mg m 3 dry weight, giving a P/B of 2.9 per cohort. 

Baker Lake  

The most abundant crustacean species in the Baker Lake plankton 

were Daphnia middendorffiana, Diaptomus tyrrelli and Diaptomus areticus. 

Chydorus sphaericus and Acanthocyc lops vernaiis occurred infrequently in 

the samples. 

Daphnia middendorffiana produced a single pulse of eggs in August 

(Figure 25A). Pulses in later instars appear to be a composite of ani-

mals present in July and animals arising from the August egg pulse; 

consequently only crude estimates of size-class development times were 

possible. 

The mean water temperature of Baker Lake must not have exceeded 

10°C (Figure 11), yielding a calculated egg development time of 8.1 days. 

Among four size-classes, the intervals between mean days of pulse were 6, 

8 and 3 days (Figure 25A), or approximately 6 days on the average. The 

area under each size-class curve was divided by 6 days to obtain a first 

estimate of the numbers passing through each class (Figure 25B). As ex-

pected, numbers in some size-classes were overestimated and others were 

underestimated, the line drawn 'through the points by eye, providing the 

best available estimate of number in each class (comparable t0 Richards 

and Waloffts firt method; Southwood 1966:281). Egg numbers-were under-

estimated because. animals present on the first sampling date had hatched 
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prior to that date from eggs that were not sampled. Similarly, the neo-

natal size-class may have been underestimated in part because of an over-

estimated development time, and in part because many in the class de-

veloped before the first sampling date. 

The numbers passing through each size-class were read from the 

line in Figure 25B and production was calculated by the Southwood method. 

To the nearest 50 mg, summer production of D. rniddn5ôrff-c4na was 450 mg 

n1 3 diy weight. Mean summer biomass was 52.73-mg m 3, yielding a summer' 

P/B of 8.5. 

The Diaptornus tyrre lii population consisted mostly of copepodids 

in late July, but by late August most of the population was mature. The 

adults produced a peak of eggs in early September (Figure 26A). 

Annual production of D. tyrrlli calculated from Figure 26B was 

57 mg m dry weight. Mean summer biomass was 31.6 mg m 3 dry weight, 

resulting in a P/B of 1.8. From the Allen Curve B = 24.62 mg m 3 dry 

weight, giving a cohort P/i of 2.3. 

By the time Baker Lake was first sampled in late July, 1975, the 

Diaptoraus arcticus population consisted mainly of copepodids (Figure 27). 

By late August almost the entire population was mature, but as of the 

late September sampling date no eggs -had been produced. Much of the 

D. arcticus population ( = 24%, range 8 to 35%) was benthic (see Section 

4), but both parts of the population are included in the production 

calculation here. 

Without either an estimate of the number of eggs giving rise to 

the generation or.the number of early nauplii produced, it was not pos-

sible to construct an Allen Curve for Diaptomus arcticus. The only 
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available estimate of production was the product of the mean observed 

biomass and an estimated P/B. The mean P/B ± SE for four calanoid popu-

lations in the present study plus one calculated for Snowflake Lake 

Diaptomustyrrlli (see Discussion) was 2.24 ± 0.28. The summer B for 

D. rciiózis in Baker Lake of 41.5 mg m 3 dry. weight was multiplied by 

2.24 to obtain an estimated annual production of 90 mg m 3. 

Ptarmigan Lake  

Diaptomus tyrre lii was the only crustacean that was at all abun-

dant in the plankton of Ptarmigan Lake. Specimens of Daphnia midden-

derffiana and Chydorus sphaericus were rarely found (not more than two 

per one-eighth subsample). 

The Diaptomus tyrre lii population was composed of nearly equal 

numbers of nauplii and copepodids in late July, 1975 (Figure 28A). By 

late August most individuals were in the copepodid stage, and by late 

September most were mature, many of the females carrying eggs. 

Production by the cohort as calculated from Figure 28B was ap-

proximately 60 mg m 3 dry weight. Cohort B calculated from the Allen 

Curve was 24.30 mg m 3 dry weight and observed summer B was 27.3 mg m 3 

dry weight, yielding a cohort P/B of 2.6,. or a P/S of .3 observed B). 

DISCUSSION 

Annual Production  

Data on annual production would improve the comparability of the 

zooplankton production estimates. Most of the calculations, however, 

estimated only summer production. 
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The instar abundance data suggest that most of the cladoceran 

populations completed most or all of their annual production during the 

sampling period. In Kingfisher and Mud Lakes, few or no Ceriodaphnia, 

Bosraina, Scapholeberis or Polyphemus were present on the earliest and 

latest sampling dates (Figures l2B, 13, 14, 18B and C). Daphnia was 

present in both lakes on either the earliest or latest sampling dates, 

but at much lower abundance than in mid-summer (Figures 12A, l8A). In 

Baker Lake, however, Daphnia middendorfficzna was common in the earliest 

sample, indicating that some early-season production was missed (Fig-

ure 25A). 

Because of the way the Allen Curve method was used, the calanoid 

production measurements made by the method are estimates of annual pro-

duction. The methods used to calculate calanoid production in King-

fisher Lake provide estimates only of summer production, but the instar 

abundance data suggest that little calanoid production took place out-

side the sampling period (Figure 15B). The maximum biomass estimates of 

cyclopoid production are minimum estimates of summer production àhd 

therefore of annual production as well. 

Species counts of 3 Canadian Wildlife Service winter collections 

(Anderson, unpublished data) tend to support the conclusion that summer 

P equals annual P for species of crustacean plankton in Kingfisher and 

Mud Lakes In Kingfisher Lake, Daphnia and Ceriodaphnia can be common 

in late fall (1700 m 3 and 1500 m 3, respectively; 71-11-09), but are 

scarce or absent in mid-winter (74-02-15). Scapholeberis 'and Poly-

phemus were absent on both of these dates. Bosmina was absent frornthe 

late fall sample and uncommon (850 m 3) in the mid-winter sample. 
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Cyclopoids were uncommon at most under the winter ice and were all adult 

(450 m 3; 74-02-15). Diaptomus leptopus was the only calanoid present 

in winter, existing only as copepodids and adults in both November and 

February, so it appears that little or no calanoid production- occurs. in 

winter. In a mid-winter sample from Mud Lake (74-02-15), Acanthodiap-

tomus was absent, Daphnia and Orthocfclops were rare (<100 m 3) and 

Acanthocyclops nauplii, copepodids and adults were uncommon (<1000 m 3), 

so there could have been little winter production in Mud Lake. On the 

basis of the above considerations, the summer P values were accepted as 

satisfactory estimates of annual production for all further calculations 

and comparisons. Some slight upward adjustment of summer P could have 

been made to estimate annual P of certain species, but in view of the 

probable small difference between the two, and of the probable magnitude 

of the errors in abundance and biomass determinations, small-scale ad-

justments were considered to be superfluous. 

Comparison of Pechen-Shushkina and Southwood Methods  

For the 7 populations in which Pechen-Shushkina and-adjusted 

Southwood estimates were compared, the former were from 6 to 25% lower 

than the latter (x = 15%). Almost half of this difference resulted from 

the adjusted to the Southwood estimates, because the Pechen-Shushkina 

method gave results averaging only 8% lower than the unadjusted South-

wood figures (range 0 - 23%). The difference in results from the un-

adjusted Southwood and Pechen-Shushkina methods are due to the use of 

abundance data integrated over the entire season in the Southwood method 

as opposed to the use of seasonal means of point estimates in the Pechen-

Shushkina method, because both methods use identical daily abundance, 
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growth and development time data in an analogous way. The Southwood 

method has the advantage of readily revealing errors in abundance estim-

ates, such as the underestimates of cladoceran egg numbers in this study, 

which the Pechen-Shushkina method does not do. The adjusted Zouthwood 

estimates are the most reliable because they include production by eggs 

or early instars that were missed in the sampling, so it is these ad-. 

justed estimates that have been used in subsequent calculations. 

P/B Ratios  

There is now considerable evidence that assumed production-to-

biomass ratios (P/B's) can be used in conjunction with biomass deter-

minations to make reasonable estimates of production in many inverte-

brate populations (Waters 1969,1977; Mann and Brylinsky 1975; see also 

Part 4 of this study). Estimates of production from P/B and biomass 

data are commonly used by eastern European limnologists (e.g. Gakt al. 

1972, Kajak et al. 1972), but the method has been rarely used in North 

America. Data from this study provide information on P/B for several 

crustacean plankton populations that could help in estimating crustacean 

plankton production in similar Rocky Mountain lakes. 

The P/B per cohort was remarkably similar among the calanoid 

populations studied, ranging from 2.0 to 4.1 for the populations in 

which production was calculated from Allen Curves (6 cohorts). In King-

fisher Lake, calanoids which had P/B = 92 had two principal generations 

of about equal size, so P/B per cohort was 4.6. A cohort P/B of 2.1 was 

obtained for Diaptomus tyrrlli in Snowflake Lake when production was 

calculated from Anderson's (1968b)raw data by the Allen Curve method 
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(see below). The meant SE of these eight P/B estimates was 2.89 ± 0.34. 

In five of the calanoid populations a generation lasted one whole 

year (see also Anderson 1971, 1972) , but measured summer B (as opposed 

to B calculated from Allen Curves) was available for only the ice-free 

period. Since summer B was taken near the end of the life cycle in these 

populations, it is possible that summer B was a biased estimator of co-

hort B. Mean summer P/B for these five populations was 2.24 ± 0.28, 

slightly lower than the mean cohort P/B calculated above, and was used to 

estimate Diaptoinus arcticus production in Baker Lake. 

Calanoid cohort P/B found in this study are similar to those re-

ported in the literature. Lininocalanus macru'us Sars had a 4-year aver-

age cohort P/B of 2.98 in Char Lake, N.W.T. (Rigler et al. 1974; Rigler 

1975). Ry and Capblanc... (1975) reported an annual P/B of 2.5 for .uni-

voltind Mia3odiaptomus laciniatus (il1jeborg) in a Pyrenees subalpine 

lake. It appears that a reasonable estimate of calanoid cohort produc-

tion is about 3 times the mean biomass, and that if the number of cohorts 

(generations) per year is known, P/B times mean biomass would provide a 

rough estimate of annual production. 

Cladocera, which were significant producers in three of the six 

1kes, had much more variable P/B's than did the Calanoida, probably be-

cause the lack of discrete cladoceran generations made it impossible to 

calculate cohort P/B. Summer P/B's ranged from 8.5 for Daphnia middn-

dorffia'na in Baker Lake to 38 for Polyphemus in Mud Lake. Summer P/B's 

for a single species, Bosmina longirostris, ranged from 10.1 in King-

fisher Lake to 22 in Mud Lake. 

A similar broad range exists in the literature, even when only 
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other.môuntaiñ or unproductive: lake types..areconsidered. In 

a Russian arctic lake Daphnia cr-istata Sars had a summer P/B= of'26.2 

(Alimovt al. 1972); in Lake Port-Bielh in the Pyrenees, Daphnia long-

ispina (O.F. Muller) had a P/B of 2.5 (Rey.'and Capblancq 1975), values 

widely bracketing those observed for the same genus in this study (8.5 

to 14.9). The summer P/B for D. cristatcz cited above is comparable to 

that calculated for Ceoiodaphnia in Kingfisher Lake (28) and that found 

for Bosraina in Mud Lake (22). The very high summer P/B of 38 found for 

Mud Lake Polyphemus is also not unknown for a predatory cladoceran: 

values as high as 46 have been reported, although values from 15 to 20 

appear to be more typical (Winberg et al. 1972; Gak et al. 1972; Alimov 

et czl. 1972; Andronikova et al. 1972). 

The mean ± SE summer P/B for aLll. 7 cladceran populations in this 

study for which reliable data were available was 19.1 ± 4.1, with a co-

efficient of variation of 56.6%. For the nonpredatory cladocerans only 

the mean was 16.0 ± 3.1, with a coefficient of variation of 47.4%, a 

slight improvement in precision. It is possible that additional detailed 

work on unproductive lakes will reveal consistencies in the P/B's of 

their cladoceran populations; however the data from this study and that 

in the literature show that at present the possibility of considerable 

error must be accepted if assumed P/B's are used to calculate cladoceran 

production. 

Community Production  

In calculating community production, it is theoretically permis-

sible to add together production of individual species populations only 

if none of the species preys on others within the community: to add pre-
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dator production to that of its prey in effect counts predator produc-

tion twice (Winberg 1971:5; Winberg et at. 1971:296). To overcome the 

problem, predaceous and non-predaceous production should be calculated 

separately. It is difficult to do this in practice because many plank-

tonic animals feed at more than one trophic level. Many predators are 

predaceous for only part of their life cycles, may prey partly outside 

the plankton community, or may be only partly predaceous within the 

community. For example, late instars of cyclopoids are often predaceous 

but the early instars are non-predaceous (McQueen 1969). The large 

calanoid Daptomus arcticus, important in Baker and Moraine lakes, preys 

on5. tyrreili:cAnderson 197Cc), but its early instars must benonpre 

daceous,. and-even its late instars probably consume non-planktonic food 

and are omnivorous (Anderson 1970c). 

In calculating production of the crustacean plankton communities 

in each lake, the production of at least partly predaceous and non-pre-

daceous species were presented separately, then production by the two 

groups was summed to obtain a measure of total annual community produc-

tion (Table 12). This procedure yields a maximum estimate, but the 

error involved is unlikely to be large because production by at least 

partly predaceous species was usually small relative to that of non-

predaceous species. Furthermore, most species classified as predaceous 

(cyclopoids, Diaptomus arcticus) undoubtedly consumed food from outside 

the crustacean plankton community, and this fraction of their production 

should logically be added to non-predaceous production. 

On the basis of annual production per unit of lake volume, King-

fisher Lake had the most productive crustacean plankton community. 



Table 12. Annual-production and mean biomass (dry weight) of planktonic Crustacea in the six Lake Louise-area lakes carVared 
to that in selected lakes throughout the world. Asterisk indicates assumed value. 

BIOMASS 

B (mg m 3) 
Lake NonPredators Predators Total  

Kingfisher 
Mud 
Moraine 
Lower Consolation 
Baker 
Ptarmigan 

Snowflake ,Alberta 
Snowflake ,Alberta 
Teardrop, Alberta 
V.Finstertalersee 

Austria 
Port-Bielh, France 

Char,N.W.T. 

108.0 11 
56.0 3.9 
35.7 
46.2 
84.3 41.5 
27.3 

PRODUCTION 

NonPredators Predators Total 
P P/B P P/B c2 PA 

u m 3 n m 3 mg m  irg m  

119 1380 13 80 
59.9 660 12 30 
35.7 80 2 
46.2 150 3 

126 510 6 90 
27.3 60 2 

80 
52 52 100 1.9 

8.7 26 3 

Krivoe, U.S.S.R 9.6 5.2 15 130 14 

Krugloe,U.S.S.R. 65 19 84 810 12 

Clear, S.Ontrio 200 2990 15 
239,N.W. Ontraio 20 190 10 

Baikal,U.S.S.R. 21 16 37 280 13 

Bed, U.S.S.R. 120 22 142 2200 18 
Severson, Minn. 3400 
Myastro, U.S.S.R.280 42 322 3700 13 
Batorin U.S.S.R.440 120 560 6870 16 

7 1460 2920 12 
8 690 1660 12 

80 770 2 
150 880 3 

2.24* 600 3240 5 
60 420 2 

80 490 
100 600 1.9 
980 580 
8 120 

210 1900 2.5 

26 270 

26 5.0 160 1910 

236 12 3.050 1570 

36 2.2 

180 8.2 

500 12 
1480 12 

Source and Ccmrents 

This study 
This study 
This study D. arcticus non-predaceous 
This study 
This study D. arcticus predaceous 
This study 
OTHER MAIN LAKES 
Anderson (1975) alpine lake 
Recalculated from Anderson(1968b)Allen Curve 
Anderson (1975) alpine pond 
Pechlaner et al. (1972) alpine lake plank-

tonic portion of population only 
Rey & Capblanq (1975) approximate data 
FAR NORTHERN LAKES 
Rigler et ai.(1974) & Rigler(1975) polar 

lake P range 17-31 mg m3 
11 Alinov et al. (1972) arctic lake vegetative 

periods 
12 Alirrov et al. (1972)arctic lake vegetative 

season 
CANADIAN SHIELD LAKES 
Schindler (1972)Predaceous cyclopoid abundant 
Schindler(1972)Predaceous cyclopoid abundant 
A UNIQUE LAKE 
bskalenko & Votinsev(1972)0-50m 
PRODUCTIVE LAKES 
Andronikova et al. (1972) May-Oct.boreal 
Canita(1972) prairie lake 
Winberg et.ai. (1972)May-Oct.Byelorussia 
Winberg et al. (1972)May-Oct.Bye].orussia 
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The Baker and Mud Lake planktonic crustacean communities had similar 

productivities, but were less than half as productive as those in King-

fisher Lake. Crustacean plankton production was approximately the same 

in Moraine, Lower Consolation and Ptarmigan Lakes, being one-quarter or 

less than that in Baker and Mud Lakes, and one-tenth or less than that 

in Kingfisher Lake. Overall, there was a 24-fold difference in crus-

tacean plankton production between the most and the least productive 

lakes. 

The relative productivities of four of the six communities can be 

readily accounted for. Ptarmigan Lake is the highest in elevation of 

any of the lakes, is one of the deepest, has one of the shortest ice-free 

periods, has water with the lowest mineral content, and is among the 

coldest of the lakes. Moraine and Lower Consolation, the other two low-

productivity lakes with respect to their crustacean plankton communities, 

are very cold, have waters with low mineral content, have a short ice-

free season and have short water renewal times. In addition, Moraine 

Lake is the deepest of the six lakes. Kingfisher Lake, on the other 

hand, is the warmest, shallowest, lowest in elevation, has one of the 

longest ice-free periods, has water with one of the highest mineral con-

tents, and probably has the longest water renewal time. 

There is no obvious explanation for the relative productivities 

of the remaining two lakes with regard to their crustacean plankton. 

Despite being the second highest of the lakes with one of the shortest 

ice-free seasons, short water renewal time, and having the second most 

dilute water, Baker Lake annual crustacean plankton production was near 

that of Mud Lake, a lake 600 m lower, shallower, warmer, with a longer 
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ice-free season and water with the highest dissolved solids of the six 

lakes. Furthermore, although Baker Lake is only 122 m lower than Ptar-

migan Lake, and is only slightly shallower, slightly warmer, has only 

slightly less dilute water, and is within 2 km of Ptarmigan Lake in 

similar terrain, the crustacean plankton annual production in Baker Lake 

was 10 times that in Ptarmigan Lake. 

Similarly, the more than two-fold difference in crustacean 

plankton production of Mud and Kingfisher Lakes is difficult to explain 

in view of the considerable physical similarity of the two lakes. Al-

though Mud -Lake is more than three times the area of Kingfisher Lake, 

the lakes have similar mean depths, are located at about the same eleva-

tion, in similar terrain and in the same geological formation within 4 

km of each other, have similar bottom types, light penetration, water 

colour and water chemical composition. 

The differences in crustacean plankton production among the six 

lakes were due almost entirely to differences in cladoceran production, 

particularly that of Daphnia spp. Cyclopoid production was low or absent 

in all six lakes, and calanoid production was relatively constant regard-

less of species, voltinism or number of species, ranging from 60 to 160 

mg m 3 yr 1 SE-.= 117.0 18.l,..n = 6). 

On the other hand, total nonpredaceous cladoceran production 

ranged from 0 to 1200 mg m 3 yr 1, and the range for Daphnia production 

alone was nearly as large (0 to 940 mg m 3 yr 1). In the three most 

productive lakes Daphnia was by far the most productive crustacean plank-

ter (64 to 75% of total production), reaching abundances much greater 

than 10,000 m 3 on individual sampling dates in Kingfisher and Mud Lakes, 
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and greater than 1000 m 3 for the much larger species in Baker Lake. In 

contrast, Daphnia was rare in or absent from the three least productive 

lakes. 

Whatever factors are controlling the distribution and abundance 

of Daphnia spp. are responsible for most of the variation in crustacean 

plankton production among the six lakes. The identity of these factors 

remains to be determined, but two possibilities seem worth investigating. 

The six lakes have all been heavily stocked with trout in the past (Parks 

Canada stocking records), and marked reductions or elimination of large 

species of Daphnia have been associated with trout introductions in high 

Rocky Mountain lakes (Anderson 1972). A second possibility is suggested 

by the work of Allan (1976), who hypothesized that in a nutritionally-

dilute environment copepods should have a competitive advantage over 

cladocerans because copepods are able to capture a wider range of par-

ticle sizes. Carbon-14 experiments done in the six lakes (Mayhood and 

Anderson 1976, and unpublished data) suggest that planktonic primary 

productivity is higher in the three lakes having the highest Daphnia pro-

duction than it is in the three lakes having little or no Daphnia produc-

tion, the principal crustacean producer in the latter lakes being a 

calanoid. - 

The foregoing discussion compared the six lakes on the basis of 

crustacean plankton production per unit of lake volume. From the point 

of view of assessing fish food productivity this is the most relevant 

unit for comparison: fish predators must search a volume of water, so 

the concentration of plankton organisms and their productivity is of 

greatest importance. The lakes can also be compared on the basis of 

crustacean plankton production per unit of lake surface, which is the 
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more relevant measure from some points of view; for example, in assessing 

the supply of dead plankton available to benthic organisms. According to 

the latter measure, Baker Lake is the most productive of the six lakes, 

the remaining lakes retaining their ranks relative to each other (Table 

12). The reason Baker Lake crustacean plankton production surpasses that 

of Mud and Kingfisher Lakes on a unit area basis is that Baker Lake is 

deeper than the other two waters, so that its smaller production per 

cubic metre adds up to more under one square metre of surface. The re-

maining lakes do not change rank because the differences in depth are 

insufficient to completely compensate for their differences in produc-

tion per cubic metre. There is considerable compensation, however, so 

that the 24-fold difference in crustacean •plankton production per 

cubic metre between the most and least productive lakes is reduced to 

less than an 8-fold difference on an areal basis. 

Table 12 compares crustacean plankton productivity in the 6 Lake 

Louise-area lakes with that in several other mountain, northern and 

Shield lakes. Figures for four moderately to highly-productive waters 

are given to provide an indication of the range that has been found for 

the world's natural lakes. The following discussion refers to nonpre-

dator production per unit volume. 

Ptarmigan, Moraine and Lower Consolation Lakes had annual crusta-

cean plankton production similar to that in nearby alpine Snowflake Lake, 

Banff National Park, and to that inthe Russian Arctic Lake Krivoe; 

higher than that in Char Lake, Cornwallis Island, N.W.T., and Vorderer 

Finstertalersee, an Austrian alpine lake; but lower than that in several 

other low-productivity lakes. Annual crustacean plankton production in 
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Mud and Baker Lakes was comparable to that in Krugloe, a shallow Russian 

arctic lake. Crustacean plankton production in Kingfisher Lake was lower 

than that found in productive lakes, but was high enough to label it mod-

erately productive. In short, Ptarmigan, Moraine and Lower Consolation 

are among the least productive lakes studied with respect to their crus-

tacean plankton production; Mud and Baker Lakes appear to be near the mid-

range for oligotrophic lakes, and Kingfisher Lake has a moderately pro-

ductive zooplankton community. 

The data on Snowflake Lake in Table 12 provide a valuable check on 

the Allen Curve method used for calculating calanoid production in this 

study. Anderson (1975) estimated the production of Dicptoinus tyrll'i 

mostly from primary productivity data (Anderson 1968b) and some deter-

minations of D. tyrrili filtering rate. I used his raw data on D. 

tyrrlli population size, biomass and clutch size (Anderson 1968b) to 

construct an Allen Curve in the same way as was done for the Lake Louise-

area calanoids, assuming dry weight was 15% of fresh weight (Bottrell 

et al. 1976:436). The two estimates agree. - 

It was shown in Section 2 that the six lakes of this study are 

representative Canadian Rocky Mountain lakes with respect to several of 

their physical and chemical attributes. Moraine, Lower Consolation, 

Ptarmigan and Baker Lakes have crustacean plankton communities that. 

occur commonly in lakes of the Rocky Mountain region, with respect both 

to species composition and population abundance (Anderson 1971, 1974a), 

so can be considered as having representative crustacean plankton com-

munities. The zooplankton communities of Mud and Kingfisher Lakes are 

similar to others in Rocky Mountain lakes, particularly those in the mon-
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tane zone; but one of their species, Acanthodiaptomus denticornis, is ap-

parently restricted to the Bow River valley (Anderson 1974a) in the 

Rocky Mountain area. A. denticornis was relatively scarce in Kingfisher 

Lake in 1975, however, its place being taken by Diaptomus leptopus. 

Because there was little difference in the annual calanoid production 

between Mud and Kingfisher Lakes, it seems unlikely that the presence of 

A. denticornis in either lake is influential enough to rate the crusta-

cean communities as atypical with respect to production. On grounds of 

their physical, chemical and biological similarities to other Rocky 

Mountain lakes, the six Lake Louise-area lakes studied likely showed a 

broad range of the crustacean plankton production to be expected in al-

pine and subalpine trout-inhabited lakes of the region. 
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SECTION 4 

BENTHOS 

The objective in this section is to describe the benthos of the 

six lakes and to estimate the production of benthic macroinvertebrates. 

The section is divided into three parts. The first shows which taxa are 

most important in abundance and biomass in the various lakes, and pre-

sents the biomass data required for the production calculations. The 

second analyzes some of the most important macroinvertebrate populations 

in each lake to provide data on voltinism required for the production 

calculations.. The third analyzes published data on macroinvertebrate P/B 

for use in the production calculations and presents the production es-

timates. 

SPECIES COMPOSITION, ABUNDANCE AND BIOMASS 

Calculations and Methods Evaluation  

The mean abundances of benthic fauna were calculated from the 

counts of animals collected by Ekman grab. The mean biomasses of major 

taxa were calculated for each sampling date from the preserved wet 

weights of the groups in the Ekman grab colleàtions. 

Sampler efficiency. A standard Ekman grab of the size used in 

this study was evaluated by Flannagan (1970). When compared with diver-

collected cores in mud substrate, the Ekman grab significantly under-

estimated oligochaete abundance (approximate efficiency 65%), but pro-

vided satisfactory abundance estimates for chironomids, sphaerids and 

total macroinvertebrates. Among eight samplers tested the standard Ekman 

grab was second only to-the FRB multiple-corer in its efficiency in col-



99 

lecting total macroinvertebrates, and was the most efficient in col-

lecting chironomids. 

The standard Ekman is subject to "wash-out" (loss of animals 

from the top of the sample) when nearly full if the top shutters open 

even slightly on ascent. Also, a frontal wave may push invertebrates 

aside as the grab approaches the sediments. An attempt was made to mini-

mize frontal wave and wash-out effects by locating the lake bottom with 

the grab, lowering the grab gently nearby, then raising the sampler 

carefully at a constant rate after tripping the release. Wash-out was 

probably unimportant in shallow samples because it could be directly 

observed and the sample could be re-taken. 

Sieve efficiency. Invertebrates were sorted from the substrate 

by passing the sample through a sieve having apertures of 0.36 x 0.52 mm, 

the taxa retained being arbitrarily defined as macroinvertebrates. Ac-

cording to Jonasson (1955), sieves with a pore size of 0.51 mm may fail 

to quantitatively retain Tubificidae and chironomids as large as 6 mm in 

length, but satisfactorily retain Chaoborus larvae, tubificid cocoons and 

sphaerid clams. Head capsule dimensions are thought to determine 

whether chironomids are retained: Jonasson found chironomids having head 

capsule widths of approximately 0.5 mm or greater did not pass through 

the 0.51-mm mesh aperture. In contrast, Maitland et al. (1972) found 

that the 0.5-mm mesh aperture retained virtually all Stictochironomus 

larvae more than 3.5 mm in length1, but retained only 0 to 7% of the 

The units of their Figure' 2 must be millimetres, not centimetres as 
marked. Chironomid larvae do not attainS a length of 14 am as the Fig-

ure shows, but lengths of 14 mm are typical of numerous species. 
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smallest size-classes up to 2 mm in length. 

According to Jonasson's (1955) hypothesis, retention of chiro-

nomids in this study would presumably have been limited by the relation-

ship of head depth and the smaller dimension of the mesh aperture. Head 

depths of many small species such as Tanytarsus, Micropsectra, Corynon-

eura and Pagastielia were less than 0.36 mm, so these species may have 

been largely missed if Jonasson's hypothesis is correct. If the rela-

tionship observed by Maitland et al. (1972) applies, all but the first 

or second instars of most chironomid species would have been collected 

quantitatively, because third, fourth and usually second-instar larvae 

exceeded 3.5 mm in length. 

Regardless of the effect of sieve aperture size on the abundance 

estimates, probably little macroinvertebrate biomass was lost through the 

sieve used. Maitland et al. (1972) reported that summer production of 

Stictochironomus estimated by using the 0.5-mm aperture sieve was 90.6% 

of the total, and that over the entire year the underestimate was just 

2.7%. Similarly, Zelt and Clifford (1972) noted that a net of 0.72 mm 

mesh aperture underestimated the biomass of stream insects by only 5%, 

but abundance by 50%, when compared to a net of 0.32 mm mesh aperture. 

In general, one would expect that failure to include small in-

dividuals would not seriously underestimate total biomass because of the 

large number of small individuals that equal the weight of one large in-

dividual. If, as Waters (1977:112) suggests, the ratio of maximum to 

minimum weight in freshwater animals is usually in the range of 100:1 to 

500:1, then about 100 to 500 small individuals would have to be lost for 

every large individual retained by the sieve for the biomass to be 
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underestimated by 50%. Put another way, the efficiency of the sieve 

would have to be approximately 1% or less with respect to abundance to 

cause a 50% underestimate of biomass. Such low efficiencies (1 to 25%) 

with respect to numbers were sometimes approached in the data of Jonas-

son (1955) and Maitland et al. (1972) for particular species on particu-

lar days, but for larger taxonomic groups such as Chironomidae in which 

cohorts overlap, or over long time intervals, such low sieve efficien-

cies are highly unlikely. A more realistic estimate would be that over-

all sieving efficiencies are likely to be in the order of 50% with res-

pect to numbers (Jonasson 1955; Maitland et al. 1972), and 90% with 

respect to biomass. 

Effect of preservatives on wet weight. Recent studies have 

demonstrated a strong effect of preservatives on the wet or dry weight 

of benthic invertebrates (Howmiller 1972; Stanford 1973; Hare 1976; 

Donald and Paterson 1977), although the wet and dry weights of planktonic 

invertebrates are apparently unaffected by preservation in 10% forxnalin 

(Bottrell et al. 1976). In the present study, the effect of formalin 

preservation on the wet weight of three benthic invertebrates was tested 

to determine if preserved wet weight accurately represented live weight, 

and if not, to obtain correction factors -with which the biomass measure-

ments could be adjusted. 

Tests were run on Oligochaeta,Hyalella azteca (Saussure) and 

Ganinarus Zacustris Sars. The animals were weighed alive, preserved in 

3.7% formaldehyde (Shawinigan Brand stock forma1in solution, McArthur 

Chemical Company, 37% formaldehyde and 63% water and methanol) in Cal-
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gary tapwater (mean conductivity ± standard deviation = 380 ± 47 pS cm -1 

8 20°C, n = 71, Water Quality Branch 1975), and weighed at various inter-

vals up to 1405 days afterward. Triplicate weights were obtained on each 

occasion with the weighing technique described previously (Laboratory 

Methods, p.23), by replacing the animals in preservative for one minute 

after each weighing, then repeating the weighing procedure. 

The blot-dry weighing method provided reproducible weights 

(Table 13). The 17 coefficients of variation for the triplicate weigh-

ings ranged from 0.81 to 3.39%, and had a mean ± standard deviation (SD) 

of 1.80 ± 0.82. Since 95% of individual weight measurements should fall 

within 2SD of the true mean, fewer than 5% of the weight determinations 

of the benthic macroinvertebrates should differ from the true values by 

more than approximately 7% (i.e., 2 x 3.39%), if it is assumed that the 

test data are representative of all samples weighed. 

Weight determinations made four to five months after fixation 

underestimated live weights of the three test taxa by 2 to 22% (Table 13) 

Weights measured 3.5 to 4 years after fixation underestimated live 

weights of.Gammarus and Oligochaeta by 17 and 25%, respectively. All 

three taxa showed an immediate 5 to 12% drop in weight upon fixation 

(the animals were weighed within 10 minutes of death from the preserva-

tive). 

Of the four previous studies on the effect of preservatives on 

wet weight of benthic invertebrates cited earlier, only that of Donald 

and Paterson (1977) employed both a weighing method and preservative 

similar to that used here. Donald and Paterson, studying chironomids, 

found a Chironomus species to have gained 10 to 15% in wet weight after 



Table 13. Changes in the wet weight of three macroinvertebrates preserved in 3.7% 

formaldehyde solution. SD: standard deviation. 

oliqochaeta 13 H,yalella azteca 30 Gaininarus iacustris 

Proportion Proportion Proportion 

Days After Mean weight ± SD of Live Mean Weight ± SD of Live Mean Weight ± SD of Live 

Preservation (g) n = 3  Weight (g) n= 3  Weight (g) n = 3  Weight  

0 (live) 0.0547 ± 0.0008 1.00 0.0448 ± 0.005 1.00 0.4270 ± 0.0061 1.00 

0 (preserved) 0.0505 ± 0.0013 0.92 0.0393 ± 0.0012 0.88 0.4071 ± 0.0033 0.95 

1 0.0383 ± 0.0013 0.85 

2 0.4286 ± 0.0063 1.00 

16 0.4129 ± 0.0048 0.97 

50 0.0573 ± 0.0016 1.05 

74 0.0370 ± 0.0010 0.83 

85 0.3818 ± 0.0053 0.89 

125 0.0349 ± 0.0008 0.78 

134 0.0534 ± 0.0006 0.98 

250 0.3790 ± 0.0069 0.89 

1356 0.3552 ± 0.0038 0.83 

1405 0.0411 ± 0.0004 0.75 
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being preserved for 100 days, and found Procladius sp. and Metriocnemus 

to have lost approximately 15% of their live weight after 100 days in 

preservative. Beyond 100 days weights of Chironomus had stabilized, but 

those of Proc ladius and Metriocnemus fluctuated about a level of 10% 

weight loss. A fourth species of chironomid tested by Donald and Pater-

son lost 45% of its live weight after preservation, but these specimens 

had been transferred from an extremely saline habitat (conductivity 

42,000 to 45,000 uS cm-1 @ 20°C) to distilled water plus 10% forinalin, 

so osmotic stress may account for the very large weight loss. 

Available results have not provided a correction factor that 

can be generally applied to data on preserved wet weight to estimate live 

weight. The data of Donald and Paterson (1977) and those of the present 

study suggest that the live biomass of individual taxa may be underes-

timated by 10 to 25%, or overestimated by as much as 15%, when 10% f or-

malin-preserved wet weight is obtained by a blot-dry technique after 200 

to 500 days in preservative, as was done in this study. Community bio-

masses and biomasses of taxa with many species may be underestimated by 

only 5 to 10%, however, because weight gains by a few taxa would par-

tially compensate for weight losses by most taxa. After the many uncer-

tainties in the available information were considered, no attempt was 

made to adjust the biomass or production estimates made in this study. 

Results  

Kingfisher Lake. Emergent sedges (Cares L.) occurred sparsely 

around the shoreline of Kingfisher Lake, as did Sparganiuin (Tourn.) L. 

A small, dense clump of Chara Valliant grew at the 2-m contour at the 
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southeast end of the lake, and a smaller clump of Myriophyllum L. oc-

curred within 1 in of the northwest shore. Potcvnogeton sp., either P. 

pectinatus L. or P. filiformis Pers., was sparsely distributed through-

out the 0- to 2-rn zone, and Menyanthes trifoliata L. projected into the 

water from shore in several places. Total coverage by macrophytes in 

Kingfisher Lake was no more than 5% of the bottom area. 

Hyaiella azteca was the most abundant rnacroinvertebrate in the 

samples, followed distantly by the chironomids Ciadotaiytarsus, Tany-

tarsus and Pagastielia, and by ceratopogonids (Table 14). Nearly all 

taxa were less abundant in samples taken from below 2 in than they were 

in the 0- to 2-rn zone, but Tcmytarsus and Micropsectra were about equally 

abundant in both, tubificids were somewhat more abundant in the deep 

zone, and Chironomus was found only in the deep zone. Few additional 

taxa were found in the shoreline collections. (Table 15). 

Figure 29 illustrates mean summer biornasses and changes in bio-

mass of major taxonomic groups through the summer of 1974 in Kingfisher 

Lake. Only H. cthteca showed a clear trend in biomass, increasing from 

May to September; the other taxa remaining constant or nearly so over 

the same period. H. azteca formed more than half the biomass of benthic 

macroinvertebrates in Kingfisher Lake (Figure 30). The mean summer bio-

mass for the entire fauna was 2.756 g m 2 wet weight, the mean for the 

8 shallow stations being 4.8 times that for the 4 deep stations. 

Mud Lake. In Mud Lake, as in Kingfisher, emergent Carec spp. 

were sparsely distributed around the shoreline, and Potconogeton pec-

tinatus or P. filiforinis was sparsely distributed throughout the 0- to 
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Table 14. Benthic inacroinvertebrate abundance m 2 in Kingfisher Lake, 

means of 5 collections dates, 1974. + indicates taxon was 

found in fewer than 5 samples, was represented by fewer than 
10 anJmals, or was present in the macrophyte beds. Standard 

errors are provided only as an index of variability. They 

cannot be used to set confidence limits because samples were 
taken at approximately regular, not random, time intervals. 

Taxon 

Coelenterata 

Macro- 8 Shallow 4 Deep Whole 
phyte Stations Stations Lake 

Beds n = 40 n = 20 n = 60 

±SE R ±SE R ±SE  

Hydra Trembley + 

Turbellaria 
Nematoda 

Mollusca 

Gyraulus Charpentier 
G. parvus (Say) 
Pisidium Pfeiffer + 

Oligochaeta 

Naididae 

Nais barbata (MUller) + 

Tubificidae + 

Tubifecc temp letoni Southern 
Lumbriculidae + 

Hirudinoidea 

Helobde ha stagnahis (L.) + 

Hydrocarin a 
Crustacea 

Scapho leberis 7cingi 
Simocephalus vetulus Schødler 
Eurycercus lcimehiatus (O.F.M.)+ 

Alona affinis (Leydig) 
Ostracoda + 

Diaptomidae 

Accmthocyc lops verna us 
Macrocyc lops albidus + 

Hyalella czzteca (Saussure) + 

Ephemeroptera 

Caenis Stephens + 

Baetidae 

Odonata 

Aeshna Fabricius + 

• Libellulidae + 

Somatochlora Selys 
Cordulia Leach 

Coenagrionidae 

Coenagrion Kirby + 

+ 
• 

+ 

+ 

• 

12.9 5.39 45.2 28.7 23.7 9.26 
+ 

39.8 11.7 4.3 2.96 28.0 7.11 

+ 

+ 

+ 

+ 

+ 

118 96.3 906 130 

- continued 
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Table 14 - cont'd. 

Taxon 

8 Shallow 4 Deep Whole 
Macro- Stations Stations Lake 

phyte n = 40 n = 20 n = 60 
Beds 5E ±SE SE ±SE R ±SE 

Odonata (cont'd.) 

Ischnura Charpentier + 

Trichoptera 

Leptoceridae + 

Ocetis McLachlan 28.0 6.82 0 18.7 4.12 
Limnephilidae + 

Phryganeidae + + 
Coleoptera 

Acilius Leach + 

Diptera 

Chironomidae 

Ablabssmyia Joh. + 22.6 11.6 0 15.1 7.03 

Procladius s.s. Skuse + 61.4 13.3 8.6 5.93 43.8 8.26 
Clinotanypus Kieff. 7.5 3.04 0 5.0 1.84 
Psectrocladius (Kieff.) + + 

Cricotopus (v.d.Wulp.) + 

Pagastiella Brund. 267 43.5 0 178 26.3 

Chironomus (Meig.) + 0 32.3 12.0 21.5 5.15 
Cryptàcladopslma Lenz 21.5 11.4 0 14.3 6.91 
Cryptochironomus Kieff. 11.8 5.56 4.3 4.3 9.3 3.60 

? Harnischia Kieff. + 

Dicrotendipes Kieff. + + + 

Glytotendipes Kieff. + 

Cladotanytarsus Kieff. 422 310 8.6 6.70 284 187 

Tcmytarsus v.d.Wulp. + 212 54.6 151 82.5 192 41.3 

Micropsectra Kieff. 7.5 5.53 10.8 10.8 8.6 4.66 
ZavreliaKieff. + 
Paratcmytarsus Kieff. + + + 

Ceratopogonidae 

? Culicoides Latreille 11.8 6.72 0 7.9 4.06 

Palpomyia Meig.,Bezzia Kieff.+ 200 32.3 10.8 8.8 137 19.7 

or Johannsenomyia Malloch 
Tabanidae 

Tabanus L. or + 

Chrysops Meig. 
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Table 15. Shoreline fauna of the six lakes. Numbers are numbers of 
individuals in the collection. + indicates the animal 

was present. Numbers in parentheses after the date are 
times of the collections in minutes. 

TAXON 

0 

to 

-0 H  —  U) 0 U) 0 000 0 0 0 0 
H - cn H C'I cfl (v') U) (?) (Y) (fl (Y) fl 
'- 0) 

co co N c'4O 0 co H(0 
H U) H H H 0) H H 0 H i") C') Cfl bi (i') 
I•.-I I I i i I 
'o 44 N 'D N 0) N 1 W N 4 co N E co 
0 0 0 0 0 00)000)0 00 
I I I ro I 44. 1 .1 •- I..i.. I. fa I 
IV -rq  
N N 'N' 0 N' N 'N' ' N N ' N  N ' N 

Hydrozoa 

Hydra 2 
Turbe11aria 5 20 
Bryozoa + 

Gastropoda 
Lymnaea Lamarck 4 
Gyraulus par us (Say) 9 4 5 

Pelecypoda 
Sphaeriae 1 1 7 25 2 

oligochaeta. 4 22 3 2 6 2 70 
1-lirudinoidea 2 
Hydracarina 
Lebertia Newman 5 3 3 
Hydrobates Koch II 
Hydrochoruts ungulatus 2 

Cladocera (Koch) 
Polyphmus pdioulus 1 
Simocephalus vetulus 25 15 
Scaphoiebeis kingi 1 
Eurycercus lo,nellatus 13 1 17 

Ostracoda 1 
Copepoda 
Diaptomus arcticus 10 15 
Eucyc lops agilis (Koch) 1 
Macrocyc lops albidus 2 

Pmphipoda 

Hyalella azteca 8 4 40 1 
Gciminarus lacustris Sars 4 59 

Ephemeroptera 
Caenis 1 
Ameletus 8 2 
Paraineletus 4 3 
Siphlonurus 4 42 

- continued 
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Table 15 - cont'd 

Odonata 

Coenagrionidas 

Enczliag7na Charpentier 
E. .borealis (els) 
Aeshna 
Aeshna palmata Hagen 
Libel 1uidae 

Somatochiora cingu lata 
Plecoptera 
Megarcys Klaplek 
Isoperla Banks 
loraperla ma.riana (Ricker) 

Hemiptera 
Gerris notabilis Drake & 

Trichoptera /Hottes 
Lixnnephilidae 
Qecetis 
unidentified small larvae 

unidentified pupae 

Co leopt era 
Hydroporus conrpertus Brown 
Rhantus DeJean or Colymbetes 

Diptera /Clairville 
Tipulidae 
Dicranota Zetterstedt 

Chironomidae 
Tanypodinae 

Orthocladiinae 
Chionomini 

Tanytarsini 
Thiene7nannimyia Fittk. gr. 
Corynoneura (Winn.) 

Cricotopus (v.d.Wulp.) or 

Orthocladius (v.d.Wulp.) 

0 

4) 

Lfl 0 Lt 0 , 00000 

- a) 
a%  co s c'lQcp 0 
Ho)r-1 H H WH HOH r) 

'.0 N --C N 
0 bi 0 0 0 nio Owo OW 
II I ro I I II l.4 

0 0cI ni 
N N  N N N  N4 N N Pq 

2 :1. 
1 
12 

31 3 

1 
1 1 

1 

1 

4 

7
4
-
0
8
-
2
8
(
3
0
)
 

7
4
-
0
7
-
3
1
(
3
0
)
 

1 1  9 5 6 11 13 
35 

53 

1 

1 
1 

1 

72 2 

101 1 4 8 2 1 
14 

56 

- continued 

1 
4 
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Table 15 - cont'd 

0 

S 583 
Cr) H C14 Cr) Cr) U) Cr) ') Cr) Cr) Cr) 

a D CO CO N- (N 0 Cfl 0 CO r-4 ( 0 
r-Cflr-4 -4 r1 )H HQr1 Cr) (N Cr)01Cr) 
I•dl I I I I I I I I•-II 

'.0 4-4 N to N O\ N 4 CO N -4 CO N cCO 
0OQ CD 0 C0 OWO OWO 00 
I g l 1'I 4I I l l,l IWI 

.cjI..I1 0 
N- 4 N N Z N N N i- N N C N N A4 N 

Paraciczdius Hirv. 
Psectroc ladius 
Cryptochironomus Kieff. 
Endochironomus Kieff. 1 
Phaenopsectra s.s. Kieff. 
Paratcznytarsus + 

Ceratopogonidae 

Culicoides 1 

Palpomyia pupae 1 

11 

1 

1 

10 
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Figure 29. Variations in estimates of mean biomass ± SE of Trichoptera (A), Coenagriçnidae (B), 

Ilelobdella stagnalis (C), Aeshnidae (D), Hyaleila azteccz (E), Chironomidae (F), 

Ceratopogonidae (G), and Oligochaeta (H) in Kingfisher Lake, 1974 (preserved wet weight). 
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2-rn zone. Dense clumps of Chara occurred in several places, particularly 

at the south end of the lake straddling the 2-rn contour, and was sparsely 

distributed throughout the 0- to 2-rn zone. P. natans L. was found at 

one point along the east shore. Coverage by macrophytes, mainly Chara, 

might be as high as 10% of the bottom area in Mud Lake. 

The most abundant macroinvertebrates were the chironomid Micro p-

sectra, and ceratopogonids, especially ?CUliCOidfollowed by Tanytarsus, 

Dicrotsnclipes and Polypedilum (Table 16). Most taxa were more abundant 

in the shallow than in the deep zone, but a few (Dicrotendipes, Psectro-

cladius, Guttipelopia, Chironoraus) were at least as abundant in the deep 

as in the shallow zone. Some large insects (Aeshna, Limnephilidae) 

appeared in the shoreline samples (Table 15) but not in the Ekman grab 

samples. 

Unlike the same species in Kingfisher Lake, H. azteca in Mud 

Lake showed no clear trend in biomass through the summer. Chironomid 

and ceratopogonid biomass varied widely (Figure 31). Other macroinver-

tebrates had stable biomasses or appeared infrequently in the benthic 

samples. Chironomids formed nearly half of the mean total macroinverte-

brate biomass (Figure 30), which was 3.5 times higher in the shallow zone 

than in the deep zone. 

Moraine Lake. No macrophytes were found in Moraine Lake. 

The sphaerid. Pisidiu?n, the chironomids Micropsectra and Para-

cladius and the calanoid Diccptomus arcticus were the most abundant macro-

invertebrates in the Moraine samples (Table 17).?Enchytreidae were ex-

tremely abundant on certain dates in the bay entered by Fay Creek, but 
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Table 16. Benthic macroinvertebrate abundance xn' 2 in Mud Lake, means of 

6 collection dates, May to September 1974-75. + indicates 
taxon was present in qualitative samples, or occurred in fewer 
than 5 samples or that fewer than 10 were found in all 45 
samples. 

Taxon 

Qualitative 4 Shallow 
Samples 
74-07-18 

Nematoda 
Mollusca 

Pis-idium 
oligochaeta 
Tubificidae 

Limnodri lus udekemianus 
Lumbriculidae /Clap. 

Hirudinoidea 
He lobdella stagnalis 

Hydracarina 
Hydrijphantes Koch 
Lebertia 

Crustacea 
Daphnia O.F.M. 
Sithocepl-iatus vetulus 
Ostracoda 

Acanthodiaptomus denticornis 
Hyalella azteca 

Ephemeroptera 
Caenis 

Odonata 
Somatochiora 
Coenagrionidae 

Trichoptera 
? Leptocella Banks 
Oecetis 
Phryganeidae 

Diptera 
Chironomidae 
Ab labesmyia 
• Procladius s.s. 

• Guttipe lop-ia Fittk. 
- Psectrôcladius spp. 
Cricotopus 
Dicrotendipes 
Cryptochironornus 

Stations 
n = 21 

±SE 

4 Deep 
Stations 
n = 24 

±SE 

Whole Lake 
n = 45 

A-
x _SE 

121 61.8 39.5 34.3 77.5 342 

99.4 42.4 0 46.4 19.8 

+ 

+ 

+ 

+ + 

+ 

+ + 

+ 160 53.0 14.3 9.58 82.3 25.2 

61.9 26.8 5.4 2.97 31.8 12.6 

+ 

+ 

+ 

+ 63.6 28.4 7.2 5.6 33.5 13.6 

+ 165 41.2 52.0 19.6 105 21.9 
70.7 42.2 93.3 68.0 82.8 41.3 

+ 96.4 42.8 115 54.5 106 35.3 
+ 

+ 119 43.6 122 56.4 121 36.3 
33.8 12.1 0 15.8 5.66 

- continued 
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Table 16 - contd. 

4 Shallow 4 Deep 
Qualitative Stations Stations Whole Lake 

Samples n=21 n=24 n=45 
74-07-18  R tSE R ±SE X- 

Diptera (conttd) 

Chironomjdae (cont'd) 

Pagastilla 96.3 28.0 5.4 5.4 47.8 13.4 

Polypedilum 240 113 12.6 7.98 119 52.9 
(Pent apedi luin) Kieff. 

? Harn-isehia + + 

Chironornus 2.0 2.0 28.7 19.7 16.2 10.5 
Endochironomus . 32.3 16.8 1.8 1.8 16.0 7.90 
Cryptocladopelma + + + 

Micropsectra 1060 332 102 87.5 549 162 
Tanytarsus 340 136 88 36.3 206 66.4 
Paratanytarsus + + 

Ceratopogonidae 

? C'uZ-icoides + 834 288 17.9 11.3 399 134 
Palpontyia., Bezzia 
or Johannsenol7tyia + 217 36.6 10.8 4.67 107 17.2 

Tabanus or Chryso's + 
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31. Variatipns .n estimates of mean biomass ± SE of ChIronomidae 

(A), Hyalelia azteca (B), Oligochaeta (C), Ceratopogonidae 

(D), Cäen-zs (E), and Fisidium (F) in Mud Lake (preserved wet 
weight).. Plain points, 1974; circled points, 1975. 
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Table 17. Benthic macroinvertebrate abundance in 2 in Moraine Lake, means 
of 6 collections, June to September 1974-75. + indicates 
occurrence in fewer than 5 samples, or fewer than 10 found. 

Whole Lake 
n=36 

Taxon ±SE 

Nematoda 46.6 19.0 
Mollusca 

Pisidium 1310 240 
oligochaeta 
?Enchytreidae 350 245 

Tubificidae 132 82.6 
Limnodrilus hoffmeisteri clap. 

Lumbriculidae + 

Hydracarina 

.Lsbertia 33.5 10.1 
Crustacea 
Daphnia + 

Ostracoda + 

Diaptoraus arcticus 583 112 
Acanthocyc lops vernalis + 

Plecoptera + 

Trichoptera 

Limnephilidae 39.5 32.2 
Chironomidae 
Proc lczdius ss + 
Protanypus caudatus Edw.gp. 27.5 7.7 

Pseudodjcmiesa nr. brcryiickii Now. 136 41.8 
Hterotrissoc ladius subpi losus 

Kieff.) gp. 120 50.6 
Orthocladius or Cricotopus + 

Rhocricotopus (Thien.and Ham.) + 

Paracladius 628 201 

Paz'czkifferilla (Thien.) 90.9 37.8 
? Hydrobasnus (Fries) + 

? Zalutsohia (Lipina) + 

Psectrocladius + 

Corynoneura + 

Phaenopsectra s.s 77.8 37.1 
Stictochironomus Kieff. 352 84.9 

Chirononus 136 39.7 
Micropsectra 649 220 
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occurred elsewhere in much lower numbers. Small numbers of Turbellaria 

were the only addition to the species list from the shoreline collection 

(Table 15). 

Chironomid,. oligochaete and D. cwcticus biomasses varied little 

from their mean values through the two summers, although chironomid bio-

mass appeared to increase slightly from June to September 1974 (Figure 

32). One Pisidium biomass was far below the summer mean. Chironomids 

constituted more than 60%, and Pjsidiwn nearly 30%, of the mean summer 

biomass (Figure 30). 

Lower Consolation Lake. No macrophytes were found in Lower 

Consolation Lake, but masses of attached filamentous algae were conspicu-

ous on large submerged boulders at the inlet and outlet ends. 

The most abundant macroinvertebrates were Procladius and Psec-

t±ocladius, followed distantly by Tanytarsus and Pisidium (Table 18). 

Most taxa were about equally abundant in the two sampling zones, but 

Pisidium and Stictochironomus were more abundant in the north zone than 

in the south. Two mayflies, AmeZ.etus and Siphionurus, were found in the 

shoreline collections but not in the grab samples, and are potentially 

important fish food organisms (Table 15). 

Apart from one chironomid and one Pisidium collection, each with 

very large standard errors due to unusually large single catches, bio-

masses on each sampling date were close to the mean and showed no strong 

trends (Figure 32). Chironomids comprised approximately 80% of the 

summer biomass of macroinvertebrates in Lower Consolation Lake (Figure 

30). 

Baker Lake. A Potcmiogeton species, possibly P. praslongus 
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Figure 32. Variations in estimates of mean biomass ± SE of Chironomidae (A), Pisidium (B), oligochaeta 
(C), Diaptomus arcticus (D, benthic portion of population only), and Gammarus lacustris (E) 
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Table 18. Benthic macroinvertebrate abundance iir2 in Lower Consolation 
Lake, means of 6 collections, July to September 1974-75. 
+ indicates occurrence in fewer than 5 samples, 0r that <10 
were found. 

Taxon 
i North Zone South Zone Whole Lake 

n=17 n 16 + 
±SE i -SE R ±SE 

Turbellaria + 
Nematoda 22.8 9.8 18.8 7.8 20.9 6.3 
Mollusca. 
Pisidiwn 514 199 113 66.5 320 107 

Oligochaeta 58 32.6 167 93.3 lii 48.2 
Tubificidae 
Lumbriculidae 

Crustacea 
Ostracoda + + 

Diccptomus tyrre lii + 

Cyclopoida + + 

Gc.nvnarus Zacustris + 

Trichoptera 
Limriephilidae + + 

Diptera 
Chironomidae 
Procladius s.s. 831 321 1040 305 932 222 

Protanypus (Kieff.) + + 
Pseudodicvnsa nr.branickii + + 

Pssctrocladius 585 289 864 477 720 275 
Paracicidius 139 79.4 21.5 11.8 82.0 41.3 
Cricotopus + + 

Corynoneurcz + + 
Orthociadius s.s. + 
Phaenopsectra s.s 32.9 15.5 26.9 103 30.0 9.4 
Stictochironomus 65.9 39.6 0 34.0 20.4 
Tanytcrrsus 405 185 253 88.1 331 104 
Micropsectra 27.9 10.4 13.5 13.5 20.9 8.4 
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Wulf., appeared frequently in Ekinan grab samples taken from the west end 

of Baker Lake, and an unidentified Characeae occurred frequently in sam-

ples taken in the large bay along the south shore. Although not a macro-

phyte, thin masses of the branched, filamentous green alga Cladophora 

Kutz. appeared in Ekman grab samples taken from several points in the 

lake. 

The most abundant macroinvertebrates were Tanytarsus and Pisi-

dium followed by Diaptornus areticus and Frooladius (Table 19). Ganvnarus 

lacustris and several chironomid genera were also numerically important. 

Mean abundances for several taxa appeared to differ widely among the 

three sampling zones, but it is doubtful if many of the apparent differ-

ences are real because of the considerable sampling variability assoc-

iated with each mean. Shoreline sampling added a few additional taxa to 

the species list, including the mayflies Parcimeletus and Siphlonurus, 

both potentially important as fish food organisms (Table 15). 

Oligochaeta and Diczptomus arcticus biomass showed little varia-

tion through the summer, but chironomid biomass was higher in September 

than in July or August (Figure 33). Pisidiwn biomass was lower in Sept-

ember 1975 than any of the four July or August sampling dates. The very 

high mean biomass of Ganz?narus lacustris recorded in September was caused 

by a single catch of 84 amphipods at a site in the western zone. Without 

this extreme sample, the mean ± SE September biomass would have been 5.32. 

± 1.64 g m 2, similar to the July and August biomasses. G. lacustris 

comprised about 42%, and chironomids 28%, of the mean summer biomass of 

macroinvertebrates in Baker Lake (Figure 30). 
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Table 19. Benthic macroinvertebrate abundance ñ 2 in Baker Lake, means 
of 5 collections, July to September 1974-75. + indicates 
occurrence in fewer than 5 samples, or that less than 10 
individuals were found. 

Taxon  

West Zone Central Zone East Zone Whole Lake 

n=8 n=l0 SE x n=16 n=34 
+ - + - SE x .SE x + - .-tSE .. -  

Turbellaria 
Nematoda 
Mollusca 

Pisid-lum 
oligochaeta 
Tubificidae 
Luxnbriculidae 

Hirudinoidea 
Nephe lopsis obscura 

Hydracarina /verrill 
LeZ,ertia 

Crustacea 
Daphnia 
Ostracoda 
Diaptomus arc ticus 
Dictptomus tyrrlli 
Cyclopoida 
Ga'ivnarus lacustris 

Trichoptera 
Liinnephiiidae 

Chironomidae 
Procladius s.s. 
Protany pus 
Cricoj/opus 
Corynoneura 
Parac ladius 
Psectrociadius 
haenopsectra s.s. 

Chironomus 
Stictochironoinus 
ParacladopeZ?Tz Ham. 
Tanytarsus 
Ciadotanytarsus 
Paratcmytarsus 
Micropsectra 

+ + 

+ • 

2010 723 1230 619 $75 259 1250 277 
215 46.0 30.1 14.4 37.7 14.1 77.2 13.4 

+ + 

+ 

405 
+ 

+ 

840 

• 

958 
10.8 
21.5 
+ 

+ 

538 
436 
684 
+ 

1020 
0 

274 
211 

• 
+ 

2D6 487 228 
+ 
+ 

427 439 121 

458 308 
7'.O 21.5 

1L.5 0 
+ 

+ 

+ 

+ 

+ 

710 353 573 185 
+ 

+ 

151 36.0 398 108 

+ 

116 401 
13.2 35.0 

151 

94.6 563 122 
13.7 25.3 7.7 
109 76.1 51.1 

+ 

302 250 156 256 92.6 320 95.2 
395 151 114 48.4 22.2 170 99.2 
224 822 418 191 160 492 154 

+ + 

424 1290 316 1660 317 1400 202 
25.8 18.4 80.7 56.4 45.6 27.0 

204 108 90.2 35.0 32.2 113 56.8 
870 452 61.9 41.6 335 140 
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Ptarmigan Lake.. A species of Equisetwn L. was rare along the 

shoreline of Ptarmigan Lake. Clumps of an unidentified Characeae similar 

or identical to that in Baker Lake were common near the 2-rn contour in 

the east basin of Ptarmigan, but covered no more than 5% of the total 

lake bottom. 

Tanytarsus was by far the most abundant macroinvertebrate in the 

benthic fauna, followed by Pisidium (Table 20). Micropsectra, Phaenop-

sectra, Stictochironornus, Parcttanytarsus and Procladius were also abun-

dant. The marked physical differences between the east and west basins 

were reflected in the species composition of the benthic fauna. Lujnbri-

culidae, Psectrociadius, possibly Phaenopsectra, Tanytarsus and Para-

tanytarsus were more abundant in the shallow east basin than in the 

deeper west basin; while Protcznypus, Heterotrissociadius, Parakieffer-

ieiia, Paraciadius, Stictochironomue, Chironornus and Micropsectra were 

more abundant in the deep west basin. The shoreline collections added 

only the water mite Hygrohates to the species list of macroinvertebrates 

in Ptarmigan Lake (Table 15). 

The biomass of chironornids and oligochaetes showed no strong 

trends or large fluctuations from July to September, but Pisidiwn biomass 

was higher in September than in July or August (Figure 34). Although 

only occasional Gcan'narus specimens were collected, when they occurred 

they formed a sizeable portion of the biomass because of their large 

individual size. Despite the differences in the composition of their 

benthic faunas, the two basins of Ptarmigan Lake had similar mean bio-

masses: for the east basin the mean macroinvertebrate biomass for the 

summer was 10.765 g In 2; for the west, 9.350 g rn 2. Chironomids con-
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Table 20. Benthic Inacroinvertebrate abundance m 2 in Ptarmigan Lake, 
means of 5 collections, July to September 1974-75. + indi-
cates occurrence in fewer than 5 samples, or that fewer than 
10 specimens were found. 

Taxon 

West Basin East Basin Whole Lake 
n=20 n=15 n=35 + 

±SE 5 ±SE R _SE 

Turbellaria + 

Nematoda 17.2 7.9 71.8 36.1 40.6 16.1 
Mollusca 

Pisidiuin 1150 329 1270 462 1200 273 
oligochaeta 

Naididae + 

• Tubificidae 40.9 15.1 8.6 6.2 27.1 9.0 
Lumbriculidae 8.6 5.0 54.5 11.5 28.3 5.7 

Hydracar ma 
Leb21tia 6.5 3.5 34.5 17.9 18.5 7.9 

Crüstacea 
Ostracoda + + 

Diaptomus tyrre lii + 

Accmthocyc lops vernalis + + 

Ccvninarus lacustris + 

Trichoptera 
Limnephilidae + 

Diptera 
Chironomidae 
Procladius s.s. 336 78.6 551 208 428 99.8 
Thienemannimyia group + + 

Protanypus hamiltoni 40.9 11.0 0 23.4 6.3 
Psectrocladiusa /Saeth. 0 192 54.3 82.3 23.3 

cricotopus } + + 
? Acricotopus } + 

Corynoneura 2..l 2.1 175 98.3 76.2 42.2 
Heterotrissocladiusb 189 45.1 2.9 2.9 109 25.8 

Parakiefferiella 58.1 19.1 5.7 3.9 35.6 11.0 
Paracladius 47.3 21.4 0 27.0 12.2 
Phczenopsectra s.s. 293 111 1100 590 639 261 
Stictochironomus 921 281 74.6 45.9 558 162 
Chironomus 297 108 2.9 2.9 171 61.7 
Tanytarsus 183 63.1 5510 1860 2466 798 
Paratcmytarsus 114 26.3 884 319 444 138 
Micropsectra 973 194 195 151 640 128 

a At least 2 spp., one near barbimanus (Roback 1957). 

b 
Larvae in the marcidus maeaeri groups, and H. sp. E (Saether 1975b) 
were found. 
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stituted about 70% of the mean summer biomass of macroinvertebrates 

(Figure 30). 

Discussion  

Of the 146 alpine and subalpine lakes in the Canadian Rocky 

Mountains studied by Anderson (1971), only a few lower subalpine lakes 

and ponds supported benthic macrophytes. Kingfisher, Mud, Moraine and 

Lower Consolation Lakes thus appear to be typical subalpine lakes of the 

region with respect to the occurrence of macrophytes. The occurrence of 

macrophytes in Ptarmigan and Baker makes thse lakes unusual, but not 

unique. Macrophytes are found in Amethyst Lake (1967 m), Jasper National 

Park (Rawson 1953) and I have observed extensive beds of Carex spp. in 

Boom Lake (1893 rn), sprigs of Myriophyllum in Lake Louise (1731 rn), and 

a submergent moss in Redoubt Lake (2392 rn), all in Banff National Park. 

Odonata and Ceratopogonidae, two groups important in the benthic 

or shoreline samples from Mud and Kingfisher Lakes, were absent from the 

four highest lakes. Most other major taxonomic groups were common to all 

six lakes, but the species or genera often differed, as the Chironomidae 

data well illustrate. Diamesinae were absent from Mud and. Kingfisher 

Lakes, and Orthocladiinae were represented only by the genera Cricotopus 

and. Psctrocladius, only the latter in Mud Lake being 'numerically impor-

tant. In contrast, one or both of the diamesids Protanypus and Pseudo-

dicrinesa, and 4 to 9 orthoclad genera, some of them abundant, occurred in 

the four highest lakes. Both diamesids and orthoclads are considered to 

be primarily cold-adapted forms (Oliver 1971). Species of Heterotrisso-

ciczdius, Paracladius, Protayiypus and Pseudodiamesa, common orthoclads or 
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diamesids in some or all of the four highest lakes, are considered 

characteristic of oligotrophic to ultraoligotrophic habitats (Saether 

1975c). Among the Chironomini, Stictochironomus and Phaenopsectra were 

common in the four highest lakes but were absent from Mud and Kingfisher 

Lakes. On the other hand, the two. lowest lakes had numerous Chironomini 

and Tanypodinae genera that were absent from the four highest lakes. 

Some species of these in the genera Pagastiella and Cryptocladopelina are 

held to be characteristic of oligotrophic to mesotrophic or dystrophic 

habitats (Saether 1975c). The tanypod Prociczdius and the Tanytarsini 

genera Micropsectrcz, Tanytarsus and Paratcmytarsus were present in most 

or all the lakes. 

There are insufficient data available to determine if the ben-

thic macroinvertebrate communities of the study lakes are representative 

of those in Canadian Rocky Mountain lakes in general. The only published 

account of the species composition of benthic fauna in natural Canadian 

Rocky Mountain lakes is that of Rawson (1953), who found the Amethyst 

Lake benthos to be numerically dominated by Pisidium conventus Clessin 

(61%) and the chironomids Stictochironomus, Tanytarsus, Psectrociadius 

and Procladius (20%). The Amethyst Lake macroinvertebrate fauna appears 

to be most similar to that of the west basin of Ptarmigan Lake in the 

present study. Rawson (1942, 1953) published the only data on biomass 

of benthic invertebrates in Canadian Rocky Mountain lakes, but failed to 

specify his sieve mesh aperture, weighing methods or whether preserved 

or fresh specimens were weighed, so his data are not comparable to those 

of this. study. 
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INSTAP. ANALYSIS 

Procedure  

Amphipods collected in the Ekman grab samples were measured to 

the nearest millimetre from the tip of the rostrum to the base of the 

telson by straightening each specimen against a plastic ruler. The pre-

sence of eggs, embryos and spinousoöstegites on females was noted. 

Length frequencies and the proportions of reproductively-active females 

were plotted in sequence to determine life-cycle lengths. 

Head depths of chironomids were measured on unmounted specimens 

at 25X with an ocular micrometer, and the numbers of pupae and prepupae 

of each taxon in each sample were noted. Larvae were assigned to instars 

on the basis of a size-frequency analysis of head depth measurements and 

instar frequencies were plotted sequentially to determine the lengths of 

the life cycles. 

Life histories of ceratopogonids were studied in a similar man-

ner to those of chironomids except that head length instead of depth was 

used. For other invertebrates that were not abundant in the samples, the 

times of occurrence of pupae (e.g., Trichoptera) or darkened wingpads 

(e.g., Ephemeroptera) were recorded, and note was taken of larval or 

nymphal sizes for several taxa. 

Results  

Amphipoda. Changes in the size distribution of Hyczlella 'azteca 

in Kingfisher Lake through the ice-free period of 1974 are illustrated 

in Figure 35 Most of the generation present in May, measuring 5 to 6 

mm in length, grew slightly through June and produced eggs and embryos 



% 50 

Instar 

100-1 1 2, 13 1 i4  IPI 
46 14 

H H 
38 

55 

44 

Head depth, m. u. Length, mm 

,2 1 ,3 1 14  , P1 1 2 3 4 5 6 7 p 1 3 5 7 9 

8 68 

- 4•05•28 

9 

33 
H 

To 

H 

7 

91 

85 

49 740619 

251 

413 

74-07-16 

7408•21 

35 - 485 

A B C D 

74•09•18 

Figure 35. Instar and size-frequency analyses of Pagastiella (A), Procladius spp. (B), Tanytarsus spp. 
(C), and Hyalella asteca (D) in. Kingfisher Lake. Numbers examined in upper lefthand 

corner. Pupae and prepupae, P. Dark areas, reproductive-condition females. 
1 rn.u. = 0.0398 mu. 



131 

in mid-July at a length of 5 to 7 mm. Most, if not all, of this genera-

tion disappeared from the population by mid-August. Young amphipods 

released in July grew until at least mid-September, when most of the 

animals measured 4 to 5 mm in length. There appears to be little winter 

growth, judging from the length distributions of the May'and September 

samples. 

The course of events in the life cycle of H. azteca in Mud Lake 

in 1974-75 is less clear (Figure 36). It is definite, however, that the 

overwintering animals produced eggs and embryos by at least the begin-

ning of July, and that eggs, embryos or both were present until at least 

mid-July. By mid-July young H. azteca were entering the free-living 

population. 

Four size-classes can be discerned in the 1975 size-frequency 

distributions for Gcnarus lacustris in Baker Lake (Figure 37), each 

class showing slow growth through the summer. The histograms for 1974 

tend to confirm that there are four size-classes in the Baker Lake popu-

lation at any one time, although the smallest class was absent from the 

July 1974 samples. Only a very few females showed evidence of reproduc-

tive activity, and all of these were in the two largest size-classes. 

Populations of amphipods in the remaining three lakes were 

either absent or numbers were too low to provide reliable life history 

information. 

Chironomidae. Representative head-depth frequency histograms 

for several chironomid populations are illustrated in Figure 38. Most 

frequently, three larval instars could be distinguished in each taxon; 

however, in a few (Lower Consolation Psectroclad-ius, Kingfisher .Proclad-



100 

% 50 

0 

Instar 
2 P 2 3 4 p 2 3 4 p 

I I -  

23 9 

]95 

1246_  l9n  148 H  
1267 H 129 H  122 r, H 139 

I I -  138 

15 1 21 F1 126 19 

  — — n n F1  0 H D 

7406•06 

74•08•20 

74•0920 

75-05-22 

75-07-03 

Instar Length, mm Instar 
2.34 P1 357 234 P 

2 

117 

10 

39 

15 55 

17 1136 

1 3 

125 190 - 

112 H11618  
750718 1  12 

Figure 36. Instar analyses of Micropsectra (A), Dicrotendipss (B), Tanytarsus (C), Guttipsiopia (D), 
and ?Culicoides (F); and size-frequency analysis of Hyallla azteca (E) in Mud Lake. 

Numbers examined in upper lefthand corner. Pupae and prepupae, P. Dark areas, reproductive-
condition females. 



133 

30 

20-

10-

0- 

30-

20-

10-

0 

40 

30 

% 20 

10 

0 

30 

40 

Length, mm 

3, I I 9 ,12, , 15,  

74-07-30 

44 

- 

1 

74•0828 

33 

75-07-21 

20-

10-

57 

75-08-21 

20-

10-

0 

82 

75-09-20 

Figure 37. Size-frequency analysis of Gcoivnarus lacustris in Baker Lake. 
Numbers examined in upper lefthand corner. Dark areas are 
reproductive-condition females. 



134 

100 

50-

0 

3 6 9 12 

89 Ch 

B 

- 

Head depth, m.u. 
100 3 6 9 12 15 18 

100 213 Ph 

50 B 

0 nfl 
100 307 St 

50 B 

0  r,HrnL  
100 163 Ps 

50 IC 

100 

50 

0 
100 

50 

66 Cr 

B 

Fj-

126 Pa 
B 

0 I I 

100 206 Pag 

5: Krt J 

100 41 Par 

.50.IC 

0 11  

372 Pr 
50- IC 

0 

20 1369 Pr 

10 

0 
5054 Pr 

% 25-

0 

K 

50 176 Ta 

25 K 

0  
50 684 Ta 

25 B 

o n-

50  

25-

0  

50 109 

25 Mi 
B 

142 Ta 

IC 

0 
357 

Figure 38. Size-frequency analyses of chironomid head depths to identify 

instars. Ch, Chironomus; Ph, .Phaenopsectra St, 
Stictochironomus; Ps, Psctrocladius; Cr, Cricotopus; Pr, 
Procladius s.s.; Ta, Tanyta.rsus ; Mi, Micropsectra ; Pa, Para-
tanytarsus; Pag, Pagastiella; and Par, Paracladius. 
Baker Lake, B; Lower Consolation Lake, LC; and Kingfisher 
Lake, K. 1 m.u. = 0.0398 mm 
Numbers examined in upper lefthand corner. 



135 

ius and Tanytarsus) only two instars were obvious. In very small 

species such as Corynoneura (not shown) only the final larval instar was 

found, almost always in the prepupal stage. Pagastiella in Kingfisher 

Lake appears as only a single size-class in the histogram, but included 

two instars, one of 2 micrometer units (m.u.) head depth and the other 

of 3 to 4 m.u. head depth. Most specimens in the larger instar measured 

about 3.5 m.u. but those that were slightly less were classed as 3; 

those slightly more as 4. 

It was possible to distinguish larval instars without having to 

actually measure head depths of all larvae because there was virtually no 

overlap of head depth in thost populations (Figure 38). For populations 

in Moraine, Mud and Ptarmigan Lakes only a few individuals of each size-

class encountered in each grab sample were measured, then the remaining 

laryae were allocated to size-classes by eye. 

Instar analyses for the chironomid populations are illustrated 

in Figures 35, 36 and 39 to 42. It is apparent that the great majority 

of chironomid populations had only a single emergence per year, as indi-

cated by the presence of pupae or prepupae; therefore these populations 

had at least one-year cycles. Several populations had young instars 

present during the emergence period that did not emerge then: these popu-

lations had at least two-year cycles. Finally, in a few populations 

shifts in instar distribution were so slow that these populations must 

have had cycles of at least three years. 

The probable life-cycle durations of the various populations 

analyzed are listed in Table 21. Populations in Kingfisher and Mud Lakes 

had the shortest life cycles (0.5 to 1 year), Baker and Ptarmigan Lake 
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Table 21. Life cycle durations of 30 chironomid populations based on the instar analyses in 

Figures 35, 36 and 39 to 42. - 

Lake Genus 

Kingfisher Pagastie ha 

Mud 

Moraine 

Proc ladius 

Tanyt arsus 

Micropsectra 

Dicrotendipes 

Length of 

Life Cycle  

2 yr. 

1 yr. 

1 yr. 

Tanytarsus 0.5 or 

1 yr. 

Guttipelopia at least 

1 yr. 

Paraciadius very 

long 

Stictochironomus 3 yr. 

' Interpretation  

One emergence per year, in spring; young from emerged adults 

first appear in Sept. as instar 3 larvae; previous years 
young entering sampled population in May, June and July as 

instar 3. 

Probably 2 spp. or more. 

Probably 2 spp. or more. 

One emergence per year, in spring, -after which population 

almost disappears from samples; offspring from emerged adults 
appear in samples in Sept. as instars 3 and 4. 

One prolonged emergence per year, after which the genus almost 
disappears from the samples; new generation begins appearing 
in the samples in July (instars 2 and 3), but does not become 

prominent until the following spring. 

Two emergences per year, in May and July-August; may indicate 
1 sp. with 2 generation/yr., or 2 spp. with asynchronous 1-yr. 
cycles. 

One emergence per year, in July. 

Small, prolonged emergence; very little change in instar dis-

tribution over 2 yr., despite the fact that instars 2 and up 

should have been retained by the sieve. 

No emergence observed over 2 summers; instars 2 and 3 required 

about 1 year to reach instar 4; instar 4 persisted for at least 
1 year and would not emerge before spring 1976. 

- continued 



Table 21 - cont'd. 

Lake Genus  

Moraine Micropsectra 

Length of 

Life Cycle  

at least 

2 yr. 

Psudodiainesa at least 

1 yr. 

Parakiefferie ha ? 

Heterotrissocladius ? 

Lower Procladius 
Consolation 

Baker 

Tanytarsus 

3 yr. 

2-3 yr. 

Psectrocladius 2 yr. 

Proc ladius 2 yr. 

Interpretation  

One small emergence per yr., during which time many third and 

fourth-instar larvae do not emerge. 

One small emergence per yr., data too variable and sparse to 

interpret with confidence. 

Data too variable and sparse to interpret. 

Too few data to interpret with confidence, but life cycle is 
evidently very long, since instar distribution hardly changed 

over 2 summers. 

One emergence per yr., during which many fourth-instar larvae 

do not emerge; young derived from the emerged adults begin 

appearing in instar 2 by mid-Sept., reach the third instar by 

Aug. of following year; third and fourth-instars each last 

about 1 yr. 

One emergence per yr. in July-Aug.; young from the emerged 1974 

adults reached the second instar by July 1975 and the fourth 

instar by Sept. 1975, over-wintering to emerge the following 

summer. Some 1974 third instars, already 1 yr.old, apparently 
would not have emerged until 1976 as well. 

One emergence per year in Juñe-Julymainly; young from 1974 

adults appeared in June 1975 as third-instar larvae, reached 
the fourth instar by Sept. 1975 and would have emerged the 

following year. 

One small emergence per yr. in July; young from 1974 adults 

appeared in July 1975 in instars 2 and 3; these reached the 
fourth instar by Sept. and would have emerged the following 

summer. 

- continued 



Table 21 - cont'd. 
Length of 

Lake Genus Life Cycle Interpretation  

Baker Tanytarsus 2 yr. One emergence per yr. in July-Aug.; second- and third-instar larvae 
(cont'd.) derived from 1974 adults dominated the July 1975 sample, reached 

the fourth-instar by Sept. 1975 and would have emerged the following 
year. 

Phaenopsectra at least No pupae or prepupae found, but virtual disappearance of third 

2 yr. instar between July and Aug. 1975 suggests rapid development and 
emergence then; wide instar distribution and slow change in dis-
tribution in 1974 suggests the life cycle is at least 2 yrs. long. 

Stictochironomus at least One small emergence per yr. (sometimes none?); larvae apparently 
2 yr. required at least one yeas to reach instar 3 (Aug.].974-Sept.1975); 

(probably third-instar larvae took at least one year to reach instar 4 (Aug. 
3 yr.) 1974-Aug.1975). 

Micropsectra at least No pupae or prepupae found; Sept. 1975 third- and fourth-instar 

2 yr. larvae might have emerged. the following summer. 

Paratanytarsus ? at least One emergence per yr; little change in instar distribution from Aug. 
2 yr. 1974 through August 1975 indicates at least a 2-yr life cycle. 

Cricotopus at least One emergence per yr. at most; data are too sparse to interpret 
1 yr. with confidence. 

Chironomus at least One emergence per year, in July; too few data to interpret with 
1 yr. confidence. 

Ptarmigan Phaenopsectra ? No pupae or prepupae found; too few data to interpret confidently. 

Stictochironomus at least One emergence per year, in July; larvae remain in the fourth instar 
2 yr. for at least one year (July 1975 to over the 1975-76 winter); at 

least one year, probably two is required to reach the fourth instar. 

Procladius at least One emergence per yr. in July; July 1975 second- and third-instar 

2 yr. larvae must have been at least 1 yr. old; the third and fourth in-
star by Sept., and would not have emerged before July 1976. 

- continued 



Table 21 - cont'd. 

Lake Genus Length of 

Life Cycle  

Ptarmigan Tany tarsus 
(cont'd.) 

Interpretation  

at least One emergence per yr. in July-Aug.; July 1975 second- and third-
2 yr. instar larvae must have been at least one year old, reached the 

third and fourth instars by Sept. 1975, and would not have 
emerged before July 1976. 

Paratanytarsus 2 2 yr. One emergence per yr. mainly in Aug.; July 1975 second-instar 

larvae derived from the 1974 adults reached the fourth instar by 
Sept. 1975 and would have emerged in summer 1976. 

Micropsctra 2 yr. One emergence per yr. in mid-July; third-instar larvae (uly 1975) 

derived from the 1974 adults reached the fourth instar by Aug. 1975, 
and would have emerged the following spring. 
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populations typically had at least 2-year life cycles, and Moraine and 

Lower Consolation Lake populations tended to have the longest life cycles 

(typically 2 to 3 years). The life-cycle durations of individual genera 

sometimes differed among the lakes: Tanytarsus could have had a life 

cycle as short as 0.5 years in Mud Lake or as long as 3 years in Lower 

Consolation Lake. 

Other Invertebrates. Ceratopogonids in Kingfisher Lake were of 

at least three species, so that no trends could be seen in the size-fre-

quency data. In Mud Lake, Culicoides? evidently had a long development 

time in the final instar (> 1 year) with a possible emergence in May or 

June, but the data are far from conclusive (Figure 36). 

Pupae appeared in the Kingfisher Lake Qecetis (Trichoptera) 

population in mid-July 1974, coincidental with the appearance of very 

small larvae. Small larvae only were found in mid-August. Oectis pupae 

appeared in early July in the Mud Lake population, followed by small 

larvae in subsequent collections. 

Canis (Ephemeroptera) appeared with dark wingpads in mid-July 

in Kingfisher Lake, suggesting emergence near that time. By mid-Septem-

ber, Caenis nymphs were a little more than half their emergence length. 

Caenis nymphs with well-developed but undarkened wingpads appeared'n 'Mud 

Lake in early July and had darkened wingpads in August, small nymphs ap-

pearing in the September samples. 

There was insufficient material in the samples to determine life 

history lengths of other taxa in the six lakes. 
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Discussion  

?xnphipoda. Hyalella azteca has one generation per year in Kings-

fisher Lake, with reproduction in July when inshore (0 - 2 m) tempera-

tures range from about 15 to 18°C (Figure 35). These results contrast 

with those of Cooper (1965), who found that H. . azteca had two generations 

per year in Sugarloaf Lake, Michigan, when summer temperatures average 

about 18 to 22°C 1. The Kingfisher Lake population more closely resembles. 

that of the same species in Marion Lake, British Columbia (Mathias 1971) 

and West Blue Lake, Manitoba (Biette 1969), where H. azteca also has one 

generation per year. However, in Marion Lake reproduction is continuous 

in shallow water fromMay to September, where temperatures average 15 to 

20°C; and in West Blue Lake reproduction is continuous from June to Sep-

tember at an average temperature near 17°C. The Kingfisher Lake popula-

tion thus has the shortest reproductive period of any of the four popula-

tions for which published data were available. 

Although less conclusive than those for the Kingfisher Lake popula-

tion, the data for H. azteca in Mud Lake suggest a single annual genera-

tion in Mud Lake also. This conclusion is suggested by the short per-

iods of reproduction and recruitment into the free-living population 

(July and July-August, respectively), and by the summer temperatures in 

Mud Lake, which range from approximately 13 to 18°C in the upper two 

metres from June through August (Figure 9). Cooper (1965) found that 

H. azteca did not grow at 10°C, had an incubation period of 26.5 days at 

15°C and a maturation period of 98 days at 15°C. At 20°C the incubation 

1 Temperature data from Cooper (1965) for the years 1963 and 1964. 
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and maturation periods were 12.7 and 36 days, respectively. According 

to Cooper's observed development times, the period when water tempera-

tures exceed 10°C is long enough to permit only one generation per year 

in Mud Lake. 

In Baker Lake, Gcrininarus lacustris produces one generation an-

nually, which persists for 4 years, so that at any one time the popula-

tion is made up of 4 year-classes. Growth in length is extremely slow: 

approximately 3, 4, 3.5 and 1 mm in the first, second, third and fourth 

summers, respectively, with overwinter growth (late September to early 

July) being approximately 1 mm. 

The four-year life cycle of G. lacustris in Baker Lake appears 

to be the longest on record for this widespread species. The life cycle 

is typically one year in other Alberta waters (Clifford 1969, Menon 1969), 

Manitoba (Biette 1969), the USSR (Beckman 1954, in Winberg 1971), and 

Wales (Hynes 1955); although populations with a two-year cycle have been 

reported (Lake Sevan, USSR, by Markosyan 1948, in Winberg 1971; and G. 1. 

iimnaus in southern Ontario streams, Hynes and Harper 1972). 

The slow growth rate and long life cycle of G. lacustr'is in 

Baker Lake must be caused, at least in part, by the low water tempera-

tures which average no more than 10°C even in mid-summer (Figure 11). 

Egg and embryo incubation alone takes 3 weeks at the much higher temper-

ture of 18°C (Hynes 1955), and G. lacustris requires 11 months to mature 

in West Blue Lake, Manitoba, where temperatures average approximately 

17°C from June to September (Biette 1969). 

Chironomjdae. Chironomids usually have 4 larval instars that 

are separable on the basis of head capsule dimensions (McCauley 1974, 
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Welch 1976), but in the present study only 3 instars were distinguishable 

at most. It is likely that the earlier instars, particularly of the 

small species such as Corynonura and Pag'astielia, were not retained ef-

ficently by the sieve (mesh aperture 0.36 x0.52 mm). Maitland et al. 

(1972) demonstrated that numbers of the smallest Stictochironomus, a 

large form, were seriously underestimated when a sieve having a mesh 

aperture of 0.5 mm was used to remove chironomids from sediment. It is 

also possible that young instars of certain taxa were missed because 

sampling was confined to the open-water period. This explanation could 

account for the absence of small Psctrociadius and Paracladius larvae 

from the Lower Consolation Lake samples. Second-instar larvae of both 

genera should be large enough to be retained by the sieve used, judgint 

from the results for other species of comparable third- and fourth-instar 

size. 

Some of. the genera used in the instar analyses undoubtedly in-

cluded more than one species which differed in size. In Kingfisher Lake 

Procladius prepupae were found with head capsule depths of 8 m.u., yet 

considerably larger non-prepupal larvae were common (Figure 38). Simi-

larly, Tanytarsus prepupae in Kingfisher Lake sometimes had a head depth 

of 4 m.u., but non-prepupal larvae having head depths of 5 or 6 m.u. were 

abundant. Overlapping of instar sizes of different species in the same 

histogram could have obscured instar size differences of the individual 

species in these cases. 

A more serious difficulty in working at the generic level is 

that including congeneric species, indistinguishable on the basis of size 

but having distinctly different properties, in an instar analysis could 

lead to an erroneous life history interpretation. However, mixed-
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species populations will be of no consequence to interpretation of their 

life cycles if the cycles are synchronous. In cases where the data 

strongly suggest a one-year cycle, such as in Mud Lake Micropsectra (Fig-

ure 36), an error in interpretation resulting from mixing species is not 

possible. There is only one emergence per year, so each species (if the 

population consists of more than one) must emerge at the same time and 

have a one-year life cycle. If any one of the species had a cycle longer 

than one year, early instars must be expected in the sample at the time 

of emergence. In the present example this was not the case; therefore 

all Micropsectra species sampled in Mud Lake, if there were more than one, 

must have been univoltine. 

Interpretation becomes more risky in some cases where the data 

suggest a life cycle of two or more years duration. It is conceivable 

that the genus population consists of a mixture of univoltine and hemi-

voltine species, for example, and that the cycle of the univoltine popu-

lation could be masked by that of the hemivoltine population. It is also 

possible that individuals in a single-species population may take either 

one or two years to develop. There is no satisfactory way of distin-

guishing such cases in the data of this study. Considering that all but 

one of the populations with two- and three-year cycles were found in the 

rigorous environments of Moraine, Lower Consolation, Baker and Ptarmigan 

Lakes, and that species diversity tends to be low in rigorous environ-

ments (e.g., Ricklefs 1973:700), it was assumed that each genus popula-

tion is strongly dominated by a single species, so that the life cycle 

interpretations apply to one species or to a group of species with syn-

chronous life cycles. 
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A substantial number of studies reporting the voltinism of 

chironomids in a variety of habitats exist in the literature (Table 22); 

In general, they show that chironomids in warm or eutrophic habitats in 

temperate lakes have shorter life cycles than those in cooler or oligo-

trophic habitats, typically with those in the former group being uni- or 

bivoltine and those in the latter being uni- or hemivoltine. In ex-

tremely eutrophic or warm habitats such as sewage lagoons or tropical 

waters, chironomids may have numerous generations per year (Oliver 1971, 

Kimerle and Anderson 1971); in extremely cold oligotrophic arctic lakes 

life cycles are usually at least 2 years long, and -may be as long as 3 

years or more (Oliver 1968, Welch 1976). To relate the above observa-

tions to the present study, the 0.5- to 2-year life cycles interpreted 

for Mud and Kingfisher Lake chironomids are well within the range to be 

expected in low-elevation temperate lakes. The 2- and 3-year life cycles 

interpreted for Moraine, Lower Consolation, Baker and Ptarmigan chirono-

mid populations are probably typical of those to be found in cold, oh-

gotrophic arctic or alpine lakes. 

Other invertebrates. The Mud Lake data suggest a life cycle of 

at least one year for?Culicoides,.with a single annual emergence in May 

or June. Two ceratopogonid species in Marion Lake, British Columbia, 

also had one emergence per year; one species emerging in May or June, the 

other in July and August (Hamilton 1965). Similar single annual emer-

gence patterns have been reported for numerous áeratopogonid species in 

a German stream (Havelka 1976), and an annua1 life cycle has been re-

ported for an Alaskan Culicoides species (Williams 1951). Bivoltine 



Table 22. Published life cycle durations of Chironomidae (see also Table 23). 

Taxon 

29 chironOmid spp. 

2 Chironomus spp. 
several chironomid spp. 

Approx.90 chironomid spp. 

Pagastilla sp. 

3 chironomid spp. 

Pentapedilum uncinatuin G. 

Stictochironomus, Chironomus 
Glyptotendipes 
Tanytarsus 

Pagastiella orophila(Edw.) 

Hydrobasnus spp. 
Several chironomid spp. 

Chironomus hyperboreus Staeg. 
Tanytarsus gracilentus (Holmg.) 

21 chironomid spp.} 
13 chironomid spp.} 

2 chironomid spp. 
3 chironomid spp. 

Proc ladius 

Habitat 

L. de Port-Bielh, France 
subalpine lake 

V.Finstertalersee ,Austria 
alpine lake 

Marion L.,B.C. 
low-elev.mtn.lake 1 to 2 

Tj eukemeer ,Holland 

polder reservoir 

Lock Leven ,Scotland 

eutrophic lake 

Kuusijarvi ,Finland 

mesohumic, shallow 

Generation 

Duration (yr) 
1 Capblancq &Laville (1972) 
2 91 

1 Bretschko (1974). Small part of Protanypus 
forcipatus population may have 2 gen.yr 1 

Hamilton (1965) ,Efford (1972 
11 McCauley (1974) 

Source and Comments  

1 Beattie et al. (1972) 
0.5 of 

1 Maitland et al.(1972) 
0.5 to 1 

0.33 

1 Armitage (1971) 

Emmaline L., Cob, possibly 0.5 Walters and Vincent (1973) 
alpine lake >1 

L . Mvatn,Ice land 

Costello L.ont.dystrophic 
above thermocline 

if below 11 
'I II II 

Arctic lakes 

2 Lindegaard and Y6nasson (1975) 

1 Miller (1941) 

0.5 

1 
2 

>3 Oliver (1968) 
- continued 



Table 22 - cont'd 

Taxon  

Several chironomid spp. 

Glyptotendipes barbipes 
(Staeg.) 

Chironomus ant hracinus 

Habitat  Generation 
Duration (yr) 

SOurce and Comments  

2 eutrophic ponds, mostly 0.5, Learner and Potter (l974.) 
England some 1 

sewage lagoon ,Ore. 
ultra eutrophic 

Esrom So, Denmark 

<<1 Kimerle and Anderson (1971) 

1 above thermocline Jónasson (1972) 
2 below thermocline 
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emergence patterns have been found for several ceratopogonid specie's in 

another German creek by Havelka (1976), but in general a univoltine life 

cycle seems most likely for ceratopogonids in Mud and Kingfisher Lakes. 

The caddisfly Ocetis evidently has a single generation per 

year in Mud and Kingfisher lakes, with a short emergence period in July. 

Univoltinism in Trichoptera has been widely reported in the literature 

and is held to be typical of the order (Borror and Delong 1971, Roback 

1974, Wiggins 1977). However, Wiggins (1977) suggested some limnephilids 

and species in other families could have a cycle two years or longer, and 

at least one bivoltine population is known (Anderson and Bourne 1974). 

Univoltine Trichoptera populations are probably the rule in Mud and 

Kingfisher Lakes, but the large lixanephilids found in the four higher, 

colder lakes are likely to have generations lasting two years or longer. 

The mayfly Caen'zs appears to have a univoltine life cycle in Mud 

and Kingfisher Lakes, with an emergence in July or August. Nearly all 

Ephemeroptera studied in Alberta are univoltine, a very few may be bivol-

tine, and none have been reported to have life cycles longer than one 

year (Hartland-Rowe 1964, Clifford 1969, Radford 1971, Boerger and Clif-

ford 1975, Robinson 1976). The only Alberta location in which the life 

history of Caenis has been studied is the Bigoray River,.where it had a 

single annual emergence, so must have had at least a one-year cycle 

(Boerger and Clifford 1975). Bivoltine populations have been reported 

from warm, productive experimental ponds, however (Hall, Cooper and 

Werner 1970). 
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PRODUCTION 

Calculations  

Annual production of each benthic macroinvertebrate group col-

lected in the Ekman grab samples was estimated from the mean biomass data 

by multiplying mean biomass by an assumed annual P/B. 

Summer B was taken as a measure of annual B. This assumption 

may not be valid, but at present there are no data on seasonal variation 

in benthic invertebrate biomass for Canadian Rocky Mountain lakes against 

which the assumption could be tested. Seasonal variations in biomass 

could be expected to be low when biomasses of large taxonomic -groups are 

measured together, because overlapping generations would tend to level 

out biomass in time. Biomasses of individual species having discrete 

cohorts and life cycles of one year or less could be expected to be more 

variable seasonally. Seasonal variation in biomass may even be a moot 

consideration: sampling variability is typically so great in studies of 

benthos that seasonal variations in biomass may be obscured (e.g., Fig-

ures 31 to 34). Annual P/B was estimated from a knowledge of the life 

cycle durations to be expected in each taxonomic group, and an analysis 

of P/B per generation derived from a review of published data (below). 

Voltinism and P/B  

Summary of published data. In a recent review, Waters (1977) 

• showed that annual P/B declined as the life cycle duration of benthic 

macro-invertebrates increased, a phenomenon noted earlier by Mann (1967: 

254) on the basis of much less evidence. Waters (1969) showed theoretic-

ally that P/B per cohort (generation) could range between about -1.5 and 8, 
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given a variety of reasonable assumptions about growth and mortality, 

and suggested that a P/B per cohort of 4.5 is probably typical of 

aquatic invertebrates in general. 

Annual P/B divided by the number of generations per year should 

be approximately equal to cohort P/B (Waters 1977). The data reviewed 

by Waters suggest thàt.:P/g per generation so calculated may vary little 

regardless of voltinism or taxon, so might serve as a valuable coeffic-

ient for converting biomass data to estimates of production. 

This possibility was examined by analyzing published P/B and 

voltinism data. The literature reviewed (Table 23) was similar to that 

reviewed by Waters (1977), but my analysis was restricted to freshwater 

invertebrates that occur or have close relatives in lakes. Some published 

values not considered by Waters have been included in the present analysis 

as have individual rather than mean estimates of P/B per generation. 

Some papers cited by Waters were not readily available to me, so have 

been omitted. 

per generation showed the following relationship to dura-

tion of the generation: 

Duration of  

qeneration(yr) Mean P/Bgen. SE n 

0.33 3.76 ± 0.49 5 

0.5 2.70 ± 0.32 22 

1 4.25 ± 0.25 55 

2 4.18 ± 0.43 13 

3 4.65 ± 0.68 13 

The hypothesis that there are no differences in the' distribution of P/B 

per generation among the five life-cycle groupswas rejected (rus,kal-



Table 23. Published values of P/B and voltinism, and estimates of P/B gen. 1, for freshwater benthic 
invertebrates. Asterisks indicate values rejected from the statistical analyses. 

Taxon 

oligochaeta 

Tubifex tubifex 

Hirudinoidea 

Helobdella stagnalis (L.) 

Glossiphonia heteroclita (L. 
Erpobdella octoculata (L.) 

Mollusca 

Planórbis contortus 

P.vortex (L.) 

Ancylis lacustris (L.) 

Crustacea 

Asellus aquaticus (L.) 
U II 

'I 

Ganvnarus 
11 

II 

II 

iacustris 
It 

Pontoporela affinis 

II It 

Habitat 

Eglwys Nunydd Res. 

Wales 

Eglwys Nunydd Res. 

Wales 
R.Thames ,England 

Wilfin Beck, 

R.Thames ,England 

R.Thames ,England 
I, II 

Diiratioi(yr)  

R.Thames ,England 

Eglwys Nunydd Res. 
Wales 

Paj ep Maaskej aure, Sweden 

L.Erken,Sweden 

L.Sevan,U.S.S.R. 
Angara R.Lake,U.S.S.R. 

Lindstr. L.Krasnoe,U.S.S.R. 

Red L. U.S.S.R. 

Generaidn p 

gent1 

1 2.7 

1.7 

2 3.2 

2 3.0 

1 5.25 
2 1.67 

1.47 

1.51 

1 0.32 

1 6.47 

1 3.32 

2 3.17 

0.5 3.6 
4.4 

2 1.96 

1 2.03 

2 2.05 

1 
1 3.8 

4.4 
1 4.1 

Comments and Source  

2.7 1970 Potter and Learner 

1.7 1971 (1974b) 

1.6 1970 Learner and Potter 

1.5 1971 (1974b) 
5.2 Mann (1971) 

3.3 Elliott (1973) 1966 
2.9 1967 
3.0 1968 

0.32* Mann (1971) P/B <1.0 in a univol-

tine species is impossible. 

6.5 Mann (1971) 
3.3 Mann (1971) 

6.3 
1.8 
2.2 

3.9 
2.0 

4.1 
* 

3.8 

4.4 
4.4 

Mann (1971) 

Potter and Learner yr.l 

(1974b) yr.2 
Andersson (1969) 

if II 

Markosyan (1948) in Winberg (1971) 
Beckman(1954) in Winberg(1971) 

Kuz'menko (1969) yr.l. 
yr.2 

Andronikova et al. (1972) 

- continued 



Table 23 - cont'd P P 
Generation - -1 

Taxon Habitat Duration(yr) B Bgen.  

Pontoporeia affinis 
I, U 

Hyalella a.teca (Saussure) 
Crangonyx riehmondensis 
occidentalis (Hubricht and 

Harrison) 

Micruropus kiuki 
Gmelinoides fasciatus Steib. It 

river, U.S.S.R. 

northern lake,U.S.S.R. 
Marion L., B.C. 

It II It 

L.Baikal,U.S.S.R. 
II 

11 11 Possoiski Sr,U.S.S.R. 
M.possolskii sow. if it of 

Orconectes viridis(Hagen) West Lost L.Mich. 

II II 

II II 

II II 

II It 

II is 

It II 

It II II 

North 
if 

Twin L.,Mich. 
II II 

II IN II 

South Twin L., Mich. 
II It II 

Ephemeroptera 

Ephemerella subvaria MCD. Luxemburg Cr., Minn. 

Baetis vagans MCD. Valley Cr., Minn. 
Choroterpes mexicanus Allen Brazos R., Texas 
Ephemera strigata Eaton Yoshino R., Japan 
Baetis rhodani Pict. streams,Czechoslovakia 

Rhithrogena semicolorata curt. " is 
Ecdyonurus spp. I is It 

1 3.44 3.4 

2 1.9 3.8 

1 4.18 4.2 

1 2.00 2.0 

Comments and Source 

Greze (195]) in Winberg(1971) 

Mathias (1971) 
II I 

1 2.5 2.5 Bekman (1959,1962)in Winberg(1971) 

2 1.6 3.2 

1 2.9 2.9 

1 3.6 3.6 

3 2.33 7.0 

3 0.94 2.8 

3 1.33 4.0 

3 1.32 4.0 

3 1.00 3.0 

3 1.19 3.6 
3 1.23 3.7 

3 1.17 3.5 

3 1.53 4.6 

3 1.19 3.6 

1 5.93 5.9 

0.33 9.7 3.2 

0.33 15.4 5.1 
1 2.4 2.4 
2 8.02 4.0 

1 8.84 8.8 
1 8.25 8.2 

II II 

I, 

II 

II 

Momot (1967) 
Momot and Gowing(1977) yr.l 

yr.2 

yr.3 

yr. 1 
yr.2 

yr.3 

yr.1 

yr.2 

yr.3 

II 

of 

is 

'I 

If 

I, 

II 

II 

It 

'I 

'I 

II 

Waters & Crawford(1973) mean of 

results from the 3 most reliable 

methods used 

Waters (1966) 

McClure and Stewart (1976) 

Tsuda (1972) 

Zelinka (1973) 
II II 

to 

- continued 



Table 23 - cont'd. 

Taxon  

Hxagenia lirnbata 
It II 

It II 

to II 

Odonata 
Pyrrhosoma nymphula 

Habitat  

Tuttle Cr. Res . Kansas 
it If 

of II 

II II 

ponds ,England 

Plecoptera 
Sk1A.'ala curvata (Hanson) Sagehen Cr. Calif. 

Megaloptera 
Sialis mitsuhashii Okamoto L.Tatsu-Numa,Japan 

Trichoptera 

PotamophyZax cingulatus stream, S.Sweden 

Steph. 
Cyrnus trimaculatus R. Thames, England 

Athripsodes ancylus(Vorhies) Brashears Cr. Ky. 

Diptera-Chironomidae 

Chironomus plumosus 
C. cznthracinus 
Proc iadius 
Trissociadius sp. Char 

Pseudodiamesa arctica (Mall.) 
Lauterbornia sp. 
Heterotrissociadius o liven 
Orthocladius spp. /Saeth. 

Phaenopsectra jucundus 
C.plumosus L. 

it 

C.tentans Fabr. 
I, 

Red L., U.S.S.R. 
It It 

L., N.W.T. 
11 

II II 

is II 

Generation 

Duration (yr) 

1.02 

1.02 

1.02 

1.02 

Sugar Loaf L.Mich. 

Alderf en Broad, England 
It It 

Upton Broad ,England 

II 

II 

P 

B 

P 

B gen. 1 

5.39 5.5 
3.67 3.8 

3.48 3.6 

4.30 4.4 

Comments and Source  

Horst & Marzo.lf (1975) yr.1 
II It 

II II 

II It 

2 4.22 8.4 Lawton (1971) yr.1 
2.52 5.0 ityr.2 

1 3.8 3.8 Sheldon (1972) 

3 3.8 11.4 Yamamoto (1972) 

1 4.4 4.4 Otto (1975) 

1 4.63 4.6 

1 5.8 5.8 

Mann (1971) 
Resh (1975) 

yr.2 

yr.3 

yr.4 

1 4.2 4.2 Andronikova et al. (1972) 

1 4.4 4.4 
0.5 5.0 2.5 
2 1.9 3.8 Welch (1976) 
2 15 30 It 

2 1.9 3.8 II 

3 0.8 2.4 

3 2.3 6.9 
1 4.8 4.8 Neess and Dugdale (1959) 

0.5 1.9 1.0 Mason (1977) yr.1 

0.5 1.6 0.,8 " yr.2 
0.5 1.2 0.6 It yr.1 
0.5 1.1 0.6 is yr.2 

II 

II 

I, 

If 

-  continued 

II 

II 



Table 23 - cont'd. 

Taxon Habitat  

Generation P P 

Duration(yr) B B gen 1 

Tanytarsus holochiorus (Edm. )Upton Broad,England 
it It 

Proc lczdius Tuffovittatus 
Tanytarsus lugens 
Proc ladius choreus 
C. plumosus 
Glyptotendipes paripes 
Limnochironomus pulsus 
Microtendipes sp. 
Proc ladius tener 
C. mczncus 
Tanytarsus holochiorus 
Tanytarsus inopertus 
Limnochironomus 

1! 

Glyptotendipes 
It 

Stictochirononius 
it 

C. ant hracinus 
Glyptotendipes 
Polypedilum 
Limnochironomus 
C. ant hracinus and/or 
Psi lotanypus 1in2nic0 la 
Chironomidae 

I, 

Chironomidae, profundal 
It 

I, 

Loch Leven,Scotland 1 
(sandy, littoral) 1 

1 

1 

1 

1 
Loch Leven,Scotland 1 

(mud) 1 
1 

1 
Uchinsk Res. U.S.S.R. 1 

1 
Middle Bay of Quinte,Ont. 1 

Outer Bay of Quinte,Ont. 1 

Taltowisko L., Poland 1 
1 

Mikolajskie L. 1 

II 1 

II (I 

It 

U 

It II II 

Eglwys Nunydd 
it 

It 

II 

It 

II 

'I 

II 

I, 

II 

'I 

It 

II 

II 

I' 

U 

I, 

II 

1 

1 
Res. Wales 1 

0.33 

0.5 

0.5 
0.5 

0.5 

0.5 
05 

0.5 

0.5 
0.5 

it 

II 

II 

It 

It 

It 

I, 

I, 

to 

II 

it 

II 

tl 

of 

U 

of 

to 

Comments and Source 

8.3 8.3 Mason (1977) yr.1 
4.5 4.5 ofyr.2 
3.2 3.2 Potter and Learner (1974b) 

7.6 2.5 

6.5 3.2 
6.4 3.2 

5.9 3.0 
6.3 3.2 

5.7 2.8 
5.8 2.9 

5.2 2.6 

6.6 3.3 

5.2 2.6 

3.58 3.6 Maitland & Hudspith (1974) yr.1 

1190 1.9 

4.98 5.0 
1.85 1.8 

3.06 3.1 

9.80 9.8 

3.9 3.9 Charles et al. (1974) 
2.5 2.5 it 

4.5 4.5 

4.0 4.0 
2.9 2.9 Sokolova, in Winberg (1971) 

6.6 6.6 extremes 

8.3 8.3 Johnson (1974) 
5.2 5.2 it 

3.1 3.1 Kajak and Rybak (1966) 
4.3 4.3 extremes 
3.3 3.3 

5.4 5.4 

II 

It 

II II 

it 

II 

is 

I, 

II 

II 

'I 

II 

II II 

II 

-  continued 

yr.2 

yr.1 

yr.2 

yr.1 
yr.2 



Table 23 - cont'd. 

Taxon 

C. anthracinus 
I, 

Proc ladius pectinatus 
C. plumosus 
C. piumosus 
Tany tarsus gregarius 

Proladjua .sp. 

Polypedilum 
Stictochironomus 
Microtendipes 
Einfeldia 

Habitat  

Generation 
Duration (yr) 

Uchinskoye Res.U.S.S.R 1 
1 It II 

Esrom SØ Denmark 
Goplo L. Poland 
Tynwald L. Poland 

I, 

H PJ 

Jeziorak L. Poland 
sandy littoral areas 
isif it 

Jeziorak L. Poland 
recently flooded 
littoral 

1 2,8 2,8 
0.5 11.85 5.9 
0.5 12.88 6.4 
0.33 9.83 3.3 

P 

B 

P 

B gen.' Comments and Source  

2.9 2.9 Borutsky et al. (1971) 
4.5 4.5 Itextremes 

Several other species with gen-
erations 0.5 yrs.long were omitted 
because Johnson(1974) claims they 
may have shorter durations. 

1 1.68 1.7 J6nasson (1972) 
0.5 7.52 3.8 Wisniewski (1976) 
0.33 14.2 4.7 Zytkowicz (1976) 
0.5 39.1 19.6* 'present for only a very small 

part of the year 
0.15 4.2 2.1* "estimate of second generation 

production inaccurate 

Wolnomiej ski et al. (1976) 
means of 3 stations 

II 

Gizinski et al. (1976) 
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Wallis statistic K-= 11.75, distributed as X2 with 4 degrees of freedom, 

p < 0.025). There is little difference in P/B per generation among taxa 

lasting a year or longer, so the mean ± SE for the group of 4.31 ± 0.21 

might serve as a suitable estimate of P/B per generation for populations 

with life cycles lasting at least one year. 

This possibility was examined further. P/B per generation of 

populations with at least one-year life cycles showed the following re-

lationship to taxonomic group: 

Taxon Mean P/B gen..1 ± SE n 

Chironomidae 4.25 ± 0.33 33 

Other insects' , 5.72 ± 0.63 15 

Ma1acostraca2 3.76 ± 0.22 25 

Other invertebrates 3 3.58 ± 0.54 8 

The hypothesis that there are no differences in the distribution of P/i 

per generation among the four taxonomic groups was rejected (K = 10.63, 

p < 0.025, 3 degrees of freedom), so the means for each taxonomic group 

were used separately in the production ca1cu1ation. 

Assumed annual P/B's. To convert P/B per generation to annual 

P/B, duration of the 'generations must be known. The instar analysis 

provided information on generation duration for many chironomids and 

amphipods which usually dominated biomass in the study lakes, but life 

cycle data on the remaining taxa were meagre. Published life-history 

1 Ephemeroptera, Megaloptera, Plecoptera, Trichoptera, Odonata 
2 mphipoda, Isopoda, Decapoda 

Hirudinoidea, Mollusca, Oligochaeta 
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studies, summarized below, were used to determine the probable generation 

durations for many taxa. The data on the duration of generations were 

then used with the data on mean P/B per generation to calculate annual 

P/B for each taxon. 

Oligochaeta. A two-year life cycle was assumed for oligochaetes 

in Moraine, Lower Consolation, Baker and Ptarmigan Lakes. Lumbriculids, 

which dominated the Baker and Ptarmigan oligochaete faunas, are known to 

have two-year life cycles in Britain (Cook 1969). Tubificids, important 

in Moraine and Lower Consolation, are known to have one- or two-year life 

cycles elsewhere (Brinkhurst 1964, Brinkhurst and Kennedy 1965, Ladle 

1971, Knnedy 1966a and b). Temperature is known to be positively cor-

related with annual P/B in Oligochaeta (Johnson and Brinkhurst 1971, 

Johnson 1974), and annual P/B's estimated by assuming a two-year life 

cycle would be similar to those obtained for Oligochaeta in other cold 

habitats (Johnson and Brinkhurst 1971, Johnson 1974). 

In Mud and Kingfisher Lakes a univoltine oligochaete life cycle 

was assumed. One of the most common tubificids in Mud Lake was Limnod-

rilus udekemianus, which is known to have a two-year cycle elsewhere 

(Brinkhurst and Kennedy 1965, Kennedy 1966b). Luinbriculids, which 

dominate the Kingfisher oligochaete fauna, have a two-year cycle else-

where (Cook 1969); but Tubifex tenrpletoni, also found in Kingfisher Lake, 

can be bivoltine (Potter and Learner 1974). Much of the remaining oli-

gochaete fauna consisted of unidentified Tubificidae, which can have 

more than one generation per year (Potter and Learner 1974) or high an-

nual P/B's (Potter and Learner 1974, Mason 1977, Brinkhurst 1972, in 

Johnson 1974), so an assumption of one generation per year on the aver-
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age seems reasonable for the entire oligochaete fauna in Kingfisher and 

Mud Lakes. 

The mean P/B per generation for "other invertebrates" of 3.58 was 

used for oligochaetes, yielding estimated annual P/B's of 3.6 for oligo-

chaetes in Mud and Kingfisher Lakes, and 1.8 for those in the remaining 

four lakes. 

Hirudinoidea. The only leech found in Mud and Kingfisher Lakes was 

Hlobdelia stagnczl.is, a species that can be bivoltine in many temperate 

lakes, but is univoltine in an Alberta pond (Davies and Reynoldson 1976). 

Living at the maximum temperatures found in Kingfisher and Mud Lakes on 

each sampling date, and at 4°C through the winter, H. stagnalis would 

experience enough degree-days to be bivoltine, according to the data of 

Davies and .Reynoldson (1976). Because it is highly unlikely that the 

population consistently lived at the highest temperatures available, a 

univoltine life cycle seems more likely for the Mud and Kingfisher Lakes 

populations. The mean P/B per generation for "other invertebrates" of 

3.58 was therefore used to estimate H. stagnalis production in Mud and 

Kingfisher Lakes. 

The leech found in Baker Lake, Nphelopsis obscura, has a cohort 

lifespan of one to two years in two ponds near Calgary (Davies and 

Everett 1977). A two-year life-cycle and the mean P/B per generation 

for "other invertebrates" of 3.58 was assumed for N. obscura in Baker 

Lake, yielding an estimated annual P/B of 1.8. 

Mollusca. The only molluscs constituting a biomass large enough 

to weigh separately in any of the lakes were sphaerid clams and 



163 

planorbid snails. Although published data are scarce, it appears that 

sphaerids have no more than one generation per year, and may frequently 

have fewer (Heard 1965, Mann 1971). The few published annual P/B's are 

consistent, ranging from 0.5 to 3.5, with most values lying between 1 

and 2 (Mann 1971, Mason 1977, Johnson and Brinkhurst 1971). Johnson 

and Brinkhurst (1971) found sphaerid annual P/B's to be independent of 

mean annual temperature over the range 6 to 8°C in Lake Ontario. 

Sphaerid annual P/B was estimated to be 2 in all lakes based on the 

above considerations. The planorbids studied to date have had either 

univoltine or hemivoltine life cycles (Harmon 1974, Mann 1971), so a 

univoltine life cycle was assumed for them in Kingfisher Lake. The mean 

P/B per generation of 3.58 for "other invertebrates" was used to obtain 

an estimated annual P/B of 3.6 for planorbids. 

Amphipoda. The instar analyses indicated that Hyale.ZZ.a azteca 

had a univoltine life cycle in Mud and Kingfisher Lakes, and that Garn-

mwus lacustris cohorts lived for four years in Baker Lake. G. iacustris 

was assumed to live for four years in Lower Consolation and Ptarmigan 

Lakes also. The mean P/B per generation for Malacostraca of 3.76 was 

used for the Amphipoda in this study, yielding estimated annual P/B's 

of 3.8 for H. azteca in Mud and Kingfisher Lakes, and 0.9 for G. lacus-

tz'is in Baker, Ptarmigan and Lower Consolation Lakes. 

Chironomidae. An average of one generation per year was as-

sumed for Kingfisher and Mud Lake chironomids on the basis of the instar 

analyses. Although the analyses indicated bivoltine and hemivoltine 
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cycles were possible, the analyses for Mud Lake indicated univoltine 

cycles are more common. Furthermore, in taking an average cohort dura-

tion for the whole fauna, bivoltine and hemivoltine life cycles will 

average out to one generation .per year. An average 2.5-year life cycle 

was assumed for chironomids in Moraine and Lower Consolation Lakes, and 

a 2-year cycle was assumed for chironomids in Baker and Ptarmigan Lakes, 

as suggested by the results of the instar analyses. The mean P/B per 

generation for chironomids of 4.25 was used to obtain an estimated an-

nual P/B of 4.2 for chironomids in Kingfisher and Mud Lakes, 1.7 for 

those in Moraine and Lower Consolation Lakes, and 2.1 for those in 

Baker and Ptarmigan Lakes. 

Other insects. A univoltine life cycle (see instar analysis) 

and the chironomid mean P/B per generation of 4.25 was assumed for cera-

topogonids in Mud and Kingfisher Lakes, yielding an estimated annual 

P/B of 4.2 for the group. For Cczenis in Kingfisher and Mud Lakes, a_ 

univoltine life cycle was assumed on the basis of the instar analysis 

data, and the mean P/B per generation of 5.72 for "other insects" was 

used to obtain an estimated annual P/B of 5.7. As was discussed in the 

instar analysis, Trichoptera (mainly Qecetis) in Mud and Kingfisher Lakes 

are probably univoltine, and the lininephilids in the remaining lakes 

probably have at least two-year cyCles. The mean P/B per generation of 

5.72 for "other insects" and the voltinism assumptions provided a tn-

chopteran estimated annual P/B of 5.7 for Kingfisher and Mud Lake popu-

lations, and of 2.9 for caddisfly populations in the remaining four lakes.. 

A two-year life cycle was assumed for Odonata in Kingfisher and Mud Lakes 
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(Lawton 1971), being applied to the mean P/B per generation of 5.72 for 

"other insects" to yield an estimated annual P/B of 2.9. 

Results and Discussion  

Results of the production calculations are presented in Tables 

24 to 26. Estimates for predators and non-predators were tabulated 

separately because summing production by the two groups would in effect 

count predator production twice. 

Only taxa considered to be predaceous mainly on other benthic 

macroinvertebrates were considered as predators for the purpose of pro-

duction estimation. Although some chironomids are predaceous, probably 

very few are obligate predators (Oliver 1971), and only a few are likely 

to consume other macroinvertebrates as the main part of their diet. The 

trichopteran Qecetis is predaceous, but other trichopterans fpund in the 

study lakes are non-predaceous (Wiggins 1977:21). Gcrimnarus lacustis 

can be predaceous (Anderson and Raasveldt 1974), but much of its food 

must be from outside the benthic macroinvertebrate community. 

Production of non-predaceous macroinvertebrates in the six lakes 

ranged from 5.0 g m 2 wet weight in Mud Lake to 26.9 g m 2 in Baker Lake. 

Chironomid production constituted most of the production by non-predators 

in Mud, Moraine, Lower Consolation and Ptarmigan Lakes, and was the 

largest of any single taxon in Baker Lake. Only in Kingfisher Lake, 

where Hyalella azteca production dominated, was chironomid production 

lower than that of another taxonomic group. Production by non-predaceous 

benthic macroinvertebrates was less than one-third that of non-predaceous 

crustacean plankton in Kingfisher and Mud Lakes; in the remaining four 

lakes it was approximately equal to almost five times that of non-preda-



Table 24. Annual production of benthic macroinvertebrates in Kingfisher and Mud Lakes. 

(formalin-preserved wet weight) 

Kingfisher Mud 

Taxon B Assumed P % Total B Assumed P % Total 
g m 2 P/B  g m 2 P  g m 2 PIT  gm'2 '  P  

Non-predators 

Chironomidae 0.3220 4.2 1.4 17.7 0.8153 4.2 3.4 68.0 
Hyalella azteca 1.5240 3.8 5.8 73.4 0.2350 3.8 0.89 17.8 
oligochaeta 0.1582 3.6 0.57 7.2 0.0978 3.6 0.35 7.0 

Caenis 0.0099 5.7 0.056 0.7 0.0403 5.7 0.23 4.6 
Pisidium 0.0028 2 0.006 0.1 0.0619 2 0.1 2.0 

Gyraulus 0.0204 3.6 0.073 0.9 0 
Sirnocephalus vetulus 0 0.0014 20 0.03 0.6 

Total 2.0373 7.9 100.0 1.2517 5.0 100.0 

Implied overall P/T3 3.9 4.0 

Predators 
Ceratopogonidae 0.1242 4.2 0.52 19.9 0.2498 4.2 1.0 36.6 

Trichoptera (mostly Oecetis) 0.0599 5.7 0.34 13.0 0.0417 5.7 0.24 8.8 

Coenagrionidae 0.2283 2.9 0.66 25.3 0 
Libellulidae 0.0815 2.9 0.24 9.2 0.1808 2.9 0.52 19.0 

Aeshnidae 0.2069 2.9 0.60 23.0 0 
Tabanidae 0.0353 5.7 0.20 7.7 0.1661 5.7 0.95 34.7 

Co],eoptera 0.0004 5.7 0.002 0.15 0 
Helobdella stagncls 0.0116 3.6 0.042 1.6 0.0046 3.6 0.017 0.6 

Turbellaria 0.0002 10 0.002 0.15 0 

Nematoda (probably parasitic) 0 0.0008 10 0.008 0.3 

Total 0.7483 2.61 100.0 0.6438 2.7 100.0 
Implied overall P/B 3.5 4.2 

Grand Total 2.7856 1.8955 



Table 25. Annual production of benthic macroinvertebrates in Moraine and Lower Consolation Lakes 
(fornialin-preserved wet weight) 

Moraine Lower Consolation 

B Assumed P % Total B Assumed P % Total 
Taxon g ni 2 P/B  g m 2 P g P/B g m 2   

Non-predators 
Chironomidae 4.1445 1.7 7.0 59.8 4.5943 1.7 7.8 77.2 

Pi6idiu)n 1.8589 2.0 3.7 31.6 0.5849 2.0 1.2 11.9 
Oligochaeta 0.3044 1.8 0.6 5.1 0.4246 1.8 0.8 7.9 
Gciminarus lacu$tris 0 0.0815 0.9 0.1 1.0 
Trichoptera 0.1294 2.9 0.4 3.5 0.0716 2.9 0.2 2.0 

Total 6.4372 11.7 100.0 5.7569 10.1 100.0 

Implied overall P/B 1.8 1.8 



Table 26. Annual production of benthic macroinvertebrates in Baker and Ptarmigan Lakes 
(formalin-preserved wet weight) 

Baker  Ptarmigan 

Taxon 
Assumed P % Total 

gm 2 P/B  gxn 2 P  
Assumed P 

g m 2 P/B g m 2 
% Total 

P 

Non-predators 

Chironomidae 5.0314 2.1 10.6 39.4 6.9944 2.1 14.7 72.8 

Gammarus lacustris 7.5227 0.9 6.8 25.3 0.2439 0.9 0.2 1.0 
Pisidiuin 2.5844 2.0 5.2 19.3 1.9016 2.0 3.8 18.8 
oligochaeta 2.1726 1.8 3.9 14.5 0.8087 1.8 1.5 7.4 

Trichoptera 0.1337 2.9 O.fl 1.5 0 

Total 

Implied overall P/B 

17.4448 26.9 100.0 9.9486 
1.5 2.0 

20.2 100.0 

Predators 

Hirudinoidea 0.1371 1.8 0.2 100.0 
Turbellaria 0.0102 5 -.0 

Nematoda 0 0.0078 5 -0 

Total 0.1473 0.2 100.0 

Implied overall P/B 1.4 
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ceous crustacean plankton. Predator production was sizeable only in 

Kingfisher and Mud Lakes, where it was 33 to 54% as large as production 

by non-predators. 

The differences in production by non-predators among the lakes 

are attributable primarily to differences in biomass, not in estimated 

annual P/B Implied overall annual P/B for Kingfisher and Mud Lake 

macroinvertebrates were two or more times those for macroinvertebrates 

in the other four lakes, but biomasses of Kingfisher and Mud Lake macro-

invertebrates were approximately one-third or less of those found in the 

four other lakes. Use of either biomass or B(P/B) as an index of macro-

invertebrate production would result in the same ranking of the six lakes. 

Benthic macroinvertebrate production is lowest in Kingfisher and 

Mud Lakes probably because the very flocculent sediments are too physi-

cally unsupportive to permit large biomasses to accumulate. Most benthic 

invertebrates are adapted to living on or in a substrate, but the sedi-

ments of Mud and Kingfisher Lakes are more liquid than solid. 

The production estimates for the six lakes are compared to those 

found for other temperate-zone lakes in Table 27. Production of benthic 

macroinvertebrates in the Lake Louise-area lakes falls within the range 

of estimates published for other lakes in alpine or arctic environments, 

and is considerably lower than that published for lakes at more temperate 

elevations or latitudes. However, even the least productive of the Lake 

Louise-area lakes is more productive than dystrophic Lake Flosek, Poland, 

in terms of benthic macroinvertebrates. 



Table 27. Annual production of benthic macroinvertebrates in six Lake Louise-area lakes compared to 
that in several other lakes. Where necessary, conversions were made by assuming dry weight = 

0.1 wet weight, 1 g wet weight = 800 cal. (Cummins, and Wuycheck 1971), and 1 gC = 10,980 cal 

(Salonen et at. 1976). . ..., 

Lake and Habitat Notes  

Kingfisher 

Mud 

Moraine 

Lower Consolation 

Baker 
Ptarmigan 

Snowflake, Alberta 

alpine lake 

Teardrop, Albrta 

alpine pond 

Non-pre-
dators 

gm 2  

2.0313 

1.2517 
6.4372 

5.7539 

17.4448 

9.9486 

Vord Finstertalersee, Austria 

alpine lake 

Char, N.W.T. 

uitraoligotrophic arctic 

/lake 

Bay of Quinte,Lake Ontario 
Big Bay, inshore 
Glenora, inshore 

Conway, inshore 

Lake Ontario, open lake 

Flosek ,Poland (dystrophic) 

Mikolaj skie, Poland 

/ (eutrophic) 

Pre-

dators 

g m 2 

0.7483 

0.6438 

0.0 
0.0 

0.1473 
0.0078 

Non-
predators 

Non-pre-. Pre- Implied 

Total dators dators Overall 
-2 -2 -2 - gin gin g.m P/B 

2.7856 7.9 

1.8955 5.0 

6.4372 11.7 

5.7539 10.1 
17.5921 26.9 

9.9564 20.2 

8.7 7.4 

17.7 26.6 

>2.5 >5.6 

7.7 9.5 

6.8-7.6 93-97 

37.4-37.6 291-344 

32.1-31.9 75-82 

48.4-34.0 63-84 

2.6 

2.7 

0.2 

-0 

1.5 

2.2 

1.2 

13.7-12.8 

7.8- 9.2 

2.3- 2.6 

1.3-2.5 

3.9 

4.0 
1.8 

1.8 
.1.5 
2.0 

Source and Comments  

This study 

0.85 Anderson (1975) 
predators & nonpredators 

Anderson (1975) 
predators & nonpredators 

Pechianer et at. 1972 

Rigler (1975) 

Johnson & Brinkhurst (1971) 

(2 different years) 

0.6 Kajak et at. (1972) 

150 II 
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SECTION 5 

FISH 

APPROACH AND CALCULATIONS 

The object of Section 5 is to determine the potential fish produc-

tion of the six lakes. This was done by determining the production of-

fish food organisms, calculating the annual amount of food required by 

unit fish populations, dividing food production by food requirement to 

determine how many unit populations could be supported, and calculating 

production as the area under the curve of numbers plotted against indi-

vidual weight in each age class (Allen Curve method), on the assumption 

that the fish populations retained constant age, growth and mortality 

attributes from year to year. The result was a' measure of the maximum 

fish production Sustainable over a period of years. 

Basic to the approach is the principle that the fish could consume 

no more than the annual production of fish food organisms on a sustained 

basis. Fish could consume more than the annual food production in any 

single year, but they could not do so consistently. The consistent con-

sumption of more than the annual food production would soon eliminate the 

prey 'populations. 

The production of possible food organisms of trout was calculated 

in Sections 3 and 4, but not all taxa were actually eaten. The results 

of the stomach content analyses were used to decide which invertebrates 

were impOrtant as food, and only their production was used to calculate 

food organism production in each lake. Some food originating outside-the 

lakes was eaten also, so the proportion of allochthonous food in the diet 

was used to adjust.the:autochthonous food production figures upward to 

obtain estimates of total food production. 
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A modification of Winberg's (1956) "balanced equation" was used 

with model population data to estimate the annual food requirement of 

trout. Two model populations, or "unit populations", were constructed 

having an initial number of new-born individuals of 100 and áonstant an-

nual mortality of30% and 70%, respectively (Table 28). These mortality 

rates were expected to bracket the true mortality rates likely to be 

found in trout populations of the six lakes, as suggested by the catch 

and age data for trout in these and other lakes near Lake Louise (Mayhood 

and Anderson 1976). For Mud, Lower Consolation, Baker and Ptarmigan 

lakes, growth of individuals in the unit populations was read from age-

weight curves of trout from the respective lakes. Reliable ages could 

not be obtained for trout from Moraine and Kingfisher, so growth of trout 

in these waters was read from maximum and minimum growth curves drawn 

from an analysis of age-weight data for numerous Lake Louise-area trout 

populations. Taout were assumed to grow only in summer and to remain at 

constant weight throughout the winter. Fish may in fact lose some weight 

in winter (Chapman 1971:207), but the loss would have to be large to 

seriously affect the present calculations. 

The food required by an individual fish over a given interval of 

time is described by the equation (Winberg 1956): 

C=F+U+Lw+R   (1) 

where C is the amount of food consumed, 

F is the quantity of faeces 

U is the quantity of excreta, mainly urine, 

iw is the change in weight (growth), and 

R is the energy of metabolism, 

all in units of energy. 
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Table 28. Structure of unit populations at two rates of annual mortality. 

30% mortality yr 1 70% mortality yr 1 

N N N N 

Age tlnit 1 Unit-1 Unit-1 Unit-1 

0 100.00 100.00 

85.00 65.00 
1 70.00 30.00 

59.50 19.50 
2 49.00 9.00 

41.65 5.85 
3 34.50 2.70 

29.16 1.76 
4 24.01 0.81 

20.41 0.53 
5 16.81 0.24 

14.29 0.16 
6 11.76 0.07 

10.00 0.046 
7 8.24 0.022 

7.00 
8 5.76 

4.90 
9 4.04 

3.43 
10 2.82 



174 

Winberg (1956:155-157) argued from a review of published data that the 

energy value of waste products (F + U) is close to 0.20C, but recently 

Elliott (1976a) has shown that a value of 0.28C is more appropriate for 

trout. Growth (sw) can be determined from age and weight data. At con-

stant temperature R is a function of weight, and at 20°C can be calcu-

lated from the equation1: 

R @ 20°C = 9.53w°761 (2) 

where w is the weight of the fish in grams, 

0.761 and 9.53 are constants characteristic of 

salinonids at 20°C (Winberg 1956:87, Elliott 

1976b:942), and 

R is expressed in joules per jour (J h 1) 

R varies with temperature according to Krogh's Curve (Winberg 1956:21-26) 

so that if the temperatures at which the fish lives are known a coeffic-

ient (q) derived from the curve can be used to adjust R @ 20°C to R at 

the ambient temperatures. Summarizing the results of several Soviet 

authors, Winberg (1956:171) suggested that 1. in nature is about twice R 

as calculated from equation (2) (Winberg's "routine metabolism"), and 

more recently Mann (1965, 1967) reanalyzed other published data supporting 

this generalization. Taking into account all of the above considerations 

equation (1) can be reduced to: 

C = 1.39 (2R + w)   (3) 

and R and Lw being calculated as described above, and 1.39 being a co-

efficient to account for the assumption that F + U = 0.28C. 

1 Converted from R @ 20°C in ml 02 h 1 = 0.491w°761 (Elliott 1976b:942) 

assuming 4.63 cal ml. 02_i (Elliott and Davison 1975) and 4.19 J cal-1. 
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Equations (2) and (3) were used to calculate the annual food re-

quirements of individual fish in each age-class. Summer and winter R 

were calculated separately, the weight at each age being used to calcu-

late winter R, and the mean of weights of adjacent age-classes being used 

to calculate summer R. The values of. R were adjusted for temperature and 

converted to seasonal estimates with the season duration and temperature 

correction factors in Table 29. Summer temperatures at which the trout 

lived were taken as the mean summer lake temperatures estimated from Fig-

ures 9 to 11. Winter temperatures were estimated from the knowledge that 

the theoretical maximum and minimum were 4 and 0°C, respectively, sup-

plemented with winter observations on nearby similar lakes (Anderson 

1968b, 1970a). The calculated annual food requirements of individual 

fish in each age-class were multiplied by the mean numbers in the age-

class in each unit population, the sum of the products being the estimate 

of the food requirement for each unit population. 

To estimate potential production of trout, the annual food re-

quirement of each unit population was divided into the estimated annual 

fish food production, yielding the number of unit populations that could 

be supported by each lake. The numbers in each age-class of the unit 

populations were multiplied by the number of unit populations that could 

be supported to determine the total number of trout in each class. Num-

bers in each age-class were plotted against weight at each age, and the 

area under the Allen Curve so obtained provided an estimate of potential 

production of trout populations having the growth and mortality charac-

teristics of the model populations. 

The calculation of food requirements and potential production of 



Table 29. Season duration, mean ambient water temperatures experienced by trout, and temperature 
correction coefficient (q) obtained from Winberg's (1956) Table 1, extended to 2°C 
with Krogh's curve (Winberg 1956, Figure 1). 

Lake  

Kingfisher 

Mud 

Moraine 

Lower Consolation 

Baker 

Ptarmigan 

Season Limits 

Summer 
(hours)  

May 15-Oct.15 

(3672 h) 

May 15-Oct.15 

(3672 h) 

June 15-Oct.15 
(2928 h) 

June 15-Oct.15 
(2928 h) 

June 15-Oct.15 
(2928 h) 

July 1-Oct;15 
(2544h) 

Winter 

(hours) 

Oct.15-May 15 

(5088 h) 

Oct.15-May 15 
(5088 h) 

Oct.15-June 15 

(5832 h) 

Oct.15-June 15 
(5832 h) 

Oct.15-June 15 
(5832 h) 

Oct.15-July 1 
(6216 h) 

Mean Temperature °C  q 

Summer Winter Summer 

13 3 1.94 
(range 11-15) 

11 3 2.40 

(range 8-14) 

6 2 4.55 
(range '4.9-6.5) 

5 2 5.19 

9 2 3.05 
(range 7.6-9.6) 

8 2 3.48 
(range 6.4-9.2) 

Winter 

5.88 

5.88 

6.25 

6.25 

6.25 

6.25 
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trout in Baker Lake are shown in the Results and Discussion to illus-

trate the details of the calculations. 

RESULTS AND DISCUSSION 

Species Composition and Relative Abundance  

The fish species collected from the six lakes and catch-per-unit--

effort data, a measure of relative abundance, are presented in Table 30. 

Brook trout was the most abundant species in four of the lakes and was 

present in the fifth. Cutthroat and rainbow trout were found in two 

lakes each, single specimens of lake trout were caught in two lakes, and 

splake and longnose dace were found in one lake each. Longnose dace 

found in Mud Lake was the only non-salmonid species collected. - 

With the possible exception of longnose dace, all of these-fish 

species have been introduced to the lakes. All native fish would have 

been excluded from Ptarmigan and Baker Lakes by the falls below Baker 

Lake. Cutthroat trout are native to the Bow River drainage (Paetz and 

Nelson 1970) and may not have been excluded from Moraine or Lower Conso-

lation Lakes because there are no impassable waterfalls on the outlet 

streams, but cutthroats from other watersheds have been extensively 

stocked in Banff Park waters, including the Bow River, Moraine and prob-

ably Lower Consolation Lakes (Parks Canada stocking records). Brook 

trout are native only to eastern North America, rainbow trout in Alberta 

are native only to the Athabaska watershed, and splake are a man-made 

hybrid (Paetz and Nelson 1970, Scott and Crossinan 1973). Lake trout were 

probably introduced with other trout accidentally. Longnose dace are 

native to the Bow watershed (Paetz and Nelson 1970), and might conceiv-



Table 30. Catch data and evaluation of natural recruitment for fish populations in the six lakes. 

Length of Hours Species Number Catch, Numbers Natural 
Lake Net Fished (m) Fished Collecteda Collected hm 1 h'  Recruitment  

Kingfisher 50 39.5 ±ainbowtrout 36 1.82 no 

Mud 100 42.0 brbok trout 54 l. 29}2 yes 
longnosd dace 46 1.10) yes 

Moraine 100 42.0 splake trout 15 0.36) ? 

brook trout 7 0.17) 0.60 ? 
rainbow trout 2 0.05) ? 
lake trout 1 0.02) ? 

Lower Consolation 100 24.5 brook trout 44 1.80)2 94 yes 

cutthroat trout 28 1.14) yes 

Baker 182.4 40 brook trout 65 0.89} 05 yes 
approx. cutthroat trout 12 0.16) yes 

Ptarmigan 228.0 20 brook trout 93 2.04)2 06 little 
approx. lake trout 1 0.02) ? 

a 
Rainbow trout, Sairno gairdneri Richardson; brook trout, Salvelinus fontinalis (Mitchill); 
cutthroat trout, Salmo ciarki Richardson; lake trout, Saivelinus ncvnaycush (Walbauxn); splake 

trout, brook trout X lake trout hybrid; longnose dace, Rhinichthys cataractae (Valenciennes). 
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ably have entered Mud Lake via the outlet, but introduction by anglers 

using them as live bait is also possible. 

Age, Growth and Recruitment  

Otoliths showed satisfactorily distinct annuli in trout popula-

tions of four of the six lakes, so that 75 to 100% of the specimens in 

each sample could be assigned an age. In Moraine Lake trout had otoliths 

with indistinct annuli at best, making it impossible to obtain a satis-

factory age estimate for any MoraineLake fish. Marks resembling annuli 

were usually distinct on the otoliths of Kingfisher Lake trout, but all 

of these fish were probably hatchery fish. Many of them were stocked 

after one or two years of hatchery life (Parks Canada stocking records) 

so it is doubtful if the marks are true annuli. 

Age-weight relationships of trout in four of the lakes are illus-

trated in Figures 43 and 44. Baker Lake brook trout exhibited the fast-

est growth rate and Lower Consolation cutthroat trout the slowest. Brook 

trout grew much faster than cutthroat trout in both lakes in which the 

two species co-existed. 

Growth rates of Moraine Lake trout could not be determined because 

the fish could not be aged. Mean wet weights ± SE of the various species 

were: 

rainbow trout: 386.5 ± 208.5 g, n = 2 

splake trout: 516.3 ± 69.1 g, n = 15 

brook trout: 255.7 20.3 g, n = 7 

lake trout: 944 g, n = 1 

Weight is plotted against number of growth checks for Kingfisher Lake 

trout in Figure 43, but the checks are not necessarily year marks, 
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Figure 43. Age-weight relationship (mean wet weight ± SE) .for Kingfisher 

rainbow trout (A), Mud Lake brook trout (B), Lower Con-
solation Lake cutthroat trout (C) and Lower Consolation 
Lake brook trout (D). Numbers near data points are the 

numbers of trout in the sample of each age-group. 
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Figure 44. Age-weight relationship (mean wet weight ± SE) for 

Baker Lake brook trout (A; cutthroat trout circled) and 
Ptarmigan Lake brook trout (B). Numbers near data points 

are the numbers weighed in each age-group. 



182 

as discussed above. 

Age-weight relationships for three trout species (576 individuals) 

from 21 populations in 17 lakes of the Lake Louise area are shown in Fig-

ure 45. The two curves illustrate high and low growth rates that would 

seem to-be possible in lakes of the region, and were used in later calcu-

lations to estimate fish production potential in Kingfisher and Moraine 

Lakes. The very high weights in ages 4 to 7 are from brook trout popu-

lations in Baker and neighbouring Tilted Lakes, and are clearly excep-

tional for the study area. 

The growth rates of trout in the Lake Louise-area lakes are low 

relative to those found for the same species in other North American 

habitats. The lowest growth rates in the Lake Louise-area lakes are 

among the lowest on record. Even Baker Lake brook trout, with the high-

est growth rate in the study area, have a growth rate little higher 

than the median observed for several hundred mainly North American popu-

lations (c.f. Carlander 1969). 

Parks Canada had not stocked Mud, Lower Consolation, Baker or 

Ptarmigan Lakes for at least four years prior to the years when the fish 

collections were made (Parks Canada stocking records), but trout younger 

than four years were common in collections from all but Ptarmigan Lake, 

indicating that natural recruitment was adequate to maintain the popula-

tion only in Mud, Lower Consolation and Baker Lakes. Natural recruitment 

is unlikely to be adequate to maintain the rainbow trout in Kingfisher 

Lake because rainbows are thought to require gravelly streams in which to 

spawn successfully (Carlander 1969:191), and there is no access to such 

streams from Kingfisher. Whether natural recruitment of trout is possible 



2-

0 2 3 4 5 6 7 
Age, yr 

Figure 45. Age-weight relationships in 21 trout populations in Lake Louise-area lakes (from data of 
Mayhood and Anderson 1976). Extreme values for single specimens not included. Curves 
show high and low growth rates that would appear to be possible in lakes of the study 

area. 

10] 

8 

8 9 10 11 12 



184 

in Moraine Lake is unclear because the ages of the fish could not be de-

termined. Splake were last stocked in Moraine Lake in 1969; brook trout 

in 1971 (Parks Canada stocking records). The smallest splake and brook 

trout caught appeared to be too large to have hatched since the last re-

corded introductions of these species, but the sample size was small.. 

The last recorded stocking of rainbow trout in Moraine Lake (Parks Canada 

stocking records) was in 1945. If the records are correct, there must 

have been some natural reproduction of rainbows. Natural recruitment in 

the various populations is summarized in Table 30. 

Food  

Table 31 summarizes the results of stomach content analyses of 

trout collected from the six lakes. Chironomids, amphipods and trichop-

terans were the main components of the trout diet overall, but there were 

some differences among the populations in the relative importance of var-

ious food items. Trout in Moraine Lake consumed few chironomids, eating 

mostly ephemeropteran, plecopteran and trichopteran immatures. Many in 

the latter two groups were stream types probably derived from Wenkchemna 

Creek, and the ephemeropterans were a lake-dwelling type common along the 

shorelines of other lakes in the study area. In Kingfisher and Baker 

Lakes, amphipods were quantitatively the most important items in the diet. 

Brook trout in Mud Lake consumed substantial quantities of odonates, es-

pecially anisopteran nymphs. In Lower Consolation Lake cutthroat trout 

consumed chironomids almost exclusively, in contrast to brook trout 

which ate large quantities of trichopteran immatures and other food items. 

Only a small proportion of small trout less than 100 g in weight 



Table 31. Mean percentage of total stomach contents by volume for trout collected from the six 
lakes. + indicates presence in trace amounts. 

Lower - 

Lake Kingfisher Mud Moraine  Consolation Baker  Ptarmigan Weighted x 
all species  

Species - rain- cut- cut-
Stomachs rainbow brook splake brook bow lake brook throat brook throat brook 
examined(empty)  36(0) 50(2) 15(3) 7(2) 2(0) 1(0) 41(1) 26(0)  28(4) 4(0)  45(0) 255(12)  

Chironomidae 39.4 47.8 1.6 200 54.0 90.4 3.2 6.3 76.5 48.7 

Trichoptera 2.6 8.7 22.2 24.0 60.0 32.8 8.8 5.4 2.4 10.4 12.8 

Ganvnczru6 4.4 0.4 70.9 53.8 0.6 8.8 

Hyallia 41.7 d 6. 

Ceratopogonidae 0.4 1.5 0.4 

Entomostraca 4- 5.7 0.9 + 8.0 37.5 2.6 

Ephemeroptera 1.5 0.1 29.2 40.0 10.0 40.0 4.2 3.4 

Plecoptera 37.9 2.0 35.0 1.2 2.9 2.9 

Odonata 5.0 25.3 5.7 

Terrestrial 5.4 3.4 1.6 20.0 25.0 + 6.5 3.4 
insects 

Gastropoda 1.2 0.1 

Flydracarina + 

Dytiscidae 6.6 1.1 0.4 

Hirudinoidea 8.4 

Unidentified/ 
other 2.8 4.4 + 14.0 10.0 2.3 4.1 

+ 

0.2 

+ 

0.6 

0.8 

3.1 2.9 
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consumed crustacean plankton organisms. The species eaten were the large 

types Daphnicz middendorffiana, Daphnia (pulec group) and Diaptomus arcti-

cus. Daphnia (puZea group) was the single most important food item vol-

umetrically in stomachs of 10-gram brook trout in MudLake, but still 

comprised only 31% of total stomach contents by volume. 

The data indicate that oligochaetes, sphaerid clams and plankton 

crustaceans are not a large part of the diet in the six lakes, despite 

their occasionally large contribution to total secondary production. 

Large daphnids and diaptomids could be an important food of fingerling 

trout, however. Allochthonous food, mostly terrestrial insects, evi-

dently comprised less than 10% of the diet in most populations. An ex-

ception was the Moraine Lake population, which appeared to depend 

heavily on insects from Wenkchemna Creek. 

With the exception of the Moraine Lake population, the food of the 

trout populations studied is typical of that for trout in lakes of the 

general study area. In a survey of 29 trout populations in Lake Louise-

area lakes, Mayhood and Anderson (1976) found that immature Chironomidae, 

immature Trichoptera, and 2mphipoda were the most important foods. 

Plankton crustaceans rarely ranked highly in the diet, and allochthonous 

food nearly always comprised 10% or less of total food consumed. The 

paucity of planktonic crustaceans in the diet seems to be typical of 

trout in Canadian Rocky Mountain lakes (D. Donald, pers. comm.) despite 

the numerous.reports that daphnids are-important as food for trout else-

where (Carlander 1969). 

Gerking (1962:51), among others, has suggested that soft-bodied 

animals such as oligochaetes are probably rapidly digested, so their im-
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portance as food, is likely to be underestimated by routine methods of 

stomach content analysis. Data on the rate of digestion of oligochaetes 

by rainbow trout have been provided recently by Windell etaZ.. (1976). 

Their data indicate that, at the temperatures obtaining in the study 

lakes, at least 17 to 50% of oligochaete biomass should be present in 

stomachs of fish preserved 20 h or less after oligochaetes are consumed. 

In the present study, fish were analyzed or frozen within 2 to 3 h after 

being removed from the nets, which were usually set for less than 20 h 

at a time. Many fish must have fed less than 20 h prior to being pre-

served. If oligochaetes had been eaten in quantity, at least some should 

have been identifiable and the proportion of unidentifiable material 

should have been much greater than the 2.9% observed. The absence of 

oligochaetes in, the stomach samples therefore is an adequate indication 

that these worms were unimportant in the diet of trout from the six lakes. 

It is unknown whether the trout consume the same food in winter as 

in summer; however, the opportunity for a completely different winter 

diet is limited. Many planktonic Crustacea are rare in the winter plank-

ton, or only their early instars are present (Anderson 1972, 1974a; see 

also discussion in Section 3). oligochaetes and sphaerids, the two re-

maining potential foods, might be eaten more in winter; but trout as 

visual feeders are not particularly well-adapted for feeding on organisms 

hidden in the sediments (e.g., Efford and Hall 1975). Both taxa are 

consumed by trout, but they appear to be rarely important in the diet 

(Carlander 1969, Scott and Crossman 1973). It is unlikely that an im-

portant source of trout food has been overlooked as a result of the 

stomach content analyses being confined to summer collections only. 
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The stomach content analyses showed which invertebrates should be 

included in the calculations of trout food production: chironomids, am-

phipods, trichopterans and ephemeropterans. Although important as food 

for Mud Lake trout, odonates were not included in the estimates because 

they were expected to prey primarily on chironomids, amphipods and tn-

chopterans. To include odonate production would have been to count their 

production twice, in effect. The food production estimates were in-

creased by a factor of 1.11 to account for an assumed 10% contribution 

of allochthonous food to the diet. A realistic estimate of food produc-

tion for trout in Moraine Lake was not possible because most food evi-

dently came from outside the lake, but an estimate of the production of 

aut±ochi±onous potential food was made for comparative purposes. 

The estimates of trout food production are presented in Table 32. 

Production by large species of crustacean plankton is provided to show 

the potential food supply available to very small fish. 

Production of fish food was greatest in Baker Lake and least in 

Mud Lake, where it was one-fourth that of Baker. Chironomids were the 

most productive food organisms in all but Kingfisher Lake, where Hyal-

ella azteca was the most productive. In Baker Lake, Ga.nvnarue lacustris 

was nearly as productive as the chironomids were. In the lakes having 

them, large planktoniá Crustacea were at least as productive as the ben-

thic food organisms. 

• Annual Food Requirements and Potential Production of Trout  

Table 33 and Figure 46 illustrate in detail the calculations of 

annual food requirements of Baker Lake trout as an example of how the 



Community and Taxon  

Zopplankton 

Daphnia (puiex group) 

D. middendorffia-na 

Diaptomus arcticus 

Total 

Benthic invertebrates 

Chironomidae 

Amphipoda 

Trichoptera 

Ephemeroptera 

Total 

Table 32. Annual production of trout food organisms in-the six lakes. 

Conversiona 

Factor 

kJ g 1  

21.07 

21.07 

24.05 

2.75 

3.91 

3.18 

4.71 

Kingfisher Mud 

kJ m 2 kJ 

39.6 

39.6 

3.8 

22.7 

1.0 

0.5 

28.0 

26.3 

26.3 

9.4 

3.5 

0.6 

0.9 

14.4 

Moraine Lower 

Consolation 

kJ in 2 kJ m 2 

3.0 

15.0  

18.0 

19.2 

1.3 

20.5 

21.4 

0.4 

0.6 

22.4 

Baker Ptarmigan 

kJ m 2 kJ m 2 

51.2 

11.7  

62.9 

29.2 

26.6 

1.3 

40.4 

0.8 

57.1 41.2 

a Conversion factors from Cummins and Wuycheck (1971, Table 2). 1 cal = 4.19 J 

zooplankton converted from dry weight, benthos from wet weight. 



Table 33. Calculation of metabolism (R), food consumption (C) and population size. (N) using Baker Lake 

data as an example. 

Summer Winter Summer Winter Annual 
30% mort. 70% mort. 30% mort 70% mort. 

Age W W R 8 20°C R 8 20°C R R R Aw C N N . N N 
(yr) (g) (g) (J h 1) (J h) kJ) (:3cF). (ki) (kJ)  :(Jc.J) (unit-1) (unit-1) (lake-1) (1ake 1) 

0 0 3137 21,003 

9.5 52.86 50.75 

1 19 89.58 

62.0 220.34 211.53 

83.59 134.34 79.61 484.12 85.00 65.00 2196 6301 

2 105 329.02 307.02 :5l8.55 360.34 1942.44 59.50 19.50 1537 1890 

177.5 490.61 470.99 

3 250 636.69 594.11 1065.10 607..55 3805.47 41.65 5.85 1076 567 

405.0 919.11 882.35 

4 560 1176.15 

727.5 1435.32 1377.91 

5 895 1680.47 

1097.49 197.9.84 1298.90-7309.43 29.16 1.76 753 170 

1568.08 2945.99 1403.65 10140.93 20.41 1 0.53 527 51 

C = 735,342 kJ unit population-1 yr 1 (30% mortality yr 1) 
C = 109,847 kJ unit population" yr 1 (70%.mortality yr 1) 
Annual food production = 23,070,684 kJ (whole lake) enough food for 31.37 unit populations (30% mortality 
yr 1) or 210.03 unit populatiors (70% mortality yr 1 ). 

H 
0 
0 
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Figure 46. Allen Curves for the populations of trout in Table 33. 

(A), 70% annual mortality; (B), 30% annual mortality. 
Production in (A), 795 kg wet weight for the entire lake, 
and 21.8 kg ha- l. Production in (B), 861 kg for the entire 
lake, or 23.7 kg ha . Abcissa and ordinate have same 
units in both curves. 
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methods were applied. Table 34 summarizes the results of the calcula-

tions of annual food requirements, available food production and poten-

tial production of trout in the six lakes. 

Potential production of trout showed a six-fold difference between 

maximum and minimum estimates, ranging from approximately 4 kg ha 1 wet 

weight in Kingfisher to about 24 kg ha -1 in Baker Lake. Nearly all estim-

ates were less than 10 kg ha-1. Despite the wide range in assumed growth 

and mortality, the greatest range in the estimates for any lake was 5.4 

kg la 1; most estimates differed by less than 2 kg ha-1. Baker Lake had 

clearly the highest trout production potential, but the remaining lakes 

differed little or not at all in their potential to produce trout. 

The trout production levels summarized in Table 34 could only have 

been achieve&if the trout consumed all of the annual food production, a 

highly unlikely assumption. Salinonids in Marion Lake, British Columbia, 

may consume as little as 4 to 23% of food production (Hall and Hyatt 

1974), but this estimate appears to be unusually low, possibly because 

the entire benthic macrofauna was considered as the food supply, not just 

the species actually consumed. Most other studies have suggested that 

food supplies are intensively grazed by fish, and that a figure of 50 to 

70% might be more typical (Mann 1967, Gerking 1962, Rigler 1975). Meth-

odological problems encountered in estimating production of the food 

supply (sampler inefficiency, weight loss on preservation) would have 

caused underestimates of trout potential production, partially compensa-

ting for the overestimate resulting from the assumption of complete con-

sumption of food production. 

The estimates of potential production of trout in the six lakes 



Table 34. Annual food requirement, annual food production and potential annual production of trout 
in the six lakes. 

Lake  

Food Required per Unit 
Population (kJ 1) 

30% mort. 70% mort. 
yr' 

Kingfisher high growth 1,340,112 

Mud 

270,511 

low growth 384,883 77,992 

Moraine high growth 

low growth 

Lower Consolation 

Baker 

Ptarmigan 

526,396 89,443 

853,704 189,488 

240,383 53,185 

327,397 53,066 

735,342 109,847 

269,165 29,656 

Whole-Lake Food Number of Unit 
Production Populations Supportable 

30% mort. 70s mort. 
(kJ yr 1) yr 1  yr'  

621,600 

1,166,832 

8466500b 

3,605,280 

23,070,684 

12,759,228 

0.46 2.30 

1.62 7.97 

2.22 13.05 

9.92 44.68 

35,22 159.11 

11.0]. 67.94 

31.37 210.03 

47.40 430.24 

Potential Production 
of Trout 

(kg ha1 yr1)a 
30% mort. 70% mort.  

5.3 9.2 

3.8 6.2 

4.0 4.9 

5.5 8.3 

4.0 5.8 

7.0 8.2 

23.7 21.8 

9.6 12.1 

a 
Wet weight. b Benthic invertebrates only. 

H 

() 
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rank among the lowest reported for Salmonidae in the literature, but most 

published values are for stream populations, many of which appear to be 

more productive than those in lakes (c.f. Waters 1977). The estimates 

for the Lake Louise-area lakes are-similar tothose reported for entire 

salmonid faunas in other unproductive lake types, and are much lower than 

those found for entire fish faunas in more productive types of lakes 

(Table 35). The food chain efficiencies 1 implied by the method used to 

calculate potential trout production ranged from 5.1 to 17.0% (mean 11.8%, 

n = 12) depending on the assumptions of growth and mortality used, and 

were within the expected range of 5 to 20% (Ricklefs 1975:133). The 

concurrence of the food chain efficiencies with expected values and the 

similarity of the potential trout production estimates to published 

values for other unproductive lake types are additional evidence that the 

estimates of potential fish production made in the present study are 

realistic. - 

Application of the Findings: An Example2 

The production and model population data can be used to estimate 

potential yield to anglers (Table 36). he potential yield estim-

ates were made bysuxnxnirig the losses from the model populations for all 

fish of 100 g or more, considered to be the minimum size acceptable to-

anglers. - - - 

1 
- in the sense of Ricklefs (1975:133), meaning the ratio of the produc-
'tion of one trophic level to that below it 

2 
The following comments are definitely not 'recommendations or expres-
sions of-personal preference for managing the lakes mentioned. They 

.are intended only to demonstrate how the results might be applied in 
a practical way. - - - 



Table 35. Annual production (wet weight) of --entire salmonid faunas in unproductive lake types compared 

to estimates for the six lakes in the Lake Louise area. Estimates of production of entire 

fish faunas in some productive lakes are provided as examples of high fish production. 

Lake and Habitat Notes  

Kingfisher Alberta (lower subalpine) 

Mud, Alberta (lower subalpine) 

Moraine,Alberta (lower subalpine, (glacial) 
Lower Consolation,Alberta (upper subalpine 

Baker,Alberta (treeline) /glacial) 

Ptarmigan ,Alberta (alpine.) 

Snowflake, Alberta (alpine) 

Teardrop,Alberta (alpine pond) 

Char, N. W . T. (ultraoligotrophic , subpolar 
Vorderer Finstertalersee,Austria (alpine) 

Marion,B.C. (oligotrophic,coast mtn.) 

Bluegill ,Michigan (dystrophic) 
Peter and Paul,Michigan(dystrophic)} 

Katherine,Michigan (dystrophic) } 
Naroch ; .'S . S . R. (mesotrophic) 
Myastro,U.S..S.R. (eutrophic) 

Batorin,tJ.S.S.R. (eutrophic) 

Lake Kariba,Central Africa (tropical) 

Species  

Salmonidae 
'I 

Saivelinus alpinus (L.) 

Salve linus alpinus 2 yr+ 
Saimo trutta L. 2 yr+ 
Saimo gairdneri I 
Oncorhynohus nerka} 
Saimo gairdneri age-group - I 19 

II II to I 30-34 

Annual 

Producti1n 

kg ha 

all planktivorous and 

benthivorous fish 

all fish (20 species) 

4-9 

4-5 

4-8 

7-8 
22-24 

10-12 

3.5 

5.0 
3.2 

3.4 

1.5 
18.7 

Source 

this study 
II 

It 

it 

if 

'I 

Anderson(1975)long term 
/potentia]. 

Rigler (1974) 
Pechianer et ál. (1972) 

Sandercock (1969) in Hall 

and Hyatt (1974) 

Johnson and Hasler (1954) 
II II II 

35 Winberg et al. (1972) 
50 

69 

1306 Balon (1974) in Waters (1977) 



Table 36. Potential annual yield of trout 100 g or more, to the nearest 100 fish, estimated from 
the model population and production data. 

Lake 

Observed Growth Estimated Growth 

high low 

30% mort. 70% mort. 30% mort. 70% mort. 30% mort. 70% mort.  

Kingfisher 0 100 0 0 

Mud 100 100 

Moraine 700 1300 300 0 

Lower Consolation 400 200 

Baker 1500 1900 

Ptarmigan 1100 300 



197 

The estimates show that Kingfisher and Mud Lakes are capable of 

producing few catchable-size trout. These waters may not be worth 

managing for sport-fishery purposes other than on a "put-and-take" basis. 

The other four lakes are capable of yielding substantial numbers of 

catchable-size trout, and might be worth managing for their sport-fish-

eries, depending on what other management problems they pose, and what 

other values the lakes might possess. 
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SECTION 6 

GENERAL DISCUSSION AND CONCLUSION 

Larkin (1974) emphasized that Canadian Cordilleran lakes are 

remarkably diverse because of the complex geology and geography of the 

mountain regions. It would be futile to attempt to describe a "typical" 

mountain lake for this reason; however, a group of waters could be des-

cribed as representative if its lakes had a broad range of the attri-

butes found among all lakes of the region. In this sense, the six Lake 

Louise-area waters studied are representative alpine and subalpine Cana-

dian Rocky Mountain lakes with respect to several important physical, 

chemical and biological features, as was pointed out in Sections 2 to 5. 

Having a broad range of alpine and subalpine lake attributes, the waters 

studied are likely to exhibit a broad range in the magnitude of second-

ary production found in Canadian Rocky Mountain lakes in general. 

Most studies of whole-lake secondary production have been done 

of specialists working on single lakes over a period of years: 

are the Char Lake project (Rigler 1975) and the Marion Lake 

by teams 

examples 

study (Efford and Hall 1975). A goal of the detailed projects, and of 

numerous other smaller studies of individual taxa, was to provide ac-

curate data on which generalizations about secondary production could 

be based. In the present study, extensive use was made of the published 

data in detailed studies to arrive at generalizations that were used to 

estimate secondary .production. The degree to which the estimates were 

adequate to meet the study objectives is considered below. 

Estimates of crustacean plankton production were realistic, but 
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only minimum estimates of cyclopoid production were possible. Errors in 

abundance measurements were likely the most serious source of error in 

the production calculations, because errors in abundance would affect 

both biomass and instar development time determinations. The effects of 

sampling errors, counting errors, or both, were often apparent in the 

results. The errors probably account for the anomalies noted in the in-

star abundance graphs and in the Allen Curves, which too often resembled 

scatter plots. Abundance errors in the cladoceran instar curves would 

have caused errors in estimates of instar development times, but the use 

of smoothed curves for obtaining mean pulse-date estimates would have 

eliminated much of the error. Although the drawing of curved lines for 

Allen Curves through five scattered points might appear unjustified, any 

possible line through the points would have given similar results. Even 

in the most dubious cases, the data and calanoid biology experience sug-

gested a descending curve with an outward concavity was the most likely 

shape for the Allen Curve. Because smoothed curves and summer means were 

used extensively, errors in individual abundance estimates would have 

to be unrealistically large to seriously affect the production estimates 

for most crustacean plankters. 

Abundance estimates were least satisfactory for the Cyclopoida. 

The instar abundanôe curves strongly suggested that parts of the popula-

tions were not being sampled, because nauplii appeared when there had 

been few adults present to produce them. Adult cyclopoids might have 

been in the sediments, where they would have been unavailable to the 

plankton sampler, and would not have been retained by the sieve in ben-

thic sampling. The sum of the maximum biomasses achieved by each of the 
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generations provided a minimum estimate of production by the plankton 

portion of the cyclopoid population. 

There would have been a tendency for benthic macroinvertebrate 

biomass, and therefore production, to .be underestimated; however, the 

production estimates are realistic in comparison to measurements made in 

other unproductive lake types throughout the world. Biomasses would have 

been underestimated because preserved weights usually underestimate live 

weights, some biomass would have been lost during sieving, and samplers 

aie. probably never 100% efficient. In some groups the underestimate 

would have been compensated for by a tendency to overestimate assumed 

P/B's when published data on P/B or voltinism were ambiguous. In such 

cases, short life cycles or high P/B's within the published ranges were 

deliberately assumed to compensate for expected underestimates of bio-

mass. Even so, the production values obtained for benthic macroinvérte-

brates must be somewhat low in most cases. 

Because the fish production estimates, were based on the assump-

tion that all of the food production would be consumed, the tendency 

would have been to overestimate the potential production of trout. The 

tendency for the food (macroinvertebrate) production to be underestimated 

would have compensated at least partly for the tendency toward an over-

estimate of food consumption. The trout production estimates implied 

foOd chain efficiencies within the expected range of 5 to 20%, were re-

markably similar under a-variety of assumptions about mortality-and' 

growth, and are considered to be close to the true values. 

The study revealed which taxa were the most important secondary 

producers in the communities studied. Differences in Daphnia production 
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:accounted for most of the variation in crustacean plankton production. 

In the plankton communities in which Daphnia was scarce or absent, cal-

anoids were the most important crustacean producers. In the benthos, 

chironomids were the most important macroinvertebrate producers in most 

of the lakes. When abundant, hphipods, oligochaetes and sphaerids were 

also important. The relative contributions of crustacean plankton and 

benthic macroinvertebrate communities to secondary production varied 

widely among the lakes, and no generalization was possible to describe 

the relationship. 

The most productive taxa in the lakes, usually Daphnia, Cala-

noida, Chironomidae, Amphipoda, oligochaeta and Sphaeridae, should be 

emphasized in future studies of secondary production in Canadian Rocky 

Mountain lakes. No -detailed studies of life histories or population 

dynamics, essential to any detailed understanding of secondary produc-

tion, have been done in Canadian Rocky Mountain lakes on any of these 

groups, with the exception of the Calanoida (Diaptomus tyrrelli) studied 

by Anderson (1968b, 1972). Such studies on oligochaeta and Sphaeridae 

are rare even in the world literature. Studies on those groups would 

most profitably attempt to elucidate the -lengths of the life cycles, 

the factors affecting voltinlsm, to detail the relationships between 

P/B and voltinism, body size, temperature and other features showing 

promise of making production easier to estimate. Such detailed studies 

on the important trout food organisms would improve our ability to as-

sess the trout carrying capacity of Canadian Rocky Mountain lakes. 
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